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Synopsis

Although Asynchronous Transfer Mode (ATM) Adaptation Layer type 2 (AAL2) has
only been in existence for a few short years, it is widely being adopted as the
technology of choice in VoDSL, VTOA trunking, as well as in UMTS wireless
networks. The two most important concerns when transporting voice in a packet based

network, are end-to-end delay and the efficient use of available bandwidth.

AAL2 transports voice in the form of small, variable length packets, called CPS
packets. Each packet is fitted with a unique identifier referred to as the CID. Multiple
CPS packets, from various sources, are then multiplexed into a single ATM cell in
order to reduce the packetisation delay. Although this method utilises the local loop
more efficiently, it also introduces a drawback when not all the CPS packets are
intended for the same destination. This problem can be addressed by introducing an
additional switching level on top of ATM, called AAL2 switching. Thus switching of
AAL2 CPS packets will be performed based upon the CID values of individual AAL2
CPS packets. This switching technique utilises the core network resources more
efficiently. The device capable of achieving this switching functionality is called an
AAL2 switching node.

However, ATM is a virtual circuit based technology and requires the establishment of
an end-to-end connection prior to the transfer of any user traffic. As a result, prior to
two AAL2 users transmitting traffic, an AAL2 connection first needs to be
established. This process of connection setup is done using the procedures of
signalling. AAL2 signalling (Q.2630.1) was recently standardised by the ITU-T and
provides the ability to dynamically establish, maintain and release AAL2 connections
over existing ATM virtual circuits. The combination of the AAL2 signalling and
switching components would result in the development of an AAL2 switching node,
which in practise would form part of a hybrid ATM / AAL2 network.

iv



Research commenced into the design of an AAL2 switching node at the University of
Cape Town in the year 2000. An experimental ATM research switch, called the
Washington University Gigabit Switch (WUGS) is being utilised to implement this
AALZ switching node design. The complete design will comprise three distinct yet
integrated components, namely an AALZ2 user-plane switching component that
performs the underlying switching of individual CPS packets, an AAL2 control-plane
signalling component that is responsible for the establishing and releasing of end-to-

end AAL2 connections and finally a management-plane component.

This study is concerned with developing and integrating a modular AAL2 signalling
protocol framework, which resides in the control-plane of the AAL2 switching node
and on various AALZ2 end-points. In order to evaluate the functionality and
performance of the signalling framework, two evaluation platforms were proposed
and implemented. Firstly, the signalling framework was integrated into a modified
AAL2 transport entity to emulate the operation of two peer AAL2 end-point nodes
establishing and tearing down AAL2 channels between them. Secondly, the signalling
framework was integrated into the previously developed AAL2 switching node to
perform the signalling functionality. The second evaluation platform thus comprises

three AAL2 nodes, namely two end-points and a switching node.

The results obtained from conducting a set of experiments on. both evaluation
platforms will be presented. Particular focus will be placed on the scalability and
efficiency of the developed AAL2 signalling protocol framework. Scalability refers to
the ability of the system to process multiple simultaneous AALZ2 connections, whereas

efficiency implies the signalling delays required to establish new AAL2 connections.
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Chapter 1

Introduction

1.1 Background Information

Telecommunications: the Oxford English Dictionary describes this word as
“communicating over a distance” and for many years voice was the predominant
traffic type being transported over public telecommunication networks. However,
with the rapid increase of data traffic, newer network types such as the public Internet,
corporate intranets and virtual networks are becoming dominant. Although the rate of
data traffic growth is 10 times greater than that of voice traffic, voice still accounts for
between 80 to 90 percent of telecommunications service providers’ revenue [1]. Voice
and data traffic have traditionally been transported over two distinct networks. Voice
is predominantly transported over a circuit switched Time Division Multiplexing
(TDM) based network, while data is predominantly transported over a packet based
network. However, the current trend in the telecommunication industry is towards a
convergence of these two network types into a single efficient and reliable network.
This converged telecommunications network will be a packet based network with the

ability to integrate different types of traffic such as voice, video and data seamlessly.

1.1.1 Disadvantage of Traditional Voice Networks

Voice has traditionally been transported by means of a TDM technique in which a
user is assigned a specific time slot during which voice traffic can be transmitted. This
time slot allocation technique allows multiple calls to be placed or multiplexed into a
single Pulse Code Modulation (PCM) frame. Whenever an ordinary voice call is made

over the Public Switched Telephone Network (PSTN), the analogue voice signal is
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first converted to a digital format. This is accomplished through sampling the
analogue voice at 8 000 times per second. Each sample is an 8-bit digital
representation resulting in a 64 Kbps digital signal. This PCM digital signal can then
be switched and routed in the telephone network. The digital voice signal is then
converted back to analogue form before being presented at the caller’s destination.
The digitised voice from a specific user is transported in a particular time slot of the
PCM frame for the duration of the call. Even during moments of silence, when the
connection between the two calling parties is temporarily idle, that time slot is still
statically dedicated to the user. Transmission and switching resources in the TDM
network are thus wasted during this idle period, which amounts to approximately 50

to 60 percent of the total connection time [2].

In a packet based network, this waste of resources is eliminated by dynamically
allocating transmission and switching resources as required by the user. Idle traffic
transmissions are thus eliminated. Traffic information is divided into packets, each of
which is handled as a separate connection. Each packet is then fitted with a header
that indicates where the packet originated from, what its destination is and other
relevant information, to be interpreted by the network nodes along the route. Voice
traffic can thus be placed into packets and transported over a packet based network

more efficiently than over a traditional TDM network due to the multiplexing gains.

ATM, which is a packet based network, is an ideal candidate for the converged
network since the nature of a user application can be matched to the specific features

of an ATM network.

1.1.2 Asynchronous Transfer Mode (ATM)

Asynchronous Transfer Mode (ATM) is a cell-switching and multiplexing technology
that combines the benefits of circuit switched TDM networks, guaranteed capacity
and constant delay, with those of packet switching, flexibility and efficiency. Due to
the inherent limitations of traditional TDM networks, ATM was standardised by the
International Telecommunication Union-Telecommunication Standardisation Sector

(ITU-T) to support converged service types. Although ATM was originally conceived
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as a high speed transfer technology for voice, video and data over public networks,
the ATM Forum extended the ITU-T’s vision of ATM for use in both public and
private networks [3]. ATM is connection-oriented meaning that a logical end-to-end
connection, called an ATM Virtual Connection (VC), must first be established
between sender and receiver, prior to the transmission of any user data. ATM
transports data in small, fixed-sized packets called cells. An ATM cell is 53 bytes in
length, with a 5 byte header and a 48 byte payload.

ATM is based on the efforts of the ITU-T Broadband Integrated Service Digital
Network (B-ISDN) standard and has the ability to integrate multiple traffic types,
such as voice, video or data onto a single medium. In contrast to Internet Protocol (IP)
and Frame Relay, ATM uses short fixed-length cells that can be switched in hardware
instead of software, making it less susceptible to network delays. Thus, the time
delays required to firstly fill cells with user traffic, such as variable bit-rate voice, and
secondly to transmit the user traffic is significantly reduced. This allows ATM to
provide a guaranteed Quality of Service (QoS) to user applications. The amount of
bandwidth required by a user application can be provided without adversely

impacting on the performance of other applications on the network.

For these reasons, ATM has emerged as the technology of choice for transporting
voice over a packet network. Chapter 2 will discuss some of the technical challenges

involved in transporting voice over a packet based network.

1.1.3 ATM Reference Model

The ATM architecture uses a logical model to describe the functionality it supports.
The ATM reference model, as illustrated in Figure 1-1, consists of the following

planes, which cover all layers:

o User Plane
The User Plane is responsible for managing the transfer of any user traffic

originating from higher layer applications.
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Control Plane
This plane is responsible for generating and managing signalling requests,
which are required to establish, maintain and tear-down ATM VCs.
Management Plane
This plane contains two components:

- Layer Management manages layer specific functions, such as the

detection of failures and protocol related problems.
- Plane Management manages and coordinates functions related to the

entire system.

Management Plane

h
B
Sl
]
Control Plane,/ User Plane ) 2
g8
Higher Higher ; %
Layers Layers ] 3
B i3
(8 e

ATM Adaptation Layer E]

2

ATM Layer
Physical

Figure 1-1 ATM Reference Model

The ATM reference model is also composed of the following ATM layers:

Physical Layer

The ATM physical layer is analogous to the physical layer of the well known
OSI reference model. It manages issues relating to the transmission of data on
the physical transmission medium.

ATM Layer

Combined with the ATM adaptation layer, the ATM layer is roughly
analogous to the data link layer of the OSI reference model. The ATM layer is
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responsible for establishing connections and transporting the ATM cells
through the ATM network, based on information contained in the ATM cell
header.

o ATM Adaptation Layer (AAL)
The AAL is responsible for isolating higher layer protocols from the details of
the ATM processes. It also segments user application data into small fixed size
payloads of 48 bytes at the sender, and reassembles these payloads at the

receiver.

It is important to understand that not all the layers of the ATM reference model are
applicable to all ATM network elements. ATM switches located in the network only
consist of the ATM and Physical layers, whereas network elements located at the
Customer Premises Equipment (CPE) consist of all the ATM layers since user
applications are directly supported. In order to gain a better understanding of the
ATM technology, its architecture and its practical implementations, the reader is
advised to read [3] and [4].

1.1.4 ATM Adaptation Layer (AAL)

In order for an application’s traffic to be carried over an ATM network, the
application must first be adapted to ATM transport. The ATM Adaptation Layer
(AAL) provides this mapping service, at the edge of the network, between the service
required by the application and the service offered by the ATM network. The AAL
performs functions required by the user, control and management planes, of the ATM
reference model. Due to the variety of service types that can be supported by ATM,
several AAL types have been standardised by the ITU-T. The most commonly
implemented are AAL1 [5] and AALS [6]. AAL1 supports connection-oriented
services and is used primarily for handling circuit emulation applications, such as
voice and video conferencing. AALS is used principally for transporting packet data,
such as Frame Relay or Internet Protocol (IP), over an ATM network and supports

both connection-oriented and connectionless data [3].
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1.1.5 Voice over ATM Adaptation Layer type 1 {AAL1L)

Yoice has traditionally been transported over ATM as uncompressed 64 Kbps Circuit
Emulation Serviee (CES), utilising AALLL. AALL provides a Constant Bit Rate
(CBR) scrvice for isochronous’ traffic, thus making it ideally suited for circuil
ciulation. Circuit Emulation provides a transparent transport mechanism for leased-
lines TDM votce traffic over an ATM network. as illustrated in Fipure 1-2. An
advantage of this technique is that no change is required to the existing TDM or PBX

network.

e NI i E-T"';-T_ HE TR
CER | - ATM Cirowit oS = |&TI'I.I'I Gircuit CER
equiprnern Ertalahon —— AT hetwork i -, Emulation eauipment
(g PEXE) Service ‘ : T ! ¢+ Sendce (&9, PEX)

Figure 1-2 Circuit Emudation Framework

Two eircuit cmulation techniques are avantable:

¢ Unstructured Circuit Emulation
This lechmdue establishes a full TIEL {1.544 Mbps / 2.048 Mbps) or T3/E3
(44.736 Mbps . 34.368 Mbps) emulated circuit between twe points in the
netwaork. This kind of connection would typically carry end-to-end transparcni
circuits between TDM voice switches or digital Public Branch Exchanges
(PBXs).

«  Structured Cireuit Emulation
Ths techmque enables emalated circuits to be established al the Jevel of & x
64 Kbps. It is therelore not necessary o dedicate a full TI/EL link across the

ATK nelwork.

' As defined by the ATM Forum in af-vtoa-0078, 000
= Duluy sensitive
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Although voice over ATM, through either method of AAL1 circuit emulation, is
simple to deploy, it is bandwidth inefficient since it utilises a constant bit-rate service.
This implies that cells will continue to be transported on the ATM virtual circuit even
when there is no data to be sent [7]. An analogy can be drawn between AALI circuit
emulation and the functionality of a conveyer belt connected transparently through the
ATM network between the two ATM Service Emulation Service blocks of Figure 1-2.
This conveyer belt is exclusively reserved for a single dedicated user. Therefore,
during periods when no user traffic is available for transportation from the single user,
other users are unable to utilise the dedicated ATM VC, or conveyer belt in the

analogy.

The ATM Forum addressed this limitation of CES and developed a new standard
called Dynamic Bandwidth Circuit Emulation Service (DBCES)®. This standard
enables dynamic bandwidth utilisation by detecting which time slots of a TDM circuit
are active and which are inactive. When an inactive state is detected in a specific time
slot, the time slot is dropped from the next ATM circuit emulation data structure and
the bandwidth it was using may be re-allocated to other services. While this technique
removes inactive time slots from an ATM circuit emulation data structure, the
utilisation of AAL1 for the transportation of voice over ATM remains inefficient,
since neither method of circuit emulation exploits the statistical multiplexing
advantage of ATM.

Circuit emulation also requires additional overhead in the ATM cell and AALI1 layer.
The connection therefore requires 12 to 15 percent more bandwidth than that of the
actual circuit being transported [1]. Further, AAL1 suffers from unacceptable
packetisation delay when applied to low-bit-rate, compressed voice traffic. For
example, using AAL1, only 6 ms is required to fill a 48 byte ATM cell payload at 64
Kbps voice. However, if the voice is compressed to 8 Kbps, the packetisation delay
increases to 48 ms [8]. Significant advances in voice compression technology in the

last decade have necessitated the need for a new AAL type.

? As defined by the ATM Forum in af-vtoa-0085.000
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Another limitation of AAL1 is observed in mobile networks where low-bit-rate
compressed voice traffic is a common occurrence. The mobile terminal itself performs
some form of voice compression before the voice traffic is transmitted to the mobile
network. If an AAL1 circuit is utilised to transport this mobile connection in the fixed
portion of the mobile network, the compressed voice first needs to be uncompressed
to 64 Kbps before entering the AAL1 circuit. This is required since AAL1 does not
support any compressed voice. At the exit point of the AAL1 circuit the
uncompressed voice traffic is again compressed to the original format before being
delivered to the remote mobile terminal. These conversions are clearly inefficient as it

introduces additional transmission delays to the delay sensitive voice traffic.

1.1.6 Evolution of Voice over ATM Adaptation Layer type 2 (AAL2)

AAL1, which utilises a fixed size cell, has limitations when applied to small data
packets. A method using partially filled AAL1 cells could be used to reduce the end-
to-end transfer delay, but this method would be bandwidth inefficient. Chapter 2 will
discuss some of the primary transfer delay requirements concerning voice. A second
approach utilising AAL1, could be to allow multiple small, fixed size packets
originating from different users, to be multiplexed into a single 48 byte ATM cell
payload. For example, 16 users could be allowed to send packets of 3 bytes each to be
packetised into the ATM cell payloads of a single ATM connection. The position of
the small 3 byte packets within the payload of the ATM cell would provide a method
by which each individual user’s packets can be identified. This identification method
is referred to as position-based multiplexing and delineation [9]. This method could
serve a maximum of 48 users per ATM connection, with each user sending packets of
1 byte each to be placed in the ATM cell payloads. While this approach is efficient, it
suffers from a lack of flexibility. It is only effective for constant bit-rate applications
and a low number of users, but voice is Variable Bit Rate (VBR) by nature. However,
if each user employs a different voice codec, this approach will create significant
packetisation inefficiencies within the fixed ATM cell payload. If variable bit-rate
voice codecs with silence suppression are employed by the users, then either variable

length packets would be generated or variable packetisation delays would be incurred
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while generating fixed length packets. In either case, the position-based multiplexing

method is inflexible and cannot be applied with ease.

The primary need for a new AAL layer is to provide a mechanism to transport small
data packets over an ATM network efficiently, while ensuring that the transfer delay
across the ATM network is kept to a minimum. In 1997 the ITU-T addressed this
need and standardised AAL type 2 to provide bandwidth efficient transmission of
low-bit-rate, short and variable length packets for delay sensitive applications [10].
The objective of AAL2 is to multiplex several low-bit-rate voice channels, each using
a small bandwidth and originating from multiple users, into a single ATM virtual
connection. This is accomplished by allowing multiple small user data packets, called
AAL2 CPS packets’, to be multiplexed into a single ATM cell, thus limiting the
packetisation delay for the compressed voice channels carrying delay sensitive
applications. Chapter 2 will discuss the AAL?2 cell structure in more detail to illustrate
how multiple AAL2 CPS packets are placed inside an AALZ cell.

AAL2 supports the VBR class of service that enables statistical multiplexing for the
higher layer requirements demanded by voice applications, such as voice
compression, silence detection and suppression and idle channel removal. AAL2 has
since been used extensively for Loop Emulation Service (LES), by trunking
compressed voice as a cost effective alternative to AALL. As a summary, Table 1-1

provides a brief comparison between AAL1L and AAL2.

AAIL1 AAL2

Single user channel per ATM VC lzlydgltlple user channels on a single ATM

Bandwidth is used even when there isno | Bandwidth efficient and supports

traffic statistical multiplexing
Only supports a CBR class of service, VBR ATM class of service, suitable for
suitable for circuit-switching packet switching

Extensive standardisation to provide
support for voice compression, silence
suppression, idle channel removal

No support for voice compression,
silence suppression, idle channel removal

Table 1-1 Comparison between AALI and AAL2

* Originally called mini-cells
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1.2 Problem Statement

AAL2 was originally intended for trunking® purposes, of which a simplistic example
is illustrated in Figure 1-3. Various low-bit-rate voice channels, in the form of AAL2
cells, would first be multiplexed at concentrator 1 before being passed unaltered via
ATM switches, A and B, to their destination at concentrator 2. In this figure a channel

set 1s simply a set of individual voice channels destined for the same destination.

Legend:
() = ATM Switch
O = Concentrator

B - Channel Set 1
@ = Channel Set 2

Figure 1-3 Simple AAL2 Trunking Scenario

However, this approach has a bandwidth inefficiency limitation, which needs to be
addressed. Figure 1-4 illustrates a configuration of five ATM switches, three AAL2
concentrators and various voice sources and receivers. AAL2 concentrator 1 receives
five different voice channels to be multiplexed for transmission. The channels have
been arbitrarily divided into two groups, to emphasize two different destinations for

the various voice channels.

() = ATM Switch
(O = Concentrator
B = Channel Set 1
@ = Channel Set 2

Figure 1-4 Complex AAL2 Trunking Scenario

* The tunnelling of voice traffic across a network between two fixed points.

10
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Three channels are destined for concentrator 2 and the remaining two channels are
destined for concentrator 3. With AAL?2 trunking, a decision must be made at ATM
switch A: either switch the five voice channels along the solid line from switch A to
switches B, C, D and finally to switch E, thus undergoing four ATM switch hops, or
alternatively traverse the dotted line resulting in a total of three hop counts.
Regardless of which route is taken, each concentrator receives five voice channels and

ends up discarding at least two.

This trunking scenario depicted in Figure 1-4 is far more likely to appear in a typical
ATM network than the idealised trunking example of Figure 1-3, where each and
every voice packet carried on the entire route is intended for the same destination.
This problem can be addressed by introducing an additional switching level on top of
ATM, called AAL2 switching.

AAL2 transports voice in the form of small, variable length packets, called CPS
packets. Each packet is fitted with a header that contains a Channel Identifier (CID).
AAL2 switching will thus be able to switch these small CPS packets based on the
CID value of the individual AAL2 CPS packet [11]. Where conventional ATM
switching is performed based upon the VPI / VCI value contained in the ATM cell
header, AAL2 switching will be performed based upon the VPI/ VCI / CID values of
individual CPS packets. This switching technique utilises the core network resources
more efficiently. The device capable of achieving this switching functionality is called

an AAL2 switching node.

Research commenced on the design of an AALZ2 switching node at the University of
Cape Town in the year 2000. An experimental gigabit ATM research switch, called
the Washington University Gigabit Switch (WUGS) is being used to implement this
AAL2 switching node design®. The current design comprises of two distinct
components, namely an AAL2 user-plane switching component and an AAIL2
control-plane signalling component. The user-plane switching component, which has
been successfully implemented, performs the underlying switching of individual
AAL2 CPS user packets [12].

¢ More information regarding the gigabit ATM switch can be found at
http:/fwww.arl. wustl.edw/gigabitkits

11
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1.3 Objective of this Thesis

This study will focus on developing a control-plane signalling component to provide
the necessary signalling functionality required for establishing, maintaining and
tearing down end-to-end AAL2 connections. Focus will also be placed on integrating
the signalling component with the already developed user-plane switching component
as discussed in [12]. ATM is a virtual circuit based technology and requires the
establishment of an end-to-end connection prior to the transfer of any user traffic. As
a result, prior to two AAL2 users transmitting traffic, an AAL2 connection first needs
to be established. This process of connection setup is performed using signalling
procedures. AAL?2 signalling was recently standardised by the ITU-T and provides the
ability to dynamically establish, manage and release AAL2 connections over existing
ATM virtual circuits [13]. This standard is often viewed as an extension of normal
ATM signalling, but this is not the case. However, AAL2 signalling does require the
existence of a pre-established ATM VC, provisioned by ATM signalling, prior to
AAL?2 signalling creating any AALZ2 connections within the ATM VC.

In this study we will develop an AAL2 signalling protocol framework, based on
various available standards, which will reside in the control-plane of an AAL2
switching node and on various AAL2 end-points. The AAL2 signalling protocol
framework is responsible for dynamically establishing new AAL2 channels, end-to-
end, without negatively impacting on existing AAL2 channels, as well as maintaining
those channels and tearing them down. Not only should the AAL2 signalling
framework perform correctly, it should also be scalable, in terms of the number of
simultaneously connections it is able to support, and efficient, in terms of signalling
delays. Therefore, various design techniques will be evaluated to determine how the
critical AAL2 signalling delay, associated with AAL2 channel establishment, could
be decreased. The process required to integrate the AAL2 signalling framework and
the AAL2 switching module, which resides on both the AAL2 switching node and the
AAL2 end-points, will also be presented and discussed. Of particular interest will be
to determine how well the signalling framework for both the end-points and the
switch node scale with an increase in the number of users. Designing and
implementing the AAL2 signalling framework will form the second phase of a three
phase project aimed at designing a fully functional AAL2 switching node, which

12
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would form part of a hybrid ATM / AAL2 network. The first phase of the project was
designing and implementing the AAL2 switching component, which has already been

completed and presented in [12].

Although AAL2 minimises the packetisation delay when transporting voice traffic,
the feasibility of deploying AAL2 switching nodes in an AAL2 network will also be
investigated as they introduce an additional delay into the already critical end-to-end

voice transfer delay, as will be discussed in Chapter 2.

1.4 Scope and Limitations

The scope of this study is limited to developing a functional AAL2 signalling
framework for implementation on both the Washington University Gigabit Switch
(WUGS) and AAL2 end-points, as well as the integration of this AAL2 signalling
framework with the already developed AAL2 switching module [12]. The design of
the AAL?2 signalling framework was based on a modular design to ease development
and isolate it from the underlying transport layer. Even though many techniques could
be employed to enhance the performance of the signalling framework, this study
could not address every issue that could impact the performance. AAL?2 signalling is
highly specialised and no commercial tools are available to aid in implementing a

suitable design. To date no commercial AAL2 switching node is available.

As mentioned in the previous section, AAL?2 signalling is unable to establish an end-
to-end connection without the existence of a previously established ATM VC. This
ATM VC is established via ATM signalling. This dependence of AAL2 channels on
ATM channels is a potential problem because of the independence between these two
signalling protocols. It is impossible for a user to request a new AAL2 connection
without an already existing underlying ATM VC. The AAL2 signalling protocol is
informed by the layer beneath it whether an ATM VC exists between the desired
AAL2 nodes, but the AAL?2 signalling protocol itself cannot request the establishment
on a new ATM VC. This limitation becomes apparent when the ATM VC is
congested and no more AAL2 connections can be supported. Although ITU-T

recommendation Q.2963 allows ATM connections to renegotiate their bandwidths

13
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while in the active state, this could not be implemented since no communication exists
between the AAL2 signalling and ATM signalling protocols. The AAL2 signalling
protocol is thus unable to request an increase in ATM VC bandwidth from the ATM

signalling protocol.

Even though the AAL2 signalling protocol framework was designed to optimise the
AAL2 channel establishment process, the physical hardware utilised in the
implementation provided some limitations. The evaluation platform consisted of two
general purpose PCs for each AALZ2 end-point and a single embedded computer
situated inside the WUGS. This embedded computer called the Smart Port Card
(SPC) is physically situated between the link interface and the ATM switching fabric
allowing it to intercept incoming cells. The SPC functions as an active processing
module and contained a software implementation of both the AAL2 switching and
signalling components. However, since the SPC only operates at 166 MHz its

operation is slower in comparison to that of a commercial hardware implementation.

Washington University in St. Louis, who designed the WUGS switch, the SPC
embedded computer as well as the accompanying network interface cards, chose
NetBSD 1.4.1 as the Operating System (OS) for their hardware modules. However,
NetBSD is not a real-time operating system. Therefore, the AAL2 signalling protocol
framework design and, more importantly, the interface design required to integrate the
AAL2 signalling framework and the AAL2 switching framework, were influenced by

this limitation.

1.5 Development of Thesis

The remainder of this document is organised as follows:

Chapter 2 will start by introducing voice and discuss some of the technical challenges
faced when transporting voice over a packet network. Different voice compression
algorithms will also be discussed to highlight their contribution to the transfer latency
experienced by transporting voice across a packet based network. An overview of the

AAL2 protocol will be given to illustrate the technique of multiplexing small AAL2
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CPS packets into ATM cells. This is necessary to understand the AAL2 signalling
protocol presented in Chapter 3. The relationship between AAL2 switching and ATM
switching will also be discussed, after which the importance of AAL2 and AAL2

switching in commercial telecommunication networks will be presented.

Chapter 3 will introduce the AAL2 signalling protocol stack, its architecture and
features and investigate the need and benefits of this new signalling protocol. A
comparison between AAL2 signalling and ATM signalling will also be discussed to
determine similarities between these two independent protocols. The choice of service
class utilised to establish an ATM VC containing AAL2 channels will also be
presented and discussed. The AAL2 signalling life cycle will also be looked at, after
which the chapter will conclude by discussing current unresolved challenges of the

AAL?2 signalling protocol.

Chapter 4 presents the design of the AAL2 signalling protocol framework and
discusses the importance of minimising signalling delays associated with the AAL2
channel establishment process. Various optimisation techniques that could be utilised
to accomplish this are described. It also presents various design issues that need to be
considered relating to the design of the AAL2 signalling framework and presents a
high-level AAL?2 signalling protocol framework design for implementation on the
WUGS switch and various AAL2 end-points.

Chapter 5 will discuss the process of integrating the AAL?2 signalling framework into
firstly, an AAL2 end-point design and secondly, into an AAL2 switching node
architecture. The primary components of the end-point node will be discussed as well
as the modifications required to support the signalling framework. The individual
steps required to establish and end-to-end AAL2 connection between two end-point
nodes are also presented, after which the integrated AAL2 switching node

implementation on both the SPC and a stand-alone development station is discussed.

Chapter 6 will present and discuss results obtained from evaluating the functionality
and efficiency, in terms of signalling delays, of the AAL2 signalling framework.
Firstly, the framework is evaluated as a stand-alone entity to ensure functional

correctness and secondly, as being integrated into an AAL2 end-point and finally as
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being integrated into an AAL2 switching node. Although the link speed of each port
on the WUGS switch is 1.2 Gbit/s, the bottleneck in the WUGS switch is definitely
the SPC card, which contained an integrated software-based AAL2 switching and
signalling module. The drawbacks that the SPC card introduce into the network will
also be analysed. Finally, the feasibility of deploying AAL2 switching nodes in an
AAL2 network will also be investigated.

Chapter 7 will provide a set of conclusions based on the research presented and results
obtained in this study. These conclusions will be presented in the order in which the

research was conducted. Important limitations will also be mentioned.

Chapter 8 will provide recommendations based on the limitations discovered during
this study. Some of these are protocol related, whereas some are specific to this

evaluation. Future projects involving AAL2 and AAL2 signalling are also presented.
Finally, a set of appendices are presented for completeness to provide enhanced

information regarding the AAL?2 signalling protocol. Development specific details are

also provided.

16



Chapter 2

Background Theory and
Literature Review of AAL?2

2.1 Technical Challenges in Transporting Voice over ATM

In terms of the transportation of various network traffic types, real-time voice is one
of the most challenging. The two most important concerns when transporting voice
over a packet based network are end-to-end transit delay and the efficient use of
available bandwidth. Some of the technical challenges associated with the
transportation of voice over an ATM network that need to be addressed, are discussed
below. Most of these challenges are not confined to ATM networks only, but are

present in any packet based network.

2.1.1 Delay

In order to provide an acceptable QoS to users, the end-to-end transfer delay incurred
in an ATM network should be minimised. The following are sources of delay in an

ATM network:

e Encoding / Decoding Delay
This delay occurs as a result of the voice encoding from an analogue signal to
a digital format and the reverse decoding process. This typically becomes
more significant at lower bit rates. Section 2.1.4 provides an overview of some

of the most popular voice compression algorithms used in a packet network.
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Packetisation Delay

This delay is also called cell construction delay and is the time required to fill
a cell with data prior to being transmitted across the ATM network. Normal
PCM encoded voice, also referred to as ITU-T standard G.711, samples are
transmitted at a rate of 64 Kbps. Therefore, approximately 6 ms is required to
fill a fixed size 48 byte ATM cell payload [14]. This delay is directly
proportional to the level of voice compression employed, which means greater
compression algorithms result in greater delay. The packetisation delay could
be reduced by either transmitting partially filled cells or by multiplexing
several voice packets into a single ATM virtuéd circuit connection (VCC). The

latter is the technique that AAL2 utilises.

Buffering Delay

In order for voice to be transported across an ATM network, the voice traffic
must first be segmented and placed into ATM cells for transmission. Once the
cells are received at the destination, the cells are reassembled to form the
original voice traffic. This segmentation and reconstruction process of ATM
cells is managed by the Segmentation and Reassembly (SAR) function. The
reconstruction of packets must be done in real-time to avoid any noticeable
distortion by the received user. If there is a delay variation in the transmission
of cells, the SAR function might not have any voice traffic to process. This is

known as under-run and results in gaps during a telephone conversation.

To prevent these gaps from occurring, the receiving SAR function
accumulates a buffer of information prior to commencing the reconstruction of
the voice traffic from the received cells. The size of this buffer must exceed
the maximum predicted delay to ensure that no under-runs occur. However,
the size of this buffer translates into delay, as each packet needs to progress
through the buffer on arrival. The cell delay variation therefore needs to be
strictly controlled, as it accounts for a significant portion of the total end-to-

end network delay [15].
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2.1.2 Echo

The increase of end-to-end delay in an ATM network deteriorates the voice quality
and gives rise to echo which disrupts the normal end-to-end interactive telephone

conversation.

In a 4-wire to 2-wire conversion hybrid circuit, located between a telephone handset
and the communication network, the transmitted voice signal is reflected back due to
an impedance mismatch between the handset and the network. This reflected voice
signal results in an echo, which is transmitted to the ear piece of the telephone
handset. If the end-to-end delay in the network is minimal, this echo is not detected.
The maximum acceptable end-to-end delay for the transportation of voice, without the
use of echo cancellation, is 25 ms. However, when echo is adequately controlled in
the network, an end-to-end delay of up to 150 ms is acceptable [4]. ITU-T
recommendation G.165 defines performance requirements that echo cancellers need

to adhere to.

2.1.3 Silence Suppression

The characteristics of voice can be used to the advantage of making optimum use of
available bandwidth. Voice, in its inherent form is variable and voice communication
across a telephone network is half-duplex’ by nature. A significant reduction in
bandwidth utilisation can be accomplished by employing silence suppression at the
edge of the ATM network. The normal flow of conversation, between two active
users, consists of pauses between sentences and periods of silence when the
corresponding user is active. These two characteristics of voice communication
amount to approximately 50 to 60 percent of the total connection time [2]. Silence
suppression exploits these two characteristics and prohibits the transmission of

packets across the network during these silence periods.

7 One person is silent while the other person speaks.
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2.1.4 Voice Compression Algorithms

The purpose of employing a voice compression algorithm at the customer premises
equipment (CPE), for the transportation of voice over AAL2, is to reduce the
bandwidth required to support voice transportation. The ITU-T has defined several
encoding standards to encode voice at lower bandwidths. The choice of voice codec
employed is often dependent on the voice quality required, transmission delay

constraint and the cost of implementation.

Table 2-1 indicates four commonly used voice encoding schemes that may be used for
transporting voice over AALZ2. It can be seen that as each encoding scheme is utilising
larger data packets, the required network bandwidth, to transport the voice traffic,
decreases and thus the network becomes more efficient. This is because the size of the
packet overhead becomes less significant in larger packets. However, as the packet
size increases, the packetisation delay increases correspondingly. In Table 2-1 the

acronym SS refers to 50% Silence Suppression employed.

10 Byte Packet | 20 Byte Packet 30 Byte Packet 40 Byte Packet
Bandwidth | Delay | Bandwidth | Delay | Bandwidth | Delay | Bandwidt | Delay
in Kbps in ms in Kbps in ms in Kbps in ms hin Kbps | inms
G711 | Without | 930 | 125 83.0 2.5 79.4 375 | 773 5
at 64 S
Kbps | With S8 46.9 1.25 41.5 2.5 39.7 3.75 38.8 5
G | Without | 4c g 2.5 41.5 5 39.7 7.5 38.8 10
at 32 S8
Kbps | With SS 23.4 2.5 20.7 5 19.8 7.5 194 10
Gmg | Without | 55 ¢ 5 20.7 10 19.8 15 19.4 20
at 16 S8
Kbps | With SS 11.7 5 10.5 10 99 15 9.7 20
G.729 W‘;‘,‘S"“* 11.7 10 10.4 20 9.9 30 9.7 40
at 8
Kbps | With S8 59 10 5.2 20 5.0 30 4.8 40

Table 2-1 AAL2 Compressed Voice Encoding Algorithms

e (.726 ADPCM at 32 Kbps
Adaptive Differential Pulse Code Modulation (ADPCM) is a widely used

voice codec in the local PSTN particularly for interational voice connections.
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It is a single algorithm with relatively low delay and has a well defined
robustness against tandem coding, where multiple stages of compression and
decompression across the network cause progressive deterioration of the voice

quality.

G.728 LD-CELP at 16 Kbps

Low Delay Code Excited Linear Prediction (LD-CELP) is a low delay, high
quality voice codec operating at 16 Kbps. Although this combination of
features makes it an ideal codec for transporting voice over AAL2, the cost
involved in utilising this voice codec is an issue. It requires significant
processing power approximately three times that needed for ADPCM 32 Kbps
and is subject to royalty payments since it is based on patented technology
[16].

G.729 CS-ACELP at 8Kbps

The Conjugate Structure Algebraic-Code Excited Linear Prediction (CS-
ACELP) voice codec is widely used for Internet telephony. Its advantages
include relatively low complexity and excellent voice quality, but its major
disadvantage is delay. Unfortunately, the combination of a high encoding
delay and a high packetisation delay, even when a smaller packet size is used,

renders this voice codec unacceptable for most access network applications.

2.1.5 Voice Codec Mean Opinion Score (MOS)

Each voice compression algorithm listed in Table 2-1 provides a certain quality of

speech and is awarded a Mean Opinion Score (MOS). Each voice codec is measured

by means of a subjective test in which a wide range of listeners judge the speech

quality and assigns a score to a particular voice codec. The scores range between the

values 1, which is considered bad, to 5, which is considered excellent. A score of 4

and above is regarded as toll quality. The scores are averaged to provide the MOS for

that voice codec. Table 2-2 indicates the relationship between the voice codec and the

MOS scores [17].
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Voice Codec Bit Rate MOS Score
G.711 PCM 64 Kbps 4.1
G.726 ADPCM 32 Kbps 3.85
G.728 LD-CELP 16 Kbps 3.61
G.729 CS-ACELP 8 Kbps 3.92

Table 2-2 Relation between Voice Codec and MOS

Although the transportation of compressed voice over a packet network is bandwidth
efficient, it does exhibit two major disadvantages. Firstly, the voice codec utilised
introduces additional delay, which increases as the voice codec bit-rate decreases.
Secondly, the voice signal might become distorted as a result of multiple encodings.
This is referred to as tandem encoding. For example, when a G.729 voice signal is
tandem encoded three times, its MOS score decreases from a very good level of 3.92

to an unacceptable level of 2.68 [17].

2.2 Use of AAL2 in Transporting Voice

The evolution of voice traffic in recent years, from an almost constant bit-rate of 64
Kbps to a variable low bit-rate traffic type, has necessitated the need for a mechanism
to efficiently transport voice traffic. Therefore, in order to overcome the problems of
high packetisation delay and inefficient utilisation of available bandwidth when
transporting voice over AALI1, the ITU-T standardised AAL2, as described in Section
1.1.6. AAL2 achieves high bandwidth efficiency and low packetisation delay
simultaneously by multiplexing several low-bit-rate user informaition voice packets,
originating from multiple users, into a single ATM cell payload. This makes it ideal

for low bit-rate applications, such as compressed voice.

The AAL2 layer, as specified in ITU-T recommendation 1.363.2, consists of two sub-
layers, namely the Common Part Sub-layer (CPS) and the Service Specific
Convergence Sub-layer (SSCS), as illustrated in Figure 2-1. The CPS layer is
responsible for packing small variable length packets into ATM cells, also called
AAL2 cells, and provides error correction. The SSCS functionality depends on the
application to be supported. The first AAL2 recommendation, 1.363.2, regarded the
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SSCS sub-layer as being mall. Subscquent recommendations regarding the S5CS sub-

layer and its functicnality will be discussed in Section 2.3,

T . :
? i Service Specific Convergence Sublayer %
; | e bl o || ek - ? " o
g | 4 Primitives & :
| 2! ¥ T |
| - WT
Commen Part Sublayer % i
Y ¥
!
—— —_— .._—ll

Figure 2-1 AAL2 Layver Structure

2.2.1 AAL2 CPS Packet Format

The AALZ layer performs a lwo step operation in order to package inlormation into
ATM cclls. For this rcason, 1t uses two packet formats, namely the CPS packet and
lhe CPS Protocol Data Unit {CPS-PDU). As indicated in Figure 2-2, each CPS packel

consists of a three byte header and a variable length payload.

CP3 Packet
e

B T DID- Coneeelios inentfier
TR SE e T LT | Li - Lergih |ndicsatar
Shuls B bity | T hits | 9 kits LU - User 10 User Indication

-t - HEG - Header Erar Chack

CFSE Packet Header
[3 bytes)

Figure 2-2 CPS Pucket Formuat

The funclion of each field in the CPS packet header 15 as follows, starting with the

leftmost field:
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Channel Identifier (CID) Field

The CID field consists of 8 bits, or one byte, and is used to identify specific
AAL2 users of a multiplexed channel at the AAL2 level. This 8-bit field thus
enables a potential maximum number of 256 individual AAL2 user channels
to be multiplexed onto a single ATM VC. However, it is important to note that
not all 256 CID values are available to be used for AAL2 channel assignment.
The value CID = 0 is not used for channel assignment, as it is used to activate
the padding function by indicating that all subsequent objects are coded with
the value zero. The value CID = 1 is used to indicate that the CPS packet is
intended for peer-to-peer layer management functions and does not carry any
higher layer user information. In addition, values CID = 2 to 7 are reserved for
future enhancements and therefore unavailable to AAL2 users at present. The
remaining values CID = 8 to 255 can be assigned to individual AAL2 users.
Consequently, a maximum of 248 AAL2 user channels can be multiplexed
onto a single ATM VC with each individual AAL2 channel being
bidirectional. Therefore, the same CID value is used to identify both directions

of the bidirectional channel.

Length Indicator (LI) Field

This 6-bit field indicator is used to indicate the length of the CPS packet
payload, which may vary for each AAL2 channel. The LI value is binary
encoded with a value that is one less than the number of bytes in the CPS
packet payload. That is, the value of LI will be LI = n -1 bytes, where n is the
number of bytes in the CPS packet payload. The maximum length of the CPS
packet payload may be provisioned to be either 45 or 64 bytes, with the
default length being 45 bytes [10]. If the maximum length chosen is 45 bytes,
then LI values between 45 and 63 are not permitted.

User-to-User Indication (UUI) Field

The 5-bit UUI field is used to send information between peer SSCS sub-
layers, above the CPS sub-layer. This information could either be destined for
peer SSCS entities itself or for peer Layer Management entities. The UUI field
is also used to distinguish between the different SSCS entities and the different

24



Chapter 2 Background Theory and Literature Review of AAL2

Layer Management users of the CPS. The ITU-T has defined 32 binary UUI
codepoints for the S-bit UUI field. Binary values 0 up to 27 are used to
identify a particular SSCS protocol, whereas binary values 28 up to 30 are
reserved for future enhancements. Finally, binary value 31 is used to send
Layer Management information regarding the AAL2 layer. A more detailed

examination of the UUI codepoint assignments can be found in [18].

o Header Error Check (HEC) Field
This § bit field is intended for error detection of the CPS packet header, using
a particular generator polynomial G(x) =x’ + x> +1. This detailed algorithm
used for the HEC function is outside the scope of this thesis but may be found
in ITU-T Recommendation 1.366.1. When an error is detected, the particular
CPS packet is discarded and the Layer Management is informed [19].

2.2.2 AAL2 Cell Assembly Process

The AAL2 cell payload, also referred to as the CPS-PDU, consists of a Start Field
(STF) and multiple CPS packets. These CPS packets might all be sent from the same
user, or from several distinct users. Figure 2-3 illustrates the process of assembling
multiple CPS packets, originating from different sources, into a single AAL2 cell
stream. It can also be seen in the diagram that a CPS packet may be split over two

consecutive AAL?2 cells in order to utilise the bandwidth more efficiently.

In the event that an AALZ2 cell is lost, during cell transmission, and a CPS packet was
split over itself and the following AAL?Z cell, a technique is required to locate the start
of the first complete CPS packet within the following AAL2 cell. For this reason each
CPS-PDU contains a one byte header or Start Field (STF), as indicated in Figure 2-3.
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2.2.3 Components of the AAL2 Stari Field (STF)

The tfunction of each Neld in the one byte CPS-PLL! header or start field, as illustrated

i Figure 2-4 13
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Figrre 2-4 AALZ Stave Field

e Ofifsel Field (OSF)
The purpose of the 6-bil offsel field 1s lo indicate (he remaining length, in
bytes, of a CPS packet that possibly started in the preceding AALZ cell and 1s
conbinuwing in the cumrent AALZ cell. The OSF thus ponts Lo Lhe starl of the
new CPS packets and therehy provides a mechamsm of houndary recovery in
the event of loss of packet delineation resulting from the preceding AALZ celt

being lost,
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¢ Sequence Number (SN)
This 1-bit SN field provides a modulo 2 sequence number to be assigned to
consecutive CPS packets in order to enable detection of lost or miss-inserted
information. If a sequence number error is detected, the CPS packet may be
discarded and the management system at the receiver is informed of the error

condition via AAL2 Layer Management.

e Parity (P) Field
The 1-bit parity field is used to detect errors in the STF. In the event that an
odd parity violation is detected, the CPS packet is discarded and the error
condition is reported via AAL2 Layer Management to the management system

at the receiver.

Since the end-to-end delay for the transportation of voice needs to be strictly
controlled, the AAL2 multiplexing unit, at the sender, will transmit AAL?2 cells even
if the AALZ2 cells are not optimally packed with CPS packets. This is to prevent the
first CPS packet in the AAL2 cell from being delayed for too long a period and thus
violating its end-to-end delay. A timing module, referred to as the Timer Composite
User (CU), is used to measure the period from when the first CPS packet arrives at the
AATL2 cell until such a time that the AAL2 cell needs to be transmitted. Whenever the
timer CU expires, the rest of the AAL2 cell is simply padded with zeros and
transmitted. This padding functionality is achieved by assigning the value CID = 0, as

mentioned in Section 2.2.1.

2.3 AAL2 Service Specific Convergence Sub-layer (SSCS)

The initial AAL2 recommendation, 1.363.2, regarded the SSCS sub-layer as being
null. The primary need for this recommendation was to provide a technique that
would enable the multiplexing of small low-bit-rate voice packets onto a single ATM
virtual connection. Howeyver, this recommendation did not specify a standard method
by which true PSTN voice, with all its features such as in-band tones, dialled digits
and signalling messages, could be transported over an AAL2 connection. The ITU-T

addressed this shortcoming and standardised recommendation 1.366.2 to enable an
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AAL2 connection to provide the functionality associated with a PSTN connection.
The ITU-T also introduced a complimentary specification, recommendation 1.366.1,
to define a method of transporting very large data packets (65 568 bytes) and out-of-

band signalling information over an AAL2 connection [20].

The combination of ITU-T recommendations 1.366.1 and 1.366.2, in collaboration
with the AAL2 CPS, provide a comprehensive solution for transporting a variety of
media types over AAL2, such as uncompressed / compressed voice, circuit mode
digital data, narrowband ISDN messages, demodulated facsimile, etc. To gain a better
understanding on how these functionalities are accomplished, the avid reader is

advised to examine [18].

2.4 Relationship between ATM Switching and AAL2 Switching

ATM is a connection-oriented technology, which means that a logical end-to-end
connection first needs to be established, between the sender and receiver, prior to any
user data transfer. This logical end-to-end connection is called an ATM Virtual
Circuit (VC) and is identified by means of a Virtual Path Identifier and a Virtual
Channel Identifier (VPI/VCI) value. In AAL2 terminology, each ATM VC is also
referred to as an AAL2 path. Since AAL?2 packets are multiplexed into an ATM VC,
each ATM VC consists of a number of AAL2 VCs, called AAL2 channels. Each
AAL2 channel is identified with a unique VPI/VCI and Channel Identifier (CID)
value. AAL2 switching is thus performed, by an AAL2 switch, based on the
VPI/VCUCID value of each individual AAL2 CPS packet. In contrast, traditional
ATM switching is performed, by an ATM switch, based on the VPI/VCI value of
each ATM cell. Figure 2-5 illustrates the difference in stack architecture between an
AAL2 switch and an ATM switch. As can be seen from the diagram, ATM switches
are not aware of the content of any ATM cells and are therefore not even aware if
AAL?2 cells are switched through them. AAL2 cells are simply treated like normal
ATM cells and are switched based upon the VPI/VCI value in the AAL2 cell header.
However, an AAL2 switch would disassemble each received AAL2 cell into its

individual CPS packets. CPS packets destined for a common AAL?2 switching node or
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AAL2 end-peint are then reassembled into new AALZ2 cells and transmitted to their

desired destination,
AALZ Eng-Poim AALZ End-Point
Applcaton AALZ Switch Applicatlen
T ATM Switch 1= ] ATM Switch -
! AT | ATM““_ ATM | ATM ATM
Physkcal :— i Fh‘fsil:al- EHe——— Fhyslcal ] Hoyzical —_— Phyaicel

Figure 2-5 AAL2 Switch and ATM Switch Architecture

2.5 Practical Applications for AAL2

Although AALZ has only been in cxistence for a few short years, 1t s widely being
adopled as the technology of cheice in Voice and Telepheny over ATM (VTOA}
applications, such as Vowce over DSL (VoDSL) [16], ATM trunking [21], and

Universal Mobile Telecommunication System (UMTS) wireless nelworks | 22].

Head Offlce

\ ATM/ AALZ
Rirhidne

Small Office ! " pry PSTN
Hoima Dffica i

Figure 2-0 AAL2 Application Scenarios
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Figure 2-6 illustrates all three of these application scenarios interconnected with each

other via a hybrid ATM / AAL2 network.

2.5.1 Voice over Digital Subscriber Line (VoDSL)

A popular application for AAL2 is Voice over DSL (VoDSL), also referred to as
ATM Loop Emulation Service (LES) using AAL2®. The VoDSL application is
illustrated in the bottom left-hand corner of Figure 2-6 and is an extension of the
better known Asynchronous DSL (ADSL). It consists of a number of normal
telephones, Integrated Access Devices (IADs) and a common Digital Subscriber Line
Access Multiplexer (DSLAM). At each office the telephones are connected to a single
IAD. Each IAD is then connected, via local copper loops, to a centralised DSLAM
located in the nearest local exchange. Although the transport mechanism to implement
VoDSL can be either IP or ATM, the DSL Forum has standardised the use of ATM’s
AAL2 due to its inherent advantages, which includes the efficient use of limited
bandwidth. The idea of VoDSL is to extend the local copper loop from the customer
premises through an ATM access network. The DSLAM in turn, streams AAL2 voice
traffic into the ATM / AAL2 network via an AAL2 switch. Independent research into
the quality of voice calls transported over a VoDSL access network and voice calls
carried over the traditional PSTN network concluded that no perceptible difference
exists [23].

2.5.2 ATM Trunking

A second commercial application for AAL?2 in the area of VTOA is ATM trunking.
This is illustrated in the upper left-hand comer of Figure 2-6. This application is based
on circuit emulation, as discussed in Section 1.1.5, but instead of utilising traditional
AAL1, voice could be transported over the more efficient AAL2 as a cost effective
alternative. This is an appropriate mechanism for connecting PBXs located in
corporate offices to the ATM / AAL2 network. ATM trunking can also be referred to

® As defined by the ATM Forum in af-vmoa-0145.000
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as ATM Trunking using AAL2 for Narrowband Services’, which is merely an

adaptation of ITU-T recommendation 1.366.2 as described in Section 2.3.

2.5.3 Universal Mobile Telecommunication System (UMTS)
Networks

A third commercial application, and the original driving force behind the
standardisation of AAL2, is in the fixed wire-line portion of a UMTS network
commonly referred to as the UMTS Terrestrial Radio Access Network (UTRAN).
Figure 2-6 illustrates a simple UMTS network consisting of only one Radio Network
Controller (RNC) and two base stations, also referred to as Node Bs. A realistic
UMTS network would typically consist of a number of these network elements,
depending on the size of the overall UMTS network. AAL2 is utilised as the transport
technology between the base stations and the RNCs and between peer RNCs to utilise

the transmission resources as efficiently as possible.

2.5.4 Necessity for AAL?2 Switches and AAL2 Signalling

Figure 2-6 illustrates a hybrid ATM / AAL2 network, consisting of both ATM and
AAL2 switches, interconnecting each of the above mentioned AAL2 application
scenarios. The location of these AAL2 switches is commonly considered to be at the
edge of the hybrid network, as well as a few strategic locations within the network. In
Figure 2-6 each application scenario is streaming AAL2 voice traffic into the hybrid
network and is thus connected to an AAL2 switch. The AAL2 switch would then
switch these individual AAL2 user packets to their desired destinations through the
network and utilise the network bandwidth efficiently.

However, these AAL2 applications require AAL2 signalling to first establish on-
demand AAL?2 connections between two AAL2 end-points, through the hybrid ATM /
AAL?2 network, prior to the transportation of any user traffic. Chapter 3 will discuss
the AAL?2 signalling protocol and investigate the need for and benefits of this new
signalling protocol.

® As defined by the ATM Forum in af-vtoa-0113.000
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Literature Review of the AAL?2
Signalling Protocol

3.1 Purpose of a Signalling System

A signalling system’s purpose is to transfer control information between the network
elements of a telecommunications network. These elements would typically be
switches or operation centres and the control information would be the signalling
messages required to establish or tear-down connections. In turn, these connections
could be either voice connections or data connections [24]. This Chapter will focus on
the establishment of voice connections via the AAL2 signalling protocol. It will also

highlight and discuss the importance of signalling in an AAL2 network.

3.2 Necessity for AAL2 Signalling

The primary objective of AAL?2 signalling is to establish, maintain and tear down
AAL?2 connections between peer AAL2 nodes. An AAL2 node can be either an AAL2
end-point or an AAL2 switch. AAL2 is the only AAL layer that has its own signalling

protocol. The primary reasons for this are as follows:

e Firstly, ATM has many signalling protocols, such as the ATM Forum’s UNI
and PNNI, the ITU-T’s Q.2931, Q.2971, B-ISUP, and so on. Extending all
these protocols to accommodate AAL2 would be very difficult.
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e Secondly, having two separate signalling protocols has its advantages. The
decoupling of the two signalling protocols would allow multiple AAL2
overlay networks to operate over a single ATM network. Each network would
operate with its own routing and addressing schemes [25]. This separation
becomes crucial when separate operators own and manage the two different

networks.

e Finally, AAL2 has the ability to multiplex many AAL2 channels into a single
ATM virtual connection. In order to establish and release these AAL2
channels, a dynamic protocol is required. This is accomplished by means of

AAL2 signalling.

3.3 AAL2 Signalling Protocol Architecture

As illustrated in Figure 3-1, the AAL?2 signalling protocol is limited to the control of
the AAL2 layer. Although the AAL2 signalling protocol bears some similarities to the
ATM signalling protocol, it is important to note that they operate completely
independent of each other. This approach speeds up the AAL2 connection
establishment process since intermediate ATM switches do not cause delay by storing

and forwarding AAL2 signalling messages.

The AAL?2 signalling protocol assumes the existence of an established ATM virtual
channel between two peer AAL2 nodes before AAL2 channels can be established
inside the ATM VC. This ATM VC could be a Permanent Virtual Circuit (PVC),
created by management system provisioning, or a Switched Virtual Circuit (SVC),
created by an on-demand ATM signalling procedure. However, how these ATM
virtual channels are established is not within the scope of the AAL2 signalling
protocol specification [13]. Consequently, ATM VCs perform the same function for
AAL2 CPS packets as ATM Virtual Paths (VPs) perform for ATM VCs, namely
providing trunks between peer AAL2 nodes for the multiplexing of CPS packets.
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Figure 3-1 AAL2 Signalling Protocol Reference Model

The diazram above, adapted from ITU-T recommendation Q.2030.1, illustrates the
AAL?Z sigmalling protocol architecture, I contains three AALZ nodes comsisting of
two AALZ end-points und ong AALZ swilch, An AALZ end-point provides services
such s comnection establishment and relesse and the AALZ switch provides the
swilching and routing suppori. Above the AALZ signalling entity, in each AAL2 end-
point, an AALZ served user is located. This would typically be the user application
requinag AAT2 signalling support, or as is the case m a UMTS network, the radio

resource management and handover control entity [25].

The Signalling Transport Converter (STC), also referred to as the Generic Signalling
Transporter ((G5T), situated below the AAL2 signalling entity provides independence
between the AALZ signalling protocol and the underlying signalling transpert layer.
This is accomphlished by providing a generic sl of primutives thal the AALZ
signalling protocol utibses when exchanging AAL? siynalling messages with a peer
signalhng entity, Therefore, the STC ludes all the differcnces between {he signalling

protocol and the signalling transport mechanism. The type of STC used wall depend
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on the underlying signalling transport mechanism being utilised. Currently, two STC
standards exist, The 1TU-1's Q21501 is used if the transport mechanism is
broadband MTP3b, whereas (. 2150.2 is used if the transport mcchanism is Uscr
Metwork Interface (LND) — Signalling AAL (SAAL). Services provided by the 8TC

include the assured {error free) transfer of data and in sequence delivery of data [26].

The AALZ Signalling Entity is comprised of two distinet components, namely (he

Nogdal Fyncuon and the Protocol Entity, as illustrated i Figure 3-1 on the previous

page.

Protocol Entity

| st S ———— s a2 L

Chutgenn IneCming . Mainbanarnics
Pratace Frotocol Pratocol
Procedure Procedure . Procedue

Figure 3-2 tnternal Siructure of the Pratocol Entity

The Protocol Entity defines the interaclion belween (wo peer adjacent AAL2 nodes
and 15 1llusirated above in Figure 3-2. The outgoing protocol procedure contains the
mechanisms lo iniliale an AAL? conneclionn, while the incoming protocol procedurc s
applied when a request for a new AALZ conmection is reccived, Either of those
procedures can relesse an AAL2 connecton. The maintenance protocol procedurc
provides the mechanism to align the AALZ resources slatus within the two adjacent
AALZ nodes, as well as the procedures to block or unblock an AAL2 path. The nodal
function provides a hndge helween the incorming and ouigoing protocol entities, 1t is
also responsible for the routing functionality and keeps a record of the AAL2 path

Ie50UrCes.

The mapping of these components into the AAL2 signalling [ramework design
implemented in this study will be discussed i Chapter 4. Appendix A provides an
overview of the interface between the AALZ signalling entity and s neighbouring
layers. The Layer Management entity, not indicated in Figare 3-1, i3 also tllustrated i
Appendix A, This entity was excluded from the AAL2 signalling protocol relerence
model 1llustration in Figure 3-1 lo simplify the disgram. This was done because the

features supported by the laver managenient entity [all oulside the scope of this study.
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For more detail regarding the AAL2 signalling stack architecture, the reader is

advised to examine ITU-T recommendation Q.2630.1.

3.4 Relationship between AAL?2 Signalling and ATM Signalling

As stated in Chapter 1, AAL2 is a connection oriented protocol. Therefore, prior to
the transportation of any user data across an AAL2 network, an end-to-end AAL2
channel first needs to be established between the sending and receiving AAL2 nodes.
However, AALZ signalling is unable to establish this end-to-end connection without
the existence of either a previously established ATM VC or multiple ATM VCs
between the relevant peer AAL2 nodes, depending on the network topology. These
ATM VCs are established via ATM signalling. This dependence of AAL2 channels
on ATM channels is a potential problem because of the independence between these
two signalling protocols, as stated earlier in Section 3.2. Consequently, it is
impossible for a user to request a new AALZ2 connection without an pre-established
underlying ATM VC. The AAL2 signalling protocol is merely informed by the STC
below it whether an ATM VC exists between the current AALZ node and the
neighbouring AAL2 node en-route to the destination node. But the AAL2 signalling
protocol itself cannot request the establishment on a new ATM VC if one does not

already exist.

It is important to understand the concept of ATM channel establishment in the context
of an AAL2 network. The ATM channel in question is not a transparent end-to-end
connection spanning the entire hybrid ATM / AAL2 network in order to connect the
two remote AAL2 end-points. This would imply that AAL2 channels are merely
multiplexed onto this end-to-end ATM channel. This technique would not only be
inefficient, but it would also cause AAL2 switching to be redundant, since it simply
offers a trunking solution. Rather, ATM channels are established on a point-to-point
manner between peer AAL2 nodes as illustrated in Figure 3-3.
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Figure 3-3 ATM PVCs within an AALZ Network

In the diagzram above all the swilches located inside the network are AAL2 switches
and all connections between them are pomt-to-point ATM  counections, These
connections could be either PVCs or SVCs as discussed in Section 3.3. However,
PVCs are illustrated above. Only once these ATM connections are provisioned can
point-to-point. AAL2 channels be established onto these ATM Vs, Therefore,
multiple AALZ2 connections are requived to establish a functional end-to-end AALZ

connection between the two AAL? end-points as illustrated in Figure 3-1.

The sections that follow mvestigate and discuss the procedures required to establish
an end-to-end AALZ connection. Firsuly, it considers and discusses the procedures
involved in establishing an ATM VC, via ATM signalling, It will then examine the
AAL2 signalling procedures required to establish an AALZ2 channel within the pre-
gstablished ATM VC, This is done to highlight certain similarities and distinet

differences between the two signalling protocols.

3.4.1 Procedures Required for ATM Channel Establishment

An ATM virtual conpection is established by means of ATM signalling. The [TU-T
and ATM Forum have specified and standardised many ATM signalling protocois.
The ITU-T"s recommendation Q.2931 and Q.2971 define the procedurss required to
establish point-to-pomnt and point-te-multipoint ATM conncctions respectively. A

point-to-multipoint connection is commonly referred to as multicasting. However, the
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most popular ATM signalling specification is ATM Forum’s User Node Interface
(UNI), which is employed in the access part of the network, and Private Network
Node Interface (PNNI), which is employed in the core of the network. Various
versions of each specification exist, but the most recent are UNI 4.0 and PNNI 1.0.
ATM signalling messages are transported on a dedicated ATM VC, namely VPI/VCI
0/5, by means of AALS5 between peer ATM users. As a result, ATM signalling is
referred to as Common Channel Signalling (CCS), also known as Out-of-Band
signalling.

The ATM virtual connection channel establishment process is initiated by means of a
SETUP ATM signalling message sent from the initiating ATM user to the desired
destination ATM user. Each ATM signalling message contains information in the
form of parameters referred to as Information Elements (IEs). The information
contained in the parameters of the SETUP signalling message corresponds to the
desired channel characteristics of the requested ATM VC [27]. Some of the basic
parameters contained within an ATM signalling SETUP message are listed below in

Table 3-1.

ATM SETUP Message

Description of Parameter
Parameters

This uniquely identifies the desired ATM

ATM Destination Address .
destination

Contains the traffic type, e.g. CBR, VBR,

Broadband Bearer Capacity UBR, etc to be supported

Specifies information relating to the Peak
Traffic Descriptor Cell Rate (PCR), Minimum Cell Rate
(MCR), etc

Specifies the end-to-end transit delay
QoS parameters required for the chosen Broadband
Bearer Capacity

Specifies the AAL type to be supported
by the ATM virtual connection

AAL parameters

Table 3-1 ATM SETUP Message Parameters

For the purpose of this study only the A4L parameter will be discussed in detail. For
detailed information regarding any other SETUP parameter the reader is advised to

examine ITU-T recommendation Q.2931.
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e The AAL Parameter
Each parameter within the SETUP signalling message contains specific
information regarding the requested ATM VC. In order to establish AAL2
channels within an ATM VC, the ATM VC’s AAL parameter should be
configured as follows: a) the AAL type selected must be AAL2; b) the
maximum CPS packet size must be either 45 or 64 bytes, as specified in
Section 2.2.1; ¢) the maximum number of multiplexed AAL2 channels within
the ATM VC must be specified and d) the SSCS type selected must be either
ITU-T recommendation 1.366.1 Segmentation and Reassembly (SAR), ITU-T
recommendation 1.366.2 trunking, as described in Section 2.3 or the NULL
option. Each SSCS type, except the NULL option, has additional parameters
that need to be specified. If the SSCS type chosen is 1.366.1 SAR then the
primary parameter is the maximum packet size. However, if the SSCS type
chosen is 1.366.2 trunking then the primary parameter is the audio profile
chosen. The function and significance of this audio profile will be discussed in

Section 3.4.3.

The following section will discuss the AAL2 signalling procedures required to
establish an AAL2 channel within a pre-established ATM VC, or AAL2 path. One of
the limitations of this two-step approach to AAL2 channel establishment is that all the
AAL2 channels established within a specific ATM VC inherit some of the
characteristics of that VC, such as the specified QoS. Even though the QoS
requirements of different services are distinctly different at the user application level,
the TUT-T has standardised one QoS class at the AAL2 path level. The AAL2
network operator therefore needs to know beforehand the typical QoS and bandwidth
requirements needed by an AAL2 user. This knowledge would enable the AAL2
operator to request the required QoS and traffic parameters from the ATM operator

who will need to provide the necessary ATM VCs.

This limitation has been investigated elsewhere [28] and a method has been proposéd
by which different QoS conditions could be accommodated within a single ATM VC.
Since different applications requiring different QoS levels would need to be supported
by UMTS wireless networks, this method could be used to control the QoS for each
application at the AAL2 level, instead of the ATM level. It was argued that this
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method would lead to more efficient utilisation of network resources. A simulation
study was performed to validate this argument. However, Kawakami et al merely

concluded that this method could improve bandwidth utilisation.

The question of which ATM service class should be assigned to an AAL2 path,
namely CBR, Real Time-VBR (rt-VBR), or Unspecified Bit Rate (UBR), has been
investigated in [29]. A mathematical analysis addressed this question comparing the
effectiveness of each service class from a bandwidth management point of view. The
simplest service class is CBR, which only specifies a Peak Cell Rate (PCR) for each
ATM VC. When a new AAL2 connection is established, Call Admission Control
(CAC) is performed at the AAL2 node to determine whether there is enough
bandwidth available for the incoming call. If the ATM VC is unable to support the
requested PCR, the AAL2 connection request is denied and the call is simply
terminated. The second possible service class is rt-VBR. The bandwidth of an rt-VBR
connection is specified by a PCR, a Sustainable Cell Rate (SCR) and either a Burst
Tolerance (BT) or a Maximum Burst Size (MBS). Since the rt-VBR service class can
achieve a higher statistical multiplexing gain than the CBR service class it was found
that rt-VBR performs better than CBR. This advantage increases as the number of
AAL2 connections increases. However, it is far more complicated to implement. The
third possible service class is UBR, which results in bandwidth management being
performed at the ATM virtual path level instead of the ATM virtual channel level.
AAL2 connections are thus accepted or rejected based on the available bandwidth of

the virtual paths. This method is the most bandwidth efficient technique.

The use of AAL2 switches for all three service classes was also investigated in [29]. It
was found that AAL?2 switches were very effective for CBR and a small number of rt-
VBR ATM VCs, but had less impact as the number of VBR VCs increased. The
impact of AAL2 switches in UBR was also very small for any number of VCs, since a
large statistical multiplexing gain had already been achieved by utilising UBR without
the use of AAL2 switches.

This study, comparing the effectiveness of AAL2 switches and UBR ATM VCs, was

extended in [30] by means of mathematical analysis. It was found that AAL2 switches

are effective with CBR or VBR V(s if only small traffic streams were considered.

40



Chapter 3 Literature Review of the AAL2 Signalling Protocol

This is because the partially-filled AAL2 cells resulting from low traffic, which
deteriorate performance, could be removed with AAL2 switching nodes, by re-
packaging the partially-filled cells with AAL2 CPS packets destined for a common
destination. However, as the traffic increases, so the UBR alternative becomes more
effective as the statistical multiplexing gain becomes larger than under CBR or VBR.
Overall, the utilisation of UBR showed a similar performance in bandwidth efficiency

to that achieved with AAL?2 switches utilising either CBR or VBR.

Although UBR is the most bandwidth efficient service class, as discussed above, for
the purpose of transporting delay sensitive compressed voice over an ATM
connection, as is the case with voice over AAL2, UBR it is not the most effective.
UBR is a best-effort service class used primarily for data transfers. UBR connections
are unable to support any form of bandwidth guarantees, nor is it able to support any
form of Cell Transfer Delay (CTD), as required by voice traffic. Therefore, based on
the above discussion it can be concluded that ATM connections supporting AAL2
voice channels should be established as rt-VBR connections. This is because although
rt-VBR is not the most bandwidth efficient service class, it is however able to support

both bandwidth guarantees as well as CTDs as required by AAL2 connections.

Figure 3-4 below illustrates the ATM connection establishment process as a three-
way handshaking procedure. Handshaking simply refers to the basic exchange of

signalling messages along with their parameters.
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Figure 3-4 Connection Establishment Procedure in ATM Signalling
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The process is referred to as three-way handshaking, because of the three primary
ATM signalling messages, namely SETUP, CONNECT and CONN_ACK, which
need to be transported across the UNI network in order to request a new ATM

connection.

3.4.2 Procedures Required for AAL2 Channel Establishment

Unlike ATM signalling, AALZ2 signalling protocol is the same for the user-network or
the network-network interface. AAL2 signalling thus establishes AAL2 connections
on a point-to-point basis. As an example, AAL2 connections would typically be
established between a base station and the Mobile Switching Centre (MSC) for
trunking in a UMTS network, or between two PBXs or international AAL2 switches
for landline trunking. An AAL2 connection is bidirectional and the same CID value is
used in both directions of the connection. However, each AAL2 connection is also
asymmetrical. Therefore, different traffic and QoS parameters can be supported in
either direction of the connection. The AAL2 signalling protocol is a symmetrical
protocol, consequently either interconnected peer AAL2 node can initiate a new

AAIL2 connection or tear down an existing connection.

Once ATM signalling has created a logical end-to-end ATM VC, comprising multiple
point-to-point ATM VCs connecting the relevant AAL2 switches, the AAL2
signalling protocol is able to establish additional AAL2 connections over this ATM
connection, as requested by AAL?2 users. This is done using the AAL2 signalling
Establish Request (ERQ) message [13]. Some of the parameters contained within an

AAL?2 signalling ERQ message are listed in Table 3-2.
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AAL2 ERQ Message Parameters

Description of Parameter

AAL2 Destination Address

This uniquely identifies the desired
AAL?2 destination node

Originating Signalling Association
Identifier (OSAID)

Required to uniquely identify the
originating AAL2 node

Connection Element Identifier (CEID)

Specifies the AAL2 path identifier and
the Channel Identifier (CID)

AAL?2 Link Characteristics (ALC)

Specifies the requested bandwidth for an

AALZ connection

Indicates the service specific information
to define the type of SSCS residing over
the AALZ layer

Service Specific Convergence Sub-layer
(8SCS) Information

Table 3-2 AAL2 ERQ Message Parameters

The initiating AAL2 node proposes the establishment of a new AAL2 connection with
two primary parameters. Firstly, the employment of a specific CID value that is not
yet in use and secondly, a particular bandwidth is requested for either direction of the
asynchronous connection. The destination AAL2 node could either accept or reject
the connection request, as it is the responsibility of the two nodes to guarantee the
resources required within the ATM connection to support this new AAL2 connection.
As stated previously in Section 3.4, the independence between the ATM signalling
protocol and the AALZ2 signalling protocol results in a few drawbacks. One of these is
that an AAL2 connection request can either be accepted or rejected. If the available
bandwidth of a particular ATM VC becomes limited and a new AALZ2 connection
request requires a link bandwidth greater than the residual ATM connection
bandwidth, the AAL2 connection request is simply rejected. Further, the AAL2
signalling protocol is currently unable to request a change in ATM connection

bandwidth resulting from limited available capacity.

3.4.3 AAL2 Encoding Format Profile

During the ATM connection establishment process, described in Section 3.4.1, the
initiating ATM user is required to specify the AAL parameter in the ATM SETUP
signalling message. As part of the AAL parameter, the SSCS type requested also
needs to be specified. As stated in Section 3.4.1, if the SSCS type chosen is ITU-T
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recommendation 1.366.2 trunking, then a specific audio profile needs to be chosen. A

profile consists of a set of entries, where each entry comprises:

e An Encoding Format, which specifies a particular voice encoding algorithm

e A Length, which specifies the length of the packet

e A Packet Time value, which indicate the inter-packet departure / arrival period

e An UUI Range, which is used for packet sequencing

A simplified example of a profile is indicated in Table 3-3. Each row of the profile

represents a separate entry. The acronym S8 refers to 50% Silence Suppression being

employed.
uul . Packet Description of Packet
Codepoint Length Encoding Format Time (ms)
Range (Bytes) g
0-15 40 PCM,' G.711, 64 Kbps, 5
generic
0-15 20 CS-ACELP, G.729, 8Kbps 20
0-15 10 CS-ACELP, G.729, 8Kbps 10
0-15 5 CS-ACELP, G.729, 8Kbps, 10

SS

Table 3-3 SSCS Profile Using G.729

The ITU-T has pre-defined 10 profiles for use by AAL2 voice traffic, which are
depicted and explained in Annex P of ITU-T recommendation 1.366.2. Each profile is

specified by means of a profile identifier, which is indicated during the ATM
connection establishment phase. The default profile entry is PCM G.711 at 64 Kbps.

This acts as a precautionary feature in situations where the initiating and destination

AAL2 users’ equipment do not support the same voice encoding / decoding

algorithms. With G.711 as the default voice encoding algorithm in all profiles, it is

guaranteed that at least this algorithm will be supported. Once a profile has been

adopted between the transmitting and receiving AAL?2 users, the transmitter can select

any entry in the adopted profile and it will be accepted by the receiver.
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3.5 The AAL?2 Signalling Life Cycle

The AAL2 signalling protocol was designed to be a simpler protocol than the
traditional ATM signalling protocol. One of the areas in which this simpler design
approach is apparent, is in the two-way connection establishment phase of AAL2
signalling, depicted in Figure 3-5. This is in contrast to the three-way connection
establishment procedure of ATM signalling, illustrated in Figure 3-4.

AALZ End-point AALZ2 End-point
ERQ l ’
i i i
| e | ERQ - | ERQ ;
! ] R
! I i ECF o
ECF T
| < ECF | - : | ERQ- Establish Request
: ; ! | ECF - Establish Confirm
{ | ] I REL - Release Request
: ————Ré--—-——» : REL : : RLC - Release Confim
: I RLC : B : REL :
! | 1 RLC !
D T A A —
: e :

Figure 3-5 Channel Establishment and Release Procedures in AAL2 Signalling

This figure illustrates both the procedures for connection establishment and release in
AAL2 signalling. The specific format and encoding technique defined for each AAL2
signalling message can be found in [13]. The AAL2 connection or AAL2 call life-

cycle consists of three phases, namely:

e The Establishment phase, initiated by an AAL2 signalling Establish Request
(ERQ) message

o The Active phase, where the connection remains connected and AAL2 user
data can be transferred across the AAL2 channel. The duration of the
connection is referred to as the hold time

e The Release phase, initiated by an AAL2 signalling Release Request (REL)

message. The process of releasing an AAL2 channel is also called tear down

Each of these phases will now be discussed in greater detail.
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¢ Establishment Phase
The Establishment phase consists of two AAL2 signalling messages. The
initiating AAL2 end-point starts the establishment phase by sending an ERQ
message, via the ATM / AAL2 network, to the receiving AAL2 end-point. On
reception, the receiving AAL2 end-point responds by sending an Establish
Confirm (ECF) message back to the initiating AAL2 end-point. Only after
both these AAL2 signalling messages have travelled through the ATM /
AAL2 network, is the establishment phase complete. This entire phase is

known as connection setup.

o Active Phase
Once the establishment phase has completed successfully, an AAL2
connection enters the Active phase. More specifically, the receiving AAL2
end-point enters the active phase once it sends the ECF message and the
initiating AAL2 end-point enters the active phase on reception of the ECF

message.

e Release Phase
The active phase of each AAL2 end-point ends whenever a REL message is
initiated and sent from either AAL2 end-point or is accepted by a receiving
AAL2 end-point. This process initiates the Release phase. The release phase
of each AAL2 end-point ends whenever a Release Confirm (RLC) message is
returned from either the ATM / AAL2 network to the initiating AAL2 end-
point or from the receiving AAL2 end-point to the ATM / AAL2 network.

This process is also known as connection release or connection tear-down.

o Pending and Rejected Connections
After the initiating AAL2 end-point sends an ERQ AAL?2 signalling message
and before the establishment phase is completed successfully, the connection
is referred to as pending. If the establishment phase does however not

complete successfully, the connection is referred to as rejected.

Besides the four AAL2 signalling messages explained above, AAL2 signalling

utilises a total of 11 signalling messages. Four of them are utilised for connection
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setup and tear down while the remaining 7 messages are utilised mainly for
management related information transfers. A complete set featuring the available

AALZ signalling messages is illustrated in Appendix A.

3.6 Choice of AAL to Support AAL2 Signalling

AAL?2 signalling messages can be transported between peer AAL2 nodes over either
AALS, as is the case with ATM signalling messages, or AAL2. Utilising AALS
would result in either some sort of Channel Associated Signalling (CAS) or CCS, also
known as In-Band or Out-of-Band signalling respectively, being employed. In CAS
both ATM and AAL2 signalling messages would be transported in the same dedicated
ATM VC, namely VPI/VCI 0/5. In contrast, separate dedicated ATM VCs for both
ATM and AAL?2 signalling messages could be employed in CCS, such as VPI/VCI
0/5 for ATM and VPV CI 0/6 for AAL2.

Even the utilisation of AAL?2 as a transport mechanism for AAL2 signalling messages
could result in either a CAS or CCS technique being used. In CAS, both the AAL2
user data and the AAL2 signalling messages would be transported within each AAL2
connection for that particular connection. However, in CCS a dedicated AAL2
channel would be reserved for all AAL2 signalling related information pertaining to a
specific AAL2 path, or ATM VC. The question, which AAL type to utilise for this

transportation purpose will be addressed and discussed in more detail in Chapter 4.

3.7 Unresolved Challenges of the AAL2 Signalling Protocol

The most important issue still unresolved in the AAL2 signalling protocol is the
acquisition and distribution of AAL2 routing information. Unlike the ATM signalling
protocol PNNI that incorporates a routing protocol, the AAL2 signalling protocol
currently does not incorporate a separate routing protocol. The AAL2 signalling
protocol supports hop-by-hop routing based on the addressing information and
requested link characteristics specified. The AAL?2 signalling standards, however, do
not define a technique whereby AAL2 switches could exchange AAL2 routing

information. As a result, most AAL2 links are statically provisioned and this limits
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AALZ signalling to small domains. In order for a completely independent overlay
AAL2 network to operale over an exasting ATM network, an AALZ routing protocol
is ecssential, The routing protocol’s primary function would he to update the
addressing / routing tables m the AAI2 nodes in accordance with the nelwork

topology of the AAL2 netwaork,

As an example, consider Figure 3-6 as an overlay AAL2 nelwark operating over an
extsting ATM netwark, All the swilches illustrated in the figure are AAL2 switches
angd intereonnected with ATM Vs as discussed in Section 3.4, An AAL2 routing
protocol would enable the AAL2 end-point on the lefi-hand side of the figure to send
voice lratfic to the AATLZ end-poinl situated on the nght-hand side of the figure based
on the oplintal roule through the AALZ network, Once detenmined, the routing tables
ol each AALZ switch along the traffic route would be coufigured accordingly. This
would result in all AAL2 user dala traversing the AAL2 network along this

predelined route.

AALZ Notwork

L i SR i,
AAL2 End- A 5 ) B
; ! o Paoint
| Point i EwighA 2 Sl
| ,a“r i o k! R
S g1 = W |
W ——

|

frgure 3-6 Example of an AAL2 Routing Protocol

In Figure 3-6 the optimal route mught appear to be the dircet link betwesn AAT2
swilches A and C, bul the direct link maght be unable lo support the requested AALZ
link characteristics. As a result, the AALZ routing protocol would then calculate a
suitable roule through the AAL2 network by meuans of evaluating each possible route
throngh the network. Each route would he considered based on the available

bandwidth of each hink and the end-lo-end time delay constraint of the requested
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AAL2 connection. Factors relating to load balancing of each link in the network, as an
attempt to avoid congestion in any specific link, would also be considered. As soon as
a suitable route is discovered, the routing table’s entries of each affected AAL2 switch

along the chosen route would be configured accordingly.

Although the example above consists of a small AAL2 network populated with a
small number AAL2 switches, the need for an AAL2 routing protocol becomes more
apparent in larger networks, especially when using AAL2 and AAL?2 signalling in
commercial applications such as VoDSL access networks, ATM trunking networks

and UMTS wireless networks, as described in Section 2.5.
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Chapter 4

Design of the AAL?2 Signalling
Framework

In designing the AAL2 signalling framework, issues relating to AAL2 signalling
delay need to be identified and addressed. This Chapter discusses certain techniques
which can be employed to minimise the signalling delay after which the AAL2
signalling framework design will be presented and discussed. The most important

design considerations were:

o Modularity
This technique allowed individual modules of the signalling framework to be
developed and tested in isolation

e Scalability
The signalling framework needs to be scalable regarding the number of
simultaneous connections that can be supported

e Efficiency
The AAL2 signalling framework needs to be efficient in terms of the delays

incurred during the AAL2 connection establishment process

4.1 Requirement for Minimising AAL2 Signalling Delay

AAL2 has been chosen as the transport technology for the access network in third
generation UMTS wireless networks, as discussed in Section 2.5. The access network
is required to support the Soft Handover (SHO) functionality, which requires a fast

connection setup and tear-down. A SHO is initiated by a mobile terminal whenever a



Chapter 4 Design of the AAL2 Signalling Framework

user moves from a base station’s area of coverage to the area of coverage of a
neighbouring base station. An objective of the signalling protocol is to minimise the
service disruption time during the SHO. The service disruption time is defined as the
period during which the mobile user is not connected to the network and thus unable
to receive any user data. Therefore, data destined for the mobile user needs to be
buffered and stored in the network, until such time as the mobile user can again start
receiving data. Where this buffering of user data should occur, either in the base
station or in the Radio Network Controller (RNC), is an area of study that falls outside
the scope of this dissertation, but needs to be addressed in future. The disadvantage of
buffering the user data in the UMTS network is that an additional delay is introduced
into the network. The data rate at which the mobile user receives data also influences
the buffer occupancy, since the higher the data rate, the larger the buffer required for a
fixed disruption time. Thus, the maximum buffer size required to prevent any data

loss due to buffer overflow is influenced by the following two factors:

e The maximum data rate of a single connection destined to the mobile user

o The largest signalling delay that could occur during the SHO process

The AAL2 signalling protocol, located in the base stations, the RNCs and all other
AAL?2 switches in the fixed portion of a UMTS network, would thus need to be
efficient in terms of delays incurred during the AAL2 connection establishment
process. This can be accomplished by minimising the signalling delay associated with
establishing a new AAL2 channel. This would result in both minimising the service
disruption time during SHO and guaranteeing the required QoS of the AAL2 voice

connection.

4.2 Choice of AAL to Support AAL2 Signalling

Either AAL2 or AALS can be utilised to transport AAL?2 signalling messages between
AAL2 nodes, as introduced in Section 3.6. Further, both AAL options can be utilised
for Channel Associated Signalling (CAS) or Common Channel Signalling (CCS).
However, neither method of CAS would be a viable option. Utilising AALS in CAS
would result in both AAL2 signalling and AALS signalling messages being
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frangporied in a common ATM V. This techmgue would require cach ATM and
AALZ switch to interrogate each traversing ATM signalling cell (o delermine whether
it contains AAL2 or AAJS signalling information. This method would be time
consuming. However, utilising AAL2 in CAS would result in both AALZ user data
and AAL2? sipnalling messages boing imnsported in 4 common AALZ channel. Thas
lechmique, in lum, would require each AALZ swilch o inlermrogate sach AALZ cell to
determine whether nser data or signalling information was contained within each cell,
Consequently, neither AAL option results in an efficient solution when channel

associated signalling 15 utilised.

A smnpler technique, resulting in faster processing at the switching nodes, 15 o
separate the signalling information from the user data. This is achieved by commeon
channel signalling where, for AALS, a separate ATM YV is wlilised or, for AAT2, a
separate AAL2 channel 15 utilised.
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Figure 4-1 depicts the complete AAL2 signalling stack to illustrate the difference
between transporting AAL2 signalling over AAL2 or AALS in a User-to-Network
Interface (UNI) network. Each layer in the figure also contains the equivalent ITU-T
recommendation number. The reader is advised to examine Appendix B in order to

gain a better understanding of each layer in Figure 4-1.

The following questions could thus be asked:

o Which AAL type should be utilised to transport AAL?2 signalling messages?
And if AALZ is chosen,

e What are the implications of transporting AALZ2 signalling messages inside
AAL2 CPS packets?

These two questions were considered and investigated in [31] by means of simulation.
The analysis conducted assumed the same overhead for the AAL2 signalling
messages over both AAL2 and AALS. It was found that transporting the signalling
messages over AALS resulted in less delay variation, due to the AALS frame
structure. However, transporting the signalling messages over AAL?2 resulted in less
overall signalling delay and thus a higher throughput when the network traffic density

was low.

With regard to the second question, the same simulation study also concluded that it
was more beneficial to use two separate queues inside each AAL2 node, instead of a
single FIFO queue, when utilising AAL2 signalling messages in CCS. One queue
would be dedicated to AAL2 signalling messages and the other to normal AAL2 user
traffic. The signalling queue would then be assigned a higher priority than the user
traffic queue. Consequently, the user traffic queue would only be serviced once the

AAL?2 signalling queue was empty.

4.3 Enhanced Techniques for Reducing AAL2 Signalling Delay

The previous Section has already discussed two techniques that would contribute to

the lowering of the AAL?2 signalling delay, namely transporting AAL2 signalling
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messages over AAL2 in CCS and employing separate prioritised queues for the

signalling and user data respectively.

It has also been proven, via simulation, that the AAL2 connection establishment phase
can be even further reduced when prioritised handling of individual AAL2 signalling
messages is introduced [32]. The signalling messages that should receive higher
priority are Establish Request (ERQ) and Establish Confirm (ECF) since these two
messages are responsible for creating an AAL2 connection. Two separate signalling
queues were used in this simulation. The first queue collected the ERQ and ECF
signalling messages while the second queue would collect the remaining signalling
messages. Only once the first queue was empty, would the second queue be serviced.
This resulted in a 12% faster connection establishment phase than when a single FIFO
queue was utilised for all AAL2 signalling messages. However, this technique also
resulted in an 11% increase in the connection release phase. Therefore, the overall
handling time did not change significantly when signalling priorities were introduced.
The different techniques discussed that can be utilised to lower the AAL2 signalling

delay during AAL2 channel establishment are summarised as follows:

e AAL2 signalling messages should be transported in CCS over AAL2
e AAL?2 signalling data should receive a higher priority than AAL2 user traffic
¢ ERQ and ECF messages should receive a higher priority than any other AAL2

signalling messages.

4.4 Choice of AAL2 Signalling Stack Interface

Interfacing of the AAL2 Signalling Stack (A2S) with the AAL2 Served User (SU) and
the Signalling Transport Converter (STC) can be performed ecither by means of a
functional or message-based interface. Figure 4-2 below illustrates these two
possibilities in greater detail by only considering interfacing between the SU and A2S

entities.
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Figure 4-2 Imterfucing with the AAL2 Signalling Stack

When a SU process needs to send information (o an A2S process, the information can
be transporied either via path A, which is a message based interface, or via path B.
which 18 u functional interface, Utilising path A results in the mformation from the SU
process first being encapsulated in a message. This message is then en-queued by the
SU process in a queue separating the two entities from one another. The A2S entity
would then de-queue the veceived message. extracl the relevant informulion and send
it to the appropriate A2S process. In contrast, utilising path B results in the SU

process simply sending the information to the relevant A2ZS process directly.

Although the functional interface may appear to be 4 simpler approach, the message
based interface was chosen lor the AAL2 signalling protocol ramework design. This
is because the message-based interface would enhunce the modular design of the
signalling framework and allow the framework 10 be designed as a stand alone entity,
Although only one queue is indicated in Figure 4-2, tour queues were utilised 1n the
design. Two queues were utilised for interfacing between the SU and the A2S and the
other two queues were ulilised belween the A2S and the STC. Two queues per

interfuce were required since each gueue only operated in a unidirectional manner,
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4.5 High-Level AAL2 Signalling Framework Design

This Section illusirates and discusses a high-level design of the AALZ signalling
protocol [ramework along with ils vanous cotnponents. The framework will be
mplemenied at esch AALZ node contained within an AAL2 network. The
methodelogy of the design is structured around a modualar framework design. This
ensures that any fulure changes due 1o technological or protocol related updates can

be confined 1o small sections of the overall design.

The Protocel Entily, which delines the interaction between peer adjacent AALZ2
nodes, is tlustraled in Figure 4-3. TL 15 divided nto several modules in order o
implement the desired functionality, as discussed in Section 3.3. These modules

include;

AAL2Z Served User (SLN)
interface Functions

Message based Interface

—
|

A al

= &
|
|

OB )—m RTMGR
| ~N\E Nodal Function |
.\ PR “Protocol Entity |
RSG MGR \ Enc/Dsc Mod
Initialisatinn # o) pe SAIDMGR
e Signalling " RecibMGR
Stack (A2S)

i | Mezsage based Interface

T

Signalling Transport Converter (STC)

Figure 4-3 AALZ Signailing Soffware Architecture
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Signalling Association ID Manager (SAID MGR)
A Signalling Association Identifier (SAID) is utilised by peer AAL?Z entities to
identify a common AAL?Z connection that exist between them. The allocation,

release and management of these SAIDs are performed by the SAID Manager.

Request ID Manager (REQID MGR)

As two peer AALZ2 entities communicate utilising a SAID, the individual
modules within the AAL2 signalling stack communicate by means of a
Request Identifier (REQID). The allocation, release and management of these

REQIDs are performed by the REQID Manager.

Encoder / Decoder Module (Enc / Dec Mod)

This module is responsible for the encoding and decoding of AALZ signalling
messages. The encoder is invoked when a signalling message to be sent to a
peer entity is formed. The decoder is invoked when a signalling message is

received from a peer AAL2 entity.

Initialisation Module
The Initialisation module is utilised to initialise the AAL?2 signalling stack at
start up time. It allocates memory for various internal data structures and

initialises these data structures with appropriate values.

Resource Manager (RSC MGR)

The Resource (RSC) Manager is responsible for collecting statistics relating to
a specific AAL2 path. These statistics include the number of connections
being processed by the specific path, the number of active connections, as well

as the amount of bandwidth allocated to those active connections.

Trace Module
This module provides a tracing feature to facilitate in the debugging of the
system during the development phase. It is also utilised to identify any errors

that might arise during the operation of the signalling stack.
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Control Module

Lastly, the Control module is central to the operation of the AAL2 signalling
stack. It ensures that all the different modules mentioned above can operate
independently of each other by providing a suitable common interface

between these different modules.

As stated previously, the Nodal Function is responsible for handling routing queries,

allocating resources and providing a mapping between the incoming and outgoing

protocol entities. This is accomplished by dividing the nodal function into two

separate modules, as indicated in Figure 4-3.

Connection Control Block (CCB)

For each AAL2 connection, the CCB module maintains an account of any
resources allocated to the connection. These resources are then de-allocated
when the connection is released. The CCB also maintains a primitive
connection state to ensure that duplicate request messages are not sent with the
same REQID value.

Routing Manager (RT MGR)

The Routing manager is a key component of the AAL2 signalling stack as it
maintains routing information and handles all routing queries. This is
accomplished by locating routes that can satisfy the resource requirements of

each connection request.

Although no dedicated error handling module was defined during the design phase,

error handling did form part of the design of each individual module. The following

sections will discuss the most important modules mentioned above in greater detail.

The particular order in which they are discussed is based on the flow of information
through the AAL2 signalling framework.
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4.5.1 Request ID Manager

The exchange of any connection related information between the AAL2 Served User
(SU), AAL2 Signalling Stack (A2S) and the Signalling Transport Converter (STC) is
performed by means of a unique identifier referred to as the request ID. This unique
ID is used to identify individual connections between the different modules of the
A2S. The Request ID Manager is responsible for allocating unique request identifiers
to each request initiated by the SU or received by the STC and for releasing

previously allocated request identifiers when a connection is terminated.

4.5.2 Routing Manager

Even though the AAL2 signalling protocol does not currently incorporate a separate
routing protocol, a need still exists in order to identify addresses that can be reached
from a specific AAL2 node, as well as a means of reaching them. Thus, the two most
important functionalities residing in the routing manager are the identification of
reachable addresses and the provision of adequate resources along this particular path.
This process is also referred to as QoS based routing. QoS based routing locates a
route through the network that will satisfy the resource requirements of the requested
connection. Although the AAL2 signalling protocol as defined in Q.2630.1 provides
support for both E.164 and NSAP addressing plans, a simpler proprietary addressing
scheme was utilised in this study to identify individual AAL2 nodes and AAL2 users.

The primary structure of the routing manager is the routing table, as depicted in
Figure 4-4. This table is used to search for a given AAL2 End-Point Address (A2EA)
upon receiving an establish request. The table is a collection of A2EAs arranged in a
sorted manner. Each A2EA entry consists of a corresponding set of Interface
Identifiers (IFID) arranged in increasing order of cost. The cost value refers to the
number of AAL2 nodes that need to be traversed in order to reach the desired

destination.
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Interfaces are maintained at node level where each node contains multiple interfaces,
Fach interface in turn contains multiple AA12 paths and each path contains mulliple

AALZ channels, A diagram illustrating the above mentioned hicrarchy is depicled in

Figurs 4-5,
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figure 4-3 Imterface, Path and Channel Hierarchy

Each AALZ2 end-point contains enc mierface for every neighbouring node connected
(0 il kach interface, in turn, contains information relating to the paths contained in it
Finally, each path contains information telating to the path capacity and channel

allocation, which is used for granting connection reguests.

Whenever an cstablish connection request is received for a particular A2EA, a query
is perfonned to determine whether the requesied address is reachable through this

spoct e node. The steps followed are:
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e Firstly, the routing table is traversed to locate the requested A2EA. If this
A2EA is not located then an error is indicated. However, if the address is

found then the query proceeds to the second stage.

e Secondly, the first interface in the set of interfaces under this specific A2EA is

selected, since the interfaces are arranged in increasing order of cost.

o Thirdly, the set of paths specific to this interface are traversed to locate a path
that would be able to support the requested link characteristics.

If no paths are able to support the link characteristics for this particular interface, then
an error is indicated and the next interface of the set, which has a higher cost value, is
examined until a suitable path has been located. However, if no suitable path can be
located for the connection request, then a release confirm (RLC) signalling message is

returned to the requested user with a reason for the failed connection.

Comnnection Admission Control (CAC) is performed in order to determine whether a
selected path is able to support the requested AAL2 link characteristics. The CAC
algorithm ensures that the resource requirements of the new connection can be
supported without negatively affecting any existing connections in the path. The
algorithm is based on a two step procedure. Firstly, the actual bandwidth required is
calculated based on the average and maximum link characteristics of the connection

request. This is performed by means of the following formula:

BW

n+l

=qve rate +a(peak _rate—ave _rate)

In the formula BW,,, is the bandwidth required for the new connection and « is a

constant representing the statistical multiplexing gain employed. If « is set to O then
the bandwidth is based on the average rate only and a possibility for congestion exists.
However, if « is set to 1 then there is no statistical gain. Typically, a value between
0.1 and 0.4 is chosen. Once the bandwidth is calculated, the second step is to
determine whether the bandwidth can be supported on the specific path. This is

performed using the formula:
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if (BW,,, <(BW -3 (BW,))

Accept
else

Reject

In the above formula BW refers to the total bandwidth of the specific AAL2 path.

4.5.3 SAID Manager

The exchange of AAL2 signalling message information between peer AAL2 nodes is
performed by utilising a unique identifier referred to as the Signalling Association
Identifier (SAID). These identifiers uniquely identify signalling messages between
two specific AAL2 nodes. All signalling messages are required to be associated with a
unique SAID. When a connection request is processed, a unique Originating SAID
(OSAID) is generated for the signalling message for a given request ID. On reception
of the signalling message at the remote node, a corresponding Destination SAID
(DSAID) is allocated to the signalling message. The SAID Manager ensures that these
identifiers are randomly generated with no duplicates. This is recommended by the

ITU-T and done as a precautionary measure.

4.5.4 Connection Control Block Database

The Connection Control Block (CCB) database maintains a record of any resources
allocated to each connection being processed by the A2S. This insures that the A2S
can manage its internal and external resources in the event of a normal or abnormal

termination of a connection. Connection related information includes;

e OSAID generated for a request

o DSAID received for a request

e Interface ID where path is located
¢ Path and channel IDs

e AAL2 end-point address for the connection
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¢ (Connection status

e Timer stafus

4.6 Message Flow within the AAL2 Signalling Stack

This section will discuss the flow and processing of information within the AAL2
signalling stack for two situations. The first will consider the processing of an
establish connection request message from the SU entity. The second will discuss the
reception of an establish connection request message from the STC entity at the

remote node.

4.6.1 Initiating an Establish Connection Request

Based on the message-based interface method employed by the AAL2 signalling
framework, the processing of a connection request, from the SU entity, will
commence with the de-queuing by the A2S process of a request message from the
queue between the SU and the A2S. This connection request is initiated by a user
located in the SU entity. Figure 4-6 is a diagram depicting the process of information
flow through the various modules of the AAL2 signalling framework. If the request is
successfully processed, then an ERQ signalling message is formed and en-queued in
the queue between the A2S and the STC by the A2S process, which is then sent to the
destination AAL2 node. Although not indicated in Figure 4-6, once an ERQ signalling
message is transmitted a timer function is initialised. This is done as a precautionary
measure to ensure that the initiating user does not unnecessarily occupy system
resources in the event that the peer AAL2 node is not functioning as expected.
Therefore, if an appropriate response, in the form of either an ECF or a RLC message,
is not received from the peer AAL2 node within a specified period, the connection
request is terminated. An ECF message will signal a successful connection
establishment to the initiating node, whereas a RLC message signals that the

connection request was unsuccessful.
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Figure 4-6 Flow of Processes for an Initiating ERQ Message

4.6.2 Receiving an Establish Connection Request

The remote AAL2 node commences the processing of a connection request message
by de-queuning the request message from the queue located between the STC and the
A2S. Figure 4-7 illustrates the processing of the connection request message by the

various modules of the AAL2 signalling stack.
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If the requested connection element identifiers, such as the path ID and the channel ID
are already in use, the request is unsuccessful and a RLC message is sent back to the
initiating node. However, if the connection element identifiers are available, then the
request is successfully processed. If the current node processing the request is an

AAL?2 switch and not the desired AAL2 end-point, then the data structures of the
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various modules in the A2S are updated to reflect a connection traversing the switch
and the ERQ message is forwarded to the next node along the path. If the current node
is in fact the desired end-point and the request was successful, then two messages are
formed and en-queued. The first of these messages is an ECF message sent back to
the initiating node informing it that the connection request had successfully been
processed. This message is en-queued in the queue between the A2S and the STC.
The second message is destined for the SU entity and is en-queued in the queue
between the A2S and the SU. This message indicates that a new connection has been

established for a specific user located in the SU entity.
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Chapter 5

Architecture of the AAL2
Signalling Framework

The development of this Chapter commences with a logical scenario to illustrate how
AAL2 switching could be accomplished in a network by means of AAL2 signalling.
This is followed by two distinct sections discussing the primary implementation
phases in this study. The first section concentrates on the implementation required to
establish an end-to-end AAL2 connection via the AAL2 signalling protocol
framework. The design and architecture of this framework was described in Chapter
4. The second section of this Chapter will discuss the AAL2 switching node
architecture, with emphasis placed on the implementation of this signalling
framework on the AAL2 switching node architecture. It is essential that the overall
system architecture meets as many of the design specifications as possible. These
specifications, as stipulated in Chapter 4, include modularity, scalability and
efficiency. This will ensure that the evaluation platform functions as intended within

the signalling framework design.

5.1 Logical AAL2 Switching and Signalling Scenario

A scenario requiring both AALZ signalling and AAL2 switching to transfer
information between AALZ2 users, by means of a hybrid ATM / AAL2 network, is
illustrated in Figure 5-1. The diagram includes a number of users all connected to
various AAL2 concentrators. All of these users are considered to be AAL2 users. In
turn, the AAL2 concentrators are connected via the hybrid network, consisting of
ATM and AALZ switches.
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Figure 5-1 Logical Test-Bed Implementation

Fach AALZ concentrator and 1ts assoclated AALZ users are located at different
physical locations, An AAL 2 signalling protocol entity is alse located in sach AALZ

concontrator as well as in cach AALZ switch.

Supposc AAL2 wsers A, B and € need to transfer AALZ traflic to AAL2 users W, X
and 7 respectively. Since AAL2 users A, B and C arc connceted to the samc
concentrator, only one ATM VU or AAL2 path is required between its concentrator
and the ATM nctwork. But three individual ATM Vs are reguired between the
hybrid network and the AALZ concentrators connected to AAL2 users W, X and Z.
Firstly, ATM signalling s utilised by the ATM network operator to provide the
relevant ATM VCs with the required QoS and bandwidth charactenstics. Onec
complcted, the AAL2 network operator 1s then able w0 provide the necessary AALZ
connections, Each inifiating AATZ uscr then stipulates its handwidth requircments at
gach AALZ concentrator and AALZ switch m the path, via AAL2 signalling. If the
ATM ¥Cs are able to support these handwidth requirements, then AALZ signalling
would estabhish these AAL2 commeetions inside the ATM V(s so as to connect the
corresponding AAL2 users together. Thus, one incoming ATM VO, from AALZ? users
A. B and C, would contain three multiplexed AALZ2 channels. The AAL2 traffic
containcd n that ATM VO would then be separated by means of an AAL2 switch,

68



Chapter 5 Architecture of the AAT 2 Signalling Framework

located in the hybnd nelwork, to direct the correct AAL2 traffic to its corresponding

destination.

The sections that follow provide more detailed information regarding the

implementation of the above mentioned scenario on a practical evalnation platform.

5.2 Practical AAL2 Switching and Signalling Evaluation Plattorm

Designing and implementing a control-plane AAL2 signalling framework forms the
second phase of a larger three phase project aimed at designing a fully funclional
AAL2 switching node. This switching node would form part of a4 hybrid ATM /
AAT2 network. An experimental gigabit ATM research swilch developed by
Washington University in St. Louis, called the Washington University Gigabit Switch
(WUGS), 15 being used lo implement this AAT2 switching node design, The first
phase of the project was concerned with designing and implementing the user-plane
AAL2 switching component [12] [33]. The third and final phase of this project, which
15 the management-plane functionality, (s necessary to support the AAL2 signalling
framework. This final phase will be discussed in Chapter B. The signalling framework
therefore had 10 be mtegrated with the existing switching componenl. However, the
inlegration process was hampered by certain challenges and hmitations, since the
AALZ swilching component had to be enhanced to support the full functionality of
AAL2 signalling framework. These challenges and limitations will be discussed

throughout this Chapter.
A simplified subset of the logical scenario 1llusiraled and explained in Section 5.1 is

indicated in Figure 5-2. The figure consists of three distinct components, namely two

AAL? end-points and an AAL2 switching node.
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Figure 5-2 Simplified Test-Bed Implementation

Eaclhi AALZ end-poini consists of a few user instances, an AAL2 signalling cntity and
an AALZ2 concentrator module. The AAL2 concentrator module multiplexes the
AAL2 user traffic unto a single ATM VC. Once the AALZ traliic is transported to the
AAL2 swilch, the switch performs the AALZ2 switching {unctionality and forwards the
AALZ traffic to the sccond AAL2 end-point using multiple AALZ paths. Multiple
AALZ paths arc nceessary, becausce although all the destination AALZ user instances
are contained in the same destination AAL2 cnd-point, they are logically considered
to be located at dificrent physical locations. The sccond AALZ end-point will thus
provide the illusion of being a number of scparated AALZ end-points with its own
AALZ2 users. The provisioming for these AALZ2 channels will be performed by mecans

of AALZ signalling.

As mentioned previously, the first phasc in developing a fully functional AALZ
switching node involved designing the underlying switching functionality required 1o
switch individual AAL2 CPS packels, as discussed in Section 2.4. Therefore, although
simplified cnd-points were developed 1n [12], its primary focus was in developing and
implementing an AAL2 swilching node with the required modules, The end-points
were merely necessary to send and receive AAL2 user data to and from the switching
node respectively, in a unidirectional manner, The primary focus was on bandwidth
efficiency and dala inlegnty. Subsequently, various voice codecs, with varying packet
lengths, were utilised to build AAL2 cells that were transmitted Irom one end-point,
acting as a chenl, 1o a second end-pomnl, acling as a server, via the AAL2 switching
nodc. The switching node, in turn, would disassemble cach rcccived AAL2 cell into
its individual CPS packets. All CPS packels destined for a common AALZ cnd-point
were then reassembled inlo new AALZ cells and transmitted to their desired

destinations. At the destination end-poimnl, the data were evalualed for data integrity to
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ensure that both end-points and switching node were functioning correctly, Also,
varions Limer options at the client AAL2 end-point, concerned with when o transmit
AAL?2 cells, were evalvated. This was done in order to ensure the required QoS of the
supported user applications and to determine an tdeal timer range for bandwidth

efficiency.

The AALZ end-point development therefore had to be modified extensively o support
the requirements of the AAL2 signalling framework. As an example, bidirectional
AAL2 conmections are required smee  requesting  signalling  messages  are
complimented by means of replying signalling messages that need 1o be transmitied

om the same AALZ connection.

5.3 AAL2 End-Point System Architecture

This section will focus on the modified architecture of the AALZ end-point
Specifically. it will highlight the functionality of the various components required in
an AAL2 end-point in order to support the AALZ2 signalling framework. As discussed
in Chapter 4, AAL2 signalling messages were to be transported over AALZ as
common channel signalling, in the same ATM VC as the AAL2 user traffic, This
simplified the implementation by not having to be concemed with the complexity

involved in utilising two separate AALs, namely AAL2 and AALS.

As illustrated in Figure 5-3, the arclutecture ol an AALZ end-point consists ol three
distinct components, namely various AAL2 Users, an AALZ2 Signalling Entity and an
AAL2 Transport Entity. The signaliing entity is responsible for establishing,
maintaining and releasing AALZ2 channels as requested by the various AAL2 users.
The transportation of the required AAL2 signalling messages to remote nodes is the

responsibility of the AALZ? transport entity.
The AAL2 end-point architecture presented in Figure 3-3 is merely a simplified

version of the complete AAL? signalling stack as discussed throughout this study and
mcluded in Figure 5-3.
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Figure 5-3 System Archiiecture of an AAL2 End-Poiat

Ii1 contrast to the complete AALZ signalling stack, which consists of a tatal of six
layers, excluding the ATM and physical layers, the AALZ end-point only consists of
the four primary lavers as illustrated in the diagram. These layers are the served user
layer, the AALZ signalling layer, the Segmentation and Reassembly (SAR) layer and
the AALZ transportation layer. The layers omitted from the end-poinl design are
responsible for providing services such as error recovery, flow control and connection
control. However, since the end-point design was evaluated in a controlled
environment these lavers were not essenbial Lo the end-point system architecture and
were hence omitted from the design. Both the served user and the AAL2 signalling
entities are based on ITU-T recommendation Q.2630.1. Llowever, the AAL2 transport
entity 18 a combination of ITU-T recommendations 1.363.2 and 1.366.1, This is
reguired since recommendation 1.363.2 only provides a means by which small, 45 or
64 bvte, AAL2 CPS packets can be transported across an AALZ channel’. The
nclusion of 1.366.1 1 the AAL2 transport entity provides a method of transporling
larger data packets’'. This is necessary since the size of the AALZ2 signalling
messages, to be transported to remote AATZ nodes, are larger than what was catered

for in recommendation 1,.363.2,

;‘a See Section 2.2 for further derails.
' See Section 2.3 for further details,
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The AALZ signalling entily 13 a direct implementation ol the signalling framework, as
presented and discussed in Chapler 4, with all its components included. The design
and mmplementation of the AALZ transport entity falls oulside the scope of this study,
as 1L was presented and discussed extlensively m [12]. However, various modifications
1o the transport entity were required o support AAL2? sigmalling, These maodifications

are discussed in the following Section.

5.3.1 Maodifications te the Transport Lintity te Support AAL2
Signalling

The prinary modification performed on the AALZ transporl entlity, as discussed
earlier, was 1o provide supporl for AALZ signalling by mecans of bidircctional AAL2
connections, This is required simce signalling messages need to be transporied to and

from peer end-points on a common AALZ conncction.

A further enhancement required by the AAL? transport entily was the ability to
transport the larger AALZ2 signalling messages, which exceeds the maxtmum
allowable CPS packet size of 64 bytes. A subsel of TTU-T recommendation 1.366.1
therefore had to be implemented and integrated into the transport entity m order o
cater for these larger signalling messages. However, once completed, it was found that
AAL2 signatling messages did not amve atl their desired end-point destination as
expected. Instead, the signalling message mformation was incomplete and therefore
corrupl. Upon invesbgation 1t was found that the finite statc machine utilised by the
AAL2 rransport entity did not operate as expected. The initial purpose of the ransport
entity was moerely to transmil many small fixed sized AAL2Z CPS packets inside
AAL? cells. However, transmitting the [nal CPS packet of a large segmented file
resulted m corrupt data. Since only large files were transmitied across the
utidirectional connections n [12] in order to evaluate issucs relaling (o bandwidih
efficiency, the final CPS packet was always discarded, Therelore, in order to
successlully transmit and receive an AALZ signalling message belween peer nodes
without any data corruption a subset of 1.366.1 had to be implemented. This
modification to the finite state machine cnabled it to handle the final CPS packet of an

AAL2 sigmaibing message correctly.
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Also, when puckaging CFS packets into AALZ cells 4 tmer module was utilised to
determine when these AALZ cells should be fransmitted, This was required since
although AAL2 cells should be hlled with as much data as possible for reasons ol
handwidth cilicicney, care needs 1o be laken so us nol 1o exceed the end-to-end delay
associated with AALZ volce traflic. Therefore a tmer module would signal to the
iransmitier module when to transmil AAL2 cells, even if these cells are not
completely fOlled wilh CPS packels contaiming user data. However, sigmalling
nformiation needs to be transmutted from source to destination cnd-points as speedily
as possible in order 1o minimise signalling delays. Subscquently, the timer module in
the transporl enbily was adapled so as only to be active for AALZ2 connections
transporting CPS nser packeds and inactive for AAL2 channels transporting signalling

mformation.

5.4 AAL2 Connection Establishment Procedure

This section will discuss the procedures and [unctionalily reqmred to establish an end-
to-end AAL2 connection between two peer AAL2 end-points. Firstly, the logical flow
ol information betwesn two peer AALZ end-points will be examined. This will be
followed by a discussion describing how the various cntitics ol an end-poinl are

mterconnected in order to achieve this functionality.

5.4.1 Flow of Information Required to Establish an AAL2 Channel

The various steps reguired in csiablishing an end-to-end, non-switched, AALZ
cormection between two peer AAL2 end-points are illustrated in Figure 5-4 below. In
the figure AALZ user 1, located in the originating AALZ cnd-point, initiales the
gstablishment of 4 new AALZ conncelion o AAL2 nser 4, located m the destination
AALZ end-point. I'or ease of description the individual sieps required are numbered

and listed as follows:
Ly AALZ user 1 sends an Estublish Kequest message for an AALZ2 conneclion

which is en-gueued.

) AALZ signalling entity de-gucues the Eslablish Request message for processing.
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3)

4)

6)

7)

8)

%)

Figure 5-4 End-to-End AAL2 Chunnel Estublishment Process

AALZ signailing entity {orms an ERQ message destined for the destinalion
AAL2 end-point and en-queues the messape.

The AAL2 tmmspord entily de-queunes the ERQ message and then scgments this
large message inlo multiple smaller CPS packets. it then scnds these CPS
packets 1o the destination AAL2 end-point.

On reeeplion of these CPS packels, the destination AALZ trausport cntity
reasscnibles the small CPS packets (o form the onginal ERQ message and en-
queues the message.

The AALZ signalling entily then de-gueues the request message and takes
appropriate action on the basis of the request.

The AAL2 signallmg entity responds to the Establish Request message by
sending a confirmation message back in the lorm ol an ECF message, which 1s
en-gueustd,

An Eslabhsh Indicate message destined for AAL2 user 4 is also formed by the
AALZ signalling entity and cn-queued.

AALZ user 4 de-queucs the Establish Indicate message and is informed that the

remote AALZ user 1 is creating a new connection to it
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10) The AAL2 transport entity de-queues the confirmation message and then
segments this large message into multiple smaller CPS packets. It then sends
these CPS packets to the originating AAL2 end-point.

11) On reception of these CPS packets, the AAL2 transport entity reassembles the
small CPS packets to form the original confirmation message and en-queues the
message.

12) The AAL2 signalling entity then de-queues the confirmation message to be
processed.

13) If the request is successful, an Establish Confirmation message is sent to AAL2
user 1 and en-queued.

14) AAL2 user 1 de-queues the confirmation message and is informed that the end-
to-end AAL2 connection has successfully been established.

15) This enables AAL2 user 1 to send user data directly to the AAL2 transport
entity, which is intended for the destination AAL2 user by means of the newly
created AAL2 channel.

16) At the destination AAL2 end-point, the received user data will simply be
forwarded directly to AAL2 user 4, without passing through the AAL2
signalling entity.

An end-to-end AAL2 connection has thus successfully been established between two
peer end-points and AAL2 user data can thus be transported between these end-points.
It is important to note that the AAL?2 signalling protocol at the destination end-point
acknowledges the connection establishment request in step 7 prior to informing the
served user of the incoming connection in step 8. This technique contributes to
lowering the AAL2 connection establishment delay. Although not indicated in Figure
5-4, the connection release procedure required to tear-down the AAL2 connection

follows a very similar flow as that illustrated for creating an AAL2 connection.

5.4.2 Message-Based Queuing Implementation

The four unidirectional queues illustrated at each end-point are based on the message-
based interface technique employed by the AAL2 signalling framework so as to

isolate it from its neighbouring layers. This technique, as presented in Section 4.4,
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added to the modular design methodology of the signalling framework. Consequently,
the author was able to develop and test the signalling framework in isolation. Various
request messages originating from AAL2 users were en-queued and processed by the
signalling framework. This enabled emphasis to be placed on the scalability of the
signalling system. Each module within the signalling framework was tested to
determine if the data structures utilised by the individual modules scaled correctly as
the number of simultaneous connections was increased. After processing a specific
request message, appropriate signalling messages were then formed and en-queued to

be sent to the underlying transport entity.

Although Section 4.3 discusses the utilisation of multiple priority queues instead of
single FIFO queues for sending information between the AAL2 signalling entity and
its neighbouring layers, priority queues were not utilised in this study. This is because
the benefits of priority queues are only noticeable in a highly loaded system where
many different signalling messages are all contending for processing time from the
signalling entity. For the purpose of this study, only four of the eleven AAL2
signalling messages were utilised and implemented. The remaining signalling
messages are management related messages, which are not concerned with
establishing or tearing down AAL?2 connections. Consequently, the four unidirectional
FIFO queues implemented at each AAL2 end-point proved adequate for this study as
the primary deliverable was to develop a functional system. Each FIFO queue was
implemented as a circular FIFO buffer of signalling messages. These signalling
messages, or elements, were en-queued and de-queued to and from the FIFO buffer by

means of a memory copy technique.

5.4.3 ATM Connection Establishment Implementation

As discussed previously, prior to the AAL2 channel establishment process, an ATM
VC or AAL2 path needs to be established between peer AAL2 nodes. Section 3.4.1
discussed the choices of ATM service classes that could be utilised for the ATM VCs
supporting AAL2 traffic, namely CBR, rt-VBR or UBR. It was concluded that
although UBR is the most bandwidth efficient service class, it is however not ideally

suited for the transportation of delay sensitive voice traffic. It was therefore decided
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that ATM VCs transporting AAL2 traffic, consisting of both AAL2 signalling
information and user traffic, should be provisioned as rt-VBR connections. This is
because rt-VBR supports both bandwidth guarantees, of compressed voice traffic and
signalling information, as well as cell transfer delays, as required by AAL?2 traffic
enabling it to adhere to strict end-to-end delays. Also, ATM switches prioritise
different traffic streams based on the service class of the ATM connection. Therefore,
rt-VBR VCs would receive a higher priority than UBR VCs, thus resulting in lower

delays for rt-VBR connections.

However, the physical hardware utilised in the platform evaluation does not support
any particular ATM service class. Each AAL2 end-point was implemented on a
general purpose PC and thus required a Network Interface Card (NIC) to connect to
the experimental ATM research switch utilised for the AAL2 switching node
implementation. The research switch, called the WUGS switch, was connected to
each PC by means of a fibre optic cable. The NIC, located in each PC, contains a high
performance network interface chip called the ATM Port Interconnect Chip (APIC).
In this study, ATM VCs were provisioned as Permanent Virtual Circuits (PVCs) by
means of the APIC chip. The type of VCs supported by the APIC chip are referred to
as low delay, paced and best effort and resemble the ATM service classes CBR, rt-
VBR and UBR respectively. The platform evaluation utilised the best effort option,
although in a realistic implementation environment where many VCs are supported,
the VCs supporting AAL2 traffic should be provisioned as paced, which resemble the
t-VBR service class. Care should however be taken when assigning the specific
traffic characteristics of these ATM VCs, since the link characteristics of all

subsequent AAL2 channels, established inside these ATM VCs, need to be supported.

5.4.4 AAL2 Signalling Channel Assignment

After the provisioning of the individual ATM PVCs between the AAL2 nodes, AAL2
signalling messages are assigned a dedicated AAL2 channel in each ATM VC. Each
node would thus send and receive signalling messages in a common channel of a
specific AAL2 path. This study utilised the value CID = 8 for this purpose. The AAL2

signalling entities located in each node would then assign new CID values to each
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new connection request starting with a CID value of 16. This CID value assignment
complies with the ATM Forum’s Loop Emulation Service Using AAL2'%. Since
AAL2 connections are bidirectional, the same CID value was used to identify both

directions of the channel.

5.5 AAL2 End-Point System Integration

One of the design approaches decided upon during the development of the AAL2 end-
point was to develop a complete end-point entity that could function as either an
initiating end-point or destination end-point. An initiating end-point refers to an end-
point that would initiate the establishment of a new AAL2 connection, whereas a
destination end-point would receive the request from the initiating end-point and reply
with an appropriate response. Thus the same AAL2 end-point entity would need to

operate in either initiating or destination mode.

5.5.1 Building of the AAL2 Node Routing Table

Although this approach would simplify the deployment process of AAL2 end-points
at the edge of a network, it provided the author with a number of challenges. Upon
investigation it was discovered that the only signalling module contained within an
AAL2 node, whether end-point or switch, that differed from other nodes in a network
was the contents of the routing module. This is because each node is assigned a
unique node address and each node occupies a unique location within a network.
Therefore, each node’s routing table entries must reflect the network topology as seen
from that specific node. Since the AAL2 signalling protocol does not include a
routing protocol, as discussed in Section 3.7, the routing tables of each node had to be
populated and updated statically. Consequently, at system start-up, each AAL2 node,
and hence each end-point, populated its routing table by loading a uniquely
preconfigured parser file. This parser file contained specific information regarding
which AAL2 End-point Addresses (A2EA) could be reached from a particular node
through a specific interface identifier and by means of a particular AAL2 path®.

12 As defined by the ATM Forum in af-vmoa-0145.000
" The routing table architecture was presented and discussed in Section 4.5.2.
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Therefore, wherever an AAL2 endpoint or AAL2 switch is placed anywhere within an
AAL2 network, the AAL2 network operator only needs to assign the node a unique
address and configure its parser file according to the position of this new node within

the network topology.

5.5.2 AAL2 End-Point Integration through Threading

At any one time during the operation of an AAL2 end-point, AAL2 traffic in the form
of either signalling messages or user data need to enter and leave the end-point.
Subsequently, a second challenge faced in developing a complete AAL2 end-point
entity is that the end-point needs to be able to operate in both a sending mode and a
receiving mode simultaneously. Therefore, in addition to each AAL2 end-point
consisting primarily of an AAL2 signalling entity and an AAL2 transport entity, two
primary threads, namely a server thread and user thread were utilised to implement
this feature. Threads were required since NetBSD 1.4.1, which is the Operating
System (OS) employed by the hardware components utilised in this study, is not a
real-time operating system. Threads are essentially lightweight processes that enable
multiple operations to be performed on a single CPU. Although a CPU can only
perform one task at a time, it appears as if the CPU is able to execute many different
tasks simultaneously as each task receives a portion of processing time by the CPU in
typically a round-robin manner. Utilising threads in the AAL2 end-point resulted in a
non-preemptive cooperative system. Each thread is given full control of the CPU once
active and must relinquish control back to the scheduler to give another thread the
opportunity to be executed. Consequently, each thread needs to yield control back to

the scheduler in a cooperative way.

The following section will discuss the thread execution utilised in the AAL2 end-

point in more detail.

5.5.3 AAL2 End-Point Thread Execution Procedure

Figure 5-5 illustrates the various threads utilised at each AAL2 end-point for both the

initiating end-point, which initiates the creation of new AAL2 channels, and the
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destination end-puint, which receives these requests. It is important to note that the
two diagrns depicting the initiating AALZ end-point and the destination AAL2 end-
point are symmetrical. Thrs was done to synthesise the {act that each end-point is
effectively the same end-point system merely functioning in two diflerent capacities
ahd on separate development stations. Although the two end-points are in fact peer
entities they are referred to as being an initiating-destinaton model m this example. It
should also be noted that the following example illustrates the connection
establishment procedure for multiple AAL2 connections. For ease of explanation, the
varioys threading procedumres required to establish these end-to-end non-switched

AAL2 connections arc nurubered.

Initiating AALZ End-Point Destination AALZ End-Foint
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Figure 5-5 Thread Execution Procedure for AALZ Channel Establishment

Whenever the system is initialised, the initiating end-point spawns z boot thread and a
server thread, whereas the destination end-point only spawns a server thread. The
boat thread then spawns a number of sending user threads, depending on the number
of AALZ2 users to be supported by the system. Euch sending user thread comprises of
both signalling and transpoit instances as it is able to form and transmit signalling
messages. Further, each server thread, located on either end-point, also comprises
both signalling and transport instances as it is able lo receive, form and transmit
signalling messages, After being spawned, each seading user thread gencratcs an
individual ERQ signalling message to be sent to the destination end-point. Each
sending user thread is then suspended as it awarts a reply from the destination end-

poinL
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As traffic arrives at the destination end-point, the receiving bay determines the type of
traffic received. If the received traffic is signalling information it will be forwarded to
the server thread otherwise, the AAL2 user data will simply be forwarded to the
relevant receiving user thread. In this case, the information sent was signalling
messages, which are forwarded to the server thread in the destination end-point. Each
request is individually processed and if the connection request was successful then an
ECF confirmation signalling message is generated and sent back to the initiating
sending user thread on the initiating end-point. In addition, a new receiving user
thread is spawned on the destination end-point to receive any future AAL2 user data

sent from the corresponding sending user thread.

After the ECF message is received by the initiating end-point, the receiving bay once
again determines the traffic type. Since signalling information was sent, the message
is forwarded to the server thread on the initiating end-point. Once this information
has been processed, the server thread informs the relevant sending user thread that
the channel has successfully been established. Only then is the sending user thread
able to transmit AAL2 user data to the remote receiving user thread, as indicated with
the dashed lines in Figure 5-5. After the relevant AAL2 user data has successfully
been transmitted, the initiating sending user thread commences the release procedure,
which again follows a similar process as above to release the AAL2 channel. Each
end-point will terminate its corresponding user threads once the connection is

released.

Since each end-point system is implemented on a cooperative multitasking OS, each
thread receives execution time from the CPU in a round-robin manner. Therefore, in
order to maximise the performance of the system, each sending user thread wishing to
transmit user data needs to yield control back to the scheduler on a regular basis. This
method aims to ensure fairness among the respective transmitting sending and
receiving user threads. A good scheduler mechanism therefore needs to be employed
to guarantee the specified QoS for each supported application. If this was not done,
each sending user thread would simply transmit all of its user data before any other
sending user thread is able to. This would negatively influence the performance of the

system and violate the end-to-end transit delay requirements of the supported
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application, as the last sending user thread would need to wait until all other user

threads have transmitted their data before it receives an opportunity to do the same.

In the event that only one sending user thread is spawned by the boot thread at
system start-up, only one AAL2 connection will be established and only one receiving
user thread will be spawned. However, all subsequent steps as illustrated in Figure

5-5 and described above will stay unchanged.

5.6 AAL2 Switching Node Architecture

Any generic switching node consists of three distinct yet integrated components,
namely the control-plane component, the user-plane component and the management-
plane component. The control-plane component is responsible for creating end-to-end
channels through the carrier network by means of signalling. After the successful
creation of such a channel, the user-plane component is responsible for transporting
the relevant user data across the newly created end-to-end connection. Finally, the
management-plane module is responsible for creating and updating the content of the
switching node’s routing table. The allocation of resources to new channels, by means
of connection admission control, is also the responsibility of the management-plane

component.

The second phase of the evaluation platform developed in this study required the
control-plane AAL2 signalling framework to be integrated with the user-plane AAL2
switching node architecture [12]. As discussed previously, the AAL2 signalling
framework forms the second phase of a three phase project aimed at developing a
functional AAL2 switching node. A logical diagram illustrating the complete

architecture of the AAL2 switching node is illustrated in Figure 5-6.
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Figure 5-6 Modular Architectire of the AAL2 Switching Node

I'rom the diagram il cant be seen thal AAL2 {raffic traverses the swilching node in a
unidhrectional manner from left to right, Due {o the complexily of the switch desigi,
the switch was only developed to process traffic in a unidirectional mamner. The
differenl informatien streams that flew inside the switch are identified in the legend.
The modular design approach utilised in developing the switching node is evident in
the diagram as cach module communicates with its neighbouring modules in a well
defined manner. In addition, the whole system was implemented as a cooperative pre-
emplive mult-threaded system. A detailed description regarding the functionahty of
cach module in Vigure 3-6, as well as the multi-threaded design approach followed,

can be found in [12] and [33].

As AAL2 maffic enters the switch, the Interrogation Umi deterrmines whether the
reccived traffic is AAL2 traffic or normal ATM traffic. AAL2 traffic 18 then
forwarded to the PDU Disassembly Unit where the AALZ signalling information is
separated from normal AAL2 user data, AALZ signalling muossages arc then
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forwarded to the control-plane Signalling Processing Unit (SPU) for processing. Once
processed, the newly formed AALZ2 signalling messages are sent to the PDU
Assembly Unit to be packaged into AAL2 cells. Finally the new AAL2 cells
containing AAL2 signalling messages are simply switched through the switch like
normal ATM cells. The switching node was designed to assign three different priority
levels to various traffic streams, depending on the traffic type supported. Hence,
AAL2 signalling traffic always received the highest priority to aid in minimising the

end-to-end signalling delays.

Figure 5-6 also illustrates the SPU module interfacing with the management-plane
Admission Control Unit (ACU). The ACU module would need to support the SPU
module by providing Connection Admission Control (CAC) to any new AAL2
connection requests sent from the SPU. The ACU would also be required to handie
ATM signalling requests sent from the Interrogation Unit. However, due the
independence between the AAL?2 signalling and ATM signalling protocols, the SPU
module is not able to request the establishment of a new ATM VC or AAL2 path from
the ACU. Finally, the ACU would also be required to handle any routing queries sent
from the SPU to locate destination AAL2 end-points in the network or to assign new
CID values to new AALZ channels. However, since the ACU module is not yet
implemented all CAC and routing queries are currently handled by the AAL2

signalling framework in the SPC module. Future development on the switching node
design will address this need. The only module that will be discussed in detail for the

remainder of this Chapter is the SPU.

5.6.1 AAL2 Signalling Processing Unit (SPU)

The SPU module, as stated previously, is responsible for receiving incoming AAL2
signalling messages, processing these messages and generating the required response
to be sent to the remote AAL2 nodes. Before the SPU is initialised, ATM VCs are
statically provisioned by the ATM network operator to provide the required ATM
connections between the current AAL2 node and all its neighbouring nodes. This
ATM connection establishment procedure has been discussed previously in Section
54.3.
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At system start-up, the SPU module executes an initialisation procedure which
populates its AAL?2 routing table by loading a uniquely preconfigured parser file. This
is a similar procedure to that described in Section 5.5.1 for the AAL2 end-point. This
routing table is however separate from the normal ATM routing table. The AAL2
routing table is only utilised to determine the routes to requested AAL2 nodes,
whereas the ATM routing table is utilised to determine the outgoing route for ATM

cells.

The SPU module is a direct implementation of the AAL2 signalling framework, as
presented in this study, with the exception that an additional mapping service is
provided to map the incoming AAL2 connections to their corresponding outgoing
AAL2 connections. This is required since the AAL?2 signalling protocol establishes an
end-to-end AAL2 connection by means of multiple point-to-point connections
spanning a number of nodes, depending on the AAL?2 network topology. Each AAL2
node contains an AALZ2 signalling entity responsible for performing the required
signalling procedures. Therefore, each AAL2 switch is required to monitor its
incoming and corresponding outgoing AAL2 connections since they are regarded as
separate VCs. Consequently, the connection control block (CCB) database module in
the signalling framework was extended for the switching node to contain information
regarding both the incoming and outgoing values of the following entities for each

AAL?2 connection:

o OSAID generated for a request

e DSAID received for a request

¢ Interface ID where path is located

e Path and channel IDs

e AAL2 end-point address for the connection

Upon receiving an incoming establish request signalling message from a remote node,
the request is initially processed as if the switching node was a normal end-point and
therefore follows the procedure described in Section 4.6.2. Once successfully
processed, a corresponding outgoing connection request procedure, as described in

Section 4.6.1, is followed. This is necessary to determine the next point-to-point
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connection required to eventually establish a transparent end-to-end AAL?2 connection
from the initiating end-point through the network to the eventual destination end-

point.

Whenever an incoming release request message is received for an established
connection, the request is processed and forwarded to the next destination end-point.
Subsequently, a release confirmation message is also generated and returned to the
node initiating the release request. Only once a release confirmation message is
received from the forwarding node is the AAL2 connection terminated and its data

structures released. This procedure was presented and illustrated in Section 3.5.

5.6.2 Modification to the Switching Node to Support AAL?2 Signalling

In order to support the full functionality of the AAL2 signalling framework, various
modules of the AAL2 switching node had to be modified. The first modules that
required modification were the transmitting and receiving modules. This was needed
since, as was the case with the AAL2 end-point, neither of these modules were
capable of transporting the larger AAL2 signalling messages since they could only
transport small CPS packets. As a result, the segmentation and reassemble (SAR)
functionality needed to be included in both the transmitting and receiving modules, as
defined in ITU-T recommendation 1.366.1.

However, the initial implementation of the SAR functionality did not operate as
expected as it resulted in the received AAL2 signalling information being corrupted. It
was determined that this was a result of the SAR functionality not being able to
distinguish between segmented AAL2 signalling messages received from different
AAL2 connections. Consequently, received signalling segments from various
connections were joined together in order to produce the original signalling message
sent on a particular connection. Instead, the result was a signalling message consisting
of various different segments and was therefore meaningless. Subsequently, the SAR
functionality was modified to be channel specific so that only segments from a
particular channel could be joined together to reproduce the original signalling

message at the switching node.
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5.7 Various AAL?2 Signalling Evaluation Platform Configurations

This section discusses the various evaluation platform configurations utilised in this
study to assess the functionality of the integrated AAL2 signalling framework in both
the AAL2 end-point design and the AAL2 switching node architecture. The signalling
framework was implemented as part of the SPU module in the switching node

architecture.

5.7.1 Implementing AAL2 Signalling on the SPC

Figure 5-7 illustrates the physical devices, namely two PCs and a single WUGS
switch, which serve as the test-bed implementation. Each PC serves as an AAL2 end-
point and the WUGS switch is populated with a single Smart Port Card (SPC), on
which the AAL2 switching node architecture was implemented. The SPC is an
embedded computer situated inside the WUGS switch between the link interface and
the ATM switching fabric allowing it to intercept incoming cells. The SPC thus
functions as an active processing module and contains a software implementation of

both the AAL2 switching and signalling components.

It is important to note that the SPC only operates at 166 MHz. Subsequently, its
operation is slower in comparison to that of a commercial hardware implementation.
The diagram also demonstrates the interconnection required between the two AALZ
end-points and the WUGS switch in order to send AALZ2 signalling messages between
the two end-points in a bidirectional manner. Only ports 4 and 5 are shown in the
diagram, as they were the only ports utilised. For ease of explanation, the input and
output ports of the WUGS switch are depicted on opposite sides of the switch. In the
centre of the switch, the VPI/VCI Translation Table (VXT) is shown which is used to
determine where ATM cells should be sent as they traverse the WUGS switch. Each
entry in the VXT table consists of an input route and a corresponding output route.
Each route value contains three numbers, where the first is the port number, the
second the VPI and the third the VCI number.
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Figure 5-7 Implementing the AAL2Z Switching Node on a Single SPC

In order [or the WUGS swileh o perform AALZ2 swilching based upon the
VRPUYVCLCID values of individual AAL2 CPS packets, the CPS packels must be
intcreepted, as they conter the WUGS switech. The AAL2 swalching module,
implemented on the SPC eard, perlorms this funciionably, The pnmary problem is
thal the AALZ switching module is a unidivechional module, because of its complexity
and because it 15 physically located between the put port and the main swilehing
fabric of the WUIGS switch. In theory, cach inpul port of the WUGS switch should be
populated with a SPC card containing an AALZ switching module. This woukd result
in the WL GS switch being a [ully inlegrated AAL?2 swilch wilh distributed processing
on a4 per port basis, Unfortunately, due to hardware limitations this distributed

approach was never implemenied.

The AALZ end-point, on the lefi-hand side of ligure 5-7, would initiate the
gstablishment of a new AAL2 connection by sending an Esiablish Request (ERCH
signalling message Lo the second AALZ end-point, on the right-hand sidc, through the
switch, as jHustrated with the solid Tmes. The second AALZ end-point would then

respond 1o the regquest by sending an Establish Confirm (ECF) message back to the
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initiating AAL2 end-point through the WUGS switch, as illustrated with the dashed
lines. Both these signalling messages must be sent through the unidirectional AAL2
switching module, as AAL2 signalling messages are transmitted on a hop-by-hop
basis from one AALZ2 node to another.

Therefore, in order to distinguish between the forward and backward directions of the
signalling messages sent through the AAL2 switching module, two separate paths
were utilised, as illustrated in Figure 5-7. In the forward direction, the ERQ message
is sent to port 5 on VPI/VCI 0/50 and intercepted by the AAL2 switching module.
After being processed, a new ERQ message is sent out of the AAL2 switching module
on VC 0/51 to the WUGS’ switching fabric. There the VXT table is consulted to
determine the output path through the switch. In this example the ERQ message is
sent to output port 4 on VC 0/60 which is connected to the receiving AAL2 end-point.
The receiving AAL2 end-point then sends an ECF message as a reply to port 4 on VC
0/60, but because the ECF message must traverse the unidirectional AAL2 switching
module located on port 5, the ECF message is recycled to port 5 on VC 0/60. After
being processed by the AAL2 switching module, the ECF message is sent out on VC
0/61 and routed through the switch to port 5 on VC 0/50. Although this solution to the
unidirectional AAL2 switching module might seem complicated, its benefit is that
both AAL2 end-points view this configuration as being connected simply by means of
a single bidirectional VC.

This implementation, however, could not be implemented due to hardware related
problems in the SPC. The SPC card utilises the same APIC chip, described in Section
5.4.3, that is found in the network interface card located in each PC or AAL2 end-
point. Although not indicated in Figure 5-7, the SPC was designed to have two input
ports and to two output ports, enabling it to send and receive data originating from
either the link interface side or the switch side. The SPC can therefore handle data in a
bidirectional manner. In the example depicted above, data is sent from the end-point
on the left into the SPC on port 5 with VC = 50. After being processed by both the
AAL2 switching node and the remote end-point on the right-hand side of the diagram,
the switching node again needs to process the replying signalling message and finally
send that to the initiating end-point on the left-hand side of the diagram by means of

port 5 again with VC = 50. The problem is that the SPC intercepted incoming cells on
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port 5 with VC = 50, but then as data is attempting to exit the WUGS switch on port 5
with VC = 50, the SPC card would simply intercept the data again. Upon inveshigation
it was discovered that the APIC driver was designed with this limitation. After
correspondence with the developers at Washington University (WU) attempts were
made to correct this shortcoming, but at the time of writing developers at WU were
still in the process of modifying the APIC driver. Thus, due to time constrains, the full

AAL2 switching node module was never successfully implemented on the SPC.

5.7.2 Implementing AALZ2 Signalling on a Development Station

Since the AAL2 switching node 15 8 software implementation, the author was able to
port this software module to a normal PC to act s a stand-alone AAL2 switch. Figure
5-8 below illustrates a logical scenario in which two end-points are able 1o conneet to

one another by means of an ATM / AALZ network.

o 1
Initiating Destination
End-Point End-Paint
: W = 5 ATH : AAL2 VG - 4n ~
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MNode Addr=ss Marle Andress |
GE[ 4ED i

Fignre 5-8 Logical End-to-End AALZ Scenario

This logical scenario was practically implemented as illustrated in Figure 3-9 Two
PCs were uiilised to implement the three AALZ nodes as depicted in the diagram. The
switching node was implemented on a single PC, whereas both end-points were
implemented on the second PC, but as two separate processes. One process was
required for the initiating node, whereas a second process was required for the
desuination node. Each VC connecting an AAL2 end-peoint to the WUGS switch 1s
llustrated as two separate unidirectional VCs so as to illustrate the required

unidirectional VPIYVCI channel mappings needed in the WUGS switch. These
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mappings arc statically provisicned before svstem start-up by means of a seripting

language developed by WU called [ ammer .
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Figure 3-9 Practical End-to-End AALZ Scenario

The nterconnection between the WUGS and the AAL2 switching node on the second
PC 15 1llustrated as (our wmdirectional Vs, representing two bidirectional Vs, stice

the AAL2 switching node is g unidirectional module, as discussed previously.

As illustrated in the diagram, each node receives a wnique node address at system
start-up. Although the two AAL2 end-pomnts are peer entities, they operate in an
initiating-destination manner through the AALZ switching node. The initiating end-
point merely initigtes the establishment of new AALZ2 connection to the destination

end-point, after which AAL2 user data can traverse the network in cither direction.

Although the 1llustrations above only cater for a simple end-to-end scenanoe with two
end-paints, it could be extended to operate with three AAL2 end-points, as indicated

in Figurg 5-10),

" Mure informanen regardimg Jammer can be found ac hip:iwww arlowustledudeigabitkits
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Figure 3-10 Logical End-ro-End AAL2 Scenurio Utilising Four Nodes

The practical implenientation of the above logical scenano 1s illustrated below in

Figure 5-11.
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Figure 3-11 Practicad Ind-to-Liad AALZ Scenurio Utilising Four Nodes

In this scenario, the AAL2 switching node is again implemented on a single PC,

whereas all the AAL2Z end-points are implemented on a single PC as three separatc
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processes, Agam, the mibating-destination model 15 wihsed merely 1o llusirate that
the initialing end-poinl would mttiale the creation of & new AALZ2 channel to either
destination end-point, The required ¥ Cs and channel mappings required in the WUGS

swilch are also included for compleleness.
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Chapter 6

Evaluation of the AAL.2 Signalling
Framework

The AAL2 signalling framework was designed to be modular jn order to ease the
development process and to jsolate it from the layers above and below, This Chapter
evaluales the functonality and efficiency, i terms of signalling delays, of the AAL2
signalling framework. Firstly, the framework is evaluated as a stand-alone enlily lo
ensure functional comrectness, secondly as being integrated into an AALZ end-point
and finally as being integrated into an AALZ switching node. Even though many
technigues could have been employed to enbance the performunce of the signalling

framework, due to time constraints this study could not address all of these issues,

6.1 AAL2 Signalling Framework

Due to the modular design approach utilised to develop lhe AAL2 signulling
framework, the full functionality of each of the framework’s modules was extensively
and mdividually tested. Thereafler, as each module wus systematically integrated into
the framework, care was taken to ensure that firstly the module functioned correctly
and secondly, that any problems that may have occurred during the integration
process were identified. Once all the various modules were successfully integrated
into the AAL2 signulling framework an abstraction layer, simulating the AAL2
transport entity in a limited capagity, was developed to test the full functionality of the

entire framework, as shown in Figure 6-1.
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Chapter 6 Lvaluation of the AALZ Signalling Framewaork

The abstraction laver served two purposes, namely to sink signalling messages and
secondly, 1o source signalling messages. As llustrated in Figure 6-1, an AALZ uscr
would form a request message and send 1t to the AAL2 signalling framework via the
niessage-based interface. The signatlmg framework would then process the request
and gencrate the comresponding AAL2 signalling message o he sent io the
neighbouring AAL2 node en-route to the final destination node, This signalling
message would then be semt to the abstraction layer, via the cgress queue. Once
received by the abstraction layer, the signalling message would firstly be studied to
verify the integrity of the gencrated message. Secondly, cach module of the signalling
framework involved in generating the message would be studied to deternine whether
they were operating correctly. Also, while the request was being processed by the
various entilies, cetlain key vanables were displayed on the PO sgreen in order to

venfy that each module handled the specific signatling request in the desired manner,
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Floure 6-1 A4ALZ Sienalling Framework with Abstraction Layer

Abstiacton Layer

After all suitable request signals that could be generated by an AAT.2 user were tested
and wverified, the abstraction laver would then generate certamn signalling messages
and send them to the AALZ2 signalling framework. This was done to simulate the
process of receiving a remote signalling niessage as oppose to initiating a mecssage.
Once again the above mentioned venfication procedure was performed to ensure that
the AALZ signalling framework functioned correctly whether initiating a signalling

message or receiving a signallmg message.
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Chapter 6 Evaluation of the AAL2 Signalling Framework

6.2 AALZ2 Signalling Integrated into an AAL2 End-Point

The framework was systematically integrated with the AAL2 trunsport entity once the
AAL2 signalling framework was fully tested. The transport entity, which had
previously been developed and discussed in [12], was extensively modified in this
study te form part of the eventual AAL2 end-point design, as discussed in Sectien 5.3.
Once the AAIL2 end-peint architecture was completed and a functional system in
place, two end-point nodes were implemented on two separate PCs and
interconnected wvia the WUGS switch as illustrated in Figure 6-2. This formed a
platform with which the AALZ2 signalling framework could be evaluated. Since the
two end-points are interconnected via the WUGS switch, only a single mapping in the
WUGS' switching table was required to transmit data transparentiy threugh the switch

in a bidirectional manner between the two end-points.
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Figure 6-2 huterconnection between Two AALZ End-Points

Besides switching the AAL2 traffic, the WUGS switch itself did not process the
traversing traffic in-any way, Therefore, the switch did net contribute to the signaliing
delays of the results oblained and presented in this Section. It should also be noted
that the two PCs utilised in the platform evaluation, presented in this Chapter, are
general purpose machines executing a number of different processes al any given

moment. One of these processes was the evaluation conducted.

6.2.1 Establishing and Releasing a Single AAL2 Connection

Since general purpose machines were utilised in the evaluation platform, the results
presented fluctnated slightly with each experiment. This {luctuation 15 evident in

Figure 6-3 which illustrates ten separate wials. Each trial illustrates the signalling
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Chapter 6 Cvaluation of the AALZ Signalling Framework

delay or duration required to firstly, establish an cnd-to-end AAL2 connectlion and
sccondly, the signalling delay or duration to release that conncction. Nole, however,
that this cnd-to-end conneetion merely consisis of a single point-lo-peint conmection,
since only twe AALZ cnd-peints were utilised. Scction 5.4 illustrated and descnbed

the connection cstablishment and connection relcase procedures in detal.

Duration (ma}

a] E_RQ Dralay
' m REL Detay
|
|

Herations

Figure -3 Fluctuation in System Processing for a Single AAL2 Conneclion

In the diagram the ERQ Defay is the peried from when the connection request 1s
formed by the initating end-point, sent to the deslination end-point 1o be processed
and an eventual confirmalion signalling message is received back at the initialing end-
poinl. The REL Deday [ollows the same procedure as described above, except that the
connection is now being released and all relevant data structures assigned to that
connection are freed, The average AAL2 signalling delay thus required to establish a
single AAL2 connection, based on the network topology of Figure 6-2, 15 128.7 mis,
whereas the average signalling delay required to tear-down the same conmeclions is

1277 ms.

6.2.2 Establishing and Releasing Four Simultancous Connections

The AALZ end-point archilccture is based on a mulli-ihreaded design, enabling it to
support multiple AAL2Z users simultaneously, as discussed in Scefion 5.5.3. The

number of users al the imuating end-poinl was thus meressed from oue to four to
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determine how the system would behave with an increase in AAL2 users, which
{ranslates te an inerease 1 the number of simultaneous requests for new AALZ
conneclions, The four users were thus spawned at system start-up as individual
sending user threads on the mitiating end-point. Fach sending thread would then
simubltangously request an AALZ connection to a corresponding receiving user thread

sitiiated on the second AAT2 end-poinl,

After each commection had been established, each sending wser thread would then
transmi! a fixed mumber of AAL2 CPS packets, contaimng user traffic, to the
correspoiding Teceving user thread via its newly created AALZ connection. This
process was simphified by allowing each sending user thread to send the same user
data. Also, the file containing the AALZ user data had already been read into memaory
during the initialisation phase of the AALZ end-point svstem. Therefore, after each
AAL?2 comnection had heen successtully established, the same user data ongmnating
[rom a commuon [ile were transported across the vanous AATZ2 connections. However,
the CID value of each individual CPS packet was modilied to reflect the specific CID
value assigned to that particular AALZ connection. Each recerving user thread was
also assigned a matching CID value allowing it to only receive CPS packets with the
correct CID value, Therefore, although the same AALZ user data was transmitted to
each receiving user thread, sach receiving user thread only received vser data destined
for 1t. This technique served to simplify the process of transmitting user dala to
mdividual receiving uger threads. Increasing the amount of AALZ tratfic handled by
the evaluation platform provided a means of studying the signalling delays 1o g loaded

system,

The signalling delays required to establish and release the four simultaneous AAL2
connections are illustrated in Figure 6-4. It can be seen thal the penod required to
establish an AAL2 connection increases as the number of concurren! users grows.
This 15 because the duration of each operation in the AAL2 signalling framework
increases stightly as the framework becomes more utilised. An example of this is the
sitnalling assoctation 1dentifier (SAID) module. For each new connection a unigue
originating SAID (OSAID} value musi be generated and assigned. The purpose of this
was explained in Section 4.5.3. As the number of aclive connections being processed

by the signalling framework grows, so the time required to assign a umgue OSAILD
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valuc to a new connection ingreases, This 1s because the newly generaled OSATD
valuc must first be compared lo all the existing values in the database (o check
whether the new value iz indeed umique. However, if (he number has already been

assigned to an existing conneclion, then the whole process would need 1o be repeated.

W e
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Figure 6-4 Creation and Release of AAL2 Connections with Fowr A4L2 Users

Since this 15 one of the many operations performed by the signalling framework on a
newly crealed AAL2 connection, 11 15 expecled thal bolh the average connection
cslablishment signalling delay and the average conmechion release delay would
increase as the system becomes more loaded. This is confirmed in practice since the
average signalling delay required o establish an AALZ conneclion, when four users
arc simultancously spawned, is 232.9 ms, whereas the average signalling delay

required to tear-down one of the four comnnections is 172.2 ms.

6.2.3 Establishing and Releasing Eight Simultaneous Connections

The maximun number of simultansous AAL2 users, and thus conncctions, that ean be
successfully supported by the confipured system as illustrated in Figure 6-2 is cight.
Any number above (his resulls 1 a sysiem synchromsation falure between the two
AAL2 end-poinis, This 1s due (o a imilation of the AAL2 {ransport entity, which 1s an

intcgrated component in the overall AAL2 end-point design. The transport cntity
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utilised a finile state machine 1o send and receive AAL2 user data. At system start-up
the slale of these finile slate machines of both AAL2 end-point systems is at a known
state. However, afler a number of user threads are spawned on each end-poini,
signalling messages are sent and received m an unpredictable and bidirectional
manner. It is therefore impossible to predict the exact behaviour of the multi-threaded
system as the scheduler decides wiich thread 1s allowed o gain control of the system
resources for execution. This hmitation was not discovered dunng the evaluation
slages of the AAL2 transport entity [12], since the system was only required Lo send
user dala in a predictable unidirectional manner. Therelore, although the AAT2
signalling  framework was designed to process an imbal maximum  of 500

simulianegus connections, this could nol be achieved.
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Figure 6-5 Creation and Release of AAL2 Connections with Eight AAL2 Users

Figure -3 illustrates signalling delays required to establish and releasc cight
concurrent AAL2 connections for eight individual users, Tt can be seen that s figure
follows the samce trend as Figure 6-4, in that the period required to cstablish an AAL?
connection incrcases as the number of users supporicd by the system incrcases, The
average signalling delay therefore required to establish an AAL2 counection, for cight
simullangously users, 18 433.5 ms, whereas the average signalling delay required to

tear-tlown one of the eight AALZ connections is 1421 mas.
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It can be scen that as the number of comourrent ugers ingreascs from one, to four, to
eight. so the average establishment delay per AALZ comnection also increases linearly
from 128.7 ms, to 232.9 ms, to 4335 ms, respectively. It therefore appears as if the
individual establishment delay per AAL2 connection exhibits a linear growth rate as
the number of concurment users increases. However, due to the relatively low namber
of users that could simultaneously be supported, this assumption could not be verified

in this evaluanon,

In contrast, the average time required to release an AALZ comnection remams
relatively constunt at 127.7 ms, 172.2 ms, 142.1 ms for one, four and ¢ight concurrent
users respectively, This is because at system start-up when a number of sending user
threads 18 spawned. the only AALZ traffic type present in the initiating end-point is
AAL2 signalling. Each new user 1s therefore contending for common system
resowces, bul as time progresses so Lhe traffic type changes from only signalling
messages lo only AALZ oser data. As cach sending aser thread completes its cycle of
sending user data, a new signalling message is crcaicd to release the AAL2
conncction. Two types of AAL2 traffic then exist in the evalnation system. namely
user dala orginating from other sending user threads and the releasc signalling
information from the current user thread. Therefore, since the AAL2 end-point syscm
was designed o assign a higher prionty (o signalling messages than normal user data,
the delays required to release an AALZ connection remained relatively constant

irrespective of the number of users supported by the system,

6.3 AAL2 Signalling Integrated into an AALZ2 Switching Node

After the AAL2 signalling framework was evaluated on a platform consisting of anly
two AAL2Z nodes, this plattorm was cxpunded te ncorporate a third node. In
particular, an AALZ switching node was placed between the two end-points.
Therefore, each end-to-end AAL2 connection would now need to consist of two
point-to-point channels, The first point-to-point channel would extend from the
sending user threads’ end-point to the switching node, whercas the second point-to-
point channel would extend from the swilching node (o the receiving user threads’

end-point. Figure 6-0 illustrates the newly configured cvaluation platform.
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Figure 6=t Interconnection between Three AAL2 Nodes

The SPC card located inside the WUGS swiich would contam a software
implementation of the AAL2 switching node enabling 1t to intercept incoming AALZ2
tratfic in the form of AALZ2 cells. All signalling messages would be processed by the
signalling processing unit (SPU) and all AALZ2 user data would be processed by the
releyant modules. Section 5.6 presented and discussed the AALZ switching node
architecture. However, duc to a driver limitation of the APIC chip on the SPC,

discussed in Section 5.7.1, tlns implementation was not possible.

Since the AAL2 switchmg node 1s a ponable software module, it was however
possible to implement the switching node design on a stand-zlone development
maciine, a5 discussed in Sectiom 5.7.2. The development station utiliscd for this
purpase in tins study was an 830 MHz PC. The configuration required to connect the
two AALZ end-points to the AALZ2 swilching node was presented in Section 5.7.2.
Based on the new evaluation platform consisting of two AALZ? end-points and an

AAL2? switching node, the following results were obtained.

6.3.1 Establishing and Releasing Four Simultaneous Connections

Simlar to Section 6.2.2, four simultaneous AAL2 sending user threads were created
on the initiating end-point. Fach user thread then requested the cstablishiment of a new
AALZ connection to the remote end-point via the AAL2 switching node. The results

obtained lrom this evaluation are illustrated in Figure 6-7.
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Fignre 6-7 Establishing and Releasing Four A4AL2 Connections

From the above ligurc it can be scen that the average signalling delay required to
establish an end-to-end AALZ conncetion, when four users are simultancously created
in a network utilising an AAL2 switching node, is 315.6 ms. The average signailing
delay required to fear-down one of the four conncetions 15 169.7 ms. These resulis
were then compared to the results obtained in Section 6.2.2, which supported the same
number of concurrent AALZ connections without the utilisation of an AALZ
switching nedc, It was discovered that the average signalling delay required to
cstablish a conncction increased fram 232.9 ms without the switching node, fo 315.6
ms with the switching node, This increase 1in signalling delay was expected since the
AAL2 switching node proccssed cach traversing signatling message and hence added

additional processing delay to the evaluation platform.

I'urther, 11 was also discovered that although the average eslablishment delay
increased i the above comparison, the average signalling delay requited to release an
AAL2 connecetion remained virtually unchanged, irrespective of whether or not a
switching node was utilised. This result was also expected since a lecal releasc
confirmation message is returned from the neighbouring swilching nede 1o the
initiating end-point, whercas the cstablish reguest cenfirmation message i rotumed

from the remote end-point to the initiating end-point.
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It can therefore be concluded that the AAL2 signalling delay required in establishing
an end-to-end connection across an AALZ2 nebwork increases as the number of point-
to-point connections increases. However, the connection releuse delay will remain
unchanged irrespective of the number of point-to-point connections reguired to

establish the end-to-end AAL2 connection.

6.3.2 IEstablishing and Releasing Eight Simultaneous Connections

The number of simultaneous AAL2 users, in the form of sending user threads, was
increased at system start-up from four to eight. The result obtained for eight users are

illustrated in Figure 6-8.
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Figure 6-8 Establishing and Releasing Light AALZ Connections

From the figure it is clear that the individual signalling delay required to establish an
AAL2 channel increases exponentially as the number ol concurrent users in the
mitiating end-point increased. This confirms the question posed in Section 6.2.3
regarding exponential increase of AAL2 signalling delay with an increase in the
number of users. Further, it 1s only the establish request signalling delay that increases
exponentially. The signalhng delay associated with tearing down each conmection

remains relatively constant. From the above trial, the average signulling delay
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associaled with establishing the etghl AALZ connections 1s 3551 ms, The average

delay required to tear-down the same connections is 146.8 ms.

6.3.3 Establishing and Releasing Ten Simultaneous Connections

The maxumum number of simultaneous sending user threads that could be supported
in the evaluation platform uttlising (wo end-points and an AAL2 swilching node was
limiled 10 ten. Any number above this lmit resulted n 2 system synchromsation
fmlure of either one of the AALZ end-points or the switching node. This 15 due to a
Iimttation ol the finite state machine utilised 1n the transport entily of both the end-
poinls and the switching node, This limitalion was previously discussed in Section
6.2.3. The resulls oblained from ten concurrent AAL2 users are indicated in the figure

helow,
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Fioure 6-9 Establishing ond Reteasing Ten AALZ Connections

It can be seen that the establish request delay duration for cach AALZ user mereascs
exponentiatly as the number of users increased. This conlitms the observation of the
previous Section that only supported cight simultancous users. The average signalling
delay associated with cstablishing a simgle AAL2 connection when supporting ten
concurrent connections is 681.1 ms, whereas the average delay reguired to tear-down

the sarme connection 15 155.2 ms.
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6.4 Performance Comparison of the SPC

Although the link speed of each port on the WUGS switch operates at 1.2 Gbit/s, the
bottleneck in the WUGS switch is definitely the SPC card operating at only 166 MHz.
An attempt was made to implement the software-based AAL?2 switching node module
on the SPC card, but due to the SPC driver limitation, discussed in Section 5.7.1, the

portable switching node software module did not function as desired.

It was however possible to send a single ERQ signalling message from the initiating
AAL2 end-point to the AAL2 switching module, located on the SPC, to be processed.
This enabled a comparison between the processing duration required by the switching
node implemented on the SPC to the processing time required by the switching node
implemented on the 850 MHz stand-alone PC. To simplify the comparison, only the
duration required to process the signalling request by the AALZ2 signalling framework
in each implementation was compared. It was found that the signalling framework
implemented on the 850 MHz stand-alone PC required 5.5 ms to process the
signalling request, whereas the same signalling framework, implemented on the 166
MHz SPC, required 2148 ms to process the same signalling request. Since the SPC
card required a much longer duration to process the same signalling request, it is clear

that the SPC is the bottleneck in the system.

6.5 Performance of the AAL?2 Signalling Framework

The duration required to successfully process a single establish request signalling
message end-to-end, by only the AAL2 signalling framework located on each of the
three AAL2 nodes, was evaluated. When the switching node was implemented on the
850 MHz PC, the establish request signalling process totalled 21.9 ms. Since the SPC
requifed 2148 ms to process a signalling request that only required 5.5 ms by the 850
MHz general PC, it could therefore be extrapolated that the evaluation platform
utilising the SPC for the switching node would require 3216 ms to successfully
process a single establish request signalling message. This signalling duration would
also increase as the number of concurrent AAL2 connections per SPC increases.

Based on the above mentioned assumptions, it could therefore be concluded that the
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SPC is not a suitable network element on which to implement an AAL2 switching

node.

Washington University has subsequently developed a second active network device
called the Field Programmable Port Extender (FPX) card. The FPX is designed to be
placed inside the WUGS switch at the same location where the SPC card would
normally be located. The FPX card contains a Field Programmable Gate Array
(FPGA) chip enabling the FPX card to contain a hardware implementation of the
AAL2 switching node. Therefore, the processing limitations of the SPC could be
eliminated by replacing the software implementation of the switching node on the
SPC with a hardware implementation of the switching node on the FPX card.

However, due to time constraints this implementation was never attempted.

6.6 Feasibility of Deploying AAL2 Switching Nodes

Throughout this study, AAL2 switching has been discussed to be more bandwidth
efficient than normal AAL?2 trunking, especially in large complex networks. However,
this study has also proven that AAL2 switching adds additional signalling delays to
AAL2 signalling messages traversing the hybrid ATM / AAL2 network. This is
because each AAL2 switching node needs to process each traversing signalling
message. As the number of simultaneous users and hence the number of concurrent
AAIL2 connections in the system increases, so does the signalling delays required to

establish and tear-down a single connection.

Care should therefore be taken when deciding where to place AAL2 switching nodes
inside a network as too many switching nodes in an end-to-end connection may cause
the signalling delays to become unacceptable. As an example the deployment of
AAIL2 switching nodes in a UMTS network can be considered. During the process of
soft handover (SHO) the signalling delays associated with establishing a new
connection need to be minimised so as to establish the new connection as fast as
possible. If however, the new connection need to traverse too many AAL2 switching

nodes the signalling delays might become unacceptable.
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Conclusions

Throughout this study, the benefits of AAL2 switching, in terms of bandwidth
efficiency, as opposed to normal AAL2 trunking, have been presented and discussed.
It has also been shown how AAL?2 is becoming a popular technology in commercial
applications such as VoDSL and UMTS wireless networks. However, these
applications require a dynamic signalling protocol capable of establishing,
maintaining and tearing-down the AAL2 connections as required by these
applications. A functional AAL2 signalling protocol framework was therefore
designed and developed. This signalling framework is capable of dynamically
creating and tearing down on-demand end-to-end AAL2 connections between AAL2

end users.

In order to implement this AAL?2 signalling framework, various functional modules
were required. Firstly, the author implemented a Request ID Manager to facilitate
inter-module communication within the signalling framework, as well as between the
signalling framework and its neighbouring layers. This was required to provide a
means of identifying a particular connection irrespective of the module processing
that connection. In turn, the SAID Manager was developed to facilitate
communication between adjacent AAL2 nodes. This enabled peer nodes to identify a
particular AAL2 connection between them. The next module to be implemented was
the Routing Manager. The two most important functions of the Routing Manager are
firstly, to identify remote AAL2 node addresses that can be reached from the current
node and secondly, to provide adequate connection resources along this particular
route. In order to keep an accurate account of all the system resources utilised by a

particular connection, as well as the status of that connection at any given moment,
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the Connection Control Block (CCB) Database and Resource Manager was designed
and completed. Other modules also completed and integrated into the signalling
framework are the Initialisation Module, the Encoder / Decoder Module, the Tracer
Module and the Control Module. The completion of all these modules into an
integrated signalling framework provided a scalable system capable of dynamically
establishing and releasing AAL2 connections. These connections are established by
means of connection admission control based on QoS resource allocation. Although
some of the functions performed by the Routing Manager are actually management
related functions, such as connection admission control, these functions were
incorporated into the Routing Manager due to the current lack of a management

module.

Further, it was critical for future work that the framework developed be based on a
modular design methodology ensuring that future research conducted at UCT could
employ this framework with minimal modification effort. The author successfully
achieved this goal by selecting a modular design approach in developing the
signalling framework. This design methodology was further enhanced by use of a
message-based interface, as opposed to a normal functional-based interface, between
the signalling framework and its neighbouring layers. Four FIFO queues,

implemented as circular FIFO buffers, were utilised for this purpose.

Having developed an AAL2 signalling framework, it was necessary to design an
evaluation platform to verify the performance of the system. The author achieved this
goal by employing two general purpose PCs connected to the WUGS switch. This
allowed the system to be evaluated in two different phases. The first phase required
the author to integrate the signalling framework into a functional AAL2 user end-
point design. This multi-threaded end-point design was then ported to each PC to
simulate an environment consisting of only two AALZ2 nodes. In this evaluation phase

the WUGS switch did not process the traversing AAL?2 traffic in any way.

Further, the author was also required to implement the newly developed signalling
framework on a previously developed AAL2 switching node architecture. This
formed the second phase of the framework evaluation. This was accomplished by

integrating the signalling framework into the signalling processing unit (SPU) of the
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switching node. By achieving this, the author successfully enhanced the functionality
of the AAL2 switching node by integrating a control-plane signalling component into
the user-plane switching component of the existing architecture. The evaluation
platform was thus expanded to incorporate three nodes, namely two end-points and a
switching node. Although this switching node was originally designed to be
implemented on a SPC located in the WUGS switch, this could not be accomplished
due to a driver limitations. However, due to the portability of the switching node
software, the author was able to implement this software module on a stand-alone

development station.

After successful implementation of each evaluation phase, the AAL2 signalling
framework was tested to determine the functional correctness within the developed
system. The systems were also tested for scalability, in terms of the number of
simultaneous connections that it is able to support, and efficiency, in terms of AAL2

signalling delays.

It was found that the maximum number of concurrent AAL2 connections that could
be supported by the evaluation platform consisting of only two end-point nodes was
eight. Any number higher than this resulted in the system losing synchronisation due
to a limitation in the underlying transport entity. Although the AAL2 signalling
framework was designed to support a higher number of concurrent connections, eight
connections were sufficient in proving the functional correctness of the signalling
framework. It also proved that the signalling framework with all its components did
actually scale as desired. The author also discovered that as the number of concurrent
connections being processed by the system increased, so did the signalling delay
associated with establishing each AAL2 connection. As an example, four concurrent
connections resulted in an average signalling delay of 232.9 ms. Subsequently, if this
number was increased from four to eight concurrent connections, the average
signalling delay increased to 433.5 ms. In contrast, the average signalling delay
required to release an AAL2 connection remained relatively constant at 172.2 ms and
142.1 ms for four and eight concurrent users respectively. This is because at system
start-up only signalling information is present in the system, but as time progresses
the traffic type in the system changed from only signalling information to both
signalling and user traffic. Therefore, since the end-point system assigned a higher
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priority to signalling information than normal user data, the average signalling delay
associated with releasing a connection remained almost constant irrespective of the

number of simultaneous connections supported in the system.

For the second phase of the signalling framework the evaluation platform consisted of
two developed AAL2 end-point nodes interconnected via the AAL2 switching node.
It was determined that with this new network topology, a maximum number of ten
concurrent connections could be supported. Any number above this resulted in the
same synchronisation limitation as experienced in the previous evaluation phase. The
results obtained again indicated that the average signalling delay required to establish
an AAL?2 connection increased as the number of concurrent connections increased. As
an example this average signalling delay increased from 315.6 ms to 555.1 ms for
four and eight connections respectively. It was also confirmed that this increase
experienced an exponential growth in signalling delay. In contrast, the average
connection release signalling delay remained relatively constant with an increase in
the number of concurrent connections. This is because the connection release
procedure utilised a local release signalling procedure to tear-down the AAL2

connection.

Although a management module is still lacking in both the end-point design and the
switching node architecture, the signalling framework was able to dynamically
establish and release AAL2 connections. It was proven that the signalling framework

is applicable to both AAL?2 end-points and AAL2 switching nodes.

Although the resulted delays presented in this study could be significant in real
networks, many of the delay reduction techniques possible in such networks were not
implemented on the evaluation platform. These techniques include the use of
dedicated embedded systems to process certain functionalities that could be
performed in a hardware implementation. Also, utilising a real-time operating system
would enhance the efficiency of the signalling framework thus resulting in lower

signalling delays.
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Recommendations and Future
Projects

Although a functional AAL2 signalling framework was successfully designed and
implemented in this study, a number of changes could be made to enhance the
functionality of the system. Some of these enhancements are protocol related, whereas
others are directly related to the signalling framework implementation. The following
recommendations could therefore be made based on discussions in preceding
Chapters as well as the conclusions drawn and presented in the previous Chapter.
Several on these enhancements could in fact lead to possible future research projects,

which are also presented in this Chapter.

8.1 Recommendations

The limitation imposed by the finite state machine of the AAL2 transport entity
utilised in this study needs to be overcome. Currently, both evaluation platforms
developed in this study are only able to support a limited number of concurrent AAL2
connections. Without the switching node this limit is eight, whereas utilising the
switching node this limit increases to only ten connections. Additional work therefore
needs to be performed to overcome this limitation imposed by the finite state machine
of the AAL2 transport entity, as described in Section 6.2.3. Although this
enhancement seems trivial to implement ITU-T recommendation 1.363.2, which
stipulates the transportation mechanism employed by the finite state machine,

currently does not provided a mechanism to overcome this synchronisation limitation.
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The FPX card should be utilised in conjunction with the SPC to improve system
‘performance of the AAL2 switching node. Although the full functionality of the
AAL2 switching node could not be implemented on the 166 MHz SPC, the processing
limitation of the SPC was however proven by means of a simple experiment. It is
therefore recommended that various components of the portable AAL2 switching
node module be implemented on the hardware based FPX, since it promises to
overcome the processing limitation of the SPC. Certain components, however, such as
the routing manager, which contains the routing table of the switch, would still need
to be implemented on the software based SPC since the routing table entries would
need to be updated continuously, depending on the network topology and network

utilisation.

Communication between the ATM and AAL2 signalling protocols need to be
established. A current limitation of the AAL2 signalling protocol is that there is no
means of communicating with the underlying ATM signalling protocol. Even though
an ATM connection is required between peer AAL2 nodes prior to the establishment
of any AAL2 channels, the AAL2 signalling protocol is currently unable to request
the creation of this new ATM connection if one does not already exist. Even when the
available resources of an existing ATM connection becomes limited, the AAL2
signalling protocol is unable to either request an additional ATM connection, or
request an increase in bandwidth of the current ATM connection enabling it to support
a larger number of AAL2 channels. Although ITU-T recommendation Q.2963 allows
ATM connections to renegotiate their bandwidths while in the active state, this could
not be implemented since no communication exists between these two signalling
protocols. Future research could therefore address this need by providing some sort of
mechanism to establish communication between these two currently independent

signalling protocols.

A functional AAL2 routing protocol needs to be developed and integrated into the
existing AAL2 signalling framework. A further limitation of the AAL2 signalling
protocol is the lack of an associated routing protocol. Any AAL2 routing protocol,
like the one developed for this study, is therefore implementation specific. The
routing protocol’s primary function would be to dynamically update the content of the

routing table of each AAL2 node located in the network in accordance with the
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current network topology. Due to the lack of a functional AAL2 routing protocol,
current commercial implementations of AAL2 signalling are therefore limited to

small domains. Future research should thus address this limitation.

8.2 Future Projects

The third and final phase of the AAL2 switching node project, as implemented on the
WUGS switch, involves designing a management-plane module for the switching
node. Past research has addressed the need for both a user-plane switching component
and a control-plane signalling component. The management-plane module would thus
form the required management component of the overall AAL2 switching node
design. The management module could be responsible for dynamically creating and
continuously updating the content of the AAL2 switching node’s routing table in
accordance with the AAL2 network. Connection admission control (CAC), which is
currently performed by the control-plane signalling component would also be the
responsibility of the management component. It could also be accountable for traffic
management requirements and policing of the individualised AAL2 channels, a
feature that currently does not exist. A centralized manager, such as the Call Agent
illustrated in Figure 8-1, could also be designed and implemented to gather certain
management related information, for billing and fault management purposes, from
each node in the AAL2 network However, the management module of each AAL2
node in the network would need to have an interface platform enabling the Call Agent
to interface to each node and thereby allowing it to exchange relevant information.
This management module could also be integrated into the existing AAL2 end-point

architecture to enhance its functionality.
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.
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Figure 8-1 Implementing a Call Agent in the AALZ Network

In order to cxtend the current functionality of the switching node design, support for
basic narrowband AALZ tunking services could also be added. A popular
commercial application for AALZ2 is narrowband ¢arrier trunking as defined in 1TU-T
Recommendation 1.366.2. Thig TTU-T receommendation defines a means by which an
AAL2 trunk could be implemented to behave hke g normal PSTN line with all the

supporting lunctionality it requirce. These features include support for:

e Voice {analogue / ISDN, optionally compressed voice)
* Vpice-band data {modem, fax calls)
¢ (Circuit nede data {(ISDN data)

& Secondary messazing (Dialled Digits (DTME), Fax Demodulation, cte)

Adding this tunking lwnctionality to the cxisting AALZ switching node would
provide the node with the umgque capability of switching narrowband voice calls while
being trunked to their respective destinations. This is a feature not supported by

current commercial equipment.
A final commercial application for AAL2 and, in particular, voiec over ATM 15 i the

area of Voice over DSL (VoDSL), also referred to as ATM Loop Emulation Service
(LES) using AALZ2, as defined by the ATM Forum and illustrated in Figure 8-2. The
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1dea of VoDSI, as inivoduced in Section 2.5.1, 15 to cxtend the local copper loop lrom
the customer premises through an ATM access network. Extending the AAL2
swilching node to support AAL2 LES would enhance the node with the unique
capability of being able to switch narrowband voice catls onginating from VeDSL
derived phones, This feature is also not currently supported by commercial ATM

cquipment.

Small Office f - _
Home Dfflce ik e Waice

- R i J PSTN

Reowbar

Figure 8-2 VoDSL Application Scenarvio
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Appendix A
Interfacing with the AAL?2
Signalling Protocol

This Appendix consists of two sections. The first section provides an overview of the
interfacing between the AAL2 signalling entity and its neighbouring layers. The
second section features a complete set of all the available AAL?2 signalling messages

and their parameters.

A.1 Interfacing with the AAL2 Signalling Entity

This section provides an overview of the interfacing between the AAL2 signalling
entity and the AAL2 Served User, the Signalling Transport Converter (STC) and the
Layer Management, as depicted in ITU-T recommendation Q.2630.1. It also describes
the interaction between the various AAL2 signalling primitives and the Service
Access Point (SAPs), as illustrated in the Figure A-1.
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Luyvers

Information 1s transferred berween the AALZ signalling enuly and its ncighbouring

tayers by means of primitives and parameters described helow.

A.l.1 Tnterface between the AAL2 Signalling Entity and the AAL2
Served User

Service provided by the AAL2 signalling cutity;
Establish an AALZ connection

Release an AALZ connection

A2ST-SAP pomitives arc used by the:

Originating served user 1o inliale an AAL2 conncction and 1o initiate a releasce
request from cither the eriginating or the destination uscr.

AALZ signalling cntity to indicate an incoming convection request to the

destinahion served user and to notity the scrved user of a conneciion releasc,

The primitives.type and paramcters:

ESTABLISH.request (A2EA, SUGR, SUT, TCI, SSC8, ALC)
ESTABLISH. indication (SUGR, SUT, TCIL, 55C5)
ESTABLISH.confirm { )
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e RELEASE. request (cause)
o RELEASE.indication (cause)
» RELEASE.confirm (cause)

Parameter definition:

o A2EA — AAL?2 service end-point address

e SUGR - Served user generated reference

e SUT - Served user transport

e TCI - Test connection indication

e SSCS - SSCS information

o ALC- AAL2 signalling Link characteristics

e (Cause

A.1.2 Interface between the AALL2 Signalling Entity and the STC
Layer

1. Service provided by the STC:
e Independence from the underlying signalling transport protocol

2. The GST-SAP primitives.type and parameters:

e IN-SERVICE.indication (Level)

o QOUT-OF-SERVICE.indication ()

e CONGESTION.indication (Level)

o TRANSFER request (Sequence control, Message)
e TRANSFER.indication (Message)

Parameter definition:

e Message — Contains a complete signalling message

e Level — Value between 0 and 10 to indicate congestion level

e Sequence control — Allows the STC to perform load sharing between

several signalling transports
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A.1.3 Interface between the AAL2 Signalling Entity and the Layer
Management

1.

Service provided by the layer management:

Provides the interface to the network management system

The LM-SAP primitives.type and parameters:
BLOCK request (ANI, A2P)
BLOCK.confirm (cause)

UNBLOCK .request (ANI, A2P)

UNBLOCK .confirm (cause)

RESET.request (ANI], CEID)
RESET.indication (ANI, CEID)
RESET.confirm ( )

STOP-RESET.request (ANI, CEID)
ADD-PATH.indication (ANI, A2P, ownership)
REMOVE-PATH.indication (ANI, A2P)
ERROR.indication (ANI, CEID, cause)

Parameter definition:

o A2P - AAL2 path identifier

o CEID - Connection element identifier. Identifies all AAL2 paths, a
particular AAL2 path or a particular AAL2 channel on a certain path
between adjacent AAL2 signalling nodes

o Ownership — indicates if the AAL2 signalling entity is the owner or its
peer

e ANI - Adjacent AAL2 node identifier
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A.2 AAL2 Signalling Messages and Parameters

Appendix A

Table A-1 below lists all the available AAL2 signalling messages and their acronyms.

The minimum and maximum length of each signalling message is also presented, as
indicated by ITU-T recommendation Q.2630.1.

Message Acronym Min Length Max Length
(Bytes) (Bytes)

Block Confirm BCL 4 129
Block Request BLO 13 13
Confusion CFN 6 129
Establish Confirm ECF 8 8

Establish Request ERQ 12 321
Release Confirm RLC 4 4

Release Request REL 6 129
Reset Confirm RSC 4 129
Reset Request RES 13 13
Unblock Confirm UBC 4 129
Unblock Request UBL 13 13

Table A - 1 AAL2 Signalling Messages
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Not all the parameters in Table A-2 need to be included in the AAL2 signalling
messages. A detailed description of each AAL2 signalling message and signalling

parameter can be found in ITU-T recommendation Q2630.1

AAL2 Signalling Message Parameter Acronym
Cause CAU
Connection Element Identifier CEID
Destination E.164 Service Endpoint Address ESEA
Destination NSAP Service Endpoint Address NSEA
Destination Signalling Association Identifier DSAID
AAL? Link Characteristics ALC
Originating Signalling Association Identifier OSAID
Served User Generated Reference SUGR
Served User Transport SUT
Service-Specific Information (Audio) SSIA
Service-Specific Information (Multi-rate) SSIM
Service-Specific Information (SAR) SSISA
Test Connection Indicator TCI

Table A - 2 AALZ2 Signalling Message Parameters
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AALZ2 Signalling Stack

Architecture
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The choice of which AAL layer to utilise in order to transport the signalling
messages, is discussed in Section 4.2. It was concluded that AAL?2 be utilised for this
purpose. Each of the layers of Figure B-1 will be explained briefly commencing with
the AAL?2 Signalling over AAL2 Stack.

B.1 AAL?2 Signalling Transported over AAL2
Q.2630.1, AALZ Signalling Protocol

This ITU-T recommendation specifies the procedures required to establish, maintain
and tear-down AAL?2 point-to-point connections. This AALZ2 signalling protocol can
be utilised in both the switched and non-switched environments and can operate in
public or private networks. The protocol can also operate over multiple signalling

transport protocol stacks.

Q.2150.2, AAL?2 Signalling Transport Converter on SSCOP

This recommendation provides the specification required in the B-ISDN ATM
environment for the provision of a signalling transport service. In particular, this
protocol provides a generic signalling transport service that is utilised by the AAL2
signalling protocol. The AAL2 signalling transport converter on SSCOP utilises the
Service Specific Connection Oriented Protocol for assured data transfer. This AAL2
signalling transport converter can be deployed on any protocol stack that supports
SSCOP, such as AAL2 or AALS.

Q.2130, B-ISDN Signalling ATM Adaptation Layer - Service Specific
Coordination Function for support of signalling at the User-Network Interface
(SSCF at UNI)

The ATM Adaptation Layer (AAL) is defined to enhance the service provided by the
ATM layer to support the functions required by the next higher layer. Various AALs

are defined to support AAL service users. One particular AAL service user is the
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Signalling AAL (SAAL) defined in Q.2100. The SSCF maps the services provided by
the SSCOP to the requirements of the user of the SAAL.

Q.2110, B-ISDN ATM Adaptation Layer - Service Specific Connection Oriented
Protocol (SSCOP)

The SSCOP is a peer-to-peer protocol utilised above the AAL layer. It provides
services such as error recovery, the transmission of user data with sequence integrity,
flow control and connection control. This recommendation also describes the

necessary elements for layer to layer communication.

1.366.1, Segmentation and Reassembly (SAR) Service Specific Convergence Sub-
layer (SSCS) for the AAL type 2

This recommendation specifies the Segmentation and Reassembly Service Specific
Convergence Sub-layer (SAR SSCS) of AAL2 which provides a means of
transporting larger data packets across the AAL2 layer. The optional transmission

error detection and assured data transfer are also defined.

1.363.2, B-ISDN ATM Adaptation Layer (AAL), type 2 Specification

This recommendation describes a method for bandwidth-efficient transmission of
low-bit-rate, short, and variable length packets in delay sensitive applications. Each
AAL2 connection can carry multiple AAL2 type information, such as compressed

voice, originating from various sources.

L.361, B-ISDN ATM Layer Specification

This recommendation describes the ATM cell structure and the ATM protocol
procedures. Two different cell structure formats are defined for the User-Network
Interface (UNI) and the Network-Node Interface (NNI) respectively. It also defines

the contents of the various fields of the ATM cell header for each format.
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1432, B-ISDN User-Network Interface - Physical Layer Specification

This recommendation covers the physical layer characteristics for transporting ATM
cells at various bit rates of the B-ISDN UNI network. However, this recommendation
was replaced with the new 1.432.1, 1.432.2, 1.432.3, and 1.432.4 specification with
each specification defined for different bit rates and applications. These bit-rates

range from 1.544 Mbps to 622.080 Mbps.

B.2 AAL?2 Signalling Transported over AALS

The only difference between the two protocol stacks illustrated in Figure B-1 is the
AAL transport layer. This subsection will only discuss the AALS layer, since all the

other layers are common to the AAL?2 layer stack and have already been discussed.

1.363.5, B-ISDN Adaptation Layer (AAL), type S Specification

This recommendation provides a means for large data packets to be transported over
an ATM connection. The combination of the CPCS and the SAR sub-layers are
referred to as the Common Part of the AALS layer. This recommendation is

applicable to both UNI and NNI networks.
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Appendix C
Downloading a Kernel to the SPC

This Appendix presents an informal guide to the main steps required to build and
download a NetBSD kernel to the Smart Port Card (SPC). It also demonstrates how to
modify the filesystem for the SPC, so that it is possible to place additional software on
the SPC.

Each input port of the WUGS switch could be populated with a SPC card, which
would be located between the line card and the WUGS’ switching elements. In order
to perform the steps below, only one SPC card is required. The different software
systems required in order to download a NetBSD kernel to the SPC will be
mentioned, as well as the steps required in order to achieve a working system. This is
not a comprehensive step-by-step ‘fool-proof” instruction manual by any means but it
intends to serve as guidelines to make the process less painful. For basic commands
and new concepts, refer to information presented at the Washington University web
site, READMESs, manual pages etc. Note that a great deal of this information is
specific to the Communications Research Group (CRG) laboratory environment at the
University of Cape Town (UCT). It is therefore recommended to adjust the below

information accordingly, as required.

Figure C - 1 is a typical network topology that could be utilised. Two PCs, installed
with NetBSD, are connected to the WUGS switch via optical connections. The port,
on the WUGS, to which Inca is connected, is also the port in which the SPC card is
fitted. An additional serial connection is also fitted between the serial port on Inca and
the SPC card. Most of the configuration setup work in this Appendix will be
performed on Inca.
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The sueeessful completion of this section involyes the following steps:

t. Obtaming and mstalling the SPC source files

2. Tmtiahse the supporting systoms

3. Adding supplementary functionality to the kernel

4. Compiling the new SPC kernel

3. Downloading this now or modified kernel to the SPC

C.1 Obtaining and Installing the SPC Source Files

Azrec is the official CRG CVE mirror, which 18 updaled every now and again. Locate

-

the file “wu-ari tor.gz’ inside the dircetory “Jussthomelorg-uct’ on Aztec. Fip this filc
to your user directory, e.g. ‘shomesandre’ on Inca and uncompress the file using the
command “far —xvzf wu arliar.gz’. The source will now be inside the dircctory
“homesandre/wu-arl’. Since this directory name is not very deseriptive, rename the

directory to *‘honiefandre/SPCT .

Before the ncw NetBSD kerncl can be compiled, there are a few configuration details
that need 1o be noted. The first ensures that a filc can be mounted as a directory under
Ymat”, This step 1s already taken care of on Inca, but is required when NetBSD is

installed on a new workstation that will interface to a SPC.

G0 10 the directory ‘/efe’ and run the command “vi disktah’ to edit the file with the wi

cditor. Make surc the ‘spe?4MB” entry below is located in this file, if not then add i1,
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spe2dMBlspc2dMBhernSPC Kernel FileSvstem Disic!
ty=simuloted:sed3 1 2:ptf] 6:rmH 300 s HI0 eSO
paitda08U oatti:-battd096. faltd i 2:ta=4. 2850
ph#daiat obiii:
:poid 6080 ocHl:

The sceond configuration option allows a serial connection 1o be established between
the SPC and a NctBSD workstation. In this Appendix example the worksiation 15
Inca. In the dircctory “/ete’ run the command “vi remore’ and verify that the entry

below 15 included.

spefh:dv=idevin 0 de: bri 9600 pa=none

Once these configurauon delails have been taken care of, 2o to the directory
SPOT Arilindes’ and o the command ‘make fnseafl’, This will create all the utilities
needed to compile the kemel for the SPC, download data to the SPC and also reset the
SPC.

(.2 Initialising the Supporting Systems

Before working on the SPC howcever, a few things need 1o be set up first:

1. Gigabit Network Switch Controller (GBNSC) must be running on one of the
NETBSD machines {Inca or Aztec). This program controls the WUGS switch.
In order to load GBNSC on Inea, go to the direclory “homercre-uct/ebnse’

and run the convnand . sefup ghnse on pori 5.

2. The APIC card on Inca must also be set up to have ATM Vs comnected to the
SPC  card On Inea, go to the direclory “fhromelcrs-
uctspe_scripis/configuration” and run the command “wh

config.apic.connections’.
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3. Finally Jammer must be started iz the WUGS itself. On Inca go to the same
directory as in the above step and run the command ‘s doif.sh’. This will start
Jammer with the configurations for the SPC card by means of the Jammer

seript *SPC Controd,js’,

To check whether GBNSC is running, rui the command *ps —anx’ on Inca and search
for GBNSC in the process list that follows. l'o check that the APIC card is up and

runtning, run the command “ifconfig apict’’.

(.3 Adding Supplementary Functionality to the Kernel

To change or add some functionality to the SPC kernel and download the SPC kernel

to the SPC card, the following steps need to be performed:

Suppose we want to add the alias ‘Jz° for the command “fs —{¢’ to the SPC kernel.
Because the shell of the SPC kemel is osf and not dash like on Inca, all the shell

configuration comminands are placed in different files.

First mount the filesystem file “SPC29ME f5°. To do tins use the “s¢’ command to
become root. Go to the directory “fmar’ and creale 3 new user directory where to
mount  the filesystem 10, <& merdandre’. Go  to the  directory
Chomesandre/SPCIApe working divsiroot_ wdiy”  and  min the command v
Amountie’, Make sure that the device name to be mounted is night and that it will be
mounted in the correct user directory, Now and run the command ‘./mowntit’. This
will mount the file “SPC24ME.fs' as device *vadfd'. Run the command “df to verify

that the command was executed correctly.

Now go to mounted filesystemn, located at “/mntdondre’ to perform any required
changes. To add the alias ‘fa’, go 1o the directory above, become root and edit the file
Losfire’ with the command v .cshre’. Afier this change has heen performed, the
filesystem needs 1o be un-mounted. Go  back to the directory
Vhomedundre/SPCLispe working dirs/root wdir and rmuin the  command

*funmounti’. Now exit as root to be a regular user.
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C.4 Compile the New SPC Kernel

Now the new kernel 1 ready o be compiled. The next steps are as follows: First a
svibols only version of the kernel 15 ereated, a filesystem is added to the kernel and
then an mmage version of the new kernel is downloaded to the SPC card after a BSS

segment was added,

To compile the new kemel, 20 ta the dircetory
Chomedundre/SPCH erosshow/Net BSDiusyiserisvsiarchi386/compile/SPC_24MEB wit
I Crossbow’ and run the command “./mk ] .

Use the command ‘s¢’ 1o become r1oot, go  te the  dircelory
Shomedundre!SPC Uispe working divs/roor_wdiy’ and run the command “vi mk 27 and
make sure that the mounted directory and mounted device are speeificd correctly.

MNow min the command ' Amk 2’ and cxit as rool.

(io hack ta the Previous dircctory
Yhomelandre/SPC I icrusshow/NetBSDiusrserlsysiarch/i386/compile/SPC 24MB wit
h Crossbow’ and run the commmand “./m&k3’. The kerncl is now ready to be
downloaded to the SER Tt 15 located in the directory

homesandre/SPC Lspe warking dirsidownload’ and s called “netbsd bss’.

Note that ‘mk ' and ‘mk 2’ only needs to be run then the kemel needs to be
recampiled. If onc simply needs 1o add more functionality to the filesystem, then
simply mount the filesystcm add the new fealure. When finished, unmount the

fitesystem and only Tun 'mk 3

C.5 Download this New or Maodified Kernel to the SPC

Open a new lermunal on either Inca or Aztee, depending on which machine js directly
connected to the SPC card (In this case it 15 Inca). Logon to lnea, on the sscond

ternunal, and run the command ‘iip spefd’.
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Go  back to the first termimal on Inca and go to  the directory
‘homelandre/SPCLispe_working dirsidownioad” and run the command ‘sh resefit sh’
to reset the SPC. A program will start excenting and aficr the program wrote the hine
‘wrote celf 27 1t should hang, Press <etri-c> and run the command ‘sh doitsh’. The
hine “Sending entire kerned .. ..." should then appear on the sereen.

Adter 2 to 4 minutes, the second tenminal on Inca will start booting, It will start in
single user mode. So press <ENTER> and type the coummand “exit” to boot in multi-
user mode. Now logon to the SPC as root by typing the command ‘root ' and siant

playing around on the ncw kernel,
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AAL2 Evaluation Platform Code

Overview

This Appendix provides a brief overview of the C code develop and utilised dunng
this study. The Appendix is divided inlo three sections to highlight the three different
cide segments utilised this study. Firstly, the AALZ signalling framework code is
presented. Secondly, this code is integrated with the modified AALZ transport cotity
code to develop a multi-threaded AAL2 End-Pomnt. Thirdly, the signalling framework
is integrated into the modificd AAL2 switching node cade to complete the sccond

phasc ol the overall three phase AAT.2 switching node architecture.

D.1 AALZ Signalling Framework Code

Each component contnbuting to the high-level AAL?2 signalling framework design, as

preseitted in Chaprer 4, was developed as o separate module and is;

“olobal.h”

Mam AAL2Z Bignalling header file. Contains stenclarcs for the AAL2 signalling
messages thal are sent and received between varions nodes. N also contains the
structure for the rouling table of each node as well as the stenciure of the call control

databasc.
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“init.c”
AALZ Signalling Initialisation (ile. This file 15 execuled al system start-up to initialise

the required modules used by the signalling framework.

“regmegr.c”
Reguired 11 Manager Module. This module assigns a unique 1D to cach conneclion
being processed by the AAL2 signalling {ramework. This cnables inter-module

colmmunication,

“msghand.c”
Message Llandler file. This is the messages handler module (hat manipulates the
received signalling message once received by the signalling framework. Thercafter

the data s sent to the control module.

“a2s etrl.e”
AAL2 Signalling Control Module, This module is the heart of the AAL2 signalling
framework and performs a scheduling function between the various modules of the

signalhing framework and (he message based inlerface.

“cehdbase.c”
Call Connection Control Database. This module is effectively a database containing
mformation regarding ¢ach connection being processed by the AAL2 signalling

lrarmcworl.

“romgi.c”
Routing Manager Module. This module determines whether a particular node s
rcachable Irom the current node. It also determines whether the requested bandwidth

can be supported by the existing ATM channeld,

“rsomgr.e”
Resource Manager Module. This module calculates the available resources of a
specific AALZ path. This information includes the number of active connections amd

the path bandwidth utihsed by these active connections.
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“saidmgr.c”
Signalling Association Identifier (SAID) Manager Module, The module assigns a
unique I to each established AALZ comuection, This enables peer nodes to identifv a

specific AALZ comuection,

“encoder.e”
Encoder module. This module encodes cach AALZ signalling message before being

sent out of the signalling framewaork to the below STC layer.

“Shﬂw.‘:”
This lile is cssentially the Tracer Module that is responsible for identifving and

outputting any errors that might anse dunng the operation of the signalling stack.

D.2 Integrated AAL2Z End-Point System

The complete AALZ end-point system is an integrated system comiprising of the
complele AATZ signalhing framework, the previously developed AALZ transport
entity modules as well as additional supporting software modules developed dunng
this study. Section 3.3 presented the complete integrated end-point svstem. Only new

modules developed for this study will be presented below,

“user.h”
This is the User header file. Tt containg information concerming the state of 4 user’s
connection as well as the CID chaunel value that was assigned to the specific uscr

contechion.

“su_cac.e”
served User Connection Module, This module reads in the specified values sent from
an AAL2 user, located in the served user layer, lo facilitale in forming @ stgnalling

message destined for the AAL2 signalling framework.
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“su_tx_msge”
Served User Transmit Message Module. This module supports the previous module to
[orm a signalling request message that 1s sent lo the AALZ signatling framework via

the message based interface.

“a2s [ifo.g”
AALZ Signalling FIFO Buffers. This medule forms the message based interface
hetween the signalling entity and its neighbouring lavers. It i1s implemented as a

circular FIFO queue.

“a2s nter[ 550 _econl”

AAL2 Interface Configuration file. This file contains information regarding the
current network lopelogy. It specifies the interface IDs, path [Ds and available link
bandwidth between this node and 1is neighbounng nodes. The number 550 is the local

node address assigned to the AALZ swilching node as 1llustrated n Figure 3-11,

“als parser.c”
AAL2 Signalling Parser [ile. This [ile reads in the above configuration file and

populates the routing table entries for a specilic AALZ node.

“Interfaces.h”
Inierfaces header file. This 15 the header file containing a structure that specilies all

the necessary information required to link two neighbouring nodes.

“end point.c"

AAL2 End-Pomt Node. This 1s the man [unction of the AAL2 end-point system. It
performs the initial configuration of the end-pomt syslem, which depends on the
specific mede of the end-point. It can be configured as initiating node or destination
node, Il also spawns a new user thread for each individual user requesting a new

AAL? connection.

“wrapper.c”
This file performs a wrapping {unction to translorm an AAL2 signalling message into

a compatible format to be used by the AALZ2 transport entity, It also performs the
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reverse tunction when data is sent from the transport layer to the signalling

Framewaorl,

“1366-1.¢”
This is the Segmentation and Reassembly (SAR) file. It contains a finite state machine
enabling the AALZ transport entity to transport large signalling messages as smail

CPS packsts.

“i366-1.h"
This 1s the header file of the above .c [ile. It contains the structures required by the

SAR state machine.

“]_ZS_C”
Larger to Small. This is the specific cede required to implement the L3661

segmeniation and reassembly function.

“aalZpacket.in”
AAL2 Packet Input. This file contains all the AAL2 uscr data that will be sent 1o a

remote node after the AALZ required AAL2 channel was success(ully established.

a2s file.c"
AALZ2 Signalling File. This file is responsible for reading in the specificd AALZ user
data to be sent from the initiating AALZ end-point to the receiving AAL2 end-poinl.

D.3 Integrated AAL2 Switching Node System

The complete AAL2 swiiching node sysiem was presented in Section 5.6. The AAL2
signalling framework was integrated into the SPU module which is the signalling
module of the switching nods. No new modules were developed to facilitate this
functionality. Therefore, no code will be presenied below. However, various
signaltling modules and switching node modules were modified to enable the correct

functionality of the overall intcgrated switching system.
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Supplementary CD-ROM

This lext 15 accompamed with a CD-ROM that contains information relating (o this

study. This information is categonsed as follows:

Source Code
All spurce code developed 1n this study can be found nnder the “Source Code™
directory. This direclory 15 divided into two sections, namely the AALZ end-

point code and (he AAT.2 switching node code.

Conference Proceedings
All SATNAC conlercnee papers wrillen and presented by both the author and
Sven Shepstone on the design and development of the AAL2 switching node

project can be found under the “Conlerence”™ direclory,

Research Literature

Electronic copies of some research hierature ulilised in this study can be found
under the “Research” folder. This literature ranges from certain standards
developed by international standards organisalions to whitcpapers as well as

presentatons.

WUGS Information
All WUGS related information is located under the “WUOR” folder, This
firlder 15 sub-divided inte WUGS specitic source code and general WUGS

specific litcrature.





