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Abstract

The main aspect covered by signaling systems and pro-
tocols for ATM networks concerns the possibility to
manage, maintain, and control a user-driven commu-
nication between arbitrary ATM end-systems connected
to an ATM network. The tasks and procedures de�ned
for, e.g., setting-up an ATM connection, are often very
di�erent concerning the relevant speci�cations of var-
ious working bodies (such as ITU-T or ATM-Forum)
or certain vendors, although the basics to be done for
maintaining ATM connections are always principally
the same. The reason for this situation is, that the in-
tentions of working bodies are di�erent and each one
of them follows speci�c strategies for certain scenarios
(such as for point-to-point unicast or point-to-multi-
point multicast). Nevertheless, various types of char-
acteristics (such as addressing, multicast, or inter-
working) are requested from applications residing on
top of ATM networks.

Therefore, this survey of signaling systems and pro-

tocols for ATM networks identi�es for several of se-

lected approaches (such as Q.2931, UNI 3.1, or CMAP)

important characteristics and relevant scenarios. Fur-

thermore, a table-based comparison of some approa-

ches has been added.

1 Introduction

Emerging high-speed networks for wide areas, such

as the ATM (Asynchronous Transfer Mode)-based

B-ISDN (Broadband-Integrated Services Digital

Network), do require in an irregular meshed topol-

ogy appropriate signaling protocols and systems

to allow for the correct management of user-to-

user communications, e.g., between digital voice
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devices, IP (Internet Protocol) hosts, or LAN (Lo-

cal Area Networks) interworking devices. The

general picture for the interoperation of communi-

cation protocols in an ATM environment provid-

ing user-to-user communications is stated in the

B-ISDN protocol reference model [1]. Signaling|

being part of the ATM control and management

plane as well | is the critical issue of interop-

erability in wide area ATM networks. It is nec-

essary for �nally transferring user data between

ATM end-systems within well de�ned ATM con-

nections while dynamically generating outgoing

call set-ups and clearings, accepting incoming call

set-ups and clearings, processing status mainte-

nance and noti�cation tasks, and running connec-

tion control issues according to user requirements

for modern services. The underlying ATM con-

cept of virtual path identi�ers and virtual channel

identi�ers [2] is \materialized" into a set of sup-

porting signaling procedures and messages (ex-

changed between ATM switches and ATM end-

systems as well) that are summarized as call and

connection control issues.

A network scenario as presented in Figure 1

is quite common, where private (corporate) and

public ATM switches are interconnected. Two

di�erent types of User-Network Interfaces (UNI)

are distinguished. Private UNIs are located be-

tween ATM end-systems and private ATM swit-

ches. Instead, public UNIs are located between

ATM end-systems and public ATM switches. Pub-

lic ATM switches may de�ne a public ATM net-

work, where private ATM switches de�ne a pri-

vate ATM network. A main di�erence involves

the administrative responsibility for all domains.

While private domains may follow a local man-

agement scheme, which o�ers only dedicated in-

terconnection points to the outside world, public
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Figure 1: A Common Scenario for Interconnected ATM Switches and ATM End-systems

domains have to o�er well-de�ned interconnection

points and signaling systems as well. Addition-

ally, the Network-Node Interface (NNI) between

private or public ATM switches is not visible to

any ATM end-system or user.

A wide range of signaling systems for ATM-

based networks has been developed, in each case

leading to the special focus of various working

bodies or vendors. Most of todays signaling pro-

tocols as well as generalized signaling systems are

still in the progress of de�nition or standardiza-

tion. The main focus throughout this survey lays

on the User-Network Interface (UNI) Signaling

| besides Network-Node Interface (NNI) Signal-

ing | without regarding ATM Adaptation Layer

Signaling or Physical Network Signaling. In sum-

mary, UNI signaling speci�es tasks and proce-

dures between an ATM end-system and the next

directly connected ATM switch.

In the N-ISDN (Narrowband-Integrated Ser-

vices Digital Network) environment the Interna-

tional Telecommunications Union { Telecommu-

nications Standardization Sector (ITU-T) Recom-

mendation Q.931 [3] has been introduced as a

UNI signaling system. Nevertheless, this Digi-

tal Subscriber Signaling System No. 1 (DSS 1)

could not be applied to ATM-based B-ISDN net-

works directly, since it did not include schemes

for dealing with virtual paths and virtual chan-

nels. Therefore, the Digital Subscriber Signaling

System No. 2 (DSS 2) in the Recommendation

Q.2931 [4] (as well as extensions, such as multi-

cast [5] and Quality-of-Service parameter negoti-

ation [6], [7], [8]) has received �nal preparation

at the ITU Study Group 11/Working Party 2,

Question 15 \Updating and enhancement of ISDN

user-network call control protocols". Addition-

ally, the ATM-Forum is in progress of aligning

the standardization process with market opportu-

nities and it produces pre-standardization speci-

�cations that are supported by multiple vendors,

network operators, and users. The ATM-Forum

signaling system is speci�ed as UNI Speci�cation

3.0 [9], now being updated in UNI Speci�cation

3.1 [10]. These speci�cations are based on sub-

sets and extensions of the above mentioned ITU-

T Broadband Access Signaling Protocol Recom-

mendations. An example of a vendor speci�c ap-

proach is SPANS (Simple Protocol for ATM Net-

work Signaling) as Fore's interim signaling proto-

col for ATM LANs [11], [12]. Finally, an example

that has been developed in a university environ-

ment (Washington University, St. Louis, U.S.A.),

is the \Connection Management Access Protocol"

[13], [14] or the \MultiService Network Architec-

ture Connection Management" from the Univer-

sity of Cambridge, England, U.K. [15], [16].

The target of this survey is the identi�cation

of commonalities and di�erences between a num-

ber of regarded signaling systems and protocols,

while focussing on their main features, character-

istics, and procedures. Therefore, this survey is

organized as follows. Providing a common ba-

sis on important issues, a concise introduction

into signaling and into the ATM-based B-ISDN

is presented in Section 2. Afterwards, Section 3

focusses on an overview of several signaling sys-

tems and protocols while contrasting di�erences

in a table-based comparison. Finally, concluding

this survey, Section 4 proposes brie
y important

issues and characteristics for future signaling sys-

tems and protocols.



2 Signaling in the

ATM-based B-ISDN

Relevant protocols for ATM are de�ned within a

generic protocol architecture, the B-ISDN Proto-

col Reference Model [1], which contains orthog-

onal dimensions for di�erent layers and various

functions. Horizontal layers encompass:

� Physical Layer, specifying media technology-

dependent issues;

� ATM Layer, including ATM speci�c func-

tions, such as the generation of ATM cell

headers, the (de-)multiplexing of cells, and

mapping functions for identi�ers;

� ATM Adaptation Layer (AAL), including

AAL speci�c functions, such as segmenta-

tion/reassembling of higher layer protocol

data units into ATM cells, and convergence

functions; and

� Higher Layers for application speci�c func-

tions.

The vertical structure de�nes the User Plane,

the Control Plane, and the Management Plane.

User and control plane use identical physical and

ATM layers respectively, but use di�erent AAL

and higher layers. Especially the user plane is re-

sponsible for transmission of user data, where the

control plane handles all relevant issues on Signal-

ing. This is the set-up, maintenance, and clear of

calls and connections, while supporting di�erent

kinds of unicast, multicast, broadcast, and mul-

tipeer communication scenarios, negotiation and

renegotiation of QoS (Quality-of-Service) param-

eters during set-up, admission control functions,

ongoing QoS monitoring during the data transfer

phase, and routeing of set-up requests through the

network. Finally, the management plane encom-

passes relevant functions to interact and coordi-

nate between user and control plane activities.

2.1 The Virtual Path and

Virtual Channel Concept

Cells are small 53 byte long units of trans-

portation. The relevant format is de�ned in I.361

[17]. They are exchanged between an origina-

tor or \calling party" and a responder or \called

party" that are identi�ed by ATM addresses. Var-

ious addressing formats (such as IP addressing

[18], public ISDN network E.164 addressing [19],

or OSI NSAP addressing [20]) may be used for

ATM. The ATM address is divided into an ad-

dress and a sub-address [9], [21].

A Virtual Channel (VC) describes a unidi-

rectional logical ATM connection between two or

more ATM end-systems, which has some amount

of reserved resources, e.g., bandwidth. In con-

trast, a Virtual Path (VP) de�nes a number of

virtual channels as a unit of observation for unidi-

rectional tra�c between an ATM end-system and

an ATM switch. Connections relying on either

type are logically equal. A Virtual Channel Link

(VCL) is bounded by ATM switches on either

side, which can be uniquely referred to by a Vir-

tual Channel Identi�er (VCI). Instead, a Virtual

Path Link (VPL) de�nes a physical end-to-end

connection between either an ATM end-system

or an ATM switch or ATM cross connect respec-

tively (cf. Figure 2). Any VPL is identi�ed by

a Virtual Path Identi�er (VPI). Finally, one or

multiple interconnected virtual channel links are

regarded as a Virtual Channel Connection (VCC)

and one or multiple interconnected virtual path

links are regarded as a Virtual Path Connection

(VPC). An ATM Cross Connect | also known

as a VP Switch | switches VPIs only, while an

ATM Switch | also referred to as an VC(+VP)

Switch | switches VCIs and VPIs. Nevertheless,

throughout this survey both types of switches are

regarded as ATM switches. ATM connections are

referred to as switched physical or virtual chan-

nels between ATM end-systems. Finally, a call

de�nes an abstract issue of an originator to set-up

or maintain one or multiple connections to one or

multiple responders. Therefore, the call includes

more application speci�c details such as multicast

or multipeer requirements [22].

2.2 Key Issues in an

ATM Signaling Scenario

Signaling Protocol Architecture { A neces-

sary prerequisite for transferring signaling mes-

sages is a reliable network service. Therefore, a

SAAL (Signaling ATM Adaptation Layer) based

on AAL type 5 [23] has been de�ned in the Rec-

ommendations Q.2100 [24], Q.2110 [25], Q,2120

[26], and Q.2130 [27]. E.g., Q.2931 [4] runs on

top of SAAL, which in turn runs on top of the

ATM layer. Di�erent types of AAL may be used

as well, e.g., SPANS [11] runs on top of either

AAL type 3 or type 5. Moreover, the UNI signal-

ing may be processed on top of a TCP/IP (Trans-
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Figure 2: Links, Equipment, Identi�ers, and Connections

mission Control Protocol/Internet Protocol) [28],

[18] stack and may be used for transmitting sig-

naling messages, to ensure the reliable transfer of

these messages, as it is done by the Q.93B-based

Netcomm signaling protocol [29]. Finally, signal-

ing protocols may not require reliable signaling

message transfer services at all, when the appli-

cation itself is responsible for dealing with errors,

such as corrupted, lost, or duplicated signaling

messages.

For Network-Node Interface signaling in B-

ISDN a speci�c B-ISUP (Broadband-ISDN User

Part) ([30], [31], [32], [33], [34], and [35]) based on

the ISUP (ISDN User Part) ([36], [37], [38], and

[39]) of the Signaling System No. 7 (SSN 7)| de-

�ned completely in Q.700-Q.782 [40] | is located

on top of the MTP 1, 2, or 3 (Message Transfer

Part) [41] of SSN 7. This regular layer 3 of SSN 7

runs on top of the already mentioned SAAL [24].

Finally, meta signaling is de�ned in Q.142x [42]

and done directly inside the ATM layer, as an

internal extension of the ATM layer.

Signaling Features and Tasks { Any signal-

ing system has to hide completely any internals

of the network and its topology from the user per-

spective. That is an important reason for the def-

inition of the User-Network Interface, where the

user only recognizes access methods that are han-

dled with the \�rst" connected ATM switch, but

has no knowledge on, e.g., how to reach the poten-

tial receiver somewhere connected to the network.

In general, signaling in ATM has to be regarded

within three di�erent layers:

� Layer 1 signaling is done between physical

hardware devices;

� Layer 2 signaling allows for the intercon-

nection of Interworking Units, e.g., between

LANs, using layer 2 endpoints; and

� Layer 3 signaling supports the establishment

of calls and connections between digital voice

devices, IP or IPX hosts, relying on layer 3

endpoints.

Therefore, UNI signaling in the B-ISDN en-

vironment is located in layer 3 and de�nes peer

functions for the network connection control. Fur-

thermore, signaling issues may be separated into

two distinct control areas:

� Connection (Bearer) Control de�nes proce-

dures to set-up or initialize features of the

user data connection, e.g., the ATM con-

nection, or the process of connecting that

type of connection.

� Call Control de�nes procedures for main-

taining the connection itself, e.g., associ-

ating speci�c VPIs or VCIs with a calling

user, calling of any destination, or clearing

VPI/VCI tables.

Two important tasks exist in any signaling

scenario: network-dependent and service-depend-

ent signaling tasks. The speci�c target of signal-

ing within ATM networks includes twomain ATM

network-dependent tasks, only:

� Set-up, maintenance, and clear of VCCs and

VPCs and

� negotiation of tra�c characteristics.



Service-dependent tasks are in general com-

pletely independent of any speci�c network fea-

ture and are relevant for signaling systems. But

they are not compulsory for signaling systems and

may only be integrated in the signaling system

de�nition approach, e.g.:

� The de�nition of multicast and multipeer

scenarios and its direct support;

� the symmetric or asymmetric behavior of

connections; or

� QoS parameter negotiation (such as band-

width, latency, or error rates) for services.

Unfortunately, in case of ATM, QoS is re-

lated to services and the network as well, e.g.,

any service requirement regarding throughput has

to be mapped onto the network speci�c ATM

peak cell rate, sustainable cell rate, or maximum

burst size. Therefore, a complete signaling sys-

tem shall include network-dependent tasks and

service-dependent tasks as well.

Virtual Signaling Channels { In ATM-based

B-ISDN networks Out-of-Band Virtual Signaling

Channels (VSC) are used. They form the main

basis for processing signaling tasks, e.g., trans-

mitting and receiving signaling control messages.

In general, three di�erent types of SVCs are dis-

tinguished:

� Meta Virtual Signaling Channel (MVSC),

� Broadcast Virtual Signaling Channel

(BVSC), and

� Point-to-Point Virtual Signaling Channel

(PVSC).

MVSCs are always bidirectional and are used

to establish BVSCs or PVSCs as necessary. These

in turn, are used to signal all types of ATM con-

nection signaling messages between di�erent ATM

end-systems and ATM switches. BVSCs use to be

unidirectional, while PVSCs are bidirectional. At

least, one VSC of either type is mandatory and,

therefore, permanent for each single UNI. How-

ever, one static VSC, regardless of which type,

has to be assigned at a de�ned (pair of) VPIs and

VCIs initially for each ATM end-system. E.g., for

a PVSC the VCI is always set to 5 and the VPI

is always non-zero, while a MVSC is de�ned by a

VCI set to 1 and the VPI equals always non-zero,

if the signaling is done with remote networks.

Otherwise (the VPI equals zero), user signaling

is processed with the local switch [17], [43].

Comparison of ATM Signaling with X.25

Signaling { The manner of setting-up an ATM-

connection is brie
y compared with existing con-

nection establishment procedures. Since a reliable

ATM transport service for signaling messages (cf.

above) is necessary, ATM signaling messages can

not be sent directly into the network via the ATM

layer. Instead, in a traditional signaling system

and protocol X.25 [44] a \call request message"

is delivered directly to the end-system via the re-

liable network layer, which is used for user data

transmissions as well.

Additionally, X.25 signaling is de�ned between

end users. In contrast, an ATM end-system trans-

mits a set-up message to the next ATM switch

and this switch will proceed with the necessary

set-up tasks between following ATM switches or

any �nal responder ATM end-system.

However, the introduction of a UNI between

ATM end-systems and ATM switches is quite sim-

ilar to the abstraction of the DTE/DCE (Data

Terminal Equipment/Data Circuit-Terminating

Equipment) concept in X.25, since a user access is

processed between the ATM end-system and the

ATM switch. But in contrast to X.25, each ATM

connection may be additionally speci�ed with a

certain set of characteristics (such as QoS param-

eters), which in turn may be negotiated with the

ATM network.

3 Overview and Comparison

of Signaling Systems and

Protocols

Existing signaling systems and protocols are listed

in an overview in Table 1, which is not complete,

but presents several relevant approaches. The

Figures 5 and 6 include a table-based comparison

of several approaches, while depicting a number

of important capabilities of signaling protocols.

The ITU-T Recommendations for the Signal-

ing System No. 7 (SSN 7) in the Q.700-series [40]

encompass the N-ISDN version of an NNI signal-

ing system. Recommendations for the voice stan-

dard in N-ISDN are de�ned in Q.930 [45], Q.931

(similar to I.451) [3], and Q.93B [46]. The Dig-

ital Subscriber Signaling System No. 2 (DSS 2)

for B-ISDN in the �nal text of Q.2931 [4] and the

draft text of Q.298x [5] is based on older versions

(as Q.93B and Q.931). ETSI (European Telecom-

munications Standards Institute) is in progress of



Organization Standard Content Remarks

ITU-T Q.700 series NNI Signaling SSN 7

ITU-T Q.930/Q.931 N-ISDN Voice Standard DSS 1

ITU-T Q.93B Basic Call Preliminary DSS 2

ITU-T Q.2931 Point-to-Point DSS 2

Q.298x Point-to-Multipoint DSS 2

Q.29xy Various additional features DSS 2

ETSI DE/SPS-5024 Basic Call

DE/SPS-5034 Supervisory Call

ATM Forum UNI Spec 3.0 Point-to-Point and Point-to-Multipoint

UNI Spec 3.1 Point-to-Point and Point-to-Multipoint

Fore Systems SPANS Point-to-Multipoint For ATM LANs

Netcomm Q.93B-based Point-to-Point

NetExpress FAST Select Fast Call Set-up procedure

Bellcore EXPANSE Multimedia Services

AT&T Bell Laboratories GSP Connection Management For various environments

Washington University CMAP Multipoint-to-Multipoint

University of Melbourne gNET Point-to-Multipoint For ATM LANs

University of Cambridge MSNL-CM RPC-based Message Transfer For Fairisle

Table 1: Overview of Several Signaling System Drafts, (Pre-)Standards, and De�nitions

de�ning a UNI signaling protocol, which is subdi-

vided into basic call [47] and supervisory call [48]

issues. The ATM-Forum de�ned the UNI Speci�-

cation 3.0 [9], now being updated in UNI Speci�-

cation 3.1 [10], which is not interoperable with the

former version. A proposal for UNI 4.0 is under

discussion [49]. These speci�cations are based on

subsets and extensions of the ITU-T Broadband

Access Signaling Protocol Recommendations. Ad-

ditionally, examples of vendor speci�c signaling

protocols are SPANS [11], [12], a Q.93B-based

protocol [29], and FAST Select [50]. Furthermore,

Bellcore worked on EXPANSE in support of com-

plex multimedia services [51], and Bell invented

GSP (Generic Signaling Protocol) [52], [53]. Fi-

nally, university work has been driven by project

requirements, such as CMAP (Connection Access

Management Protocol) [13], [14], [54], gNET [55],

and MSNL-CM (MultiService Network Layer-

Connection Management) [15], [16].

3.1 Signaling Capabilities,

Messages, and Procedures

User communications in an ATM network takes

place after a set-up of an ATM connection, which

is based on signaling messages transmitting set-

up request information to one or multiple des-

tinations. Depending on the request, either the

network (an ATM switch) or the destination (an

ATM end-system) agrees upon the information

included in the message. A set-up includes other

tasks to be managed, e.g., the selection of an ap-

propriate VP, the mapping of VCIs and VPIs in

intermediate switches, resource negotiations be-

tween switches, and the call and connection con-

trol in the calling and called ATM end-system.

Capabilities { Q.2931/Q.298x, UNI 3.0, and UNI

3.1 include the speci�cation of procedures and

messages to achieve capabilities, which de�ne the

purpose of signaling in various scenarios. They

encompass switched connections for point-to-point

as well as point-to-multipoint connections that

support tra�c having symmetrical or asymmet-

rical bandwidth requirements. A statically pre-

de�ned out-of-band signaling channel allows for

maintaining these connections with uni- or bidi-

rectional tra�c in terms of user-/network-driven

joining or leaving additional partners to/from an

existing single connection call. Class X, A, and C

ATM data link layer services (ATM transport ser-

vices) are supported, while public UNI addressing

formats for unique identi�cations of ATM end-

points are used. Furthermore, error recovery, end-

to-end compatibility parameter identi�cation, and

signaling interworking with N-ISDN (Q.29xy only)

are provided. Furthermore, Q.2931 runs on top of

SAAL [24], while UNI 3.1 needs any type of reli-

able network service.



Class Type Q.2931/Q.298x UNI 3.0/3.1

Point-to-Point Set-up Alerting |

Call proceeding Call proceeding

Connect Connect

Connect acknowledge Connect acknowledge

Set-up Set-up

Clearing Release Release

Release complete Release complete

Managing Notify |

Status Status

Status enquiry Status enquiry

| Restart

| Restart acknowledge

Point-to-Multipoint Joining Add-connection Add party

Connection-added |

Connection-added acknowledge Add party acknowledge

| Add party reject

Leaving Release-connection Drop party

Release-connection complete Drop party acknowledge

Table 2: Messages for Q.2931/Q.298x and UNI3.0/3.1

Messages and Information Elements { A mes-

sage acts as a pre-de�ned function for exchang-

ing signaling information, that is further re�ned

in information elements. Depending on the mes-

sage di�erent directions (from the originator or

from the responder of a call) degrees of signi�-

cance (local, access, dual, and global) are distin-

guished. Table 2 lists de�ned messages of two

classes and �ve types within Q.2931/ Q.298x and

UNI 3.0/3.1. The structure of each message, pos-

sibly consisting out of several variable length in-

formation elements, is de�ned in Figure 3. The

Protocol Discriminator (PD) distinguishes a spe-

ci�c message from other messages of di�erent pro-

tocols that might be used, such as user-network

call control messages as de�ned in Q.931, Q.93B,

or X.25. The Call Reference consists out of a

length �eld (LCRV), a call reference 
ag (F), and

the value (CRV) itself. It is used | instead of an

end-to-end signi�cance | as a local identi�cation

of the call. The call reference value is �xed for

the lifetime of a call at the originating side. Since

multiple calls may be processed within one virtual

signaling channel, the call reference value distin-

guishes messages from di�erent calls. The 
ag

de�nes, whether the message is being sent from

the side that originated the call reference or from

the responder. The Message Type (MT) speci�es

the type of the message (cf. Table 2) being sent.

Obviously, the Message Length (ML) de�nes the

length of the following one or multiple variable

PD

Variable length information element

1 2 3 4 65 7 8Bit
Byte

1

2

3

4

5

6

n

...

LCRV
F CRV

MT

ML

CRV

0 0 0 0

7

PD
LCRV
F
CRV
MT
ML

Protocol Discriminator
Length of Call Reference Value
Flag
Call Reference Value
Message Type
Message Length

Legend:

Figure 3: The Structure of Signaling Messages

De�ned out of Information Elements

length information elements.1

Every single information element contains in-

formation necessary for the network and/or the

responder relating to the processed call. Certain

coding rules for the information elements are de-

�ned. A general information element format in-

cludes identi�ers for information elements, such

1It is important to recognize that multiple information

elements may be used in a single message. E.g., a \Set-up"

message at least contains an \ATM Tra�c Descriptor", the

\Called Party Number", and the \Calling Party Number".
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as \Broadband-Sending Complete", \ATM Traf-

�c Descriptor", or \Quality-of-Service Parame-

ter". E.g., the \ATM Tra�c Descriptor" contains

the forward peak cell rate and the backward peak

cell rate as de�ned in I.371 [56]. Reasons for a

message and relevant diagnoses are transmitted

by \Cause". The \End-to-End Transit Delay"

information element de�nes the selection of the

end-to-end transit delay, while the \Connection

Identi�er" allows for the speci�cation of the con-

trolled connection. A \Number" de�nes a net-

work addressing, whereas a \Subaddress" de�nes

full addressing. The designation of the desired

transit network is speci�ed within the \Transit

Network Selection".

Example Procedure: ATMConnection Set-

up { The use of some signaling messages is ex-

plained in a simple point-to-point scenario (cf.

Figure 4), where originator and responder act dif-

ferently. The originator initially requests a call

by transmitting the \Set-up" message. If the call

can be accepted, either in the \Call proceeding"

or in the \Connect" message the newly allocated

VPI/VCI is determined for the initiating ATM

end-system No. 1. Otherwise, the \Release com-

plete" message heading for the originator of the

call determines that the network or the respon-

der ATM end-system No. 2 are unable to con-

nect. A responder receives a \Set-up" message for

an o�ered call. An \Alerting" and a \Connect"

message are transmitted accepting the incoming

call or the \Release complete" message is used

to determine a rejection. Finally, between each

end-system and the directly connected switch the

\Connect acknowledge" is exchanged.

CMAP Capabilities { The CMAP (Connection

Management Access Protocol) [13], [14], [54] has

been de�ned to manage complex multipoint con-

nection scenarios in an ATM-based network envi-

ronment. CMAP speci�es di�erent kinds of access

procedures for set-up, clearing, and monitoring

multipoint calls and connections that are handled

as a distributed object throughout the ATM net-

work. The main contribution of CMAP capabili-

ties is a great variety of signaling procedures that

are used within multipoint connections de�ning a

dynamic call model, where e.g., multiple connec-

tions may be added dynamically as a call is set-up.

This can happen originator-driven or responder-

driven, where the responder might or might not

be member of that call. A number of procedures

| operations in CMAP terminology | are de-

�ned as call procedures to set-up, modify, join,

leave, clear, and trace calls, and as connection

procedures to set-up, join, or leave connections.

Managing procedures allow for the request of sta-

tus information, alerting, resetting, and report-

ing. Furthermore, characteristics of calls (such as

type, accessibility, originator identi�cation, mod-

i�ability, or connection lists) and of connections

(such as bandwidth, permissions, or noti�cation)

can be de�ned initially or during a two-way hand-

shake negotiation phase.

3.2 Selected Comparisons

UNI 3.0 versus UNI 3.1 { UNI 3.0 is based on

Q.93B and is extended with certain features for

addressing multicast issues. UNI 3.1 is the result

of an update2 of UNI 3.0 to become compatible

with Q.2931 in most parts, including certain mul-

ticast features as de�ned in Q.298x. However,

UNI 3.0 is not compatible with UNI 3.1 due to

detailed changes in the signaling part. Important

changes are the re�nement of the Domain Spe-

ci�c Part of an E.164 Address and of the \General

Message Format and Information Element Encod-

ing" (mainly the variable length information ele-

ments of \ATM Adaptation Layer Parameters",

\Broadband High Layer Information", \Broad-

band Low Layer Information", \Called Party Sub-

address" , \Called PartyNumber", \Calling Party

Subaddress" , \Calling PartyNumber", and \Qua-

lity-of-Service Parameter") and their correspond-

ing procedures and states.

2A further collection of new features for another up-

dated UNI version, now called UNI 4.0, has been proposed

already in an ATM-Forum signaling subgroup meeting [49].
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Figure 5: A Comparison of Call Management Capabilities

Q.2931 versus UNI 3.1 { A comparison of the

Q.2931 Recommendation and UNI 3.1 identi�es

non-supported issues and extensions. E.g., UNI

3.1 does not provide the messages \Alerting" and

\Notify", and includes non-similar information el-

ements \Information", \OAMTra�c Descriptor",

\Noti�cation Indicator", and \End-to-End Tran-

sit Delay" as well as their corresponding proce-

dures and states. Extensions in UNI 3.1 encom-

pass information elements concerning the point-

to-point multipoint procedures, which are de�ned

separately in the Q.298x Recommendation. Mi-

nor but important di�erences comprise (1) the

set-up message. The \Called Party Number" and

the \Connection Identi�er" are mandatory, while

the maximum lengths of these parameters are spec-

i�ed. Since the \Connection Identi�er" is miss-

ing, appropriate error handling procedures are de-

�ned. The retransmission of a set-up is de�ned

as optional. Additionally, only two combinations

of type of number and addressing plan identi�-

cations according to E.164 are supported. (2)

For each supported information element the max-

imum length and the number of valid occurrences

are de�ned. (3) For coding QoS parameters the

network speci�c standard is used. The selection

procedures for these parameters are extended with

error procedures for any unsupported combina-

tion of these parameters.

3.3 A Table-based Comparison of

Signaling Systems and Protocols

Based on the above mentioned proposals, stan-

dards, and recommendations as well as from pre-

vious works such as [57], [58], [59], [60], [61], [62],

[63], and [64] the table-based comparison has been

developed. A main distinction can be initially

used for signaling systems:

� Call management and

� Connection management.

These two categories are based on the connec-

tion and control issues de�ned in Subsection 2.2,

using a slightly modi�ed term of management that

involves only call and connection related features

respectively. This is an important criteria for B-

ISDN, since in a multicast environment a call may

need a set of connections to di�erent users, e.g.,

for di�erent media, such as video and text.
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Figure 6: A Comparison of Connection Management Capabilities

Figure 5 summarizes the area of call man-

agement capabilities.3 A scenario is described

by identifying di�erent addressing schemes (such

as IP, E.164, or NSAP) that identify unique ATM

endpoints and various communications types (such

as unicast, multicast, or multipeer). Special fea-

tures include tra�c descriptors that are used to

specify the type of tra�c the application will hand

over to the network, a registration of clients that

can be used for the integration of a data base

for registered end-system's addressing informa-

tion, and a trace of a call that allows for tracking

of the actual physical and virtual path links used

within a certain call.

Dependent on the phases of establishing, main-

taining, and clearing a call, various di�erences are

identi�ed. During set-up time the number of con-

nections per call de�nes the supported mainte-

nance e�ort to be handled within the state ma-

chines of a signaling protocol. Di�erent ATM

3In this Figures a yes states the existence of the feature,

while a no states the non-existence. A dash \-" indicates

that no reliable information has been identi�ed in the in-

spected references and no statement can be given.

transport services (data link layer services in the

ISO/OSI Basic Reference Model [65]) can be sup-

ported. Additionally, the possibility to (re-)ne-

gotiate QoS parameters is important for tra�c

characteristic variations over the lifetime of a call.

Maintaining issues concern the static or dynamic

behavior of a call. Finally, any clearing procedure

of a call can be initiated by users or the network.

Figure 6 summarizes the area of connection

management capabilities. Relevant features

encompass a scenario, dependent on the type of

connection used. Certain special features are dis-

tinguished. QoS support is de�ned for bandwidth

requirements that are symmetrical or asymmetri-

cal. Further QoS parameters, such as delay or

error rates, can be provided. The directions of

the data 
ow is uni- or bidirectional. Signaling

support is re
ected in the signaling channels pro-

vided. A pre-de�ned and static signaling chan-

nel may be used as out-of-band or in-band. Fur-

thermore, broadcast signaling channels and meta

signaling can be provided. Finally, interworking

with N-ISDN de�nes upward compatibility with

narrowband systems.



Issues of maintaining a connection may have

di�erent characteristics as well. Distinguishing

between static and dynamic connection manage-

ment, the dynamics are re�ned in terms of di�er-

ent scenarios for joining or leaving connections.

Adding or dropping single or multiple connections

(sequential or in parallel) within an existing call

is supported.

4 Conclusions

Important features of recent standardization work

on signaling systems and protocols (such as ca-

pabilities, procedures, messages, and information

elements) have been brie
y described to allow for

an insight in signaling tasks. The table-based

comparison identi�es at a capability-based level

main di�erences of several regarded approaches.

Additionally, the following list includes analyzed

aspects for a generic signaling system comprising

a broader capability- and services-based view of

important signaling issues:

� Support of switched and permanent chan-

nel connections including single and multi-

ple connections per call in (multi-)point-to-

(multi-)point communication scenarios.

� De�nition of basic signaling functions via

similar signaling protocol messages, infor-

mation elements, and procedures for each

communication scenario.

� Support of uni/bidirectional and symmet-

ric/asymmetric connections concerning QoS

requirements, such as bandwidth or error

rates for each communication scenario.

� Provision of information for resource negoti-

ation and reservation during connection/call

set-up (admission control) and renegotiation

during data transfer including resource mon-

itoring, such as for QoS parameters.

� Using a highly dynamic call model includ-

ing detailed characterizations of calls, such

as accessabilities or identi�cations of origi-

nator.

� Multiple simultaneous call and connection

set-ups for each communication scenario.

� Support of simultaneous joining/leaving of

one or multiple calls/connections into/from

existing ones (user-driven and network-dri-

ven), while supporting mandatory and op-

tional network connections.

� Using a �nal call and connection clearing.

� Support of all ATM transport services as

well as other data link services.

� One statically de�ned virtual meta signaling

channel, providing the facility to dynami-

cally establish broadcast- and/or point-to-

point-virtual signaling channels, or associ-

ating a pre-de�ned static point-to-point vir-

tual signaling channel.

� Support of public and private UNI address-

ing formats for unique identi�cation of ATM

endpoints (such as E.164, OSI-NSAP, IEEE

802.6, or IP addresses).

� De�nition of client registration mechanisms/

services for exchange of addressing informa-

tion across UNIs.

� Speci�cation of error detection and recovery

(such as alerting and resetting).

� Provision of end-to-end parameter compat-

ibility and identi�cation, e.g., for QoS pa-

rameters or signaling parameters including

target platform independent (such as from

the operating system or the equipment used)

encoding rules for all parameters.

� Independent speci�cation of the signaling

system and protocol of the underlying re-

liable network service (such as with AAL

type 3, AAL type 5, SAAL or TCP/IP).

� Independence of the requested service (e.g.,

multimedia, client/server, or RPC) and of

the used protocol for transmitting user data,

while supporting di�erent subscriber equip-

ment.

These generic features re
ect the needs for a

modern signaling system and protocol that will

be able to interwork with a wide range of ATM

network scenarios and equipment as well. This

catalogue should be taken into account for a fu-

ture development of a Global Signaling System

Architecture, which is based on distributed sys-

tem architectures. It includes general mapping

schemes and rules for di�erent signaling message

types and message contents; on one hand for the

integration and experimentation of many di�erent

signaling systems and protocols, and on the other

hand for signaling simpli�cations of complex com-

munication and service scenarios. As the variety

of existing signaling systems and protocols does

not seem to converge to a single signaling system

or protocol, an overlayed global signaling system

should allow for an interoperable, di�erent ATM

networks embracing approach.
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