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Abstract

Mobile ad hoc networks (MANETS) are infrastructlees and can be set up anywhere, anytime. They can
host a wide range of applications in rescue oparafimilitary, private, and commercial settings Ifitvedia
conferencing is the basis of a wealth of “killepypdications that can be deployed in MANETs. Some
examples are audio/video conferencing, multiplay@mes, and online public debating. Signaling is the
nerve center of multimedia conferences—it estabisimodifies, and tears down conferences. Thisrpape
focuses on signaling for multimedia conferenceMANETs. We review the state of the art and propmse
novel architecture based on application-level eltsstOur validation employed SIP as the impleméntat
technology and OPNET as our simulation tool. Oustdrs are constructed dynamically and the nodss th
act as cluster heads are elected based on theaibitiips. The capabilities are published and diseced
using a simple application-level protocol. The @eattural principles and the clustering operati@ame
discussed. Our SIP-based implementation is alsepted along with the performance evaluation.
Keywords: MANET, SIP-technology, OPNET-simulation tool, star

1. INTRODUCTION

MOBILE ad hoc networks (MANETS) can be definedramsient networks formed dynamically by
a collection of arbitrarily located wireless mohiledes, without the use of existing network infrasture or
centralized administration [J. Liu and I. Chlamt@ly 2004)]. They rely on wireless technologmsch as
IEEE 802.11 and Bluetooth, and are either standeatw connected to other networks. This paper fexos
standalone MANETs. MANETSs can host a wide rangepdlications in rescue operation, military, private
and commercial settings.

Many of these applications involve multimedia coafeing. One example is an audio/video
conference in a rescue operation setting. Afteratural disaster, there may be no communications
infrastructure. A conference in such an environmiitallow first aid squads, ambulance servicedjqe,
and other involved parties to communicate in otdefacilitate coordination. Audio/video conferendes
infra structure less environments are also comnamapin military settings.

In private settings, such as airports and univecsitnpuses, multiparty games can be contemplated.
Furthermore, in commercial settings such as mutilcellular networks, network operators may, for
performance reasons, consider decentralizing theution of conferencing services in the MANET pamti
of the multichip cellular network whenever all bktconference participants are in that portion
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A multimedia conference (multiparty sessions) candefined as a conversational exchange of
multimedia content between several parties. Sonmamples are audio/video conferencing, massively
multiparty gaming, and debating. Two main composenake up multimedia conferencing: signaling and
media handling. Media handling deals with mediadportation, mixing, and transcoding. Signalinghis
nerve center of multimedia conferencing. It enabitesnitiation, modification, and teardown of cerénces
by establishing, controlling, and ending the sigmal connections between participants. Signaling
architectures for conferencing in infrastructuresdsh networks have been extensively discussed in the
literature. Classical examples are H.323 [2] arfel &CON [3]. Unfortunately, these architecturestaghly
inadequate for MANETS.

This paper is devoted to signaling for multimedanferencing in stand-alone MANETSs. It
identifies the challenges, discusses the drawbeafcttee existing architectures, and proposes aridatals a
new architecture. This architecture relies on aayilbn-level clusters and is an extension of thster-based
signaling system [C. Fu, R.H. Glitho, and R. DsgdMar. 2005)] that we have proposed in previousky

The cluster heads are elected based on their diieabiThe cluster size is based on both the
capabilities of the cluster head and the clustkingdue. Our clusters are significantly differdram routing
layer clusters, such as those discussed in [J.YanduP.H.J. Chong,( Mar. 2005)]. Routing level ®us are
formed using the physical or geographical locatibnodes, and they have no relation to whetheobthere
is a conference at the application layer. Our diggaclusters are formed only when there is a canfee,
and thus, they are completely independent of theng layer clusters.

.............. > Invitation

. Audio
Video

Fig.1

We have selected Session Initiation Protocol (§IP)Rosenberg et al., (June 2002)] as the
implementation technology. The SIP extensions asebed and the deployment techniques are disgusse
We also evaluated the performance of our architedfurough simulation using OPNET. The rest of the
paper is organized as follows: In Section 2, wes@néan application scenario and derive the reopgngs. In
Section 3, we evaluate the related work. Sectitndévoted to the architecture. In Section 5, veewls the
implementation. Performance evaluation is covene8dction 6, and we conclude in the last section.

2. APPLICATION SCENARIO AND REQUIREMENTS

Conferencing enables a broad range of applicatioMANETS. These applications may comprise
different media types and involve different numbefgarticipants. They may be public or private—for
preselected members only. They may be prearrangestablished in an ad hoc manner. Fig. 1 illusgan
ad hoc conference scenario in an airport. Passemgaiting for their flights wish to play a multiggr
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multimedia game using their handheld devices (lapRDA, or cell phone). We assume that the game is
preloaded on their devices, which are connectezliiir IEEE 802.11 wireless cards. Passenger A skerts
game by inviting Passenger B and they establishudio session. Then, Passenger B invites Pass€rtger
join the session, and then informs Passenger ACles joined. Passengers D, E, F, and G are ihagt@in

the game and a seven-party game is establishetbugamedia are exchanged among the parties. In this
scenario, the signaling system is responsible &ialdishing sessions, negotiating media types, and
propagating participant information. These funcsion well-understood and established for
infrastructure-based networks, become very chaittenipr MANETS. We therefore derive six requirensent
for signaling in MANETS.

Because MANETS are infrastructureless, the firginement is that none of the involved functional
entities can be permanently centralized. The secequirement stipulates that the system shouldbeta
dynamically propagate conference-related infornmafe.g., who joins, who leaves) to all of the inxed
parties. This is no easy task, as conferencesaratly very dynamic in MANETS. Parties can joindan
leave at any time.

A party may leave the conference when it decidedot so or when it is forced to because it has
moved out of the coverage area or its battery pasvased up. In this paper, we term the first daggch
may occur in any network) “voluntary departure” atite second (which is specific to MANETS)
“unintentional departure.” A signaling system foultimedia conferencing in MANETSs should handle both
situations gracefully. The third requirement islabdity. A varying level of scalability is expeaterom
MANETS, depending on the different application séws. The signaling system should scale autorbtica
and in the same manner as the network in whichimhplemented. MANETSs are made up of heterogeneous
nodes. Some nodes may have a high level of resderge processing power, memory), while others may
have very limited capabilities, a situation thade to two additional requirements. The system Ishioe
lightweight, a prerequisite that accommodates nad#s limited resources, and the use of the resssirc
available to the system should be optimal.

The last requirement is independence from the |dawgar protocols. There is a plethora of lower
layer routing protocols in MANETSs. The signalingssm is at the application level and it cannot rafffim
rely on the features of specific lower layer praigdecause these lower layer protocols may navhiable
in some environments.

3. RELATED WORKS

Seminal work has been done on signaling for mulliimeconferencing in infrastructure-based
networks by standard bodies (i.e., ITU-T and IETH)is work has triggered further research on theesa
topic independently of these organizations. In tbéstion, we first review approaches proposed for
infrastructure-based networks, and then review @ggres that take into account some of the spedaifics
MANETS.

3.1 Signaling for Conferencing in I nfrastructure-Based Networks
3.2 Signaling Protocols from Standards Bodies

Multimedia conferencing over packet-switched neksds specified by the ITU-T, as a subset of
the H.323 series of recommendations [H.323 Ser&€€)8)]. H.323 defines four entities: terminal, eyaay,
gatekeeper, and Multipoint Control Unit (MCU). Mafedia conference control in H.323 is done via the
MCU. The MCU can be divided into two entities: thmultipoint controller (MC) and the multipoint
processor (MP). The MC is devoted to signaling /ttile MP handles media. H.323 defines three camfere
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models: centralized, distributed, and mixed. Eaththese models requires a centralized MC. As an
infrastructure-based protocol, H.323 does not nmastt of our requirements. It is complex and heavy.

A rather early work in IETF, the Connection ContRiotocol (CCP) is based on multicast. It
considers only one conference scenario, i.e., ttemasio in which the conference initiator creates a
conference. Schooler and Casner [E.M. SchooleSandCasner, (1992)] give an introduction. If weiesv
the CCP in terms of our requirements, we find thate is no permanent centralized entity, but t6® does
not meet the other requirements. For exampleligsren a network layer that supports multicastijevbur
requirements stipulate independence from the lday@rs.

The IETF has been working on new approaches sirecearly 2000s, as part of the work on SIP.
SIP is a set of specifications, which includes seline specification [J. Rosenberg et al., (Jur@2P0and
many extensions. It defines four entities: User ®{g&JA), proxy server, location server, and registiA
session control function is located in the usenadelP servers are non mandatory entities that toefoute
SIP messages and locate SIP user agents. SIfhigdight and extendible and it has been used for tw
different conference models, tightly and looselymged, in infrastructure-based networks. A looselypled
conference is based on multicast. The IETF drafB@mann, J. Ott, and C. Reichert,( Dec. 19963cdbes
Simple Conference Control Protocol (SCCP), a loposelpled conference control protocol that useseSIP
the signaling protocol. The signaling architectigreentralized. Signaling messages are exchandeebe a
controller and a participant through multicastwé evaluate SIP in SCCP, it cannot meet most of the
requirements, e.g., there is a permanent centiiad aod multicast is required in the network lay&tightly
coupled conference is central-server-based. RosgifilbeRosenberg, (Feb. 2006)] defines the SIPaigag
this sort of conference model. SIP creates sesbietrgeen each participant and a conference foisttie
central server).
This conference model cannot meet our first requéret because it has a permanently central entity.

3.3 Proposals outside Standard Bodies

The framework proposed in [J. Rosenberg, (Feb. BA86still another work deploying SIP for
conferencing. It extends the tightly coupled coafere of SIP. Multiple conference focuses are pregpasid
each focus manages a set of local participants.cbhérence focuses are interconnected and fonmaea t
structure. This work extends the scale of the wdmfined in [J. Rosenberg, (Feb. 2006)], but do¢salve
other issues. For example, there are still permacemntral entities in this framework. Global MMCB. [
Bulut, A. Uyar, and G.C. Fox, (July 2005)] is desd to bridge H.323, SIP, Access Grid clients, and
2.5G/3G cellular phones in audiovisual collabomti@applications. The system makes use of a
publication-/subscription-based message deliveddieivare, the Narada Broking overlay network. As fa
as multimedia conferencing is concerned, the sysiemows the ideas of MCU from H.323. However,
unlike H.323, the MCs can be distributed. Althoutjis distribution brings more scalability, our firs
requirement is still not met because each MC isranpnently centralized entity. ICEBERG signalingJH
Wang et al., (Aug. 2000 )] proposes a signalingesysfor management of dynamic and multi device
multiparty sessions. Unlike the other signalingtpeols such as SIP, it is a signaling system that i
specifically designed for multimedia conferenciitgdloes not have a permanently central point biihde
“call sessions” that are responsible for signakegtrol. A “call session” is only created when #eés a
conference. The call sessions dynamically propagé&tamation to participants. Thus, the first ardend of
our requirements are met. However, the system doetake into account device heterogeneity, doé¢s no
handle unintentional departures of participants, r@ties on the routing layer multicast.

3.4 Signaling for Conferencing in I nfrastructure less Networks

Mark and Kelley [H.323 Series,( 2003)] describe @i application for a fully distributed
conference model. In the model, each participanntaias an SIP session with other participants. The
approach is of special interest to us becauselyt ionolves an SIP end system (UA) and no server is
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required. Thus, the first requirement—no permareamtral point—is met. In addition, the approach is
lightweight because there is no extra control ngssadded to the baseline SIP but the session delate
information is carried by the basic SIP messages.

However, this approach has several drawbacks, a@inghich is how the session-related
information is propagated. There is a problem wtvem (or more) parties are invited to join an ongpin
conference at the same time. There is no genegi@oto ensure that each of the invited parteesmade
aware of the other invited parties. The probleidésitified in [H.323 Series,(2003)] as the “coutet join,”
and no solution is provided. Another drawback & tmintentional departures are not considerecaamdot
handled gracefully. Also, the approach does ndedmecause the number of signaling connectiongasas
exponentially with the number of participants ie ttonference. The framework defined in [H.J. Warg).e
(Aug. 2000 )] is the first work that we found fasrderencing in MANETS. It is also an SIP-based sofu
and it has solved the “coincident join” problemndéed in [H.J. Wang et al., (Aug. 2000 )]. It pposes a
conference leader that maintains conference states.

The leader is responsible for propagating ses®taied information to every other participant in
the conference. However, the approach is fullyritisted in terms of signaling architecture, i.evemy
participant maintains a session with every othetypahus, related drawbacks such as limited sdéhabre
issues with this approach. In addition, this frarogwdoes not consider the unintentional departdre o
participants and the optimal use of resourcesCnHu, R.H. Glitho, and R. Dssouli, (Mar. 2005)}e w
proposed an early version of cluster-based siggalnchitecture for multiparty sessions in MANET&isT
architecture potentially meets most of the deriggghaling requirements. However, the requiremeots f
handling the unintentional departure of nodes aedrtdependence of lower layer routing protocolsawmt
addressed.

In that work, the general principles of the clussehemes were presented, but no detailed
description was provided and some issues weredubreased. For example, we specified that a clhstad
is elected based on the resource level of conferguagaticipants, but there is no description of haw
participant knows the resource levels of otherigsrtAs another example, a cluster may split ifsite
reaches the split value, but what happens if atelusead does not have enough capability to handle
participants? In addition to these issues, howdhster scheme solves the “coincident join” andeoth
problems such as “coincident cluster head leavihgie not been discussed. We selected SIP as the
implementation technology and built a prototypédnFu, R.H. Glitho, and R. Dssouli, (Mar. 200%){it the
issue of SIP deployment in MANETSs was not fully eel$ed. The deployment of SIP in MANETS includes
two sub issues, i.e., how to discover other SIPplts in the network and how to route an SIP mgsdo
its correct destination. In this paper, we addraBsof the aforementioned disuses and provide a
comprehensive signaling solution for conferencmlIANETSs.

4. CLUSTER-BASED SIGNALING ARCHITECTURE

Clusters enable scalability without centralizataord we believe that they can aid in meeting all of
the requirements. The overall architectural pritespare presented first,
followed by a description of the clusters’ operatibprocedures. We then discuss the critical isslated to
the operational procedures.
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Fig.2 Overall Architectureand Principles

Fig2. gives an overall view of the proposed clubi@sed architecture. The only functional entityhe

signaling agent (SA). There is one per party, orengenerally, one per node in a stand-alone MANHIEY

are grouped in clusters that we call signalingteltss These signaling clusters are applicationtelusters

that are independent of lower layer clusters ssaloating clusters. In each cluster, at any givae tthere is
one and only one cluster head (we call it the supember), and all the other members of the cluster
connected to it. All super members have directdittkthe super members of the neighboring clusiérsre

are two general parameters of a cluster: Splites§8v) and Merge value (Mv). Every node in a caarfee

maintains the same Sv and Mv. If the sizeof a elustaches Sv, the cluster will split into two ¢éus. If it

reaches Mv, the cluster will find another clustenterge with.

A super member is responsible for keeping trackhef information of its members and its
neighboring super members. It also propagatesntfioennation when there is a change in membership. In
addition, it detects the eventual unintentionalatgpes of the nodes connected to it by sendingpgier
heartbeat messages to them. In our architectussthie node with the most capabilities that icteld as the
super member. In this paper, the capability of 2eN#T node can be any attribute usually considered a
node capability in the literature (e.g., batterywpo, memory capacity, and processing power). Howeve
do not specify either the factors used to compheectipability or how to do the computation. We assufor
the sake of simplicity, that a node always “knovits” capability. We also assume that this capabitity
represented by a numerical value. A participant ithidates a conference is responsible for coifecthe
capability of the called party before the confereiginitiated. Super members keep track of theo#ipy
changes of their members and neighboring super menauring the conference.

4.1 Operational Procedures of Clusters

In our architecture, clusters are dynamically ardaind deleted when conferencing. The signaling
system is responsible for maintaining the statb®tonference and the clusters. Each signalirgedihas a
life cycle. The first phase is its creation whesugpermember is elected. After its creation, thetelumoves
to the active
phase. The cluster membership evolves (partiesjuileave). These changes may lead the clustptitin
two, or to merge with another cluster. Ongoing\aistimay also lead to the election of a new supenimer,
necessitated by the departure of the supermendyeexmple. The life cycle ends with the deletiéithe
cluster. In this section, we describe the signatimcedures related to each of the phases of tistecllife
cycle.
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4.2 Creation and Deletion

The first cluster is created when the conferenagsstThe creation procedure is as follows: firs,
party (called the initiator) that wishes to estsibla session collects the capability of the cafiady. It
compares the capabilities of itself and the caflady and designates the one with more capabiittha
super member. Second, it requests the
super member (itself or the called party) to creaession. The initiator needs to set the Sv anchil
passes the parameters to the called party. Aferfitat session is set up, the super member starts
periodically collect the capabilities of its mem&erhe last cluster is deleted when the last twbgsleave
the session. All the states and parameters ofitiséec are then cleared.

4.3 Changesin Cluster Membership

Both members and super members can invite padi@srt a conference. If it is a supermember
inviting and the supermember is capable of handiilmge members, the supermember directly establishes
session with the party. If the supermember canmotdle more members, it may ask a neighboring
supermember to do so. If a member invites a pdanyt member asks its supermember to establish the
session. A new member is then added to the clustes. supermember of the cluster propagates the
membership change to the neighboring clusters. pamnjicipants, including members and supermembers,
may leave a conference whenever they want to dicéise of a member departure, the member termitegtes
connection with its supermember and the supermenpbepagates the membership change to the
neighboring clusters. With the departure of a smgenber, that supermember designates a new
supermember (choosing
the member with most capability among the memts) before leaving. It passes its member list and
neighboring supermember list to the new supermenitier new supermember sets up a session with each
member and each neighboring supermember and formewa cluster. After this procedure, the old
supermember terminates all of its connected sessionhe situation where there is nomember iruatet,
the supermember that wishes to leave simply tert@énall of its connected sessions. Frequent chaofges
clusters’ supermembers can lead to instability. dibstering algorithm described in [E.M. Schooled &.L.
Casner, (1992)] has proposed rules to make sur¢hthaluster head changes
as infrequently as possible. Similarly, we setla that when a party joins a cluster, it does eptace the
supermember, even if it has more capability. Tleip$to maintain the stability of the clusters, toes not
prevent the supermember from leaving if it deciedo so.

4.4 Splitting and Merging

When a new member is added to a cluster, the sgmeber initiates the split procedure if the size of
the cluster has reached Sv or if the supermembes dot have enough capability to handle more mesnber
This happens, for instance, when the battery pafi¢ghe supermember decreases. First, the supermembe
selects a new supermember, based on capabilitiedsd selects half of its members that are to imeco
members of the new cluster. The selection may heara or according to certain rules, such as the lpeesn
with higher addresses. It then asks the new supebeeto form a new cluster that contains the setect
members, passing the selected member list andbaiigly supermember list to the new supermember. The
new supermember creates a new cluster by estatgiskissions. The supermember then terminates 8gssio
with the selected members. Fig. 3 shows a signalingitecture before and after splitting.

If the size of the cluster diminishes to the Mwe Bupermember initiates a merger procedure. This
procedure consists of searching for an existingteluwith which to merge, with the constraint ttret size
after the merger will be less than Sv. A new sumeniper is elected as soon as the merger beginsiévine
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supermember will be one of the two supermembersdtie with more capability) of the two clusterseTh
procedure continues as follows: the elected supmaiee establishes sessions with the members ofubtec

to merge with. The unelected supermember then tates sessions with its members and sets the @lecte
supermember as its supermember, and it becomegikarenember. The merger information will then be
propagated to the neighboring supermembers. Se¢kta§yv is critical for the signaling system. Frample,

if the Sv is too small, the system may exhibit pperformance due to frequent splitting. If the Stoio large,

the signaling will have a centralized structure.t®@one hand, we expect a minimum number of dlsise
that the overall signaling overhead is low. Ondlkteer hand, a centralized architecture is unacbépfar a
large-scale conference

4.5 Super member Election

An election algorithm is used whenever there is@dto select a new super member among several
candidates. The basic rule is that the candidate tive most capability is selected as a super meribe
assume that a party that wishes to elect a newr supmber knows a list of candidate’s fcandidatel .
candidateng, where n is the number of candidates rdspective capabilities of these candidatefCagel .
.. Capng. The algorithm is described below:

. Capmax Capl

.loopi (from 2ton)

.if (Capmax islessthan Capi)
. Capmax Capi

max i

end

end

. super member candidatemax

ONOUAWN R

4.6 Information Propagation

In order to maintain a signaling cluster systerficieit information propagation is very important,
i.e., rapid propagation with as little introducedethead as possible. In our architecture, superbmesrare
responsible for propagating membership and capgabitformation whenever there is a change. The
information can be propagated to all the signadiggnts in no more than two hops. Fig. 2 shows ampie.
An option that can further reduce propagation ogadhis that only part of the information is propgagdaand
only to super members. This is realistic becaugeribt necessary for every member to have knoveledg
every system change, e.g., a splitting of a cluster

4.7 Specific | ssue Discussion-Coincident Behaviors

One issue of a distributed signaling architectigethie state synchronization when there are
coincident behaviors of participants in the confieee Such behaviors may cause inconsistent statescga
participants, e.g., with a coincident joining (e&fil in [P. Koskelainen, H. Schulzrinne, and X. \{May
2002)]), two newly joined parties have no meang«rnow each other, so no session will be established
between them, and thus, the fully distributed diggaarchitecture cannot be maintained. Due to the
information propagation procedure, the cluster sehelefined in this paper can handle most coincident
behaviors, but in some cases, protection mechargsbmdd be used to prevent inconsistencies. Weusksc
this issue case by case.

4.7.1 Coincident join:
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Two or more parties join a conference at the same. They may join the same cluster or different
clusters. Our scheme can handle this case bedsiseihcidently joined parties do not have a disesision
with Fig. 1. Cluster splitting. (a) Before splittin(b) After splitting. Fig. 2. Information propagan as a new
party joins. each other. Instead, they establiskisas with the supermembers that are alread\eiclitister
and later they can “know” each other from theiresupember(s).

4.7.2 Coincident departure.

Two or more participants leave a conference atstiree time. They may leave the same cluster or
different clusters. Similar to the first case, saheme can handle the coincident departure of menainel
less than two super members. Our scheme cannolehifiedcoincident departure of supermembers because
the newly selected super members cannot already kraowledge of each other. In order to avoid such a
case, we define a protection phase when a supeberdeaves. A supermember should reject any session
establishment or termination request when it stirtteave. The protection phase ends when the super
member has completed the leaving procedure. Withis protection phase, a super member leaving
procedure will be failed if another super membeleyving at the same time, because the newly select
super member cannot establish a session with atgaweighboring super member. If a super membksr fa
to leave, it will retry after a random period ahg.

4.7.3 Coincident splitting.

Two or more clusters split at the same time. Duéhe mesh structure of super members, the super
members in older clusters maintain a session witiryenewly split super member. After a run of the
information propagation procedure, a newly splgesumember will have knowledge of the other newesup
members. The logic to be added in order to hard$edase is that if a super member finds that st rinat
established a session with a neighboring super raeant if it has a higher address, it will estdblissession
with that super member. Coincident merging. Twarmre pairs of clusters merge at the same time. Our
scheme can handle this case because there is nesumw member elected. The cluster state can be
propagated to all the neighboring super members.

5. CONCLUSIONSAND FUTURE WORK

MANETSs have been an active research area for gkyears. A key motivation is the possibility of
novel application scenarios. Conferencing enabkest af attractive applications in MANETSs. We fiitén
interesting research topic because it is very ehglhg to deploy a conference in MANETS. For examttie
centralized conference model defined for traditioimfrastructure-based networks is not adequate for
MANETS.

In this paper, we addressed an important confergnissue: signaling. We have presented the
challenges, reviewed the state-of-the-art signgogocols, and proposed a cluster-based signathgme.
The clusters are dynamically created at the apmicdevel, taking the node capabilities into aazo his
scheme overcomes the problems of the related vearttsneets the requirements that we derived. Irr dode
implement the scheme in a real MANET environmeng have also discussed the implementation
technologies. We found that SIP extensions andd8ifibution are promising solutions.

The performance of the signaling scheme has beallnaed through simulation. For the simulation
experiments, we have developed all of the signatintities that we defined. The results show that ou
signaling scheme outperforms the existing conféergnframework for ad hoc networks. It can support
different scales of conferences and it can runifferdnt lower layer routing protocols. In this vikpwe have
evaluated conference scales up to 100 nodes. Itdwmei very interesting to know the behaviors of the
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signaling scheme with hundreds and even thousamfdsodes. However, the current experimental
environment has a limited scope. Another intergstiirection for future work is the evaluation ofrou
conference scheme under different wireless settswgsh as various coverage ranges, fading conditenmd
background noises. Still another interesting futMoek is optimization of the signaling scheme. Ttes be
done by improving the signaling scheme at the appbn layer or by using a cross-layer design.
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