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ultimedia multi-user applications
are becoming more and more
important. Computer-based con-
ferencing systems allow people to
interact using several types of infor-
mation. Computer supported cooperative work
(CSCW) systems allow geographically distributed
groups of people to work on the same project.
Communication systems must evolve to support these
applications.

Intensive research is underway on the design
of protocols and protocol entities for future com-
munication systems supporting multimedia multi-
user applications. Assuming that B-ISDN will be
the standard public network for providing multi-
media muiti-user services in the coming decade, a
lot of research is based on B-ISDN. Examples of
research are as follows: requirements for the
user-network signaling and a conceptual call
model [1]; a more sophisticated call model and a
signaling protocol at the user network interface
(UNI) {2, 3]; and service requirements for multi-
media applications as well as connection manage-
ment facilities for multiservice networks [4]. Also,
project RACE MAGIC is studying the signaling
protocol to support multimedia multi-user ser-
vices [5]. Apart from B-ISDN, protocols are
being designed to support multimedia multi-user
applications, e.g., on Internet [6,7].

Work on multimedia multi-user communica-
tion systems is based more or less on intuitive
feelings about the required capabilities. Because
requirements are mostly specified in an informal and
imprecise way, they are open to different inter-
pretations, which can cause disagreement about
the design choices. Ambiguity results in an inter-
mingling of discussions concerning the required
behavior and discussions concerning the way to
achieve this behavior, which wastes R & D
resources, i.e., manpower and money. Often, dis-
agreements are detected only after progress hasbeen
made on the design of protocols or protocol entities.
In this article, we develop a more explicit, precise
description of the required functional behavior of
communication systems supporting multimedia

multi-user applications. This description, called a
service description, can serve as a common refer-
ence for research and development.

The communication services supporting multi-
media multi-user applications have been described
[8-10]. The present work differs in its scope and
its approach to the service description as dis-
cussed in the next section.

This article is organized as follows. First, we ex-
plain the approach to the description of amultimedia
multi-user service. An example illustrates the use
of the service description in the design of communi-
cation systems. Next, we present the basic require-
ments of multimedia and multi-user communications.
A call model underlies and structures the service
description. Finally, we describe the service in terms
of service elements.

Approach

ur work on the design of protocols for multi-

media multi-user communication systems is
based on an abstract and unambiguous service
description thatstructures and leads the design pro-
cess. Rather than providing a comprehensive de-
scription of all aspects of the required behavior of
the system, the intention is to provide a first step
towards a complete service specification. Further-
more, we focus on those aspects of the service
related to the establishment, modification, and
termination of calls.

In the definition of the service description, the
communication system, i.e., service provider, is
regarded as a whole; no component parts and their
mutualinteractions are visible. The communications
system provides services supporting multimedia
multi-user applications. Users interact with the ser-
vice provider at service access points (SAPs). We
describe the service by specifying the service prim-
itives, which are the interactions that can take
place at the spatially distinct SAPs. Apart from
the service primitives and their parameters, the pos-
sible sequences for invoking primitives at differ-
entSAPsmustbe described. The service description
is at the highest level of abstraction. It does not
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prescribe how the interactions should take place,
e.g., by means of function calls or message
exchange across the UNI; this decision should be
made during the further design of the system.
Thus the required behavior of the system can be
described without reference to possible imple-
mentations.

The present approach is in line with that employed
in the development of the OSI reference model
(OSI/RM) [11]. The OSI/RM was developed with
only point-to-point data communications in mind,
however, and the service defined here should also
support multimedia and multi-user communications.
In the OSI/RM, due to the simplicity of point-to-
point data communications, there is no call model
(or the equivalent). The complexity of multime-
dia and multi-user applications asks for a sophis-
ticated call model. A confirmed service element
in the OSI/RM is at most a three way negotiation
among the calling user, the called user, and the
service provider, hence, the one-phase confirmation
composed of four types of primitives (request,
indication, response, and confirm) is enough for such
a simple service element. In case of multi-user
communications, negotiation may have to be done
with multiple called users. A service requestonacall
may have impact on the users who are not direct-
ly involved in the request, and these users should
be informed of any change of the state of the call.
To meet these requirements, the service elements
of the OSI/RM must be extended as discussed in
detail in the service description.

Our approach is similar to that of the Touring
Machine [8]. Both provide an open platform sup-
porting multimedia multi-user communications.
But the points of view are different. The applications
programming interface (API) of Touring Machine
defines a set of messages passed between applica-
tions, and the infrastructure for requesting ser-
vices from the system. It makes various
network-provided capabilities and core services
available to a large class of multimedia applications.
Our service description merely defines the need-
ed capabilities of communication systems to support
multimedia multi-user applications.

Anotherwork follows an approach similar to ours
but has a different scope [9]. In our terminology,
itisamultimedia multi-user application that includes
not only the capabilities of the communication
system but also the functions of application processes.
We restrict our service description to the capabil-
ity of the communication systems to support mul-
timedia multi-user applications.

Another approach describes services at the UNI
ofthe B-ISDN, i.e., the access point to the public net-
work [10]. We do not follow this approach because
an abstract service description must be independent
of the various technical solutions used in various
places, interfaces, or reference points.

Ourservice description isata high level of abstrac-
tion without reference to resources in any part of
the network, e.g., the UNI, and without reference to
protocols to be adopted at any interface. It can be
used as a starting point for the design of various
(tele-)communication systems that support multi-
media multi-user applications, e.g., the design of a
broadband customer premises network (CPN), in
whichnodistinction is made between protocol stacks
for signalling and for user data transfer. There is
no need to define a UNI protocol in a CPN.

e
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M Figure 1. Design of a distributed UNI.
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W Figure 2. Decomposition of the B-ISDN service provider.

The service description can be used in the
design of public telecommunication networks.
Let us illustrate its applicability to the design of
the B-ISDN, e.g., as a starting point for the design
and implementation of the UNI signaling pro-
tocol. This UNT is in fact a distributed implemen-
tation of the SAP (Fig. 1). In present public
telecommunication systems, this distributed
implementation is usually done for security, network
integrity, and network protection. The interac-
tions at the SAP, i.e., the service primitives
defined in the service description, should be
implemented through exchange of packets across
the UNI. These interactions form the basic
requirements for communication in the distribut-
ed UNI. Additional requirements are imposed by
the way the service user and the service provider
are implemented.

The service description also serves as the start-
ing point for the design of protocols internal to
the B-ISDN. Ideally the B-ISDN service provider
should be repeatedly decomposed into a protocol
layer and an underlying service provider (Fig. 2).
This decomposition entails requirements in addi-
tion to the functional requirements of the service
description. Those requirements, .g., performance
requirements, are not be provided in this initial
service description.

A layered system is obtained by repeatedly
decomposing the B-ISDN service provider into a
protocol layer and an underlying service provider.
The functionality for the bottom three layers can
be covered by the B-ISDN Physical Layer proto-
col, the ATM protocol, and the ATM adapta-
tion layer (AAL) protocols being specified by the
CCITT [12]. Our service extends the AAL service
with multimedia and multi-user communication facil-
ities. The service includes the functionality need-
ed for the establishment, modification, and
termination of calls.

Decomposition can be done vertically as well.
One can design a multimedia multi-user commu-
nication system according to the B-ISDN proto-
col reference model. Service primitives should be
grouped into categories for this purpose. One
category of service primitives relates to the estab-
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lishment and control of calls and connections;
these service primitives describe interactions with
the control plane. The other category contains
the service primitives related to the exchange of user
data; these describe interactions with the user plane.
Our service description deals with the first cate-
gory of service primitives, so itonly gives the require-
ments on the protocols in the control plane.

Horizontal and vertical decomposition introduces
new requirements such as coordination between
layers and between user and control planes. These
requirements will be satisfied by functions that reside
in the management plane of the B-ISDN protocol
reference model.

Requirements of Multimedia
and Multi-user Applications

he objective is to define a communication ser-

vice usable as a basic and general facility for a
wide variety of applications, including multimedia
and multi-user applications. The service should sup-
port existing and future applications and con-
tain the functionality common to a large number
of possible applications. This service should be
easy to extend and modify without affecting the
general concepts, making it future proof to some
extent.

The different requirements and treatments of
information make it advantageous to treat the
various information types as separate compo-
nents, e.g., different resources may be used by the
communication network to support different
information streams. Another advantage is the avoid-
ance of a large number of different standards for
compeosite signals [1]. Further, the use of func-
tions specific for each component allows the
application to be tailored as needed and allows
the user tomanipulate and use each component inde-
pendently. Last but not least, the use of separate
components provides open-endedness. One cannot
precisely predict what applications will be developed
and what functionality they will require. By intro-
ducing new components the service can be extend-
ed to support the new demands. In this article, a
component is called medium.

Although the different media of a multimedia
application can be treated differently, there is some
relation between the various media, the time-
relation between video and voice media in a
video telephone application. This time-relation cre-
ates a problem for the communication networkwhen
the various media are treated independently. The
communication network must provide some
means to synchronize the various information
streams.

The requirements to support multimedia multi-
user applications are summarized as follows:

* A call can involve multiple media and multiple
users.

Relationships can exist between users and
media, expressing the transmission and/or
reception capabilities of a certain user for a
certain medium. A capability need not imply
that the user is actually sending or receiving on
that medium.

The presentation of the information of a medi-
um can be individually controlled for each user,
e.g., each user in a video conference can have

his own view of the other users. Also, users can
access the medium using different coding stan-
dards, which could require conversion func-
tions in the network.

Relationships can exist between media in a
multimedia multi-user application, e.g., an
audio and a video channel may have to be syn-
chronized.

Modification of all the above should be allowed,
e.g., users may be added and removed dynami-
cally, subject to certain constraints.

Individual users canreceive different permissions
to modify the call, and these permissions can be
dynamically changed during the call. Only users
with the appropriate permissions are allowed to
modify the call.

In the following section, a call model which under-
lies the service description will be presented. This
call model describes the elementary constituents
of acall,whatacallcanlook like at a certain moment,
and how it may change.

Call Model

he complexity of multimedia multi-user com-

munication systems necessitates the use of mod-
els to create an abstract view of the aspects that
arerelevantin the design of such systems. In this sec-
tion, a call model structures the services provided by
the communication system. It canalsobe usedin the
design of the system. Together with models of
lower levels of abstraction, the call model can
structure the protocols to be designed and the
state information to be maintained by these pro-
tocols. The call model is developed following an
object-oriented approach inwhich objects are defined
to describe different aspects of a call.

A call can be defined as a dynamic association
between service users and the service provider,
whereby the service provider offers the functions
of one or more (possibly related) media to the ser-
vice users. From this definition, the medium is the
basic constituent of a call. A medium can be con-
sidered as a part of a service, providing a commu-
nication capability for a single information type.
A medium is characterized by the type of its infor-
mation and the functions that operate on that
information. Examples of information types are
voice, audio, text, data, video, and graphics. The
main function (operating on the information) is
the transport of information. Other functions are
access control, representation of the information,
mixing of information from different users, and
distribution of information to multiple users.

All interactions between users and the service
provider concerned with one sort of information are
covered by the medium. Besides the exchange of
data, there are some related interactions that
organize and manage the data exchange.

Examples of media are a voice medium which
mixes the voice of all users, a voice medium
where only one user may speak at any moment,
and a data medium for data transfer.

The type of information is determined for a
certain medium. However, this does not imply
that all users have to use the same representation
for the information of this medium. Examples of
representations are ADPCM or PCM for voice
information, and Postscript or JPEG for graphics
information. In the call model, each user has his
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own representation of the information of a medi-
um. Mapping between information and the user’s
representation can be done by the communication
system or the user. Negotiation of such a mapping
is a local matter at the concerned usetr’s SAP, and
hence it is not reflected in the call model or the
service description.

More than one medium can be offered inone call,
and there can be a correlation between media. When
a user transmits the voice and the video image of
a person by two different media, the receiving
users want to receive the information lip-synchro-
nized, so synchronization between information
streams has to be provided by the service provider.
The time relation has to be preserved although
the information may be merged with other infor-
mation. To describe such a relationship, an object
called “relation” is defined in the call model. This
object specifies which media are mutually related by
what relationship.

An attachment is an object in our call model
that can relate a user to a certain medium. Users
can be attached to a medium in three different
ways: IN, OUT, and IN-OUT. IN refers to the
ability to transmit information to the medium.
OUT refers to the ability to receive information
from the medium. IN-OUT refers to both abili-
ties. An ability does not imply that information is
always exchanged. The decision whether or not to
exchange information at a certain moment is up
to the user and the service provider. As an exam-
ple, the service provider may allow only input
from one of the IN-attached users at a time, e.g.,
a voice medium of a conference which selects the
loudest voice.

Some objects in the call model are dependent
in the sense that the existence of their instantia-
tions depends on the existence of instantiations
of other objects. Relation is a dependent object.
It exists only when two or more media are related
by it. Medium itself is also a dependent object.
Aninstantiation of medium exists onlyif atleast one
user is attached to it.

Take a multimedia conference call as an exam-
ple (Fig. 3). Three users are involved in the call.
There is one mixed-voice medium, to which all
three users are attached (IN-OUT). There is a
one-way-video medium, to which only two of the
users are attached (one IN and one OUT). The
requirement for synchronizing both media is
expressed by a synchronization (synch) relation.

A call is a dynamic association between the ser-
vice provider and service users. Users may be added
to or removed from the call. Media may be added to
or removed from the call. The representation of infor-
mation to users may change. Users may be attached
to or detached from a medium. To enable the users
to control the dynamic behavior of a call, some
modification rights should be given to them.There
are several possibilities to do this, varying between
two extremes: centralized control and distributed
control.

Centralized control refers to a situation where
one user has the sole right to add and remove users
and media, to specify synchronization between media,
andtoattachand detach users to media. Distributed
control refers to a situation where all users have the
above mentioned rights. Some kind of hybrid
control is also possible. In the service described
in this paper, any user can request for addition of

mixed-voice med

one-way-video medium

B Figure 3. A multimedia conference call.

new media or new users to the call, or for the
attachment of users to media. However, one user,
called Owner, is always involved in the negotia-
tion that results from a request. He always has
the right to refuse the changes. Furthermore, he
is the only user who can explicitly remove other users
or media from the call, detach users from media,
or terminate the call. Any user can detach himself
from a medium or remove himself from the call.
Initially, the user who establishes the call will be
the Owner of the call. However, the Owner can trans-
fer ownership to another user, provided both that
user and the service provider agree. The decision, to
what extent the control is distributed, will be sub-
ject to debate. The choice made here is based on
the assumption that the Owner will pay for a cer-
tain call, and he therefore wants to control the
facilities.

Although the call model presented here has
similarities with those in the literature, there are
differences. The EXPANSE call model reflects
the local view of each user within the call [2].
Eachuser may have a different view on the call. There
is no explicit global view of the call as presented
in our call model. We consider the communica-
tion system as an unpartitioned service provider,
while functions in EXPANSE are already distributed
over local exchanges and terminal equipments.
Our call model also differs from that of CMAP
[3]. In CMAP, connections instead of media are
embedded in the call model. The connection in
CMAP is not at the same level of abstraction as
the medium in our call model. Connections are need-
ed tosupport mediabut they do not cover all aspects
of these media. In fact, a connection only speci-
fies those aspects of amedium that are related to the
physical resources for the information transport.
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It does not specity the higher layer functions such
as intermedia synchronization and presentation.

Service Description

e follow an approach similar to thatusedin the
development of the OSI/RM. The service is
fully specified in terms of service elements (SEs),
which refer toself-contained parts of the service, and
their temporal ordering constraints. An SE is
composed of several service primitives (including
parameters) with a specific temporal ordering. In
general, completion of the execution of an SE
causes the call to transit to another well-defined state,
i.e., objects are added, modified, or removed by
the successful executionofan SE. An SEisexecuted
as an extended transaction, i.e., unlike a standard
transaction (which succeeds only if all operations
in the transaction succeed), an SE may succeed if
a specified part of the operations is successful.
Two types of generic SEs can be identified in
our service. First we introduce these generic SEs,
which are extensions of the generic SEs used in
the OSI/RM. Then, SEsrelated to the establishment,
modification, and release of a call will be speci-
fied in detail.

Generic Service Elements

Execution of SEs related to the establishment,
modification, and release of a call results in the
change of the state of the call. A user who initi-
ates an SE is referred to as the initiating user (of
the SE). Changing the state of a call may have to
be negotiated among the initiating user, service
provider, and other users who are referred to as
involved users. Such a negotiation is necessary in
some SEs, e.g., if a user is added to a call then
negotiation has to happen among the owner, ser-
vice provider, and the user to be added. Negotia-

tion is not always needed, e.g., if a user wants to
quit a call. SEs whose execution needs negotia-
tion are called confirmed SEs. SEs whose execu-
tion does not need negotiation are called
unconfirmed SEs.

A confirmed SE is initiated upon receiving a ser-
vice primitive of the type “request” from the initi-
ating user. The request primitive has a parameter
called “success condition,” which specifies the con-
dition for successfully executing the SE. Other
parameters specify, e.g., the requested changes to
the state of the call.

Upon receiving a request, the service provider
analyzes the requested changes to the state of the
call, to see to what extent it can provide them.
The result is a new proposal for the change of the
state of the call. The new proposal should not
contradict the requested changes but it might be
different from them. It is forwarded to all involved
users by indication primitives. Later on the involved
users send a response to the service provider.
The response primitive has a success condition
parameter, which specifies to what extent the in-
volved user accepts the SE. This parameter could
indicate that the involved user is not willing to accept
the SE.

As soon as the service provider finds out that
the execution of the SE may succeed, the service
provider sends a confirmation to the initiating
user and all the involved users who have respond-
ed. The parameters of the confirmation primitive
describe the outcome of the negotiation.

The service provider may still receive respons-
es from some of the involved users after the SE
succeeded. Insuchacase, the service provider sends
back a confirmation that describes the outcome
of the negotiation and the latest changes to the
call. An announce primitive is sent to all users to
whom a positive confirmation had already been
sent out. The announce primitive has parameters
describing the latest change of the call.

If the service provider finds out that the SE
fails or if the SE does not succeed within a cer-
tain time- out period, then it sends a (negative)
confirmation to the initiating user and all users
who were sent an indication. The parameters of a
negative confirmation may also indicate the rea-
son for failure.

Figure 4 shows a typical sequence of the ser-
vice primitives that are needed to successfully com-
mitaconfirmed SEwhere the response of one of the
involved users is delayed. The success condition
in the request is assumed to be such that a positive
response from any one of the involved users is
sufficient for committing the execution of the SE.

An unconfirmed SE can be initiated by a request
primitive from the initiating user, or it can be
initiated by the service provider. In the latter case,
the SE does not have a request primitive.

Execution of an SE may impact users who are
not involved in the SE. These users are referred
to as affected users. Affected users must be noti-
fied of any change of the state of a call. During
the execution of a confirmed or unconfirmed SE,
e.g., when the execution of an SE is committed,
the service provider may decide to send a notifi-
cation primitive to all affected users. In an uncon-
firmed SE, all affected users receive a notification
primitive that informs them of the latest change
of the call.
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: Medlum List (Medtum Id', Medium_Type },

[ Media_Relation y List: { Relation. Id , Relation Type , Medium List : (Medlum id, { Medium_id})}1,
User_List: {Uset SAP Mdtess [ Attachment_List : {Medmm id , Attachment } l}
Success _Condition) .-

Callind  ( Call_id,
Owner_SAP_Address ,
Medium_List : { Medium_id , Medium_Type } ,
[ Media_Relation_List : { Relation_Id , Relation_Type , Medium_List : {Medium_Id , { Medium_Id }) }1,
User List: { User__SAP_Address A Attachment_LiSt : { Medium_id, Attachment } 1})

(CallRsp ™ { Call 1d, E i s o
[Attachment List : {Medvum id, Attachment} ], =
Success Conditlan) e

(CaliCnf  ( Call_id,

[ Media_Relation_List : { Relation_Id , Medium_List : { Medium_id, { Medium_Id }) } 1,

(CallAnn  ( Call id,

User_List : { User_SAP_Address , [Attachment_List { Medium_Id, Attachment } 1}

User List : { User_SAP_Address, [Attachment List : {Medium‘ld , Attachment }1})

colon (:) means consisting of.

The following notational convention will be used for describing the parameters of the service primitives: ()
means exactly one; [ ] means zero or one; { } means one or more; a comma (,) means followed by; and a

M Table 1. Call establishment SE.

Call Establishment SE

The SE to establish a call is a confirmed one. Five
service primitives have been defined for the Call
Establishment SE (Table 1). Since thisis the first SE
invoked during the lifetime of a call, there are no
affected users and no notification primitive needs to
be defined.

A service user can initiate the creation of a call
(with one or more other service users, using one
or more media) by issuing a Call Request (Call-
Req) primitive. The call can be identified by the user
by referring to the Call_ld. The Medium_Type is
specified for all requested media (Medium_List),
which are identified with a Medium_Id. The initi-
ating user can request to relate groups of media
bymeansofaMedia_Relation_List, which contains
groups of media that have tobe related (Media_List),
the type of relationship that has to be maintained
(Relation_Type), and an identifier (Relation_Id).
The User_List indicates who can participate in
the call. For all users (including the initiating
user) who are identified by a User_SAP_Address,
an Attachment_List can be used to propose the
attachment of the user to one or more media. For
each listed medium, the identifier and the type of
Attachment (IN/JOUT/IN-OUT) is given. The
Success_Condition specifies conditions for successful
establishment of the call, e.g., that at least one
response is positive, or that all responses should
be positive. The Success_Condition can also give
some persistent conditions on the existence of the
call, i.e., if these persistent conditions are no
longer met (e.g., because one of the users leaves
the call), the service provider automatically initiates
the release of the call. We already assumed some
implicit persistent condition by specifying depen-
dencies between objects, e.g., a call should always
involve at least one user attached to one or more
media in order to have a meaningful call.

If the service provider is able to support the re-
quested call, a Call Indication (CallInd) primitive

will be issued at the SAPs of the invited users list-
ed in the User_List of the Call Request primitive
(except for the initiating user, whois also listed). The
Call_Id, Medium_List, Media_Relation_List, and
User_List are also parameters of this primitive.
The Call_Id is local to the SAP, i.e., it is unique
for a certain call at a certain SAP; a call may have
different Call _Id values at different SAPs. As
long as the success_condition in the request prim-
itive is notviolated, the service provider may degrade
the contents of the Medium_List, Media_Rela-
tion_List, and User_List with regard to the
request primitive, e.g., if not all media can be
supported. The Owner_SAP_Address is also a
parameter of the Call Indication primitive, toinform
the invited users about the initiator of the call.

The Call Response (CallRsp) primitive indi-
cates to what extent the invited user is willing to
participate in the call, and to what extent he
wants to attach to the media specified in the
Attachment_List parameter. The invited user can
put constraints on his participation by means of
the Success_Condition parameter. He can also
use this parameter to indicate that he is not will-
ing to participate (negative response).

Sooner or later a Call Confirm (CallCnf) prim-
itive is issued at the SAPs of the initiating and
invited users, either to confirm the successful
establishment of the call or to confirm that the
call cannotbe established. The contents of the Medi-
um_List, Media_Relation_List, and User_List
may again be degraded for several reasons. First, the
User_List may not contain all the invited users, if
some users have not yet responded or have
responded negatively. Second, a participating
user may have degraded his attachment to a cer-
tain medium in his response primitive. Finally,
the success conditions of the request and the respons-
es may have forced the service provider to degrade
some of the parameters. After receiving a posi-
tive Call Confirm primitive, a user should consid-
er the call established.

An SE is
executed as
an extended
transaction,
i.e., unlike a
standard
transaction,
an SE may
succeed if a
specified
part of the
operations
is successful.
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Additional
media can
be added
to a call
using the
Add Media
SE. Six
service
primitives
have been
defined
for this
confirmed
SE.

AddUsrind

( Call id,

AddUsrCnf © ( Call_id,

User_| List : {User SAP Address [A:l'tachmen

[ User_List : { User_SA Address [Attachment "st {Medlum Id Attachmen D »

Medium: id Attachmeri’fc‘}al‘} )

AddUsrNtf { Cali_id,
User_List: { User_SAP_, Address [Attachment Lust {Medxum ld Attachment } 1 })
B Table 2. Add users SE.

Responses received after call establishment
also resultina Call Confirm primitive to indicate the
success or failure of the call to the concerned
users. Users already in the call are informed of
any additional users by means of a Call Announce
(CallAnn) primitive.

Add Users SE

The Add Users SE enables the invitation of addi-
tional users to an existing call. It is a confirmed SE
and it can be initiated by the owner or a non-owner.
Six service primitives have been defined for this
SE (Table 2). At the SAPs of the new users, prim-
itives of the Call Establishment SE will be issued,
since these users do not have to notice any differ-
ence between being invited into a new or an exist-
ing call.

An Add Users Request (AddUsrReq) primi-
tive can be used by any participant in a call to ask
for the addition of one or more new users to the
call. The primitive results in a Call Indication prim-
itive at the SAPs of the users to be added. The
User_List parameter of the Call Indication is based
on the corresponding parameter in the Add

AddMedialnd

( Call_id,

AddMedlaCnf ( call Id
[Medmm List : { Medium_| Id}
[ Media_Relation_List': { Relation _Id , Medlum Lxst {Medium_id } .
User_List : { User_SAP- Address, Attachment_List: {Medrum id; Attachment } } })

AddMediaNtf  ( Cali_Id,
Medium List : { Medium ‘id', Medium_Type },
[ Media_| Relaﬂon List : { Relation_Id , [ Relation Type] Mechum List: { Medium 1d} } 1,
User_List : User_ SAP_Address Attachment_List : { Medium_Id, . Attachment )

Med|um List : { Medium_Id; Medium Type} ‘
[ Media_| Relation_ _List : { Relation_{d , { Relation Type] Medium_| L;st {Medtum id} }}
User_List: { User_SAP. Address , Attachment_List : { Medium Id , Attachment }'} ) -

Users Request. Other parameters can be derived
from the current state of the call. If the initiator
of the SE is a non-owner, the owner of the call
will receive an Add Users Indication (Add
UsrInd) primitive. By means of the Success_Con-
dition parameter of the Add Users Response
(AddUsrRsp) primitive, the owner can express to
what extent he agrees with the addition of new
users to the call. The service provider evaluates
this condition together with the parameters of the
Call Response primitives of the invited users, to
determine which users are added and how they
are attached to the media of the call. The result is
expressed to the owner and the initiating user of
the Add Users SE by means of an Add Users
Confirm (AddUsrCnf) primitive. The other users
already in the call will be informed by means of
an Add Users Notify (AddUsrNitf) primitive, and
the new users in the call receive a Call Confirm
primitive. Invited users whose responses are
delayed also receive a Call Confirm primitive
after they have responded, and they cause the
invocation of a Call Announce primitive to the
new users who had already been confirmed, an

H Table 3. Add media SE.
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AttMedialnd ( Calld,

AttMediaRsp

( Calid,
[ User_List : { User

AttMediaNtf  ( Call Id,

User_List : { User_SAP_Address , Attachment_List : { Medium_Id , Attachment } } )

SAP_Address , Attachment_List : { Medium_id , Attachment} } })

User_List : { User_SAP_Address , Attachment_List : { Medium_Id , Attachment } })

B Table 4. Artach media SE.

DetMediaNtf ( Callid,

User_List : { User_SAP_Address , [ Attachment_List : { Medium_Id , [ Attachment]}1})

H Table 5. Detach media SE.

Add Users Announce (AddUsrAnn) primitive to
the owner and the initiating user, and an Add
Users Notification primitive to the users already
in the call.

Add Media SE

Additional media can be added to a call using the
Add Media SE. Six service primitives have been
defined for this confirmed SE (Table 3).

Any user in the call can initiate the SE by issu-
ing an Add Media Request (AddMediaReq)
primitive and specifying the media tobe added (Medi-
um_List), possible relations between media
(Media_Relation_List), and users to be attached
to the new media (User_List). In the Media_Rela-
tion_List, the initiating user can ask to relate two
or more media to each other (including at most
one existing medium); or to relate one or more
new media to an existing relation. A useris not allowed
to ask the service provider to relate existing
media to each other, since it is probably impossi-
ble for the service provider to realize a relation
between existing media.

An Add Media Indication (AddMedialnd) prim-
itive is issued to all users who are requested to be
attached by the initiator, and to the owner if he isnot
the initiating user of this SE. Apart from the Suc-
cess_Condition thatisspecified with the request, the
parameters of the Add Media Indication are the
same as those of the request primitive, although
the service provider may degrade parameters,
e.g., if he is not able to provide all media. All
users that received an indication, can respond
withan Add Media Response (AddMediaRsp) indi-
cating in its parameters to what extent they want
to attach to the new media or, in case of the
owner, indicating to what extent the addition should
succeed. All users that have responded and the
initiating user are informed of the success or fail-
ure of the media addition by means of an Add Media
Confirm (AddMediaCnf) primitive. The affected
users (those who were not requested by the initia-
tor to attach to the new media) are informed by means

of an Add Media Notify (AddMediaNtf) primi-
tive. Users who respond later are also informed
by means of an Add Media Confirm primitive. If
these users want to be attached to the new media,
the users who had already responded and the ini-
tiating user are informed of this by means of an
Add Media Announce (AddMediaAnn) primi-
tive, while the affected users get another Add Media
Notify primitive.

Attach Media SE

To enable communications, users need to be attached
to a medium. With the Attach Media SE, a user
can ask to be attached to media, invite other users
to attach, or upgrade attachments (i.e.,change from
either IN or OUT to IN-OUT). We have defined six
service primitives for this confirmed SE (Table 4).

An Attach Media Request (AttMediaReq)
primitive results in an Attach Media Indication
(AttMedialnd) primitive to be issued at the SAPs
of all users invited to attach (including the SAP
of the owner if he is not the initiating user of the
SE). Based on the received Attach Media Response
(AttMediaRsp) primitives, Attach Media Con-
firm (AttMediaCnf) primitives are issued at the
SAPs of all responding users and the initiating
user. Attach Media Notify (AttMediaNtf) prim-
itives are issued at the SAPs of all affected users,
i.e., those who were not invited to attach to the
media. Delayed responses are also confirmed
and result in Attach Media Announce (AttMedi-
aAnn) primitives at the SAPs of users that had
already responded, and in notifications to the affect-
ed users.

Detach Media SE

The Detach Media SE can be used by any user to
detach himself from media, by the owner of a call
to detach other users from media, or by the ser-
vice provider to indicate that certain attachments
can no longer be provided. It can also be used to
degrade auser’sattachment from IN-OUT to either
IN or OUT. It is an unconfirmed SE (Table 5).

With the
Attach
Media SE,
a user can
ask to be
attached to
media,
invite other
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users to
attach, or
upgrade
attachments.
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Removal of
users can be
initiated by
either the
owner of the
call or the
service
provider by
means

of the
unconfirmed
Remove
Users SE.

A user can detach from one or more media by
issuing a Detach Media Request (DetMediaReq)
primitive. All other users are informed with a Detach
Media Notification (DetMediaNtf) primitive.
The owner of the call can use the Detach Media
Request primitive to detach one or more users
from one or more media. This is indicated to the
detached users and all other users by means of a
Detach Media Notification. If the detachment of one
or more users from one or more media is initiat-
ed by the provider, all users in the call will receive
a Detach Media Notification.

Remove Media SE

The unconfirmed Remove Media SE has been de-
fined for removal of media (Table 6). Only the
owner of a call and the service provider can
explicitly remove media from a call. Other users
can implicitly remove a medium if the medium
object was dependent on a removed attachment
object, e.g., if the user was the last user attached
to the medium. Removal of a medium from a call
implicitly causes all attached users to be detached.
It may lead to the deletion of amedia relation, if only
one medium is left in the relation after medium
removal.

With a Remove Media Request (RmvMedia
Req) primitive the owner can remove one or more
media from the call. All other users are informed
by means of a Remove Media Notification (Rmv
MediaNtf) primitive. This primitive can also be
used by the service provider to indicate to all users
in a call, including the owner, that it is no longer
able to provide certain media.

Remove Users SE

Removal of users can be initiated by either the
owner of the call or the service provider by means
of the unconfirmed Remove Users SE (Table 7).

To remove one or more users from a call, the
owner issues a Remove Users Request (RmvUsr-
Req) primitive. This results in Release Call Noti-
fication primitives at the SAPs of the users specified
in the User_List because the call is terminated from
their point of view. All other users in the call receive
a Remove Users Notification (RmvUsrNtf) prim-
itive. If the service provider initiates the removal (by
issuing a Release Call Notification at some users’
SAPs) then all other users in the call, including the
owner, are informed by means of a Remove Users
Notification primitive.

Call Release SE

All users in a call can initiate the unconfirmed Call
Release SE (Table 8). If a non-owner initiates it,
the removal of the initiating user results. Only the
owner of the call and the service provider can ter-
minate the entire call.

If a non-owner in the call issues a Release Call
Request (RelCallReq) primitive, Remove Users
Notification primitives are issued at the SAPs of
allotherusersin the call, including the owner, because
from their point of view only that particular user
has left the call. A Release Call Request primi-
tive issued by the owner results in Release Call
Notification (RelCalINtf) primitives at the SAPs
of all other users, and the call is terminated. If
the service provider wants to terminate the call, it
issues a Release Call Notification primitive at the
SAPs of all users including the owner. At any

n Table 6. Remove iﬁedfa SE.

RmwsReq (Callid,

M Table 7. Remove users SE.

RelCailReq  ( Call_id)

B Table 8. Call release SE.

moment after the owner has started the call
establishmentwith a Call Request primitive, the call
can be terminated.

Remarks

In addition to the above listed SEs, a confirmed
SE needs to be defined to enable the owner of
the call to transfer the ownership to another user
in the call.

We have defined SEs for the establishment,
modification, and termination of calls. Once a
call has been set-up for a user, i.e., as soon as the
Call Confirm primitive hasbeen received, the media
can be used. Additional SEs need to be defined
for this purpose. Most are related to the trans-
port of information, but some SEs control the
functions present in the medium, e.g., for a voice
medium where only one user is allowed to speak
at any moment, SEs are needed to pass the right
to speak (floor control). The definition of SEs for
the use of media is beyond the scope of this
paper, since we focused on the control aspect of a
multimedia multi-user service.

We defined a number of SEs to modify a call,
each operating on one object type and its depen-
dents. Alternatively, we could have defined a sin-
gle sophisticated SE that operates on all object
types. We feel that such an SE is too complicated
and may still not be able to meet all the require-
ments of users, some of which might not be fore-
seeable. Our choice implies that it is not always
possible to modify different aspects of an ongoing
call in a single SE, i.e., a single extended trans-
action. It is up to the user to combine several SEs
into one transaction if needed, e.g., to add a user
and a medium to a call.

We have mainly discussed the normal execu-
tion of SEs up to now. We have foreseen abnor-
mal execution in the sense that the initiating user
or the service provider can abort the execution of
confirmed SEs. All confirmed SEs have a com-
plementary counterpart, so the execution of suchan
SE can be aborted at any moment after it has
been invoked, by means of invoking its comple-
mentary SE. For example, to abort an Add Media
request, a Remove Media request can be issued
at the same SAP.
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B Figure 5. Establishment of a multimedié conference call.

Example

The use of SEs can be illustrated for the case of the
successful establishment of amultimedia conference
call with three users, a mixed-voice, and a one-
way-video medium (Fig. 3). Figure 5 shows the
time sequence diagram where the call is estab-
lished by first executing a Call Establishment SE,
and subsequently executing an Add Media SE.

Conclusions and Open Issues

An abstract service description of communication
systems supporting multimedia multi-user appli-
cations hasbeen developed. It describes the required
functional behavior of such systems independent
from possible implementations. We focused on those
aspectsof the system related to the establishment,mod-
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problem to
be coped
with before
full employ-
ment of the
capabilities
of future
communica-
tion systems
can take
place is the
design of
signalling
and control
protocols.

ification, and release of calls. Analysis of the require-
mentsled to the definition of a call model that enables
one to describe the state of an advanced multi-
media multi-user call by means of instantiations
of objects. The callmodel has been used to structure
the described service. Together with models at lower
levels of abstraction, it can also structure the pro-
tocols to be designed, and the state information
to be maintained by these protocols.

For the specification of our service, the stan-
dard confirmed and unconfirmed SEs found in
the OSI/RM needed to be extended, to allow for
negotiation among multiple users and/or notifica-
tion to multiple users. These generic SEs are
applicable to other multi-user communications envi-
ronments as well.

Anumber of issues have been left open in our ser-
vice description up to now. The exact syntax and
semantics of the success condition parameter in
the request and response primitives are being
studied. Also, we are still investigating whether
we can explicitly represent a user’s permission to
modify the call in the call model (i.e., by defining
additional objects). Such a solution maybe preferred
to consulting the owner each time a non-owner wants
to modify the call.

One of the major problems to be coped with before
full employment of the capabilities of future com-
munication systems can take place is the design
of signalling and control protocols. Although a num-
ber of efforts in this direction are taking place
[15], much work is necessary to have communica-
tion systems truly support multimedia multi-user
applications.
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