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Abstract

The Broadband-Integrated Services Digital Network (B-ISDN), being the future
telecommunication network, can be supported by several transfer modes. The
Asynchronous Transfer Mode (ATM) has been denounced as the transfer mode for B-ISDN.
As B-ISDN is intended to support all services, an adaptation layer is needed to translate
service data units into ATM data units and vice versa. This report deals with the
functionality of the ATM Adaptation Layer (AALl, which performs this translation.
First the basic characteristics of ATM as a transfer technique are outlined. This is followed
by an in depth analysis of the AAL functionality showing the key performances and
shortcomings of the four currently defined AAL types. The four AAL types support four
AAL-defined service classes. The analysis shows a wide variety in AAL structures for the
support of different service classes. Primarily the AAL is subdivided in two sublayers: the
Convergence Sublayer (CS) and the Segmentation and Reassembly (SAR) layer. Further
sublayering of the AAL results in an increasing complexity and allocation of functions.
Discontent with this complexity serves as the impetus behind the second goal of this
project: Besides the analysis of the AAL also the development of an alternative AAL
protocol that stresses simplicity.
Next, Adaptation layer like functions within the Distributed Queue Dual Bus (DQDB) and
Fiber Distributed Data Interface (FDDI) transfer schemes are investigated. Both techniques
are capable of supporting B-ISDN services, and use asynchronous packet switching
techniques. This makes comparison with ATM worthwhile. Both techniques profit from the
presence of reference clocks for synchronous service support. In an overall comparison the
AAL imbeds more functionality offering comparable or extended error protection
processing.
Finally an alternative AAL structure has been developed based on a functionality on
demand concept. Therefor the needs of a service requiring AAL support have been
described by five functions. In a next step the AAL functionality has been parameterized.
Function values translate to parameter settings which thereby support the service needs.
The parameter set-up process has been described in a three-phase procedure. The
alternative AAL offers simplicity and flexibility at the expense of reduced functionality,
possible less than optimal efficiency and the presence of the parameter setting procedure,
when compared with the limited choice in AAL types.
The newly developed AAL is still incomplete. Future attention needs to be focused on
further parameterization of the AAL and the translation of parameter settings into
implementations needs to be elaborated on.
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1 Introduction

o

Introduction

)

On the imaginable future use of telecommunication services, the transmission techniques
now available, the targets of this graduation task and the outline of this reports.

1.1

Broadband-Integrated Services Digital Network

A short glance into the future use of telecommunication services:
07:30 am CET. As you enter your neatly designed and well equipped 'comcen'
(communication centre) you notice on your terminal that several people left a message
while you were sound asleep. Browsing through the names of the senders you decide none
of the messages to be so important as to postpone your daily jog through the park
opposite your apartment.
Back home from your jogging you notice that your mother added herself to the list of yetto-be-answered-calls. A hot shower and a nutritious cereal breakfast do wonders to the
physical man and by 09:00 am you schedule your day according to the calls on your
terminal. First there is the typed message in your e-mail box from your publisher with a
request to lard your essay on "Suicidal tendencies in the recent fin de siecle" with relevant
historical examples. This means you will have to contact the National Library and browse
through their Documentation Database.
Next on the list is an affirmation from the Jung Laboratory of Behaviour Sciences of the
video-conference with colleagues at six foreign allegiated Science Institutes. This
conference is scheduled at 11 :00 am this morning. This means you will have plenty of
time to do some tele-shopping since you are running low on groceries. The local Hypermart
left an add to try their on-line, full colour catalogue with 3D-images of "every item on the
shelf". That might be worth a try.
You have planned to spend the evening with some friends watching some video's. They
have made sure that you will not forget this appointment by leaving a voice-recorded
message telling you not to forget to supply all "necessary groceries ", You will have to
download the video's later on from your local distribution movie centre. All in all it looks
like you will be spending some time in the comcen. You might as well start the day of with
the most strenuous call to answer. So you request a videophone-connection with your
terminal. Once the connection is established the screen lights up and shows an elderly
person. "Hi Mum, I saw you left a message at my terminal.... "

As this nearby-future story shows, user attention, in respect to telecommunication, will
focus mainly on video applications. Business and industry on the other hand (will) focus
mainly on the demand for higher bit rates allowing interconnections of local area networks
(LANs). This will facilitate remote CADICAM, distributed processing and high speed file
transfer.
In order to facilitate a network that supports and integrates existing services (e.g.
telephone, TV, data transfer), and future services (e.g. video-conferencing, pay-TV), the
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International Telecommunication Union (ITU-TSB)' introduced the concept of the
Broadband Integrated Services Digital Network (B-ISDN). Because of the diversity in
attributes of existing and future services, the transfer technique for B-ISDN needs to be
very flexible. In 1988 the ITU denounced the Asynchronous Transfer Mode (ATM) as the
transfer mode for B-ISDN. As B-ISDN is intended to support all services, a function will be
needed to translate service data units into ATM data units and vice-versa. This report will
deal with the functionality of the A TM Adaptation Layer (AALl, which performs the
aforementioned translation.
National and international standardization institutes like the European Telecommunications
Standards Institute (ETSI), ITU, the American National Standards Institute (ANSI) and the
Institute of Electrical & Electronic Engineers (IEEE) pay much attention to the development
of stable standards for B-ISDN, ATM and AAL. Because of the numerous parties involved,
developing standards is a tedious task. The interests are not just technical but economical
and political as well.

1.2

Overview of B-ISDN transmission techniques

In the pursuit of bandwidth and the efficient use of bandwidth several techniques have
emerged. With regard to B-ISDN, transmission techniques capable of transporting
information rates of 2 Mbit/s and higher come in the scope of worthwhile techniques. In
this respect the techniques used for Wide Area Networks (WAN) and Metropolitan Area
Networks (MAN) fit well into this overview.
The broadband transmission techniques are to be divided in synchronous techniques and
asynchronous techniques. The synchronous techniques comprise Plesiochronous Digital
Hierarchy (PDH) and Synchronous Digital Hierarchy (SDH), formerly known as Synchronous
Optical Network (SONET).
Of the asynchronous techniques, beside ATM, the Distributed Queue Dual Bus (DQDB)
protocol and Fiber Distributed Data Interface (FDDI) are likely candidates for the support
of B-ISDN services.

, Formerly the International Telegraph and Telephone Consultative Committee / Comite
Consultative International de Telegraphique et Telephonique (CCITT) performed the task
of developing standards on B-ISDN, ATM and AAL. By March 1993 the CCITT is replaced
by the ITU- Telecommunication Standardization Bureau.
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1.3

3

Targets of the Graduation Task

As will be shown, there is a tendency to divide the AAL up into several sublayers,
depending on the service to be supported. This tendency adds to the complexity of the
AAL. The primary target of this Graduation task is to come to a scrutinous analysis of
existing AAL structures. To that end answers will be sought to the following questions:
01: What restrictions does ATM impose on the services it intends to support?
02: What kind of support do the distinct services require (from ATM)?
03: How and to what degree does the existing AAL meet the requirements of the
services to be supported by ATM?
04: How are the issues addressed by question 02 solved by the other
asynchronous techniques, OOOS and FOOl?

The answers to these questions might lead to proposals for a simplified AAL structure to
overcome the identified shortcomings.

1 .4

Outline of the Report

Chapter 2 is dedicated to the Asynchronous Transfer Mode and the associated protocol
reference model. This chapter covers the issues addressed by the questions 01 and 02.
Chapter 3 addresses the ATM Ada ptation Layer and its associated protocols. Answers to
question 03 will be found in this section. Chapter 4 discusses the relation between ATM
and other fast packet switching techniques. This chapter is dedicated to the answering of
question 04. Chapter 5 discusses a proposal for a simplified AAL structure. Chapter 6 is
dedicated to overall conclusions on the functionality of the AAL structures, both existing
and proposed.
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This chapter addresses the questions what kind of restrictions A TM imposes on the
services it intends to support, and in the opposite direction, what kind of support the
services require from ATM.

2.1

Introduction

In this chapter the basic principles of ATM will be explained. These principles comprise a
description of the transfer mode, definition of reference points, definition of the ATM
Protocol Reference Model, a brief discussion of the associated layers of the model, and a
discussion on the services to be supported by ATM. lVIost of the information relayed in this
chapter is extracted from [DEP91], an excellent tutorial on the Asynchronous Transfer
Mode, and [LEB92].
Since the denouncing of ATM as the transfer mode for the B-ISDN, the ITU-TSB has done
a lot of work on the final definition of ATM. The filling in of the details and the selection
of options are described in a series of Recommendations by the Study Group 13 of the
ITU-TSB. [1.362] and [1.363] are examples of these Recommendations.

2.2

Description of the Asynchronous Transfer Mode

For the future network the following motivations led to the concept of B-ISDN and its
associated transfer mode. First of all, the concept should be flexible and future safe.
Instead of becoming outdated by advances in technology, it should profit and be pushed
by the same advances. Secondly, the concept should be efficient in the use of its available
resources. And third, the concept should be dealing with one universal network. The
benefit should be a better cost performance in design, control, manufacture and
maintenance of the network.
The characteristics of ATM reflect these motivations.
• ATM is a packet oriented transfer mode based on packets of a fixed length, called cells.
This is shown in Figure 2.1. Each cell consists of a header and an information field. The
header contains routing information .
• ATM is connection-oriented. A connection in an ATM network is thought of as a
concatenation of links. Communication on a link is performed through virtual channels.
The routing information in the header of the cell denotes a virtual channel. The header
values are assigned to each link for the complete duration of a connection .
• The information field of ATM cells is carried transparently through the network. Flow
control and error control are performed at the boundaries of the network and not inside
the network. This is possible due to the very high quality of the links in the network.
Links typically will be optical links with a low Bit Error Rate (BER). Values of packet loss
probability, due to bit errors in the header, of 10-8 up to 10·'2 are achievable.
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• ATM is capable of transporting all services (voice, video, data, ... ). This transport is
irrespective of the characteristics of the service, like bit rate, data structure and
connection mode. ATM is asynchronous in the sense that there is no explicit time
relation between sending and receiving.
To fit the information of the services in ATM cells an adaptation function is needed. This
function also supports service specific functions, e.g. timing information recovery and
the handling of cell loss/insertion.

Receiver
Figure 2.1: ATM basic configuration
As with ISDN, also for B-ISDN a reference configuration has been defined. This is depicted
in Figure 2.2.

T
B-TE1

B-NT2

i

I

I

B

B-NT1

Transmissi on
line

Figure 2.2: B-ISDN Reference Configuration

The functional groupings B-NT1, B-NT2 (Broadband Network Termination 1 and 2), B-TE1,
B-TE2 (Broadband Terminal Equipment 1 and 2) and B-TA (Broadband Terminal Adaptor)
are configured around the same reference points as in ISDN.
At the moment, the ITU-TSB has described the characteristics of the TBand SB reference
points. Reference point T is the boundary between a public network and private
equipment. The S reference point is the boundary between terminal equipment and private
networks. The subscript "B" stands for Broadband. In Figure 2.3 a possible configuration
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is shown.

UNI
/

-j~

TS

_s

UNI

TS

S

S~

User Terminal

CPN
NNI
UNI

= Customer Premises Network
- Network Node Interface
- User Network Interface _

I

I

Figure 2.3: Location of Reference Points
The ITU-TSB has standardized a 155.520 Mbit/s physical bit rate at both Ta and Sa in the
initial phase, and 622.080 Mbit/s in a secondary phase. At the User Network Interface
(UN!) a user offers its cells to the network. The descriptions in this report relative to the
UNI apply primarily to the T reference point, though the S interface should be quite similar,
if not the same.

2.3

The B-ISDN ATM Protocol Reference Model

The B-ISDN A TM Protocol Reference Model (PRM) is shown in Figure 2.4. This model is
subdivided into three planes. The User Plane is used to transport user information. The
Control Plane is used to transport signalling information for connection set-up/release and
connection maintenance. The Management Plane is used to maintain the network and to
perform operational functions. The Management Plane is subdivided in a Layer
Management and a Plane Management. The Layer Management regulates the inter-action
of the layers, and the Plane Management coordinates the co-working of the different
planes.
Each plane is subdivided in several layers. Presently three layers are defined. The PHY
(physical) layer offers to the ATM layer the transport of valid cells and the delivery of
timing information
The ATM layer performs cell routing, multiplexing and demultiplexing. TheATMAdaptation
Layer, AAL, is concerned with the mapping of service information units into ATM cells.
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/'

/

.-'-- Management plane
/

/~C~ntrol

·~:c·
.'

plane . / /User plane

Higher Layers

/

""C
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ii"
::::l

f.,

Higher Layers

(J)

s:::

(J)

//////

III

3:

III

::::l

III

Adaptation Layer

•...... / / . / /

co
(J)
3
(J)

Physical Layer

III

co
(J)
3(J)

::::l

~

ATM Layer

::::l

/ / / / / / ///1////

//.////

Figure 2.4: B-ISDN ATM Protocol Reference Model
With respect to the 051 model of ISO the layers of the B-ISDN ATM PRM are not
equivalent in function. The PHY layer and layer 1 of the 051 model are similar in
functionality. The ATM layer can be said to perform the lower part of layer 2 of the 051
model. The AAL layer performs the higher layer functions of the 051 model. This is
dependent on the service supported by the AAL.
Figure 2.5 shows the sublayering of each layer and the associated functions. The functions
of the three defined layers and the sublayers will be briefly described in the following
paragraphs .

...----------------------..----.....-------,
Convergence:
- handling lost / misdelivered cells
- timing recovery
- interleaving

I
I
I

:
:
:

CS

----------------------------------------------------r-----Segmentation and Re-assembly:
- split frames / bit stream into cells
- re-assemble frames / bit stream from cells
-

!

: SAR
:

cell routing (VPljVCI translation)
cell multiplexing / demultlplexing
cell header generation / extraction
generic flow control

- cell rate decoupling
- cell header verification
- cell delineation
- transmission frame adaptation
- transmission frame generation / recovery

ATM
I
I
I

I
I

lI TC
l
l

----------------------------------------------------r------ bit timing
- physical medium
Figure 2.5: PRM Sublayers and Functions

AAL

!
:

PM

PHY
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2.4

The ATM Layer

The basic transport unit of an ATM network is a cell. A cell is a fixed size packet
consisting of 53 octets: a 5 octet header and a 48 octet information field. This is depicted
in Figure 2.6.

f- Header+~ Infonnation field

~

~~~
~I----

53 octets

--------1~

Figure 2.6: ATM Cell structure
The information field contains either user information or network management information.
In Figure 2.7 the cell structure is shown at the User Network Interface (UN I) and at the
Network Node Interface (NNI).
8 bits

4

r

I

GFC

I

VPI

I

1

VPI

VCI

:l
CD

~

8 bits ----------1~
I

I

I

PT

I

I

VPI

I

VCI

g

(,)

T

I

I

:l

ll--

__

~

I
I

HEC

PT

~

Payload

~

g
~

Figure 2.7 :ATM Header Structure at UI\JI &

on

1
T

CLP

I

HEC

Payload

I

.!I

~

~

ATM Header Structure at NNI

The fields in the header are:
Generic Flow Control (GFC): four bits, only at the UNI. It is meant to be used as a control
field for medium access mechanisms, e.g. by a Customer Premises Network (CPN). Its use
is not yet fully specified. The GFC field value is not transported across the network and
does not appear at Nt\lIs.
Virtual Path Identifier (VPI): eight bits at the UNI, 12 bits at the t\INI. Routing information.
Virtual Channel Identifier (VCI): sixteen bits. Routing information. ATM connections are
thought of as a concatenation of links. A connection on a link is uniquely defined by the
concatenation of the VPI and VCI field. Virtual channels are identified by VCI values.
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Virtual paths can be thought of as a bundle of virtual channels. Routing, therefore, can be
performed on VCI values alone, VPI values alone, or on both VPI and VCI values.
Payload Type (PT): three bits. Indication on the contents of the information field of the cell,
i.e. whether it contains user information or network management information. In case of
user cells, congestion information and an ATM-Iayer-user-to-ATM-Iayer-user indication can
be conveyed. In case of management cells, different types can be indicated.
Cell Loss Priority (CLP): one bit: Indication whether the cell is susceptible to loss in case
of congestion in the network. Default this bit is not set, i.e. the cell has a high priority in
case of a congestion.
Header Error Control (HEC): eight bits. The header is protected by a Cyclic Redundancy
Check (CRC) trailer of one byte. The HEC is capable of correction of single bit errors and
detection of multiple bit errors.
The functions performed by the ATM layer are:
1.

2.

3.
4.

Multiplexing I demultiplexing of cells of different connections onto a single ATM cell
stream. The different connections are identified by different VPINCI values.
If necessary, translation of VPINCI values. This is the case at ATM switches and
crossconnects.
Processing of the cell header. This means header generation for cells coming from
the AAL layer and header extraction for cells coming from the PHY layer.
Generic Flow Control processing at the UI\II.

As mentioned before in paragraph 2.2, flow control and error control are performed at the
boundaries of the ATM network. Routing is the most frequent performed function inside
the network by the crossconnects and switches. This is performed by the ATM layer.
Inside the network, the protocol stack therefore ends with the A TM layer on top. This is
depicted in Figure 2.8, which shows an ATM end-to-end connection.
End System

End System

AAL
ATM
PL

Network

ATM
PL

AAL
ATM
PL

Figure 2.8: ATM End-to-End connection

It is however, still possible to have an AAL layer on top of the ATM layer inside the
network. This layer will support, for example, network management functions or
connectionless service functions.

2.5

The Physical Layer

The Physical layer is divided into 2 sublayers: The Physical Medium (PM) sublayer and the
Transmission Convergence (TC) sublayer. Refer also to Figure 2.5.
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The PM layer takes care of the correct transmission and reception of bits on the physical
medium. Furthermore bit timing information is delivered to the TC layer.
The TC layer receives cells from the ATM layer and converts them into a continuous flow
of cells. In the opposite direction, out of the bit/byte stream received from the PM layer,
cells are extracted. Of these cells, the headers are verified and valid cells are delivered to
the ATM layer.

2.6

Services above the ATM Layer

Directly on top of the ATM layer resides the AAL layer. ATM, as a transfer technique, is
meant to support every service, known and not yet known, irrespective of the bit rate and
data structure of the service. The AAL adapts the functionality provided by the ATM layer
to the requirements of the service to be supported.
Though, as pointed out, a complete list of services to support is not available, a
classification has been made of the services. Basically four AAL protocols have been
defined to meet the needs of the service classes. There is no one-to-one mapping of AAL
protocols to service classes, that is one AAL protocol may support several service classes.
This will be explained in detail in Chapter 3.
As shown in Figure 2.5 the AAL layer is divided in 2 sublayers: The Segmentation and
Reassemb/y (SAR) layer and the Convergence Sub/ayer (CS).
The SAR sublayer segmentates the service data units into cells and conversely
reassembles data units from the information contained in the cells. The CS performs
additional functions like multiplexing, cell loss/misinsertion handling and timing recovery.
This is all dependent on the specific requirements of the supported service.

2.7

Scope

With the goal setting of ATM, i.e. support and transfer of every conceivable service, ATM
itself does not impose any restriction on the service to be supported. This is reflected by
the flexible nature of ATM.
The specific needs of a service for transfer by A TM can be derived from the class
allocation of a service. ATM is asynchronous by nature. For a service requiring a time
relation between source and destination, an additional timing and synchronization function
will have to be provided.
ATM is a packet oriented transfer mode. For services requiring transfer of information
frames with a length exceeding one cell length, a segmentation and reassembly function
will have to be provided.
ATIVl is also connection-oriented. For services requiring a connectionless operation mode
a special connectionless service will have to be provided.
Services might also require a certain degree of information protection, i.e. error detection
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and/or error correction. The functions above and others justify and define the presence of
a layer on top of the ATM layer, the ATM Adaptation Layer.
Furthermore, with the concept of digital networks the need arises to make a distinction
between calls and connections. This as a result of the flexibility of the network. Thus it
is possible to have a varying num ber of connections during one call. This reflects on ATM
as the possibility of sustaining multiple ATM connections during one call. As an example,
during a video-conference, the call, it should be possible to enter or leave the discussion,
thereby adding to or subtracting from the number of connections, without ending the call.
In the previous sections the Asynchronous Transfer Mode has been briefly discussed. This
last section has addressed the questions what kind of restrictions ATM imposes on the
services it intends to support, and in the opposite direction what kind of support the
services require from ATM. The following chapters focus on the implementation of an
Adaptation Layer, both for ATM as for other broadband transfer techniques. The
adaptation layers of the other broadband transfer techniques, i.e. DaDS and FOOl, will be
analyzed with relevance to the AAL. In the case of ATM the existing AAL protocols will
be analyzed and shortcomings will be pointed out.
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A TM Adaptation Layer

This chapter addresses the questions how and to what degree the existing A TM
Adaptation Layer (AAL) protocols meet the requirements of the services to be supported
by ATM.

3.1

Introduction

In the previous section a brief overview has been given of ATM. In this section the AAL
will be discussed in detail. The AAL enhances the services provided by the ATM layer to
support functions required by the next higher layer. The functions performed in the AAL
depend upon the higher layer requirements. The AAL, as defined by ITU, supports multiple
protocols to fit the needs of the different AAL service users. The functionality of the AAL
is therefore service dependent.
Logically the AAL is divided in two sublayers, as seen in section 2.3, Fig. 2.5, the
Convergence Sublayer (CS) and the Segmentation and Reassembly (SAR) sublayer. The
prime functions of the sublayers are:
SAR:
CS:

-

Segmentation of higher layer information into ATM cell payloads.
Reassembly of ATM cell payloads into higher layer information.
Providing AAL service at the AAL-SAP.

Different combinations of CS and SAR provide different kinds of support to the layer above
the AAL. Application dependent, SAR andlor CS may be empty. In order to minimize the
number of AAL protocols, a service classification is defined based on three parameters:
1) time relation between source and destination
2) bit rate
3) connection mode
This is shown in Table 3.1.
Table 3.1: Service Classification for the AAL
Service Parameters
time relation between source
and destination
bit rate
connection mode

I

Class A

Class B

Required

Constant

I

Connection Oriented

Class C

I

Class D

Not Required
Variable

I Connectionless
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Some examples of the above classes are:
Class
Class
Class
Class

A:
B:
C:
D:

circuit emulation, Constant Bit Rate (CBR) video
Variable Bit Rate (VBR) video and audio
Connection-oriented data transfer
Connectionless data transfer, signalling

Recommendation [1.363] defines AAL types to support these service classes. AAL type 1
defines the SAR and CS for support of class A services. AAL type 2 supports class B
services. AAL type 3/4 is capable of supporting class C and D services. The most recent
development in AAL types, AAL type 5, supports class C services, though [KER92] shows
that AAL type 5 is capable of supporting service class D as well.
In the following sections the functionality of the different AAL types will be analyzed. Most
information in this chapter relies upon [1.362], [1.363] and [DEP91].

3.2

AAL type 1

The service provided by AAL type 1, as defined by [1.363], embodies four Service
Objectives (SOs):
SO 1) transfer of Service Data Units (SDUs) with a constant source bit rate and the
delivery of them with the same bit rate;
S02) transfer of timing information between source and destination;
S03) transfer of structure information between and source and destination, if needed.
S04) indication of errored information which is not recovered by AAL type 1;
Subtypes of the AAL type 1 have been defined for "circuit transport", "video signal
transport" and "voice-band signal transport". The main difference between these subtypes
is the Quality of Service (OoS) they offer to the AAL user.
The SOs are met by Service Functions (SFs). For AAL type 1 these functions are:
a)
b)
c)
d)
e)
f)
g)
h)
i)

blocking and deblocking of user information;
handling of cell delay variation;
handling of cell payload assembly delay;
handling of lost and misinserted cells;
source clock frequency recovery at the receiver;
recovery of the source data structure at the receiver;
monitoring the AAL Protocol Control Information (PCI) for bit errors;
handling of AAL-PCI bit errors;
monitoring of information field for bit errors and possible corrective action;

The functions above are allocated in the SAR andlor CS.
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3.2.1 SAR of AAL type 1
The SAR at the transmitting end accepts 47 octet data from the CS and adds a one octet
SAR-PDU header to form the SAR-PDU.( Appendix A shows the details of the data unit
naming convention for the sublayers of the AAL.). The SAR at the receiving end receives
the 48 octet SAR-PDU from the A TM layer and removes the SAR-PDU header. The
remaining SAR-PDU payload is passed to the CS. Furthermore the SAR performs error
detection, and when possible, error correction on the SAR-PDU header. Lastly the SAR
relays information whether the CS function is present or not. This is optional and depends
on the indication by the CS. Figure 3.1 depicts the SAR-PDU format.
1 bit

3 bits .

CSI I Sequence count

3 bits

1 bit

CRe

Pbit

.. ~--- .

- - - - . - - -. -=---.':...-....

',---------+-~
SN
SNP

; Cell header
~--------------

: 4 bits

I

SAR-PDU payload
-----------,
4 bits :
47 octets
:,

,,

SAR-PDU headet

i-<

~

SAR-PDU - 48 octets

'.....

Figure 3.1: SAR-PDU format of AAL type 1

,
,,,
,
I
I

,,,
,,,
,

.'

The SAR-PDU header consists of a four bit Sequence Number (SN) field and a four bit
Sequence Number Protecrion (SNP) field. These fields contain the subfields:

Convergence Sublayer Indication (CSt): one bit, carries the indication provided by the CS.
Default value is "0".
The Sequence Count field: three bits, carries the sequence number of the SAR-PDU,
modulo 8. This number is provided by the CS.
Cyclic Redundancy Check (CRC): three bits, protects the SN field.
Parity bit: protects the resulting seven bit code word.
The SNP field is capable of correction of single bit errors and detection of multiple bit
errors.
In [ESC90] and others the numbering space of the SAR-PDU header is questioned. For long
CS-PDUs, e.q. video-frames, the detection of loss of multiple SAR-PDU payloads might go
undetected due to the short number cycle. Therefore, the 3-bit numbering might prove to
be insufficient. This addresses Service Objective 4 (S04).
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3.2.2 CS of AAL type 1
Dependent on the specific AAL service provided, i.e. which AAL subtype to use, the CS
performs several functions. To perform some of these functions the CS will need to derive
the source clock. For this and other functions, the CS can utilise the CSI provided by the
SAR. The possible functions to perform are:
a)

Handling of cell delay variation for delivery of AAL-SDUs to an AAL user at a
constant bit rate. A buffer is used to support this function. In the event of buffer
underflow, the CS maintains bit count integrity by inserting the appropriate number
of dummy bits. In case of a buffer overflow the CS drops the appropriate number
of bits. Dummy bits are all "1 "s.

b)

Processing of the sequence count and its validation, as provided by the SAR. This
enables the detection of lost and misinserted cells. Misinserted cells are discarded.
Lost cells are either not compensated, replaced by dummy cells or corrected by
means of a Forward Error Correction (FEC), utilising the Reed-Solomon (128,124)
code and interleaving (,optional). This depends on the required OoS and the time
restrictions of the application. The FEC imposes an additional segmentation and
reassembly delay.

c)

Recovery of the source clock frequency at the receiver, if needed. This function
supports the transport of signals of CBR sources whose clocks are not frequencylocked to a network clock. The CS has the option to use the Synchronous Residual
Time Stamp (SRTS) method. With this method a reference clock is assumed, both
at the sender and the receiver, derived from the network clock. A Residual Time
Stamp (RTS), denoting the difference in frequency of the source clock and the
network clock, is measured by the source. This 4-bit RTS code is conveyed to the
receiver by use of the CSI bit and the sequence count field. In a sequence of eight
SAR-PDU payloads, in loads with SN = 1,3,5 and 7, the CSI carries a bit of the
RTS value. The receiver uses the network clock and the conveyed RTS value to
adjust its own clock to the source clock.
Another option to recover the source clock frequency is to use the adaptive clock
method. The receiver writes the received information into a buffer and then reads
it with a local clock. The fill level of the buffer drives the Phase-Locked Loop
providing the local clock. Precautions must be taken to prevent buffer overflow or
underflow. Under certain conditions an appropriate combination of the SRTS and
the adaptive clock method may provide the timing recovery.
The issue of the absence of a common reference clock needs to be addressed and
poses a big challenge.

d)

Transfer of structure information between source and destination, optional. To
perform this function the CS uses the Structured Data Transfer (SDT) method. This
method utilises the CSI bit, the sequence count field and the first octet of the
remaining 47 octet payload. Figure 3.2 depicts the SDT method.
The 47 octet SAR-PDU payload used by the CS has two formats, called non-P and
P-format. In the non-P format the entire payload is filled with user information and
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CSI bit-O
I

non-P format

iSAR-PDU-1

AAL user information

: header

.-.-.-.-.-.-,-------------------1

SAR-PDU payload - 47 octets

:...
-e:(-------------------~

CSI bit= 1;

L _. _. __,'__1_o_c_te_t-,-

P format

-----;

:SAR-PDU Pointer
:_. ~.~a~~r _1--_fi_e_ld_-l",--

AAL' f
r 46 ct t
I
u_se_r_l_n_o_rm_a_l_o_n_-__o_e_s_---l1

~

SN = even
1 bit

Reserved

Offset field - 7 bits

'I,

-------'---------

Figure 3.2: SAR-POU for the Structured Data Transfer method

the CSI bit is reset to "0". In the P-format the first octet of the payload is a pointer
field and the CSI bit is set to "1". Furthermore the SN value should be even (0,2,4
or 6). The pointer field consists of eight bits, of which the first one is reserved for
future use, and the remaining seven contain the offset value of the
structure information octet. The offset value also enables the indication of the
continuation of a structured block.
The even sequence number restriction limits the occurrence of the structure
information to once every 93 octets. It enables, though, the simultaneous use of
the SRTS and SOT method. At connection set-up the repetition rate of the use of
the SOT method is set, known to the sender and receiver. In case of a cell loss
with an even SN value the receiver thus knows how many dummy octets to insert,
either 46 or 47.
Another way of looking at the SOT method is, that it supports framing. Framing is
thus not indicated by the SAR-POU header, e.q. by a special SN value, but by use
of a pointer in the payload.
AAL-SOUs are either bit oriented or octet oriented. In case of partially filled cells
octet orientation is assumed. In this option all cells carry the same amount of user
octets. Therefore there is no need to specify the number of user octets or the
number of dummy octets. This is possible due to the CBR nature of the services to
support.
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3.2.3 Fulfilment of the Service Objectives
With reference to the Service Objectives AAL type 1 is intended to meet, the methods
described above can be related to these objectives.
S01)

transfer of SOUs with a constant source bit rate and the delivery of them with the
same bit rate;
This is accommodated by use of a play-out buffer, the SRTS method and the
adaptive clock method. The buffer compensates for cell delay variations and the
two methods recover the source clock frequency at the receiver. SO 1 imposes
restrictions on the allowed jitter. In case of the buffer these restrictions are met by
adding or dropping dummy bits. The SRTS method itself should meet the jitter
restrictions. At the moment, data on and experience with SRTS in the ATM concept
is not yet available. The same holds for the adaptive clock method. In case of
plesiochronous operation, i.e. no timing reference available, the methods to use are
not standardized.
Partially filled cells are allowed. but they must have a constant filling rate.

S02)

transfer of timing information between source and destination.
This is accomplished with the SRTS method and/or the adaptive clock method.
With the SRTS the timing information is explicitly transferred. With the adaptive
clock method this information is derived from the fill level of a buffer. The same
restrictions as mentioned for SO 1 hold.

S03)

transfer of structure information between source and destination.
This is met with the SOT method. The restrictions are, that this information can
only be conveyed once every 93 octets of user information, and that a regular
spacing is assumed between the structure information in the user data. The
provision of a START_of_block and CONTINUATION_of_block seems sufficient.
Simultaneous use of SOT and SRTS is provided.

S04)

indication of lost or errored information which is not recovered by AAL type 1;
This is optional and depends on the OoS required by the AAL service user. The
SAR-POU payload is either unprotected or protected by a FEC, possibly with
interleaving. In [ESC93] the error correcting capabilities of AAL type 1 are
questioned. The issue is whether AAL type 1 should offer a wider choice of payload
protection options.
For future use, visualising long CS-POUs, the SN numbering space might prove to
be insufficient.

3 ATM Adaptation Layer

3.3

19

AAL type 2

The service provided by AAL type 2 may embody three SOs:
SO 1) transfer of SDUs with a variable source bit rate;
S02) transfer of timing information between source and destination;
S03) indication of lost or errored information which is not recovered by AAL type 2.
To meet the SOs service functions have been defined. For AAL type 2 these functions are:
a)
b)
c)
d)
e)
f)

g)
h)

blocking and deblocking of user information;
handling of cell delay variation;
handling of cell payload assembly delay;
handling of lost and misinserted cells;
source clock frequency recovery at the receiver;
monitoring the AAL-PCI for bit errors;
handling of AAL-PCI bit errors;
monitoring of information field for bit errors and possible corrective action.

ITU has designated the allocation of the services above to the CS or SAR for further study.
3.3.1 SAR of AAL type 2
The SAR accepts variable length CS-PDUs from the CS. In the reverse direction the SAR
performs its functions on an ATM-SDU. SAR-PDUs might be partially filled. Congruous
with the current state of AAL type 2 development, i.e. For Further Study (FFS), a SARPDU format has been proposed, of which all of the fields are subjected to further study.
Nevertheless, Figure 3.3 depicts this proposal.

f--c_e_lI_he_a_d_er----"-1
I

:0lI(

_1_~--+---SA-R---P_D-U-p-a-YI-O~-ad--____jG

SAR-PDU header

CRC

I

I

I

I

I

I

I

l SAR-PDU trailer i

!

~'

~

I
I

:

~

~i

I
I

SAR-PDU

:

------------~

Figure 3.3: possible SAR-PDU format of AAL type 2
Possible functions of the fields are:
Sequence Number (SN): to detect lost or misinserted cell. Specific values may indicate
special purposes.
Information Type (IT): used to indicate Beginning Of Message (BOM), Continuation Of
Message (COM), End Of Message (EOM), timing information and component of the
video/audio signal.
Length Indicator (L1): check to verify that the number of octets of the CS-PDU are all
included in the SAR-PDU payload field.
Cyclic Redundancy Check (CRC) code: used to correct up to two correlated errors.
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3.3.2 CS of AAL type 2
Though the functions of the CS are subject for further study, some possible functions have
been defined:
a)

Clock recovery for VBR audio and video services by means of the insertion of a
time stamp or a real time synchronization word in the CS-PDU. Other mechanisms
may be used to provide this function.

b)

Sequence number processing may be performed to detect, and successively handle,
the loss or misinsertion of ATM-SDUs.

c)

For audio and video services forward error correction may be provided.

At the moment the CS-PDU structure and coding have not yet been defined and are for
further study.

3.3.3 Fulfilment of the Service Objectives
With the current instable state of AAL type 2 there is no point in analyzing the fulfilment
of the service objectives.

3.4

AAL type 3/4

AAL type 3/4 is intended for class C and class D services. In the initial development there
were two standards; AAL type 3 to support class C services and AAL type 4 to support
class D services. But due to the large commonality of the two standards, these were
merged into one standard, known as AAL type 3/4.
In AAL type 3/4 the CS has been subdivided into the Common Part CS (CPCS) and the
Service Specific CS (SSCS). Figure 3.4 shows this subdivision. Refer also to Appendix A.
SSCS

CPCS
SAR
Figure 3.4: CS Sublayering of AAL type 3/4
Different SSCS protocols may be defined to meet the needs of specific AAL user services.
The SSCS may also be null. Currently only CPCS protocols have been standardized.
Two services are provided by AAL type 3/4:
SO 1)

Message mode service: the AAL-SDU is passed across the AAL interface in exactly
one AAL Interface Data Unit (IDU). This service provides the transport of fixed size
or variable length AAL-SDUs.
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In case of small fixed size AAL-SDUs an internal blocking/deblocking function may
be applied. It provides the transport of one or more fixed size AAL-SDUs in one
SSCS-PDU.
In case of variable length AAL-SDUs an internal AAL-SDU message
segmentation/reassembly function may be applied. In this case a single AAL-SDU
is transferred in one or more SSCS-PDUs.
S02)

Streaming mode service: the AAL-SDU is passed across the AAL interface in one
or more AAL-IDU(s). The transfer of these AAL-IDUs across the AAL interface may
occur separated in time. This service provides the transport of variable length AALSDUs. An abort service is included by which the discarding of an AAL-SDU partially
transferred across the AAL interface can be requested.
An internal AAL-SDU message segmentation/reassembly function may be applied.
In this case all the AAL-IDUs belonging to a single AAL-SDU are transferred in one
or more SSCS-PDU(s).
An internal pipelining function may be applied. It provides the means by which the
sending AAL entity initiates the transfer of AAL-PDUs to the receiving AAL entity,
before it has the complete AAL-SDU available.

80th modes can operate in the assured or non-assured mode. Assured operation
guarantees that every AAL-SDU is delivered with exactly the data content that the user
sent. This operation is provided by retransmission of lost or corrupted SSCS-PDUs. Nonassured operation does not guarantee the above, consequently no retransmission will be
performed. Appendix 8 clarifies the differences between the message and the streaming
mode.

3.4.1 SAR of AAL type 3/4
The SAR accepts variable length CPCS-PDUs from the CS and generates SAR-PDUs
containing up to 44 octets of CPCS-PDU data. Apart from segmentation the SAR performs
preservation of the CPCS-PDU, detection and handling of errors, both bit errors in the SARPDU and lost/gained SAR-PDUs, multiplexing and demultiplexing of CPCS-PDUs from
multiple AAL connections over a single ATM layer connection, and an Abort function to
abort partially transmitted SAR-SDUs. Figure 3.5 depicts the structure of the SAR-PDU.
2 bits

I

4 bits

10 bits

SAR-PDU header

i

;'O;.f-------~

SAR-PDU - 48 octets

....
i.f-------------------------:~

Figure 3.5: SAR-PDU format of AAL type 3/4
The SAR-PDU header and the SAR-PDU trailer, 4 octets in total, consist of the following
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fields:

Segment Type (ST) field: two bits, identifies a SAR-PDU as containing a Beginning Of
Message (BaM), a Continuation Of Message (COM), an End Of Message (EOM) or a Single
Segment Message (SSM). The first SAR-PDU of a CPCS-PDU is marked as a BaM. The last
is marked EOM. All SAR-PDUs in between are marked COM. In case the whole CPCS-PDU
fits in one SAR-PDU, i.e. its length is 44 octets or less, the SAR-PDU is marked SSM.
Sequence Number (SN) field: four bits, allowing the numbering of a stream of SAR-PDUs
belonging to one and the same MID value, modulo 16. It facilitates the detection of
sequence faults.
Multiplexing Identification (MID) field: ten bit field, used for multiplexing. All SAR-PDUs
belonging to one CS-PDU have the same MID value. The MID field assists in the
interleaving of SAR-PDUs from different CS-PDUs, thereby supporting multiplexing of
different AAL CS connections onto one ATM connection.
Length Identification (L1) field: 6 bit field, indicates the number of octets in the SAR-PDU
payload containing CS-PDU information. This field also signals the abort operation.
Cyclic Redundancy Check (CRC): ten bit CRC field, performed on all fields of the SAR-PDU.
It enables the detection of bit errors in the SAR-PDU.

3.4.2 CS of AAL type 3/4
For the CS, subdivided in the CPCS and the SSCS, the functions, structure and coding
have been defined for just the CPCS. The SSCS has not yet been defined. The CPCS
accepts data frames, with a length of 1 up to 65,535 octets, from the SSCS (non-assured
operation). The CPCS performs preservation of the frame sequence integrity, error
detection and indication, support of the abort operation and conveyance of maximum
buffering requirements at the receiving entity. Figure 3.6 depicts the structure of the
CPCS-PDU.

- c : - - - - 1 upto 65,535 octets --~
I

CPCS-PDU
Header

CPCS-PDU payload
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Figure 3.6: CPCS-PDU format of AAL type 3/4

First the CPCS adds a CPCS-PDU header to the SSCS data frame. This header consists of
the following fields:

Common Part Indicator (CP\): one octet field, indicates how the Length and BASize should
be interpreted, i.e. the units of measurement e.q. octets, words. Future use of this field
may include performance and fault monitoring, MID allocation, and transfer of Operation
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and Maintenance (DAM) messages.
Beginning Tag (Btag): one octet field, used to detect lost cells. The sending entity places
the same value in the Beginning tag and the End tag field. The sender changes the value
of the Btag/Etag pair for each successive CPCS-PDU. The receiver checks the value of the
Btag in the header with the value of the Etag in the trailer.
Buffer Allocation Size (BASize): two octet field, indicates to the receiver the maximum
buffer requirements to receive the SSCS-PDU. The BASize value is encoded equal to
(message mode) or greater than (streaming mode) the CPCS-PDU payload length.

Next the CPCS adds a PADding field, 0 to 3 octets, to complement the CPCS-PDU to an
integral multiple of 4 octets. The padding field does not convey any information. Lastly,
the CPCS adds a trailer of four octets. The CPCS-PDU consists of the following fields:
Alignment (AL): one octet field, used to complement the CPCS-PDU trailer to 32-bits. This
field does not convey any information.
End Tag (Etag): one octet field, used in combination with the Btag field in the header to
detect wrong concatenation due to cell loss.
Length: two octet field, used to encode the length of the CPCS-PDU payload field. This
field facilitates the detection of cell loss or gain.

Figure 3.7 shows an example of a complete segmentation process with the terminology
used for the headers, payloads and trailers.

3.4.3 Fulfilment of the Service Objectives
[DRA90], [DRA91] and [LAU91] discuss the error detection capabilities of the SAR-PDU
in length. [GRE92] poses the question whether these extensive error detection capabilities
form an overkill for the services it intents to support.
The presence of the MID field has raised a debate on the location of functionality within
the ATM PRM stack. Multiplexing is basically offered in the ATM layer by means of
assigning multiple VCI values to one user. It has been argued that the address space in the
ATM header is big enough to support sufficient multiplexing. From this point of view,
multiplexing within the AAL needlessly raises the complexity of the AAL.
[GRE92] questions the amount of overhead AAL type 3/4 incorporates. For the SAR this
is four octets. The question has been posed whether a more efficient implementation might
have been possible.
From the domain of signalling, a class C service, the impetus has been fed to develop an
alternative for AAL type 3/4, AAL type 5. AAL 3/4 has been considered far to complex
and elaborate for signalling purposes.

3.5

AAL type 5

AAL type 5 is intended for class C services. As with AAL type 3/4, the AAL type 5 CS has
been subdivided into the Common Part CS (CPCS) and the Service Specific CS (SSCS).
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Figure 3.7: Example of AAL type 3/4 segmentation process.

Different SSCS protocols may be defined to meet the needs of specific AAL user services.
The SSCS may also be null. Currently only CPCS protocols have been standardized.
Two services are provided by AAL type 5:
SO 1)

Message mode service: the same service as with AAL type 3/4.

S02)

Streaming mode service: the same service as with AAL type 3/4.

Both modes can operate in the assured or non-assured mode. A major difference between
AAL type 3/4 and AAL type 5 is that the latter does not inherently support multiplexing.
If multiplexing is present at the AAL type 5, it occurs in the SSCS.
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3.5.1

SAR of AAL type 5

The SAR accepts variable length CPCS-PDUs, which are integral multiples of 48 octets,
from the CPCS and generates SAR-PDUs containing 48 octets of CPCS-PDU data. Apart
from segmentation the SAR performs preservation of the CPCS-PDU, and bi-directional
passing of congestion and cell loss priority information to the surrounding (sub)layers.
Figure 3.8 depicts the structure of the SAR-PDU.
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SAR-PDU- 48 octets

1
~I

PT - Payload Type

Figure 3.8: SAR-PDU format of AAL type 5

The SAR utilises the Payload Type field of the A TM header to indicate the end of a CPCSPDU. A PT value of "1" indicates the end of a CPCS-PDU, a value of "0" indicates the
beginning or continuation of a CPCS-PDU. See [ESC90l for a discussion on the advantages
of one-bit frame signalling. Despite the naming of the SAR, reassembly is performed by the
CS.

3.5.2 CS of AAL type 5
For the CS, subdivided in the CPCS and the SSCS, the functions, structure and coding
have been defined for just the CPCS. The SSCS has not yet been defined. The CPCS
accepts data frames, with a length of 1 up to 65,535 octets, from the SSCS (non-assured
operation). The CPCS performs preservation of the frame sequence integrity, error
detection and indication, support of the abort operation, transparent conveyance of CPCS
user to user information, padding, and bi-directional passing of congestion and cell loss
priority information to the surrounding (sub)layers. Figure 3.9 depicts the structure of the
CPCS-PDU.
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Figure 3.9: CPCS-PDU format of AAL type 5
The CPCS adds a PADding field and a CPCS-PDU trailer to the CPCS-PDU payload. The
PAD field, 0 up to 47 octets, complements the CPCS-PDU, as a whole, to an integral
multiple of 48 octets. The PAD field does not convey any information.
The CPCS-PDU trailer, eight octets in length, consists of the following fields:
CPCS User-to-User (CPCS-UU) indication: one octet field, used to transparently transfer
CPCS user to user information.
Common Part Indicator (CPI): one octet field, for 64-bit alignment of the CPCS-PDU trailer.
Future use may include identification of layer management messages.
Length: 2 octet field, used to indicate the length of the CPCS-PDU payload. This field
facilitates the detection of cell loss or gain, and also supports the abort operation.
Cyclic Redundancy Check (CRC): four octet field, used to perform CRC calculation on the
entire content of the CPCS-PDU.
Figure 3.10 shows an example of a complete segmentation process with the terminology
used for the headers, payloads and trailers.

3.5.3 Fulfilment of the Service Objectives
[GRE92j and [WAN92j discuss the error detection capabilities of the CPCS-PDU in length.
The argument for performing error detection in an as high as possible layer is the reduction
of overhead per cell. Furthermore the error detecting capabilities increase with the use of
longer CRC polynomials.
In comparison with AAL type 3/4, AAL type 5 is simpler in structure and coding, [GRE92].
In addition to this, [KER92j shows that AAL type 5 is even capable of supporting class D
services.
Much of AAL type 5 attraction lies in the absence of SAR overhead and its aforementioned
simple structure.
The AAL type 5 is, at the moment, in the process of specifying SSCS protocols, e.g. the
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Figure 3.10: Example of AAL type 5 segmentation process
Service Specific Connection Oriented Protocol (SSCOP). As the a result the SSCS, a
sublayer has been divided into sub-sublayers. This has raised the recurring debate on
which functions belong to the AAL, and should therefore be standardized as AAL
protocols. It is clear that an increasing number of AAL sublayers add to the complexity of
the AAL.

3.6

Conclusions

From the previous sections it is clear that there is no such thing as an AAL. The current
AAL consists of a number of AAL protocols, AAL types, which are suitable for the support
of one or more service classes. But even within one AAL type there might be a subdivision
in functionality dependent on the service to support. This directly reflects to the sublayers
of an AAL type. These sublayers have a different functionality dependent on the
requirements of the service to support.
For AAL type 1, intended to support class A services, the short sequence number space
might proof to be insufficient. The choice in payload protection options is limited to a
Forward Error Code. This also might proof to be to rigid
AAL type 2, currently in the process of being defined, has been questioned on it merits.
Within the standardizing bodies it has been stated that class B services might well be
supported by AAL type 1 protocols.
AAL type 3/4, support of class C and D services, has been questioned on the amount of
SAR overhead and the extensive cell payload protection. Furthermore the ability to
multiplex several AAL-connections onto one ATM connection raises the complexity of this
AAL protocol.
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As seen from AAL type 5, support of class e services, the tendency of allocating
numerous functions within the AAL, thereby creating more sublayers, adds to the
complexity of the AAL. The basic AAL type 5, epes and SAR, on the other hand shows
the ability of constructing a simple yet effective AAL protocol.
The idea of tailor made AAL types has led to the concept of ever diverging AAL protocols.
ATM as a transfer technique may be simple in structure, the AAL has lost this simplicity
along the tracks of standardization.
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This chapter addresses the question how the Distributed Queue Dual Bus protocol and the
Fiber Distributed Data Interface standard support services. Attention will be focused on
Adaptation Layer like functions.

4.1

Introduction

In the early and mid-eighties the need was recognized to interconnect host computers at
a very high speed. This was a logical result of the wide-spread installation of Local Area
Networks (LANs). These LANs were typically used to interconnect computers, terminals,
printers and suchlike. The physical span of LANs was limited to an office, one floor, a plant
or a university campus. The LAN was also limited in bit rate to a maximum of 10 Mbit/s.
Examples of popular LANs are Ethernet (IEEE 802.3), token bus (IEEE 802.4) and token
ring (IEEE 802.5).
With the numerous installations of LANs the need arose to interconnect these LANs,
thereby offering a larger physical span. Interconnection of LANs also facilitates high speed
file transfer and direct connection to supercomputers.
One solution for answering the need for interconnectivity and higher bit rates is the
concept of the Metropolitan Area Network (MAN). Whereas the physical span of a LAN is
limited to a few kilometres, the physical span of a MAN typically ranges between 5 and
50 kilometres, offering high speed interconnectivity well over 1 Mbit/s. As seen from the
initial use of LANs, the support by LANs is limited to data services. In addition MANs also
offer the support of voice and video traffic.
MANs are intended to support B-ISDN services, and as such can be thought of as an
evolutionary approach towards full ATM B-ISDN. Both Distributed Queue Dual Bus
(DQDS), standardized by the IEEE 802.6 Working Group, and Fiber Distributed Data
Interface (FDDI), standardized by ANSI, are asynchronous transfer mechanisms. This
together with their MAN capabilities, as being able to support S-ISDN services, legitimates
their appearance in this chapter. After a brief explanation of both mechanisms, attention
will be focused upon adaptation layer functionality when supporting various services. This
of course with reference to compatible functionality in the ATM Adaptation Layer.
Paragraphs 4.2 to 4.8 cover DQDB. Most of the information on DQDS is extracted from
[802.6], [OEP91] and [MUK92]. Paragraphs 4.9 to 4.13 cover FOOl. Most of the
information on FDDI is extracted from [ROS90], [MAR91 ] and [DEP91].

4.2

Distributed Queue Dual Bus (DQDB) protocol

The IEEE 802.6 standard describes the Distributed Queue Dual Bus (DQDS)
protocol. This standard has been defined as a Metropolitan Area Network (MAN) protocol
and defines a high-speed shared medium access protocol for use over a dual, counterflowing, unidirectional bus subnetwork. The standard specifies the Physical Layer and
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DQDB Layer required to support:
• the Logical Link Control (LLC) Sublayer
• Isochronous Service Users (ISUs)
• Connection Oriented Data Service Users
The LLC Sublayer is supported by a connectionless Medium Access Control (MAC)
Sublayer service in a manner to provide an LLC Sublayer consistent with other IEEE local
and metropolitan area networks.
The support of Isochronous Service Users (ISUs) and Connection Oriented Data Service
Users requires additional DQDB Layer Functions, also specified in the standard. Figure 4.1
depicts the scope of the IEEE 802.6 standard.
MAC Service
to Logical Link
Control

ConnectionOriented
Data Service

I

I

Isochronous
Service

I

DaDS Layer
I

I

Physical Layer

B~~

-(-

Bus B

~!'
Bus B

Figure 4.1: Scope of IEEE standard 802.6
The DQDB Layer supports the services above by two access methods:
• A Queued Arbitrated (QA) access method
• A Pre-Arbitrated (PA) access method
In development of this standard care has been taken to align the concepts as much as
possible with the concepts and proposals for ATM B-ISDN. This to facilitate simple (future)
interworking of DQDB-MANs and A TM networks. This was possible due to the
simultaneous development of standards within IEEE and the ITU. [802.6], [AAL3/4] and
[MUK92] clearly show the mutual influences of this process.
In the following paragraphs we will have a brief look at the DQDB topology, the medium
access methods QA and PA, the DQDB Protocol Reference Model, the DQDB slot structure
and the support of the various services. The latter is related to adaptation layer functions.
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oaOB Topology

The DQDS topology consists of two unidirectional counter-flowing buses. This could either
be an open topology as depicted in Figure 4.2 or a looped bus topology as in Figure 4.3
Each bus starts with a Head Of Bus (HOBl station, which generates DQDB frames. For this
reason HOBs are also called frame generators. Both buses employ the same frame
structure. These frames contain fixed size time slots with a payload of 48 octets and a
header of 5 octets, just like an ATM cell. The first octet of the header is used for access
control, the remaining 52 octets form a so called DQDB segment.
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Figure 4.2: DQDB open bus topology
Stations, also called nodes, are connected to both buses, using a read and write connection. Writing is performed by overwriting data already present on the bus. The break down
of a node does not affect the operation of the buses. In the case of a looped bus topology,
a failure on the bus can be overcome by a reconfiguration of the bus. The buses are then
closed at the head ends by removing the frame generator functions. The nodes at the
failure now become the HOBs and will generate the frames.

4.4

Medium Access

The DQDS Layer supports services by employing two access methods:
• A Queued Arbitrated (QAl access method with three priority queues for medium
access arbitration and fixed length slots for data transfer. Each priority level
provides distributed queue access for the support of connection less MAC service
and connection oriented data service. The QA mechanism is explained in paragraph
4.4.1 .
• A Pre-Arbitrated (PAl access method that uses assigned octet positions in
particular slots for the transfer of individual octets of data. This access method
supports isochronous connection oriented services. The PA mechanism is explained
in paragraph 4.4.2.
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Head of Bus

Figure 4.3: DQDB looped bus topology
4.4.1

QA Mechanism

The basic objective of this mechanism is to create and maintain a "global queue" of
requests by the nodes for sending information, i.e. segments. The available bandwidth,
DQDB slots, are divided in an as fair as possible manner among the nodes contending for
the slots, which are not used by the isochronous services. The global queue mechanism
maintains a list of pending requests, distributed over the individual nodes, and attempts
to serve these requests in a first-come-first-served (FCFS) order.
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Figure 4.4: Bus A: segment transmission; Bus B: request transmission
With reference to Figure 4.4 we will consider segment transmission on bus A and request
transmission on Bus B. Of course the reverse applies as well, in which we consider bus B
for segment transmission and bus A for request transmission.
The mechanism works as follows. Each node keeps track of the previously queued entries
for transmission. This is done by a request counter controlled by a busy and a request bit.
Both bits can be found in the header of the DQDB slot. By use of the request counter each
node knows when it is allowed to use segments passing by on the bus. The
implementation of priority levels, corresponding to different request bits in the DQDB slot
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header, allows for different access priorities.
For a detailed and lengthy description of the QA method the reader is referred to [802.6].

4.4.2 PA Mechanism
The PA mechanism is used to support isochronous services. The HOSs have the capability
to designate each slot they generate to be either a QA slot or a PA slot. The distinction
between the two modes is made through the slot type bit also located in the header of the
DQDS slot. This bit is set to indicate a PA slot. Two methods for the use of PA slots have
been denoted:
• composite slot switching
• dedicated slot switching
With composite slot switching each octet of a PA slot can be used by a different node.
Since the payload of a slot is 48 octets, 48 different nodes may use the same PA slot. PA
slots are characterized by specific Virtual Channel Identifiers (VCls). All nodes have tables,
which contain VCls with corresponding numbers of the isochronous octets in use. A node
thus knows which octets of a PA slot it may use.
With dedicated slot switching all octets of a PA slot are associated with only one connection. Therefore there is a one-to-one correspondence between the connections and the
VCls in the headers of PA slots on each bus.
The assignment of PA slots, for both methods, is based on a connection acceptance
procedure, checking the available slots on the bus. PA and QA slots can be fully mixed.
Support of the isochronous service is provided by the repetition of DQDS frames with the
PA slots at their pre-assigned location in the frame. Sy the use of multiple connections per
PA slot a higher channel throughput can be constructed.

4.5

OaOB Protocol Reference Model

The scope of the IEEE 802.6 standard, depicted in Figure 4.1, also relates the DQDS
Protocol Reference Model (DQDS PRM). Figure 4.5 shows this model for a node with the
division in sublayers.

34

4 Other Fast Packet Switching Architectures

E
MCF

:
,

:
~

1_; i----~ ~-'---;; - ---OJ
, .
..
,
? : : COCF::?
:: ICF :

•_ .

"

r

I.

. _ .

~

1_.

!

. _.1 I

Queued·Arbitrated

Pre-Arbitrated

Functions

Functions

!
a:l

Cl

(J

Cl

Physical Layer

-(

BusB

BusB

Figure 4.5: DaDS Protocol Reference Model

With respect to the 051 model of ISO the Physical layer and layer 1 of the 051 model are
similar in functionality. The DaDS layer can be said to perform the lower part of layer 2,
the Data Link layer, of the 051 model.
The DaDS layer has been shown in detail because of the adaptation functions it performs,
comparable with those of the ATM Adaptation Layer. Inside the DaDS layer reside the:
Layer Management Entity (LME): it performs management functions for the interworking
of the sublayers.
Common functions: common functions used by the aA and PA mechanisms.
Queued-Arbitrated functions: functions to support the aA mechanism.
Pre-Arbitrated functions: functions to support the PA mechanism.
MAC Convergence Functions (MCF): functions to support the LLC.
Connection-Oriented Convergence Functions (COCF): functions to support connectionoriented data services.
Isochronous Convergence Functions (ICF): functions to support the isochronous service.
The functions in dashed boxes are subjected to further study and as such are described
by [802.6] but not specified. The functions designated by a question mark have not been
defined yet. The functionality of the sublayers will be discussed in paragraph 4.7, in which
it will be related to similar ATM adaptation functions.
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4.6

DaDS Slot Structure

Since most of the standardization on DODS was performed in parallel to the standardization of ATM, it allowed DODS to adopt CCITT standards wherever possible. This is
best illustrated by the DODS slot structure which is compatible with the ATM cell to a high
degree. Figure 4.6 shows the DODS frame and slot structure .
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Figure 4.6: DODS frame and slot structure
The Head of Sus generates a frame every 125 JiS. The number of slots per frame is
dependent on the transmit clock of the underlying transmission system. The bit rate equals
the transmit clock. DODS has been defined for bit rates of 2.048, 34.368, 139.264,
155.552 and 622.080 Mbit/s.
A DODS slot comprises 53 octets of which 5 octets are for the header and the remaining
48 octets for the segment payload. The first octet of the header is denoted the Access
Control Field (ACF). The following four octets form the segment header. The fields of the
DODS header, i.e. the first five octets, are:
The Busy bit: indicates whether a slot is empty or contains information
The SLot- TyPe bit: indicates whether the slot is a OA or a PA slot.
The Previous Segment Released (PSR) bit: indicates whether the segment in previous slot
maybe cleared by an so called Erasure Node.
Reserved: two bits, reserved for future use.
The Request field: three bit field, used for indicating the priority level of the request when
using the OA mechanism.
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The fields above make up the ACF. The segment header consists of:
The Virtual Channel Identifier (VCI): 20 bit field, used to identify those slots belonging to
the same virtual connection. Slots used for connectionless data service have a VCI field
with all bits set to one.
The Payload Type (PT) field: two bits, used to indicate the nature of the segment payload.
The Segment Priority (SP): two bits, for future use in e.g. congestion control strategies.
The Header Check Sequence (HCS): 8 bit field, used to detect errors and to detect single
bit errors in the segment header. The HCS contains a CRC which is computed on the
segment header with exclusion of the ACF.
The DODS segment header differs from the ATM cell header by the use of the ACF field
and the HCS, which is computed on all fields except the ACF. With ATM the CRC is
performed on all header fields.

4.7

Support of services

The DODS MAN is capable of supporting isochronous services, connectionless data
services and connection-oriented (asynchronous) services. The first is supported by the PA
mechanism the latter two by the OA mechanism. The support of these services will be
discussed in detail.
4.7.1

Isochronous services

The DODS protocol, by means of the Isochronous Convergence Functions (ICF) see
Figure 4.5, supports the transfer of isochronous service octets with a constant interarrival
time over an isochronous connection. This relates to class A services in AAL terminology
and consequently support by AAL type 1. Isochronous service definition is rather vague
and leaves important issues open for discussion.
•

First of all support of this service is assumed to be performed with the PA
mechanism. The HOSs are responsible for generating the right mixture of PA and
OA slots to satisfy the isochronous demands. This does not necessarily mean that
the location and number of PA slots within consecutive DODS frames are fixed.
Hence the delivery of octets transported with PA slots is not guaranteed exact
regular interarrival times. This poses the need of a playout buffer at the receiver to
smooth out small delay differences. This is basically the same procedure, handling
cell delay variation by the SAR of AAL type 1.

•

Second, a reference clock for transmission of information by the user is assumed.
This 8 kHz clock can either be provided to the DODS network by a designated node
or externally by a public network provider. Compared to AAL type 1/2 this is a big
advantage. Synchronisation information can be derived directly from the network.

•

Third, during connection set-up the nodes have been informed which VCls of the
PA slots have been intended for them to read or write. In the case of composite
slot switching additional information will be supplied about the offset within one
PA slot to indicate the octet(s) that are dedicated to the connection. In this case
the number of assigned octets is proportional to the bit rate of the isochronous

4 Other Fast Packet Switching Architectures

37

service. With dedicated slot switching all of the payload of the slot is to be used
by the service. As a result the packetization delay for composite slot switching is
constant, 125 fJs. For dedicated slot switching this is dependent on the bit rate of
the user service (= length of PA slot, 48 octets, divided by the bit rate).
Dedicated slot switching relates to the ITU ATM concept of one cell being solely
dedicated to one connection. For the interworking of DQDS networks and ATM
networks it is preferable to restrict PA operation to dedicated slot switching.
Moreover, even though composite slot switching is capable of reaching a higher
throughput of isochronous information, the same mechanism will result in
bandwidth loss if not completely filled PA slots could have been used as QA slots.
•

Fourth, additional adaptation layer functions have not been specified. Error
detection and correction, conveyance of structure information, framing and
padding issues have not been addressed in [802.6] and thus, at the moment
considered as the domain of the user service.

•

Fifth, the PA mechanism seems best suited for constant bit rate services. The basic
rate offered to a connection is 64 kbit/s (composite slot switching). As the way to
handle bit rates which are not multiples of 64 kbit/s is not specified in the standard,
one solution might be the use of partially filled slots with padding, as with AAL
type 1. Variable bit rate services can be supported as well assuming the service
itself will take care of the proper synchronization, timing and padding control.

4.7.2 Connectionless data service
This service is delivered by the MAC to the LLC, by use of the QA mechanism. This
service relates to class D services in AAL terminology. These are supported by AAL type
3/4 and possibly AAL type 5 (in the future). The AAL type 3/4 CS and SAR PDUs formats
show a strong resemblance with the MAC PDUs. This intended similarity is to provide
simple interworking of the AAL type 3/4 protocol and the DQDS MAC protocol. Since the
service is connectionless each service information unit, called Protocol Data Unit (PDU),
contains a destination address and a source address. Figure 4.7 shows the forming and
segmentation of MAC PDUs.
The MAC receives data units from the LLC, now called MAC Service Data Units (MSDU).
From this MSDU an Initial MAC Protocol Data Unit (IN1PDU) is formed by adding of an
IMPDU header, an optional Header Extension, optional 32-bit CRC, a Common PDU trailer
and a variable-length PAD field. This is comparable to AAL type 3/4 CS-processing.
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Figure 4.7: Forming and Segmentation of an IMPDU.

The IMPDU header is composed of a Common PDU header and a MAC Convergence
Protocol (MCP) header. The Common PDU header consists of, see Figure 4.8:
A Reserved Field: one octet, for future use.
Begin-Endtag (BEtag) field: one octet, used to detect false concatenation of IMPDUs.
BufferAllocation size (BAsize) field: 2 octets, used to reserve buffer space at the receiver
for the remaining part of the IMPDU.
Common PDU Header
I Reserved I BEtag [BAsize I

1 octet

1 octet 2 octets

Common PDU Trailer

I Reserved I BEtag
1 octet

1 octet

~enQth]
2 octets

Figure 4.8: Common PDU Header and Common PDU Trailer

The Common PDU trailer consists of the following fields:
A Reserved Field: one octet preset to zero,for future use.
Begin-Endtag (BEtag) field: one octet, used to detect false concatenation of IMPDUs. The
value of this BEtag is the same as the one in the header.
Length: 1 octet, gives the number of octets of the MCP header, the Header Extension, the
MSDU, the PAD field and the 32-bit CRC (if present). For the MAC service to the LLC, all
nodes should be able to receive MSDUs of up to 9188 octets.
The functions of the Common PDU header and trailer and the AAL type 3/4 CPCS-PDU
header and trailer match in a high degree, if not perfect. The latter depends on the future
use of the reserved fields.
The MCP header contains the destination address of the IMPDU, the source address of the
IMPDU, identification to identify the MAC service user for whom the MSDU is intended,
Quality of Service parameters and some fields for future use, like bridging. The Header
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Extension field offers the capability to convey additional IMPDU Protocol Control
Information (PCI). This is for future use. The PAD field, 0 to 3 octets, ensures that the
MSDU + PAD are 32-bit aligned. This, as a consequence, also means that the IMPDU is
32-bit aligned. The 32-bit CRC field offers the capability of error detection on the MCP
header, the Header Extension field, the MSDU and the PAD field.
The process of forming IMPDUs is followed by the process of segmentation of the IMPDU
into Derived Mac Protocol Data Units (DMPDU). This relates to SAR processing in AAL
type 3/4. The process of segmentation performed in the MAC Convergence Function
(MCF) block results in one or more segmentation units of fixed length of 44 octets. To
form a DMPDU a DIVIPDU header and a DMPDU trailer have to be added to the
segmentation unit. Figure 4.9 depicts this segmentation process.
2 octets

44 octets

2 octets

Derived MAC DMPDU Segmentation DMPDU
PDU
Header
Unit
Trailer

MID
4 bits

10 bits

Payload
Length
6 bits

Figure 4.9: Format of a Derived Mac PDU

The DMPDU header, of 2 octets, consists of
Segment_Type (ST) field: 2 bits to indicate whether the DMPDU is a Beginning of Message
(BaM), Continuation of Message (COM), or End of Message (EOM) in case of a multisegmentation unit IIVIPDU, or a Single Segment Message (SSM) in case of a single
segmentation unit IMPDU.
Sequence Number (SN) field: 4 bits, each successive has a SN value incremented with
one, modulo 16. This facilitates the detection of missing DMPDUs.
Message Identifier (MID) field: 10 bits, used to reassemble the DIVIPDUs to the proper
IMPDUs. All DMPDUs from one IMPDUs carry the same MID value. In a sense this allows
sub-addressing and multiplexing.
The DMPDU trailer contains error detection information and payload fill information. The
trailer consists of:
PayloadJength (LENGTH) field: 6 bits, indicates the number of IMPDU octets which make
up the payload fill. This should always be a multiple of four up to a maximum 44.
10 bit CRC field (CRC): The CRC is performed on the DMPDU header, the segmentation
unit and the length field of the trailer, offering multi-bit error detection and single-bit error
correction.
The functionality of the DMPDU header and trailer is exactly the same as with the AAL
type 3/4 SAR header and trailer.
Finally the DMPDU is transferred to the QA segment payload for transport across the
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network.
Contrary to DODS, ATM will always need a Connection-Less Function Server to support
the connectionless service. This results from the connection-oriented nature of ATM and
the absence of a ring or bus topology for connecting all subscribers. In terms of addressing
it means that the destination address has to be mapped to VPINCI values.

4.7.3 Connection-oriented data service
As with the connectionless data service, this service will be supported by use of the OA
mechanism. The connection oriented data service relates to class C services in AAL
terminology. AAL type 3/4 and 5 are capable of supporting this service. Presently the
definition of convergence functions to support this service, the Connection Oriented
Convergence Functions (COCF), are under study [802.6]. There are several reasons why
the convergence functions to be defined will differ from the convergence functions offered
by the MAC to the LLC.
The principal reason is, obviously, that the service is connection oriented. This means there
will be a call set-up phase, a data exchange phase, and a call release phase. This contrary
to the connectionless data service with only a data exchange phase. This means that end
users of the connection-oriented data service, share information that has been relayed
during connection set-up. This information includes source and destination addresses and
OOS parameters.
However, the connection-oriented data service will use a segmentation and reassembly
procedure that is common with that used to support MAC service to LLC. In particular, it
will use the same format for the Common PDU header and Common PDU trailer. It will also
carry the same fields in OA segment payloads as are carried in the DMPDU header and
DMPDU trailer.
Following this train of thought [PRU92] has proposed a Modified Initial MAC PDU
(MIMPDU) with exactly the same fields as the original IMPDU with exception of the MCP
and 32-bit CRC field which have been deleted. This MIMPDU equals the CPCS-PDU of AAL
type 3/4.
Though the connection-oriented convergence function is under study the overall
characteristics can be summarized as:
•
•
•
•
•

It uses the same segmentation and reassembly procedures as the MAC convergence function
It is 32-bit aligned
It supports pipelining
It has protection on any field
It has the facility to allow buffer allocation at the receiver.

With the above assumptions made it is clear the Connection Oriented Convergence
Functions will resemble AAL type 3/4 functions.
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oaOB - AAL comparison Conclusions

For the support of isochronous services, Class A services in AAL terminology, DaDS has
the advantage of a reference clock. This though, does not necessarily mean that the
receiving entity is aware of the exact transmission rate of the sending entity. Furthermore
there is the need of a playout buffer at reception to smooth out delay differences. This is
similar to cell delay variation handling by AAL type 1. AAL type 1 is clearly better equipped
in terms of error processing and the conveyance of structure information. This better
performance has a pay-off in a longer processing time.
For the support of variable bit rate, connection-oriented services with a time relation
between source and destination, Class S services, DaDS seems poorly equipped. It is hard
to compare this to AAL functionality as AAL type 2 is still in a rudimentary stage of
standardizing.
For the support of data services, DaDS resembles AAL type 3/4 to a high degree. In case
of a connectionless data service the differences are minor, and relate to the optional
presence and use of certain IMAC-PDU/CPCS-PDU fields. In case of connection-oriented
data service, at the moment not fully specified by [802.6], the AAL has the advantage of
offering to AAL types for support: AAL type 3/4 and 5. AAL type 5 has the advantage of
offering comparable functionality with less processing overhead.
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4.9

Fiber Distributed Data Interface (FDDI) protocol

The impetus behind the development of the Fiber Distributed Data Interface (FOOl), by the
ANSI Accredited Standards Committee (ASC) X3T9 Task Group, came from the need to
interconnect LANs. With a tenfold increase in data bandwidth, FOOl surely meets the
requirements for interconnecting LANs.
FOOl is a 100 Mbitls LAN that uses optical fiber as the shared medium. The FOOl protocol
is based on a token ring access method. Besides typical LAN applications, FOOl-I offers,
by means of a timed token scheme, guaranteed delay for so-called synchronous
transmission. Right from the first definition of FOOl the synchronous transmission has
been criticized. With this mechanism there is a trade-off between throughput and response
time. Furthermore, FOOl is not able to guarantee response times smaller than the round
trip delay. Therefore, FOOl-II has been defined, as a superset of the FOOl-I standard, which
supports isochronous traffic, like voice and video, and packet transport as used
by FOOl.
In the following paragraphs we will have a brief look at the FOOl topology, the FOOl
Protocol Reference Model, the frame and cycle structures and a more elaborated look at
the support of various services. As FOOl-II is capable of supporting asynchronous and
synchronous traffic, opposed to FOOl-I which is intentionally designed for packet-like
traffic, primary interest will be paid to FOOl-II. With implementation specific issues FOOl
will be denoted by the version number, either FOOl-lor FOOI-Il. Otherwise FOOl will be
used.

4.10 FDDI Topology
The FOOl topology consists of two counterflowing, unidirectional rings, the primary and
secondary ring. The primary ring is used for the transfer of all information. The secondary
ring allows for reconfiguration of the ring in case of failures.
Four types of stations have been defined:
•
•
•
•

Dual Attachment Station (OAS)
Dual Attachment Concentrator (OAC)
Single Attachment Station (SAS)
Single Attachment Concentrator (SAC)

Figure 4.10 depicts an example of
stations. OACs and SACs are used to
concentrators in a star configuration.
connected to a OAS or a SAS. OACs
and SASs are connected to just one
each station repeats the frame that
downstream neighbour.

a FOOl topology with the four different types of
connect multiple stations to the ring. Thus they form
Usually terminals, computers, workstations etc. are
and OASs are connected to both rings, where SACs
ring. The basic concept of the ring is, that
it has received from its upstream neighbour to its

Connections between stations are made with a dual fiber cable. Optical links of up to 2 or
60 kilometers are provided for, dependent on the transmitters and medium used (/eds
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Figure 4.10: Example of a FOOl topology comprising four types of stations

combined with multi mode fiber or lasers with single mode fiber). The data transmission
rate is 100 Mbits/s. With the four-out-of-five (48/58) code used on the optical
fiber medium this translates to a 125 Megabaud transmission rate.

4.11 FOOl Protocol Reference Model
With reference to the OSI model of ISO, the FOOl standard is a protocol specifying the
lowest two layers. Figure 4.11 depicts the structure of the FOOl standards.
For FOOl-I a set of four standards has been defined:
A Physical Layer Medium Dependent (PMO) standard: specifies the optical fiber link and
related optical components.
A Physical Layer Protocol (PHY) standard: specifies the encode, decode, clocking, and data
framing.
A Media Access Control (P-MAC) standard: specifies access to the medium, addressing,
data checking, and frame generation and reception.
A Station Management (SMT) standard: specifies station configurations, ring
configurations, and the control required for proper operation of stations in an FOOl ring.
FOOl-II is defined by an additional standard, the Hybrid Ring Control (HRC) standard which
specifies a hybrid mode of operation by use of a hybrid multiplexer (H-MUX). This H-MUX
multiplexes data from/to the packet MAC (P-MAC) and the isochronous MAC (I-MAC).
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Logical
Unk Control
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Switching
Multiplexers

SMT

PHY/PMO

Figure 4.11: Protocol Reference Model for the FOOl standard

4.12 Support of Various Services
For a discussion on the support of services a distinction will be made between FOOl-I and
FOOl-II. FOOI-!I is an upward compatible extension of FOOl-I.
4.12.1

FOOl-! Service support

FOOl-I supports two major classes of service: "synchronous", guaranteeing bandwidth and
response time and "asynchronous", with dynamic bandwidth sharing. Both classes use the
timed token protocol. At initialization all stations negotiate an Operative Target Rotation
Time (T_apr). The protocol guarantees an average token rotation time not larger than
T_apr and a maximum token rotation time not larger than twice T_apr. From this it follows
that each station must request a Target Token Rotation Time of half the required response
time. T_apr will be set by the smallest TTRT value requested.
FOOl token frame

~SOIFC~
FDDI basic mode frame

~'----IN-F-O-rm-a-ti-on--~

Figure 4.12: FOOl-I token and basic mode frame
Figure 4.12 depicts the format of a token frame and a data frame. If a station wants to
transmit, it first strips the token from the ring. After capture of the complete token the
station starts transmission of its queued frames. A token frame consists of the following
fields containing symbols (each symbol represents a four bit field):
A PreAmble (PA) field: sixteen symbols, used clock synchronization:
A Starting Delimiter (SO) field: two symbols, indicates the start of a frame;
A Frame Control (Fe) field: two symbols, defines the type of frame;
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An Ending Delimiter (ED) field: one symbol, indicates the end of a token frame.
Besides the fields above, a data frame also contains the following fields:
A Destination Address (DA) field: four or twelve symbols, designates the station for which
the frame is intended;
A Source Address (SA) field: four or twelve symbols, designates the station sending the
frame.;
An INFOrmation field: up to 9000 symbols (4500 octets). Either management or user
information as indicated by the FC field;
A Frame Check Sequence (FCS) field: eight symbols, 32-bit CRC performed on all
preceding fields except the PreAmble and the Starting Delimiter.
A Frame Status (FS) field: three symbols, used to convey if an error is detected in the
frame, if the destination station has recognized its Destination Address and if the
destination station has copied the frame.
FDDI stations release the token immediately after frame transmission. Hereby other
stations are allowed frame transmission. It is thus possible to have multiple frames from
several stations propagating around the ring. The Source Station will also strip the frames
it has sent from the ring.
Synchronous Transmission: Synchronous frames may be transmitted whenever a token is
captured. Each station has a known allocation of bandwidth, controlled by management.
But even in the absence of asynchronous traffic on the ring, this amount of bandwidth
available to a station is limited by T_0 pr. Support of the synchronous service has shown
to be seriously hindered by the timed token protocol.
For synchronous services, relating to AAL class A and B services, the repetitive use of the
DA and SA fields reduces the bandwidth efficiency. The error detecting capabilities
comprise frame error detection and frame reception confirmation. The first by the frame
CRC and the latter by the use of the FS field. Sequence numbering is not provided. Clock
synchronization is provided by the stations as every station has a free running 100 Mbit/s
transmission clock.

Asynchronous Transmission: Asynchronous frames transmission is controlled by a Token
Rotation Timer (TRT), which is maintained within each station. This timer is reset each
time a token arrives. If a token arrives before TRT reaches T_Opr the token is called an
"early token". Otherwise the token is called a "late token". Whenever an early token is
captured, the current value of TRT is saved in a Token-Holding Timer (THT) and TRT is
reset to time the next token rotation. THT runs during asynchronous transmission and the
difference between its current value and T_0 pr reflects the remaining asynchronous
bandwidth available to the station. If this time expires during the transmission of the
current frame, the station will first complete the transmission and then generate a new
token. Within the asynchronous transmission eight priority levels for token capture have
been implemented.
For asynchronous service, relating to AAL class C and D services, there is no distinction
made between connection-oriented and connectionless traffic. That is because the DA and
SA fields are the only way to address a station. The same error detecting capabilities apply
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as with synchronous transmission. The arbitrary frame length, though limited by T_Opr and
the upper limit of the INFO field, voids the need for segmentation and reassembly of
messages in most cases.

4.12.2

FOOl-II Service Support

FDDI-II uses a hybrid scheme to support both circuit switched and packet switched traffic.
All data transmission is based on a cyclic structure. This cycle is generated every 125Jls
by a designated station called "Cycle Master". The Cycle Master maintains an integral
multiple of cycles on the ring, by introducing latency (if necessary). Figure 4.13 depicts
the structure of a cycle. Within a cycle portions of the available bandwidth may be
dynamically allocated for circuit switched data in units of so-called Wideband Channels
(WBCs).
Each cycle is partitioned into three parts: The Cycle Header (CH), the Dedicated Packet
Data Group (PDG) and 96 Cyclic Groups (CG).

-

.,1

Cycle 125J.Ls
Interleaved PDG

ICG95 PAlcH CGO ICH1

I .•

····1 CG95

-

PAICHI······

I

------------

Programming
Template

Cyclic Group 0

<OlII(:--------'-----~

PA:
PreAmble
CH:
Cycle Header
PDG:
Dedicated Packet Data Group
CGO-95: Cyclic Group 0 to 95
IMC:
Isochronous Maintenance
Channel

so:
C1 :
C2:
CS:
PO-P15:
WBC:

Starting Delimeter
Synchronization Control
Sequence Control
Cycle Sequence
Programming Template
Wide Band Channel

Figure 4.13: FDDI-II Cycle format
The Cycle Header, 24 symbols, designates the 125Jls boundary and includes a
Programming Template field of 16 symbols. These symbols are each associated with a
Wideband Channel and indicate whether a WBC is used for packet or isochronous service.
The Dedicated Packet Data Group comprises twelve octets, which are octet interleaved
with every e~ght Cyclic Groups. If all Cyclic Groups are used for isochronous traffic the
PDG provides a guaranteed minimum packet switched channel of 0.768 Mbitls (12x8
bit/125Jls). Use of the PDG is restricted to packet services.
Cyclic Groups comprise sixteen octets, each belonging to a Wide band Channel. In other
words, a WBC comprises 96 octets and there are 16 WBCs available. WBCs are assigned
to a station. The station can suballocate the bandwidth of a WBC in units of a bit, thereby
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offering transmission rates of integral multiples of 8 kbit/s up to 6.144 Mbit/s per WBC.
For the support of services FDDI-II distinguishes four service quality classes. This
distinction is based on isochronous or packet mode operation and restricted or unrestricted
token operation:
1)

2)

3)

4)

Isochronous WBC for circuit mode operation, typically for CBR services. No token
is used but the WBC is assigned to a station for the duration of a connection or
semi-permanently.
Synchronous packet service. Delivery is guaranteed a delay which will not exceed
twice the TTRT. Transmission is allowed once a token is captured regardless of the
token type and the TTRT. This mode of operation is the same as with FDDI-1.
Asynchronous packet service without delay constraints. Transmission is allowed
once a token is captured and TRT has not exceeded TTRT. This is regardless of the
token type
Asynchronous packet service using the unrestricted token. Transmission is allowed
only after capture of an unrestricted token. This lowest priority fills all the
remaining bandwidth.

For the packet services the same frame formats are used within the cycles as with FDDI-1.

4.13 FOOl - AAL Comparison Conclusions
This comparison is between FDDI-II and the AAL, because of the capability of FDDI-II to
support both synchronous and asynchronous services. For the support of Class A services
with a stringent time relation, FDDI has the advantage of a reference clock. A drawback
is that the service data rate needs to be an integral multiple of 8 kbit/s. Protection of user
information against bit errors, as with AAL type 1, is not supported.
For Class A services with less stringent time relations the information is transferred in
FDDI-I frame formats offering error protection comparable with AAL type 5.
Support of Class B services has not inherently be implemented in the FDDI scheme. Just
as with DQDB, comparison with similar AAL functionality is difficult, due to the
standardization-in-progress state of AAL type 2.
For the support of data services FDDI-I frames are used. These frames resemble AAL type
5 in functionality.
The overall advantages of FDDI compared to the AAL functionality are the presence of
reference clocks, the absence of segmentation and reassembly needs, and the truly hybrid
mode of operation facilitating the dynamic allocation of bandwidth for synchronous
services in conjunction with the transfer of asynchronous service information.

A new AAL protocol is dawning
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A new AAl protocol is dawning

The process of defining this new AAL protocol can be compared with defining the rules
of a new negotiation and communication game. But first of AAL a language needs to be
defined by which the rules of the game will be relayed to each other.

5.1

Why a new AAL?

From the author's point of view the current AAL has grown far to complex in structure and
functionality. The complexity results from multi-sublayering the Adaptation Layer and from
the allocation of too much functionality into the Adaptation Layer. Therefore the
development of a new AAL protocol has been started which stresses the issue of
simplicity both in structure as functionality. To come to this development first the
restrictions imposed and the assumptions made need to be stated. This places the new
AAL in the right perspective and the proper environment. This is done in the next section.

5.2

Restrictions and Assumptions

5.2.1 Assumptions
1)

ATM. The ATM characteristics as defined by [1.362] are adopted. This means that
the cell structure, cell size and ATM Reference Protocol Model are valid and
adopted.

2)

A TM support. The AAL expects the functionality currently specified for the ATM
layer. This means that cell routing, cell multiplexing/demultiplexing, cell header
generation/extraction and generic flow control are all performed by the A TM la yer.

3)

Higher Layer - AAL information unit transfer. The unit of information transfer, with
respect to user data, between the AAL and higher layers is an integral multiple of
one octet.

4)

AAL -ATM information unit transfer. The unit of information transfer, with respect
to AAL protocol data, between the AAL and the ATM layer is one cell payload.

5.2.2 Restrictions
1)

Multiplexing. Multiplexing within the AAL is not supported. The address space in
the header of an ATM cell is assumed to be large enough to support sufficient
multiplexing.

2)

Alignment. Adding idle octets to user information to acquire alignment with a
specific data processing length, e.g. word, long-word, will not be supported. This
would set a limit on the flexibility of the AAL by tying it to current hardware
processing state-of-the-art capacities. Padding, on the other hand, intended for
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alignment with the cell payload will be supported, as the cell payload size is fixed,
i.e. 48 octets.

5.3

Description of AAL Service Support functions, values and units

With the assumptions made and the imposed restrictions from the previous section, the
functionality a service might require from the AAL will be defined. This functionality is
expressed in a number of functions which fully describe service needs. Services, regardless
of the service nature, all require a certain throughput, i.e. information transfer rate. This
transfer of information might have to meet a time response. This time response denotes
the overall delay between sending the information by the source and the reception of this
information by the destination. Attached to this time response there might be a maximum
allowable transfer delay variation, jitter. This will be denoted by a time relation. As the first
error free transport medium still needs to be invented, services might require protection
of information against errors. Lastly services might need additional support from the
Adaptation Layer which might be hard to classify, but still legitimate. As an example, the
source might be willing to convey to the destination, the presence and location of a special
code in the transferred information stream. This kind of support will be classified as
additional functionality.
From the above, five functions have been extracted to fully describe the needs of a service
without loss of generalisation and avoiding duplicity and redundancy. In other words, the
five functions form a minimal set capable of describing service needs. These five functions
(A) are designated by variables (B) and their units of measure (C). For the five functions
these are:
A
A
A
A
A

= Throughput; B = bandwidth/bit rate; C = bits/sec.
= Time response; B = peer entity end-to-end transfer delay; C = seconds
= Time relation; B = maximum jitter; C = seconds.
= Information protection; B = fault tolerance; C = Bit Error Rate (BER)/
=

Additional functionality; B

=

per

information unit.
e.g. Information structure conveyance.

With the AAL support defined by the functions the next issue to address is how these
functions will be implemented in the Adaptation layer. The idea is to parameterize the
Adaptation layer. Function values will be translated to parameter settings. The five
functions above, thus become a service car list of wishes, with the Adaptation layer
providing the garage, materials, and tools to build the transport vehicle. This procedure
reflects the concept of functionality on demand. The parameterization of the AAL is shown
in the next paragraph.

5.4

Adaptation layer parameterization

In order to be able to parameterize the AAL first the AAL layout and naming conventions
need to be stated. This is shown in Appendix D. As seen from this figure, the AAL is
subdivided into three levels: the Interface processing level, the Frame processing level and
the Cell processing level. The interface processing level translates AAL-SDUs into AAL-IDU
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processing units and vice versa. The frame level processes the AAL-IDU process units and
adds an AAL-IDU Header and/or Trailer. The resulting AAL-IDU is segmented into AAL-PDU
payloads. These are processed at the cell level, which adds an AAL-PDU Header and/or
Trailer, thus forming an AAL-PDU. This AAL-PDU is exactly 48 octets in size forming the
ATM cell payload. Note that there are no SAPs between the levels. The dashed lines have
been drawn just to distinguish the levels.
With the AAL layout stated, the Adaptation layer can be parameterized. This has been
done in Appendix C. This appendix contains the parameter definitions and value ranges.
The next step will be to relate the functions to the parameters. This is done in the
following paragraph.

5.5

Requested Support and AAl parameter relation, qualitative

In this section the requested functionality is related to AAL parameters which are directly
influenced by the requested function.

5.5.1 Throughput
Throughput results in a request for bandwidth which is considered an ATM parameter. If
the higher layer delivers a continuous stream of octets, a higher throughput will result in
a faster AAL-IDU fill. Consequently the sar delay on this level will be less.

5.5.2 Time response
Time response is made up of several components: network transfer delay, ATM processing
delay and AAL processing delay, of which the latter is of interest for our purposes. AAL
processing is denoted by the sar delay. This AAL sar delay comprises the frame structure
and size, the cell structure, and the transfer mode (message mode or pipeliningl. The more
functionality is built into the frame and cell structure, e.g. error processing, the longer the
sar delay will be. Likewise longer frames take longer to process. Pipelining will decrease
the time response because partially received AAL-SDUs can be processed and transferred
to the receiving entity. Transfer of information in the message mode will, trivially, increase
the time response because all of the AAL-SDU needs to be received from the higher layer
before transfer can start.

5.5.3 Time relation
The Time relation denotes whether the delivery of the stream of user information to the
peer entity is time restricted in a way. In other words whether jitter restrictions are to be
met. If so, this calls for a synchronisation method between the sending and receiving
entity. The Time relation specification needs to be related to the Time response
specification. For example it does not make sense to specify a stringent Time relation if
the Time response value is not specified or is relatively large.

52

A new AAL protocol is dawning

5.5.4 Information protection
Services might require information protection. As services differ in this need various levels
of information protection need to be supported, These levels of error processing will affect
the frame and/or cell structure.

5.5.5 Additional functionality
The support of a request for additional functionality calls for the implementation of, for
example, information structure conveyance. Other possible needs might be the indication
of buffer requirements at the receiving entity and special processing methods.

The relations above can be expressed in a table relating functions to AALlATM parameters.
This is shown in Table 5.1.
Table 5.1: Requested AAL functionality and corresponding AALlATM parameters.
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For a complete insight in the process of parameter setting the relations between the
parameters need to be established. This is done in the following paragraph.

5.6

AAL Parameter relation

As seen from paragraph 5.5, parameters can not be set independently of one another.
Table 5.2 shows a relational table of the AAL parameters involved in meeting the
requested functionality. Marked intersections denote a possible influence rather than a
guaranteed influence. In determining the table care has been taken to mark just the directly
influenced parameters. For example, error processing may have an impact on the frame
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structure. The frame structure subsequently may have an impact on the sar delay. Thus,
in the end, the error processing may affect the sar delay but this is not explicitly denoted
in the table.
Table 5.2: AAL parameter relational inter-action.
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In the table the row parameters correspond to directive parameters. Directive parameters
direct, or set limits to other parameters. The directed parameters are found in the column
headers and are called responsive parameters. Note that parameters can be both directive
and responsive.
Now that function-parameter relations and parameter-parameter relations have been
established a parameter set-up procedure can be defined. This is done in the following
paragraphs.

5.7

Service Support priorities

For the establishment of a new protocol the need arises to determine which functionality
needs to be satisfied first. Apart from the order in which to address the functionality there
is also the issue of which functionality might be overruled by another. This clearly
suggests a priority in functionalities. The priority assignment below does not hold for every
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service but should be regarded as a guide line while determining the requested functionality
of the AAL by a service. For example a service might stress the need for information
protection and might in return be willing to accept a longer time response.
1)
2)
3)
4)
5)

Throughput:
Time response:
Time relation:
Information protection:
Additional functionality:

In addition to the priority assignment, another distinction needs to be made in the
operability of the functions. The requested functions all impose restrictions on the
parameter settings for the AAL. Throughput, Time relation, Information protection and
Additional functionality can be said to be directive operators. They do set parameters.
Time response on the other hand merely results from parameter settings and thus is called
a directed operator.

5.8

Procedure for AAL parameter set-up

A distinction needs to be made between the entities involved. First of all there is the interaction between the Higher Layer and the AAL. The information exchange between these
two entities needs to result in a requested AAL parameter setting, satisfying the needs of
the Higher layer.
Second, there is the inter-action between the user-AAL and the A TM layer. The
information exchange between these two entities needs to result in an user AAL parameter
setting.
Third, the user peer entity to which the information should be sent needs to be
informed/involved on/in the process of parameter settings. Figure 5.1 depicts the location
of the inter-action phases.
User
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layer

Network

r----------
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I
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Figure 5.1: AAL parameter set-up; Entity interactions

Considering the inter-action phase 1, between the higher layer and the AAL: The
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parameters are negotiated in the priority order of the associated requested service support,
i.e. Throughput-Time response- Additional functionality. Each function is denoted by
the request value and an indication whether this value is mandatory or subject to
negotiation. For the higher layer this information exchange needs to result in an indication
of AAL time response, cell format and frame structure satisfying the needs of the higher
layer. In case the AAL is not able to set parameters according to the requested
functionality, the parameter setting procedure will be aborted with an abort acknowledge
to the higher layer, if possible with an indication of the conflicting service needs. This
abort operation will also be performed if the communication between the higher layer and
the AAL, during parameter set-up, is corrupted in any way. This may be accomplished by
an expiration timer pacing the dialogue between the higher layer and the AAL.
In order to smooth the inter-operation of the AAL and the higher layer, knowledge of the
basic functions of the AAL by the higher layer is expected. This means that if the service
requires a specific parameter setting, this should be indicated by the service.
Considering the inter-action phase 2, between the user AAL and the ATM layer: Requested
A TM parameters are processed by the ATM layer. An example of such an ATM parameter
is requested bandwidth. After processing, the parameter settings the A TM layer is capable
to support, are returned to the AAL layer. The AAL layer either accepts these settings and
acknowledges the ATM layer and the higher layer, or rejects these settings and aborts the
parameter setting operation with an abort acknowledge to the higher layer and the ATM
layer. The higher layer may re-initiate a parameter setting request. Note that the ATM layer
just processes A TM parameters and is not involved in setting or modifying AAL
parameters. From an ATM layer point of view, the particular fill and layout of a cell
payload, as denoted by the AAL functionality, is not of interest and will therefore not be
processed by the ATM layer.
Considering the inter-action phase 3, an AAL might be present in the network. This AAL
will then perform as the peer entity, replacing the addressed user. If the AAL is not present
in the network then the communication is directly with the peer entity end user. Figure 5.1
denotes the both possibilities with a dashed circle and a normal style circle. This phase is
primarily concerned with assuring that the receiving entity is able to support the parameter
settings resulting from the previous phases.
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Parameter set-up procedure outlining

The procedure for parameter setting, with reference to interaction phase 1 of the previous
paragraph, is divided into three phases:
1)

parameter setting by the five functions and the directive parameters

2)

evaluation of the parameter settings to check wether the settings satisfy the
functions. If not the settings will be modified according to step 1).

3)

Termination of the parameter setting procedure either with a successful setting or
by an abort operation in case of conflicting service needs.

Figure 5.2 depicts the complete procedure above.
I

Initialise parameter setting

I

(~)

SET

1
C2_.J

MODIFY

[AbOrt]

,
I

not able to set parameters I

(~ I parameters set according to service needs I

Figure 5.2: AAL parameter setting flow chart
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ad 1): The functions assess and set a global set of AAL parameters. Each function
addresses a limited number of shared AAL parameters through an iterative knock-on and
confined border process. Parameters are set by giving a maximum or minimum value.
Dependent on the nature of the parameter the upper limit or the bottom limit will be
chosen as the definitive setting, i.e. the preferable setting. Changes in a directive
parameter value will be followed by changes in responsive parameters, thus showing the
knock-on effect. From the setting phase already conflicting service needs may evolve,
resulting in an abort operation. Figure 5.3 depicts the setting phase.
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parameter B

~
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Function

= preferable setting

I
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~I~
~,

> upper limit ~
> bottom limit

i-parameter X

> upper limit
> bottom Iimit~
Figure 5.3: AAL parameter set-up phase

ad 2): The functions are evaluated in order of pnonty. Evaluation stops as soon as a
parameter setting does not satisfy a function value. Modifying will only be performed on
the parameters affected by the function. The confined border process assures final setting
of the parameters. After modifying, evaluation is resumed. Figure 5.4 depicts this phase.
Note that in the modifying phase upper limits and bottom limits may only be modified in
the indicated directions, whereas in the setting phase the limits are being set to a value.
The preferable setting denotes the final setting after the modifying phase.
ad 3): Parameter set-up ends if step 2) has proven successful and no further modifications
need to be made. Parameter set up may also end by an abort operation. This operation
results from conflicting service needs which become evident by the confined border
process. In case of an abort operation the higher layer will be informed together with an
error indication. The higher layer may re-initiate a parameter set-up procedure and may use
the error indication to modify function values and requested parameter settings.
Setting of the parameters also assumes that there is a default setting. How this default
setting relates to the default frame and cell structure will be treated in the next paragraph.
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Figure 5.4: AAL parameter modifying phase
5.8.2 Default frame and cell structure
Associated with the procedure above is a default frame and cell structure. The structures
reflect the ideas and concept of the procedure. Nevertheless, there is still a certain degree
of freedom in designing the structures. One choice to be made is whether to use per cell
processing or not. With per cell processing each cell denotes by its content which actions
need to be performed. If no per cell processing is adopted then all functions and actions
to perform on the cell have been established at connection set-up.
The proposal is to use the best of both worlds. All parameter settings which will not
change during the connection time, will be established at set-up. Some parameters can
only be set during the connection and therefore call for per cell processing. Padding is such
an example. From the cell content it will be clear when the cell payload has been padded
or not. Other parameters are established at connection set-up, but there presence will be
conveyed during connection time. The presence of structure information serves as an
example. This too calls for per cell processing. In addition to this, per cell processing
allows for more flexibility during the connection. Functions to perform can be set and
changed during connection time. The merits of this approach are:
Disadvantages:

Efficiency limitation by introducing per cell overhead.

Advantages:

Unity in cell layout, easing cell processing at the receiving end. This
is opposed to current SAR processing for the different AAL types.
Each type has a specific cell layout.
Possibility to change AAL parameter settings during the connection
information exchange phase.
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Take notice that, despite the unity in cell layout, accounted for by the presence of a cell
information block, cells will still differ in layout, due to the different needs for different
connections.
The choice is now shifted towards deciding which parameters to set at connection set-up
and which to convey during the connection, along with the default settings for the
parameters. Down below the following information per parameter is given:
(1)
(2)
(3)
(4)

negotiation/indication at set-up/exchange, this is an and/or choice;
whether specification of the parameter by the AAL user is mandatory or optional;
value range, specifying the choice in value setting for this parameter;
default value if applicable

buffer requirements:
(1) set-up
(2) optional
(3) present/not used
(4) not used
cell type:
(1) exchange
(2) -

(3) user information/ connection control information
(4) user information
connection mode:
(1) set-up
(2) optional
(3) connection-oriented/connectionless
(4) connection-oriented
error processing:
(1) set-up
(2) optional
(3) none/error detection level/error correcting level
(4) none
frame size:
(1) set-up
(2) optional
(3) none/fixed size with length specification/variable size
(4) none
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frame structure:
(1) set-up
(2) optional
(3) no framing /Iength indication (Ii) /Ii
field + frame crc
(4) no framing
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+

buffer field/Ii

+

frame crc/li

+

buffer

interfacing AAL-SDU:
(1) set-up
(2) optional
(3) AAL-IDU processing unit sizes
(4) default cell payload
padding (cell level):
(1) exchange
(2) results from AAL processing, therefore not applicable
(3) present/ not present
(4) not present
reassembly (at frame level):
(1) set-up
(2) optional
(3) yes/no
(4) yes
structure information:
(1) set-up and exchange
(2) optional
(3) none/variable/fixed with rate of occurrence
(4) none
synchronization:
(1) set-up
(2) optional
(3) none/method specification with occurrence rate
(4) none
transfer mode:
(1) set-up
(2) optional
(3) message mode/pipeline mode
(4) message mode
In most cases the choice whether to specify a parameter at set-up or during the exchange
is rather obvious. Buffer requirements, connection-mode, framing, AAL-SDU interfacing,
reassembly, structure information, synchronization, when used, all need to be conveyed
at set-up. Cell type indication and padding on the other hand can be conveyed on the fly.
To be able to perform the parameter set-up procedure the AAL user needs to specify the
functions values. In case the user desires direct setting of a parameter, this parameter
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needs to be specified by the AAL user, with the desired value and an indication whether
this value is an upper limit, bottom limit or whether this value should be met as indicated.
With the above choices made, the content of the information block associated with a cell
can be filled in. The block relays the following information:
Cell Type (CT)field: user information or connection control. This results from the cell type
parameter setting.
Framing information field: to indicate whether the cell payload contains a beginlend or
continuation of a frame. Whether this information field actually conveys information or not
depends on the frame structure parameter setting.
Padding information field: indicating the presence of padding octets. Padding octets might
be indicated by a length identifier or an offset pointer. The value of this field results from
the setting of the padding parameter, which is controlled by the AAL, not the service.
Structure Information (51) field: indicating the presence of structure information in the cell
payload. The start of this information in the cell payload might be indicated by an offset
pointer. Whether this information field actually conveys information or not depends on the
structure information parameter setting.
Sequence number information field: optional, designates the sequence number of the cell.
The presence of this field results from the setting of the error processing level parameter.
Information block Check Sequence field: protects the entire cell payload, i.e. 48 octets,
against bit errors.

Figure 5.5 depicts examples of the structure of the ATM cell with the information block.
Most of the layout is derived from a proposal by [ESC90]. [ESC90] contains discussions
on the advantages of one-bit frame signalling, methods for padding indication, cell type
indication, cell sequence numbering and protection of the information by a cell CRC. This
CRC could easily as well protect the whole cell payload. The pay-off, of course, is an
increase in processing time.
As seen from Figure 5.5 parameters related to the cell structure translate to add-on
features. Sequence numbering results from the error processing parameter. Thus a
sequence number field is added to the cell, stripping a payload octet field. Likewise
padding, structure conveyance and synchronization are translated to the corresponding
padding offset pointer field, structure information field and the synchronization code field.
Note that sequence numbering and the occurrence rate of synchronization information
have been negotiated at set-up, and therefore there presence is not indicated by the
content of the AAL-PDU trailer. Padding and the presence of structure information are
conveyed on the fly by the corresponding bits in the trailer. As a last noteworthy remark
on the presence o·f fields, in example f) the synchronization code is assumed to be
delivered by the service, and thus belongs to the AAL-PDU payload. In case the
synchronization code is supplied by the AAL, the AAL-PDU payload is reduced by one
octet.
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AAL-PDU trailer· 2 octets

....:-----------~~

CRC

AAL-PDU payload - 46 octets

10 bits

6 bits

a) default cell format

AAL-PDU trailer - 3 octets

AAL-PDU payload - 45 octets

CRC

10 bits

b) cell fonnat with erc protected sequence number

AAL-PDU payload - 45 octets

CRC
10 bits

c) cell fonnat with padding pointer

AAL-PDU payload - 44 octets

CRC

10 bits

d) cell fonnat with padding pointer and sequence numbering

AAL-PDU payload - 45 octets

CRC

10 bits

e) cell fonnat with structure information (51) offset pointer

CRC
10 bits
f) cell format with synchronization code field and structure information offset pointer

Figure 5.5: Examples of cell formats and structures
Two bits of the information block, i.e AAL-PDU trailer, are for future use. These bits might
serve several purposes. They could be used to improve the error detecting/correcting
capacities of the cell crc. They could also serve for two-bit framing signalling, by which
it is possible to indicate SSM, BOM,COM and EOM frame units. They could also be used
for a modest form of multiplexing, by denoting a multiplexing identification field. At
present no decision has been taken on their use.
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Figure 5.6: frame formats and structures
Figure 5.6 depicts examples of frame formats. As seen from this figure, parameters related
to the frame structure translate to add-on features too. The default frame format adds a
Length Indicator (L1) field to the AAL-IDU payload. The buffer requirements specification
and the error processing level involving a frame crc translate to a buffer field and a frame
crc field. Take notice that the default settings of the parameter specify no framing.

5.8.3 Default control cell layout and control frame layout
By use of the cell type parameter it is possible to distinguish between user cells and
control cells. Due to the use of control cells different default settings will be used, mainly
concerning information protection. Framing will be used with a frame crc. On cell level no
sequence numbering will be used. Thus the frame and cell layout resemble the AAL type
5 CPCS-PDU and SAR-PDU.
This type of cell is used for transferring the parameter set-up request information. Another
imaginable use of this cell is for changing parameter settings during the connection. If an
agreement can be reached by all involved entities, the start of the continuation of the
connection with the new parameter settings might be indicated by a control cell with a
special code as payload. This would then denote that all following user cells use the new
settings.

5.8.4 Multiple connections and multiplexing
Multiple ATM connections translate to different VCINPI values in the ATM cell header. In
the AAL each connection is associated with a particular group of settings for AALparameters. These settings may well be the same for different connections, indicating that
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the nature of the connections is the same.
Multiplexing within the AAL is not supported. In case multiplexing within the AAL proves
to be mandatory, this could be implemented by adding a Multiplexing Identification (MID)
field to the cell information block, or by a multiplexing parameter negotiated at set-up. If
this parameter is set a MID field will be added to the cell layout, stripping one octet. This
of course would further increase the cell overhead and processing delay. The two reserved,
i.e. presently not used, bits in the cell information block could be used for this field as well.
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5.9

Examples of the parameter set-up procedure

In this paragraph two examples will be given which highlight the decisions involved with
the parameter set-up.

5.9.1 Constant bit rate service
Assume a constant bit rate service which can be susceptible to a moderate amount of jitter
without loss of service performance. The information transfer rate is 64 kbit/s. Within the
information stream, octets with a special code are imbedded. The location of these octets
is time-variable and needs to be conveyed to the receiving entity. Bit errors are permissible
but loss of information must be detected and replaced by stuffing bits.
The set of function values, associated with the service characteristics above, may look
like:
Throughput:
Time response:
Time relation:
Information protection:
Additional functionality:

64 kbit/s
range A, bottom limit
range B, bottom limit
error detection, replace lost information, bottom limit
information structure conveyance

The procedure for parameter setting starts with an indication from the higher (-service)
layer to the AAL layer to initialise the parameter set-up procedure. The higher layer
subsequently transfers the function values to the AAL.
Next the SET phase starts:
TP:
Tresp:
Trel:
IP:
AF:

p_bandwidth, an ATM layer parameter, is set to (64 kbit).
p_sar_delay less than the Tresp value, no setting necessary.
range B sets p_synchronization to (1), Adaptive Clock method
p_error_processing set to (4). Due to the knock-on effect cell structure will be set
to (1), bottom limit.
p_structure_conveyance set to (1), p_cell_structure set to (4) (knock-on effect), the
next possible value, bottom limit.

In the MODIFY phase the settings are evaluated:
TP:
no modification necessary.
Tresp: evaluation of p_sar_delay. p_sar_delay has changed due to p_cell_structure change.
p-sar_delay still less than Tresp value, no modification necessary.
Trel: no modification necessary
IP:
no modification necessary
AF:
no modification necessary
The parameter set-up procedure thus is successful. The cell structure used will be like the
examples b) and e) of Figure 5.5. In example e) a sequence number field needs to be added
for the support of this service. The settings above are deduced from the Appendices C and

E.
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Next p_bandwidth will be transferred to the ATM layer with a request for support. If
successful the receiving entity will be informed on the parameter setting by use of control
cells. If the receiving entity is able to support these settings, this entity will acknowledge
the sending entity and the connection exchange phase may start.

5.9.2 Connectionless data service
Assume a connectionless data service generating frames with an information transfer rate
1,2 Mbit/s. The maximum frame length is 4500 octets. The first 22 octets of a frame, the
header, contain the source and destination address. Delivery of information to the receiving
entity is on a best effort basis. Loss of information needs to be detected and indicated.
Furthermore the receiving entity needs to know how much buffer space to allocate for
complete reception of the frame.
The set of function values, associated with the service characteristics above, may look
like:
Throughput:
Time response:
Time relation:
Information protection:
Additional functionality:

1,2 Mbit/s
interfacing AAL-SDU (22-65,535)
range D (= not applicable), mandatory
range A, upper limit
detection of loss of information, bottom limit
buffer requirements indication

After transfer of these values from the higher layer to the AAL the SET phase starts:
TP:

p_bandwidth set to (1,2 Mbit)
p_interfacing_AAL-SDU set to (22)-(65,535). This last value indicates that the
remaining part of the AAL-SDU will be transferred to the AAL-IDU processing unit.
Due to the knock-on effect p_frame_structure will be set to (1).
Tresp: no settings
Trel: p_synchronization is set to (0) indicating no sychronization.
IP:
p_error_processing is set to (2). Consequently (knock-on) p_frame_structure is set
to (3) the next possible value.
AF:
p_buffer_requirements set to (1), p_frame_structure set to (4), knock-on effect.
Next the MODIFY phase starts:

TP:
Tresp:
Trel:
IP:
AF:

no
no
no
no
no

modification
modification
modification
modification
modification

necessary.
necessary.
necessary
necessary
necessary

The parameter set-up phase thus is successful. Messages are sent in two frames both
protected by a frame crc. Both frames have a buffer field. The frame formats in use are
a combination of the examples b) and c) of Figure 5.6. The cell format in use is the default
cell format, example a) in Figure 5.5, and example c) in Figure 5.5 when padding is
needed. Note that the cell payload of the first frame is not fully utilized. A better
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performance can be reached if the frame size for the first frame is raised to (48-6 =) 42
octets. The six octets comprise the buffer requirement field, the length indication field and
the frame crc. The second frame always contains the remainder of the message to send.

5.9.3 Performance observations
As seen from both examples the parameter set-up procedure requires from the service
some knowledge of AAL functionality implementations. The positive pay-off is an
increased flexibility in meeting the service needs when compared to the existing choice in
AAL types. A negative pay-off is the assumed knowledge of the higher layer by the AAL.
Furthermore, despite the increased flexibility the efficiency of the resulting cell formats and
frame formats may be less than with the tailor made AAL types. Note that the existing
AAL types are tailor made for a limited set of services. To preserve the fit of the suit these
AAL types additional layers with dedicated functions are needed. With the present AAL
types this is incorporated within the AAL in additional sublayers. With the new proposal
this functionality is placed outside the AAL reducing the complexity of the AAL.
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5.10 Conclusions
In this chapter an alternative AAL protocol has been developed. The impetus behind this
development comes from the dissatisfaction with the complexity of current AAL types and
developments. The new proposal is based on the describing of service needs by five
functions: Throughput, Time response, Time relation, Information protection and Additional
functionality. Along with denoting these functions the AAL functionality has been
parameterized. Service needs are first described in function values which in turn are
translated into parameter settings. This procedure reflects the concept of functionality on
demand. In order to perform the translation the relations between functions and parameter
and the inter-relation of parameters has been established. The procedure for setting the
parameters is divided in three phases: a set, a modify and a terminate phase. The
procedure is based on the process of confined border setting and the knock-on effect.
Lastly some examples of the procedure have been given together with some performance
observations.
To reduce the complexity of the new AAL proposal the number of sublayers has been
limited to three levels: an interface processing level, a frame processing level, and a cell
processing level. Furthermore multiplexing within the AAL and alignment of user
information to a certain data processing length are not supported.
The proposal is simpler and more flexible in structure than existing AAL types. The pay-off
though is the assumed knowledge of AAL functionality implementation by the higher layer
and a reduced functionality when compared to current AAL types. Furthermore the
parameter set-up procedure does not guarantee the most efficient implementation. This
depends on the setting of the function values by the service requesting AAL support.
In addition to this, to fully parameterize the AAL more parameters will be needed. Detailed
description of the relation between functions and parameters and the inter-relation of
parameters needs to be elaborated on. The proposal is incomplete in the sense that
parameter settings need to be translated to implementations and cell/frame structures.
Examples of possible implementations of the latter have been given.
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Where the ends meet and future threads in the AAL tapestry are indicated

ATM
Since the denoting of ATM as the standard transfer mode for B-ISDN a lot of work has
been done along the tracks of standardization by the ITU-TSB. ATM capable of the support
of virtually any imaginable service, independent of the bit rate and data structure, serves
as a transfer mechanism based on fixed size packets, called cells. In order to support these
service a translation is needed from the service data structure into the ATM data structure.
This translation is performed by the layer on top the of ATM layer, the ATM Adaptation
Layer (AAL). This layer serves as an intermediate between the ATM layer and the higher
service layers in the ATM Protocol stack.
AAL
To reduce the number of AAL protocols needed for the support of all services a service
classification has been defined, based on three parameters: time relation, bit rate and
connection mode. For the support of the resulting four service classes, A through D, four
AAL types have been defined. Primarily the AAL is subdivided in two sublayers: the
Convergence Sublayer (CS) and the Segmentation and Reassembly (SAR) layer. AAL type
1, intended for the support of class A services, stresses bandwidth efficiency at the cost
of reduced cell loss detection. Three subtypes for AAL type 1 have been defined differing
in the Quality of Service they offer to the AAL user. AAL type 2, intended for the support
of class B services, is at the moment in a rudimentary stage of standardization. Presently
much attention is paid within the ITU whether AAL type 1 might be able to support class
B services as well, rendering AAL type 2 redundant. AAL type 3/4, intended for the
support of class C and D services, stresses protection of information against transmission
errors. This at the expense of processing overhead. In addition pipelining and multiplexing
within the AAL is supported. AAL type 5, intended for the support of class C services,
stresses bandwidth efficiency and simplicity, resulting in less overhead than AAL type 3/5
processing. Both for AAL type 3/4 and AAL type 5 the CS has been subdivided in a CPCS
and SSCS of which the SSCS may be further subdivided, dependent on the service needs.

The rigid allocation of combinations of functions to certain AAL types has been questioned
together with the increasing complexity. The complexity is accounted for by the allocation
of too much functionality into AAL layers and the numerous sublayers of the AAL.
oaOB and FOOl
DQDB and FDDI have been investigated on their merits when performing Adaptation layer
like functions. Both transfer techniques profit from the presence of reference clocks for
synchronous services. The AAL on the other hand lacks the direct presence of a reference
clock but provides better error processing capabilities for synchronous services. Data
services in DQDB receive comparable support as services get from AAL type 3/4. Data
services within FDDI receive support comparable with AAL type 5 support. Concluding,
AAL functionality is more extensive than with DQDB or FDDI.
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New AAL proposal
A new AAL proposal has been set forward which stresses simplicity and flexibility. This
is achieved by reducing the functionality of the AAL and the sublayering. The new AAL
is subdivided in three levels: an interface processing level, a frame processing level, and
a cell processing level. Service needs are described by five functions: Throughput, Time
response, Time relation, Information protection and Additional functionality. Next the AAL
functionality has been parameterized. The five functions are used to set the parameter
according to the service needs. This is done by a 3-phase procedure comprising a set, a
modify and a terminate phase. Setting and modifying are based on a confined border
process and knock-on effect.
The resulting AAL is simpler and more flexible than existing AAL types at the expense of
a higher layer which needs to be aware of the implementation of functionalities within the
AAL.
Loose threads
The new AAL protocol needs further development. Not all AAL functionality has been
parameterized. Furthermore a more detailed description of the relations between functions
and parameters and parameters amongst one another needs to be further elaborated on.
Finally, parameter settings need to be translated into implementations and AAL cell/frame
structures.
Recommendations
First, it is worthwhile examining how the new AAL protocol will evolve if a per level
parameter set-up procedure is adapted.
Second, the development of an alternative AAL might profit from an Object Oriented
Analysis.
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List of Acronyms

CL

LIST OF ACRONYMS

AAL
: ATM Adaptation Layer
ACF
: Access Control Field
AL
: Alignment
ANSI
: American National Standards Institute
A TM
: Asynchronous Transfer Mode
B-ISDN
: Broadband Integrated Services Digital Network
B-TE
: Broadband Terminal Equipment
BAsize
: Buffer Allocation Size
BEtag : Begin End tag
BOM
: Beginning Of Message
Btag
: Beginning Tag
CBR
: Constant Bit Rate
CCITT : Comite Consultative Internationale de Telegraphique et Telephonique
CG
: Cyclic Group
CH
: Cyclic Header
CLP
: Cell Loss Priority
COCF : Connection Oriented Convergence Function
COM
: Continuation Of Message
CPCS
: Common Part Convergence Sublayer
CPCS-UU
: CPCS User-to-User
CPI
: Common Part Indicator
CPN
: Customer Premises Network
CRC
: Cyclic Redundancy Check
CS
: Convergence Sublayer
DA
: Destination Address
DAC
: Dual Attachment Concentrator
DAS
: Dual Attachment Station
DM
: Derived MAC
DPG
: Dedicated Packet Group
DQDB : Distributed Queue Dual Bus
ED
: Ending Delimiter
EOM
: End Of Message
Etag
: End Tag
ETSI
: European Telecommunication Standards Institute
FC
: Frame Control
FCS
: Frame Check Sequence
FEC
: Forward Error Correction
FDDI
: Fiber Distributed Data Interface
FIFO
: First In First Out
FS
: Frame Status
GFC
: Generic Flow Control
H-MUX
: Hybrid Multiplexer
HCS
: Header Check Sequence
HEC
: Header Error Control
HOB
: Head Of Bus

)
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HRC
I-MAC
ICF
IDU
IEEE

1M
ISO
ISU
IT
ITU
LAN
LI
LLC
LME
MAC
MAN
MCF
MCP
MID
MSDU
N-ISDN
NNI
OAM
OSI-RM
P-MAC
PA
PAD
PCI
PDH
PDU
PHY
PL
PM
PLCP
PMD
PRM
PSR
PT
QA
QoS
RTS
SA
SAC
SAS
SAP
SAR
SDH
SDT
SDU
SF

List of Acronyms

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

Hybrid Ring Control
Isochronous Medium Access Control
Isochronous Convergence Function
Interface Data Unit
Institute of Electrical and Electronic Engineers
Initial MAC
International Standard Organisation
Isochronous Service User
Information Type
International Telecommunication Union
Local Area Network
Length Indicator
Logical Link Control
Layer Management Entity
Medium Access Control
Metropolitan Area Network
MAC Convergence Functions
MAC Convergence Protocol
Message IDentification
MAC Service Data Unit
Narrowband Integrated Service Digital Network
Network Node Interface
Operation and Maintenance
Open Systems Interconnection Reference Model
Packet Medium Access Control
Pre-Arbitrated
PADding
Protocol Control Information
Plesiochronous Digital Hierarchy
Protocol Data Unit
PHYsical
Physical Layer
Physical Medium
Physical Layer Convergence Procedure
Physical Medium Dependent
Protocol Reference Model
Previous Segment Received
Payload Type
Queue Arbitrated
Quality of Service
Residual Time Stamp
Source Address
Single Attachment Concentrator
Single Attachment Station
Service Access Point
Segmentation And Reassembly
Synchronous Digital Hierarchy
Structure Data Transfer
Service Data Unit
Service Functions
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List of Acronyms

SFET
SN
SNP
SO
SRTS
SSCS
SSM
ST
TS
UNI
VBR
VCI
VPI
WAN
WBC

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

Synchronous Frequency Encoding Technique
Sequence Number
Sequence Number Protection
Service Objectives
Synchronous Residual Time Stamp
Service Specific Convergence Sublayer
Single Segment Mess~ge
Segment Type
Time Stamp
User Network Interface
Variable Bit Rate
Virtual Channel Identifier
Virtual Path Identifier
Wide Area Network
Wide Band Channel
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Details of the data unit naming convention
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Figure A.1: Data Unit naming conventions for the AAL
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Figure 8.1: Examples of AAL 3/4 - 5 Message Mode Service
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AAl parameterization

)

AAL parameter definition and value range

In this section the AAL parameters are defined which are associated with the AAL layout
of Appendix D. Though most definitions seem obvious, it is always good practice to define
used terms for a better understanding. Along with the parameter definition, the value range
for the parameter is specified. The range starts with a minimum value corresponding to a
level "(0)" and a maximum value corresponding to a higher level, e.g. "(4)".
AAL-IDU sar: segmentation and reassembly. Segmentation of AAL-IDUs into AAL-PDUs
(= ATM cell payloads) at the sending entity. Reassembly is the reverse process at the
receiving entity. The AAL-PDUs directly translate to ATM-SDUs.
Value range: - not applicable
AAL-SDU sar: segmentation of an AAL-SDU into AAL-IDUs at the sending entity. These
AAL-IDUs do not necessarily have to be of the same length/size. The complementary
function is performed by reassembly of an AAL-SDU from AAL-IDUs at the receiving
entity. see also interfacing AAL-SDU.
Value range: - not applicable
bandwidth: transfer rate desired by the service/user.
Value range: 8 kbit/s granularity up to the limit set by the network.
(0): 8 kbit/s ....... (N) N * 8 kbit/s
buffer requirements: buffer space required for reception of a complete AAL-SDU at the
receiving entity.
Value range: (0): not used
(1 ): present
cell structure: layout of the ATM cell payload. This format denotes possible associated
AAL functionality.
Value range: (0): default cell structure
(1): sequence numbering
(2): structure information field
(3): synchronization code
(4): sequence numbering + structure information field
(5): sequence numbering + synchronization code
(6): structure information field + synchronization code
(7): sequence numbering + structure information field +
synchronization code

-

cell type: denotes the nature of the information content of the cell payload. User cells are
used for the transfer of user information. Connection control cell are used for the transfer
of parameter settings.
Value range: (0): user information
(1): connection control information.

vi
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connection-mode: a connection is either connection-oriented or connectionless. The
connection-oriented mode involves:
1) connection set-up: setting/exchange of AAL parameters.
2) connection: exchange of user information, possible change of AAL parameter settings.
3) connection release: AAL parameter release
The connectionless mode just involves the exchange of user information.
value range: (0): connection-oriented
(1 ): connectionless
error processing: protection of user information may be performed in three degrees: 1) no
protection, 2) error detection and 3) error correction. The latter two are subdivided in
levels of performance.
Value range error detection:
(0) non-assured operation
(1) framing error (misconcatenation) detection
(2) cell loss/misinsertion detection
(3) (multiple) bit error detection
Value range error correction:
(0) (multiple) bit error correction
(1) cell recovery
(2) assured operation (including frame retransmission)
frame size: determined by the service and/or by AAL processing, number of user
information octets per frame.
Value range: - one octet up to 65,535 octets, compatible with the maximum length for
AAL-type 3/4 and 5 frames.
(0): 1 octet
(65,534): 65,535 octets
frame structure: layout of the AAL-SDU and/or AAL-IDU
Value range: (0): no framing
(1): default frame structure with length indication field
(2): buffer requirement
(3): frame crc
(4): buffer requirement + frame crc
interfacing AAL-SDU: the segmentation of an AAL-SDU into one or multiple AAL-IDU
processing units. The processing units need not to have the same size. If the processing
units are not equally size than a sizing cycle is assumed. The distinctive process unit size
should all be stated. Reassembly is the reverse process at the receiving entity.
Value range: - granularity of one octet up to 65.535 octets, the maximum frame size.
processing units with different sizes can have the value "remaining",
denoting that the processing unit assesses all remaining octets left after
division of the AAL-SDU in preceding processing units.
(0): 1 octet
(65,534): 65,535 octets
(65,535): remaining part of the AAL-SDU
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padding (cell level): the adding of idle octets to completely fill the AAL-PDU payload.
Value range: (0): not present
(1): present
reassembly (at frame level): denotes whether the AAL-PDU payload at the receiving entity
needs to be reassembled into an AAL-SDU. If not, this leaves the higher layer the
opportunity for dedicated service processing not supported by the AAL.
Value range: (0); yes
(1): no
sar delay: time needed for AAL-SDU / AAL-IDU segmentation/reassembly processing, Le.
payload fill, header and/or trailer processing.
Value range: - ? seconds
structure conveyance/information: indication of presence of user structure information. If
this information occurs at a fixed rate this rate should be specified as well.
value range: (0): none
(1): variable rate
(2): fixed rate with rate specification
synchronization: provision of a synchronization code at the receiving entity to clock
synchronize with the sending entity.
Value range: (0): none
(1): Adaptive clock method
(2): Synchronous Residual Time Stamp method
(3): Adaptive clock method + Synchronous Residual Time
Stamp method
transfer mode: a connection is either in the message mode or the pipelining mode. With
pipelining transfer of partially received AAL-SDUs to the peer entity of the higher layer is
performed. In the message mode transfer starts after receipt of the complete AAL-SDU
from the higher layer.
Value range: (0): message mode
(1): pipeline mode

C.2

Examples of parameter settings implementations

error processing:
error detection methods per level
(0) idle
(1) frame length indication, begin_end tags, frame crc
(2) frame length indication, sequence number
(3) cell crc
error correction methods per level
(1) cell crc
(2) forward error coding (with interleaving)
(3) frame retransmission

Appendices
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Proposed AAL layout & naming conventions
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Figure D.1: AAL layout and naming conventions

Appendices

o

xi

)

AAl parameter set-up rules

To denote functions from parameters, parameters are indicated by the prefix "p_" and
functions are written with a capital.

E.1

Functions:

Throughput
Input:
Output:
Uses:
Methods:

p_bandwidth, p_interfacing_AAL-SDU
p_AAL-SDU_sar_delay
p_AAL-SDU_sar_delay
p_interfacing_AAL-SDU.

is

computed

using

p bandwidth

and

Time response
Input:
p_error_processing
p_cell_structure
p_frame_size
p_frame_structure
Time response value
p_transfer_mode
Output:
p_error_processi ng
p_frame_size
p_transfer_mode
Uses:
p_AAL-SDU_sar_delay
Methods:
p_error_processing, p_frame_size, p_frame_structure and p_transfer_mode
all add to the AAL processing delay. If this delay exceeds the specified Time
response value, then p_error_processing, p_frame_size and p_transfer_mode
will be modified if possible.
1) p_frame_size will be down sized if allowed. If the Time response
requirements are still not satisfied, the original frame size will be restored.
2) p_transfer_mode will be set to pipeline mode if allowed and possible. If
the Time response requirements are still not satisfied, the original transfer
mode will be restored.
3) p_error_processing will be set one level back if allowed and possible. If
the Time response requirements are still not satisfied, the original error
processing level will be restored.
When unable to meet the Time response requirement by using the above
three steps the parameter setting procedure will be aborted with a Time
response error indication.

xii
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Time relation
Input:
p_connection_mode
p_synchronisation
Time relation value
Output:
Methods:
1) If p_connection_mode is set to connectionless p_synchronisation is set
to none, regardless of the Time relation value. Time relation specification
thus becomes obsolete.
2) If p_connection_mode is set to connection-oriented, the bottom limit for
p_synchronisation will be set according to the Time relation requirements.
Time relation range A: ~ p_synchronisation = none;
Time relation range B: ~ p_synchronisation = Adaptive clock
Time relation range C: ~ p_synchronisation = SRTS;
Time relation range 0: ~ p_synchronisation = Adapt. clock + SRTS;

Information protection
Input:
p_error_processing
Output:
p_error_processing
Methods:
p_error_processing should be accompanied by an indication whether the
value is an upper limit and thus susceptible to degrading if necessary or, if
the value set is mandatory.

Additional functionality
Input:
p_structure_conveyance
p_buffer_requirements
p_reassembly
Output:
p_cell_structure
p_frame_structure
Methods:
1) p_structure_conveyance is set to the bottom limit, i.e. "1".
p_structure_conveyance sets a bottom limit for p_cell_structure. It means
that the cell structure will be different by the rate specified. One octet of
the cell payload will be stripped for structure conveyance purposes.
2) p_buffer_requirements is set to the bottom limit, Le. "1 "
p_buffer_requirements sets p_frame_structure to a bottom limit. It affects
the p_frame_structure by adding an extra field.
3) p_reassembly is set to the bottom limit, i.e. "1"
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E.2

xiii

Parameters:

p_buffer_requirements
Input:
Output:
p_buffer_requirements
Methods:
p_buffer_requirements sets p_frame_structure to a bottom limit. It affects
the p_frame_structure by adding an extra field.

p_error_processing
Input:
Output:
p_cell_structure
p_frame_structure
Methods:
if p_error_processing equals:
error detection level (0)
~ error detection level (1)
~ sets bottom limit for p_frame_structure by
presence of frame crc field
~ sets bottom limit for p_cell_structure by
error detection level (2)
presence of cell sequence number field
~ sets bottom for p_cell_structure by presence
error detection level (3)
of cell sequence number field and protection of
the complete cell payload by the cell crc.
detection mode only
if p_error_processing equals:
~ sets bottom limit for p_cell_structure by
error correction level (0)
presence of cell sequence number field and
protection of the complete cell payload by the
cell crc. correction mode.
error correction level (1)
~ sets bottom limit for p_cell_structure by
presence of cell sequence number field
~ sets bottom limit for p_frame_structure by
use of forward error coding
~ sets bottom limit for p_frame_structure by
error correction level (2)
presence of frame crc field

p_structure_conveyance
Input:
Output:
p_cell_structure
p_structure_conveyance sets a bottom limit for p_cell_structure. If
Methods:
p_structure_conveyance is specified this means that the cell structure will
be different by the rate specified. One octet of the cell payload will be
stripped for structure conveyance purposes.
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p_synchronization
Input:
Output:
Methods:
p_synchronization sets a bottom limit for p_cell_structure.
If
p_synchronization is specified this means that the cell structure will be
different by the rate specified. One octet of the cell payload will be stripped
for synchronization purposes.

p_sar_delay
Input:

Output:
Methods:

p_cell_structure
p_frame_size
p_frame_structure
p_interfacing_AAL-SDU
p_sar_delay
p_cell_structure
~ default processing delay by presence of cell
information block
~ padding adds to the processing delay
~ structure conveyance adds to the processing delay
~ synchronization adds to the processing delay
~ cell sequence numbering adds to the processing
delay
p_frame_size

~

p_frame_structure

~

AAL-IDU segmentation and reassembly adds to the
processing delay

~
~

p_interfacing_AAL-SDU

buffer field adds to the processing delay
frame length field adds to the processing delay
frame crc field adds to the processing delay
~ AAL-SDU

segmentation and reassembly adds
to the processing delay

