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Abstract— As the optimal use of network resources is a major
issue for telecoms operators, we started works aimg to,
firstly, improve the utilization of network resources by
transmitting the I[P packets in multicast when posdile,
secondly, to adapt the format of the data transmigd in
multicast to take into account the context of the mmbers of
the multicast group, and thirdly to preserve the Qulity of
Service when a member of the multicast group movesom a
radio network to another radio network. The paper $iows,
through a scenario, how our work will improve the ilization
of the resources and then describes our approach.
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connection when the IP packets are transmitted avedio
network.

Our study focuses on the improvement of the usihef
resources of networks at the IP level by implenmenti
multicast transmissions when the services asketidysers
can be transmitted in multicast. During a multicast
transmission, all the members of a multicast griiug the
users) receive the data in the same format because
multicast transmission does not take into accoum t
heterogeneity of the receivers (mobile phones, ofapt
smartphones, tablets), the heterogeneity of theiorad
networks (GSM, Wi-Fi, WIMAX ...), or the diversityf the
profiles of the members of the group (engineerpantant,
student ...). The diversity of the receivers, raddworks, or
the profiles of the users, are elements that cteriae the
context of a user. In the article, we use the défim of

The optimization of the use of the resources of thedbowd et al [7] to define the context of a user. Figure 1

networks is a major issue for a telecoms operatgaise it
allows him to reduce his operational expenditurBE®). In
particular, the improvement of the use of the resesiof the
radio spectrum is necessary as showed in a stjdedlin
2002 by Federal Communications Commission (FCCjs Th
study showed that in a frequency band the ratesefaf the
radio resources could vary between 5% and 85%.
According to us, the solutions that aim to optimihe
use of the network resources must be implementezham
level of the TCP/IP stack. Moreover, interactionssinexist
among each solution implemented in each level efstiack,
i.e. the optimization is based on cross-layer gwohgt In the
PHY and MAC layers, the Cognitive Radios [2] arsigeed
to improve the use of the radio spectrum resoutmes
exploiting the radio resources vacated by their engnin

2004, the FCC has asked the IEEE to implement th 5

Cognitive Radios in the frequency range 54 -698 M8jz
The IEEE P802.22 standard [4] meets this demand b
allowing the use of vacant TV channels by radioigments
operating without radio licenses. In the IP layéne
multicast transmission of data [5] is a known teégha for
improving the use of the resources in an IP netvbedause
it reduces the number of IP packets transmittedr ave
network when several receivers must receive theedate.
In the transport layer, numerous studies have ingatdhe
throughput of TCP by taking into consideration gigysical
characteristics of the networks. For example, tHePT
Westwood protocol [6] improves the throughput of @P
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illustrates a scenario in which the members of dticast
group G have different contexts. In addition, asitembers

of the group may be mobile, their contexts varyirduthe
transmission because they can connect themselves to
wireless networks having different characteristider
example during a handover between a Wi-Fi network
transmitting in multicast the IP packets and anversal
Mobile Telecommunications System (UMTS) network
transmitting in unicast the IP packets.
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Figure 1. Multicast transmission in a heterogeneous context

So, the three objectives of our work are, firsttg,
improve the utilization of the resources of thewwrks by
transmitting in multicast the IP packets when pussi
secondly, to adapt the format of the data tranedhiih
multicast to take into account the context of thenthers of
the multicast group, and thirdly to preserve thealdy of
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Service (QoS) when a user moves from one radioar&tto
another radio network.

The structure of the article is the following. Téecond
section describes a scenario showing the interestuo
works for the telecoms operators. The third seatiakes an
inventory of the works that take into account thatext of
the users during a multicast transmission and aealyheir
loopholes; then the fourth section presents ourcgmh to
implement our three objectives. Finally, the fifsiection
concludes the article and exposes our future works.

Il DESCRIPTION OF A SCENARIO ESTABLISHING A
SYNERGY BETWEEN UNICAST AND MULTICAST NETWORKS

In this section we describe a scenario that coujgrove
the utilization of the resources of the radio ne&soof a
telecoms operator by establishing a synergy betwe&ast
and multicast networks. In our scenario, eight @ess

Anatole, Antoine, Bernard, Bertrand, Alice, Bénésglic

Catherine, and Isabelle, take part in a video-ceniee. The
video-conference is made up of a Voice over IP Pydlow

and a Video flow. The Video flow is encoded with a

Scalable Video Codec [8] that splits the flow irgeveral
sub-flows. Our scenario consists of six stagesthin first
stage (Figure 2), Anatole and Antoine receive tiodP\flow
on a fixed phone and the Video flow on a video-gctyr.
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Figure 2. A scenario describing a synergy between multicagtumicast
networks (first stage)

The VoIP flow is transmitted in unicast over a UMTS
IPv4 addresses. The Video flow is

network that uses
transmitted in unicast over an Evolved Universaird&rial
Radio Access Network [9] that uses IPv6 addres$hs.
Evolved Universal Terrestrial Radio Access Netwask
noted E-UTRAN in the figure 2. Bernard, Bertrand @lice
receive the VolP and Video flows on their smartgsrThe
VolP and Video flows are transmitted in multicasteo a
Multimedia Broadcast Multicast Service network [18ht
uses IPv4 addresses. The Multimedia Broadcast déstti
Service network is noted MBMS in the figure 2. Bdiate,
Catherine and Isabelle receive the VolP and Videwd on
their Personal Computers. The VoIP and Video flaws
transmitted in multicast over a Wi-Fi network thises IPv6
addresses. In the second stage (Figure 3), Bertraowes.
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His smartphone, initially connected to the MBMSwatk,
connects itself to the E-UTRAN network. The VolPdan
Video flows are transmitted in unicast over the ERAN
network that uses IPv6 addresses.
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Figure 3. A scenario describing a synergy between multicadtumicast
networks (second stage)

In the third stage (Figure 4), Bernard moves. His
smartphone, initially connected to the MBMS network
connects itself to the Wi-Fi network. The VolP avitleo
flows are transmitted in multicast over the Wi-Ftwork
that uses IPv6 addresses.
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Figure 4. A scenario describing a synergy between multicadtumicast
networks (third stage)

In the fourth stage (Figure 5), Bernard, who hdepéop
with a Wi-Fi interface, decides to take part in tideo-
conference via his laptop. Having connected hitofajo the
Wi-Fi network, he turns off his smartphone and sagart in
the video-conference via his laptop.
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Figure 5. A scenario describing a synergy between multicagtumicast
networks (fourth stage)

In the fifth stage (Figure 6), the operator who ages
the MBMS network notices that the smartphone oté\lis

how to adapt the format of the transmitted dataettect
these changes? Knowing that the users are mollilat are
the criteria for selecting a radio network durinigseadover?
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the only device connected to this network. As the Figure 7. A scenario describing a synergy between multicadtumicast

smartphone of Alice has a MBMS interface and a Wi-F

interface, the operator decides that Alice willggdart in the
video-conference via the Wi-Fi interface of her gipl@one
without decreasing her QoS. At the end of this aten the
resources of the MBMS network are no longer used.

Figure 6. A scenario describing a synergy between multicagtumicast
networks (fifth stage)

In the last stage of our scenario (Figure 7), Argopiwho

networks (sixth stage)

I1l.  IDENTIFICATION AND ANALYSIS OF THE EXISTING

WORKS

In this section we identify and analyze the wordkiirg
into account the context of the users in a multicas
transmission. The first works date from the 199051996,
McCannet al [11] have proposed to split a multicast group
according to the throughput that the terminalshef tsers
can receive. The data flow to be transmitted isodad in
several layers, each layer being transmitted wittedain
throughput. The first layer, called the base laienecessary
to decode the flow, whereas the other layers aesl ug
improve the QoS of the received flow. The QoS ofer is
better if the number of layers decoded by his teahis
higher. Each layer is associated with a subgroupghef
partition of the multicast group. The subscriptionone or
several subgroups is made with the Receiver-drivagrered
Multicast (RLM) protocol: the terminal of a userodses to
subscribe to one or several subgroups, i.e. tayveane or
several layers, according to its decoding cap#sliand the
available bandwidth in the network. In 2000, Yahgl [12]

has a laptop with a Wi-Fi interface and an E-UTRANdEefined a utility function [13] in the terminal efch user by

interface, moves. After having turned on his laptbe

taking as parameter the throughput received byettminal.

receives the VoIP and Video flows via two different The optimum of the utility function is reached whtre

interfaces: the VolIP flow is received in unicasa ¥he E-
UTRAN interface, while the Video flow is received i
multicast via the Wi-Fi interface.

throughput received by the terminal is equal to the
throughput that it would receive if it was alonetlire group.
Then, having defined a utility function for eachbgtoup

The six stages of our scenario show that a synergjpaking up a partition of the multicast group, they

between IPv4/IPv6 unicast radio networks and IFR»8I
multicast radio networks is possible and could rege a
telecoms operator. But its implementation raisesnyma
questions. Here is a non-exhaustive list of questio
Knowing that the contexts of the members of theticadt
group are different, in what format the server $tieend the
data when the IP packets carrying the data arertrted in
multicast? Knowing that the structure of the malsicgroup
may change over time, as we see by comparing thetste
of the multicast group between the first and thehsstage,
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mathematically demonstrated that there is a pamitamong
all the possible partitions, whose sum of the entnas of
the utility functions of the subgroups making up gartition
is bigger than the sum of the extremums of theitywtil
functions of the subgroups of the other partitioifis
partition, which is the optimal partition, is obtad by a
centralized process. Several works redefined thktyut
function implemented in the terminals by Yaedgal [12]:
Maimour et a [14] modified the function by taking a
parameter easier to get than the throughput, nartedy
transmission delay between the source emittingfltve of
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IP packets and each terminal; then Yousefi' zatieth [15]
chose a utility function continuously differentialio reduce
the complexity of the calculations to realize tatadb the
optimal partition. In 2003, Liet al [16] showed that the

partition can cause the mobility of one or morersisas
shown in the fifth stage of the scenario describedhe
second section. The works that we identified doauuress
the interactions that can exist between the pamtiirocess

consideration of the context of the users during afa group and the selection process of an incométgork.

transmission of a video flow in multicast requirs/ideo

source having a method of transmission capable of

transmitting the flow with various throughputs. Hay

V.
In this section we present our approach to impleéran

PRESENTATION OF OUR APPROACH

established a taxonomy of the various methods ofihree objectives. The first two objectives seentreafictory.

transmission of a video flow, they compared theeehr
methods  (stream replication, cumulative
noncumulative layering) implemented in the procsssé
partition of a multicast group. From the years 208#veral
projects aim to take into account the context ef tisers in
the multicast architectures: in 2008, the C-Molpi®ject
[17] defines a MBMS architecture that takes intocamt the
context of the users; then in 2009, the C-Casteptdj18]
defines methods for collecting and analyzing thetexts in
a multicast architecture.

In the works that we identified, a centralized msx
calculates the optimal partition from a utility fuion
implemented in each terminal. However, other egtitould
also implement a utility function: the operatorsnaging
networks, the suppliers of a service Each entity can have
its own criteria to define an optimal partition.rFexample,
an operator can define a single multicast groupmjrove
the use of his networks, whereas the users wilfepro
define a number of subgroups equal to the numbesefs
for improving the consideration of the contextseath user.
When several entities take part in the partitioocpss, what
partition to choose among those proposed by evetijy@
Who chooses the partition?

Furthermore, in the identified works, the mobildf/ the
users is little studied. The analysis of the mupitequires
the following definition. During a handover, whemeaminal
disconnects itself from a network, this networkcalled
outgoing network; when it connects itself to a nestwork,
this network is called incoming network. The anelyaf the
existing studies shows two issues. During a hangavieat

Indeed, the more the number of members in a mattica

layering,group is higher, the better the use of network uesss. But

the more the number of members in a multicast grisup
higher, the more it will be difficult to take intaccount the
variety of the contexts of the users. It is thusessary to
find a compromise between, on one hand, the mattica
transmission of the IP packets and, on the othadhthe
consideration of the contexts of the users. Ouraggh aims
at defining several entities that will divide theulticast
group into several subgroups according to the comtethe
users. Three entities, namely the content providee
operator managing the networks, and the usersnaoéred

in the partition process. The objectives of the¢hentities
are the following ones. The objective of the cohfgovider

is to encode his content into one or more diffefentnats
according to the encoding processes available ®sdrvers
(objective 1); the objective of the operator igrensmit the
data in multicast when the multicast transmissgpassible
and when the consumption of the resources of n&swvor
during a multicast transmission of data towards 9érsi is
lower than the consumption of the resources of ordsv
during a unicast transmission of data towards Nrsuse
(objective 2); the objective of the users is tceree the data
in a format adapted to their context (objective 3).

The implementation of the third objective is madiéhw
the HDHO method. The three entities participatingthie
selection process of an incoming network are thetesd
provider, the operator managing the networks, aedisers.
The objective of the content provider is to choase
incoming network offering a QoS adapted to the flowbe

incoming network to choose? Who chooses the ne®vorkiransmitted (objective 4). The objective of the raper is to

According to Zdarsky [19], the user chooses thermiag
network, while according to Antonioet al [18], it is the
operator managing the network that chooses themimgp
network. To take into account the diverse objestivé the
entities participating in the selection process;iset al [20]
proposed a method called Hierarchical and Disteitut

choose the least loaded network for transmittiregftbw of
the content provider (objective 5). The objectifeh® user
is to choose a network offering the best QoS/Caisd ifor
receiving the flow (objective 6). Since our appioébased
on the definition of three entities, each with thgoals, we
must specify how these three entities interact ajrtbem to

Handover (HDHO), and analyzed a scenario composed @plit the multicast group and to select an incomiegvork

three entities, namely a content provider, an dpera
managing networks, and a user. The objective ottiment
provider is to choose an incoming network offeran@oS
adapted to the flow to be transmitted. The objecti¥ the
operator is to choose the least
transmitting the flow of the content provider. Thigjective
of the user is to choose a network offering the QeEsS/Cost
ratio for receiving the flow.

It is important to notice that the mobility of aenscan
cause a new partition of the multicast group duethi®
variation of the number of the terminals connedizdhe
outgoing and incoming networks. Conversely,
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loaded network for

during a handover. By referring to the works of iBuet al
[20], we chose the Free Conflict method, the Commise
and Negotiation method, and the Team Enforced mefitio
implementing these interactions.

Since the mobility of a user can cause a new partaf
the group and as a new partition can cause thelityodi
one or more users, the partition process and thetmm
process interact among them. The interaction betvthe
two processes is described by the heuristic predeirt
Figure 8. During a handover, the end of the salaqgtrocess
triggers the beginning of the partition process. estch

a newteration of the partition process, the operatonaging the
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network can initiate a handover of one or more sisemeet
its objective. The selected networks must not digyrthe
QoS of the users.

Beginning of the selection process
of an incoming network

Selection process | !
of an incoming network I Selection process

End of the selection process

of an incoming network

Beginning of the
partition process

Iterative
partition process

Does the operator
want to move
one or more teminals?
' Partition
. process

Beginning of the selection process
of an incoming network

The selection process operates
over a set of networks provided
by the operator

End of the selection process i
of an incoming network .

Figure 8. Heuristic describing the interaction between tHect®n
process and the partition process

End of the
partition process

) 1
Currently we are working on the modules composirg t g

heuristic and we reflect on the way to integrateapproach 2]
in a MBMS architecture. Figure 9 shows a possible
integration. The objectives of the content provideamely 3]
the objectives 1 and 4, can be implemented in tloadast
Multicast Service Center (BM-SC) and in the Gateway4]
GPRS Support Node (GGSN). The objectives of the
operator, namely the objectives 2 and 5, can béeimgnted
in the GGSN and in the Radio Network Controller (N
The objectives of the user, namely the objectivean@ 6,

! - : 5
can be implemented in the user's terminal. 5l

V. CONCLUSION [6]
As the optimization of the use of the resourceghef
networks is a major issue for telecoms operatoesinitiated
works that aim to, firstly, improve the use of tiesources of
the networks by transmitting the IP packets in foadt
when it is possible, secondly, adapt the formathef data
transmitted in multicast to take into account tloatext of
the users, and thirdly preserve the Quality of Berwhena g
user moves from a radio network towards anotheforad
network. After having shown, through a scenarioy haur
work would allow to establish a synergy betweentivast
and unicast networks, we analyzed the works talg
account the context of the users during a multicasil]
transmission. The analysis revealed three loophdies
terminals of the users are the only entities tlatigipate in
the partition process; the mobility of the userslitde
studied; the listed works do not tackle the intBoas that
can exist between the partition process and thecth
process. Our work, that takes into account thesgy,
shortcomings, aims to, firstly, define the entitiegolved in
the partition process and the selection processonsiy,
define the objectives of these entities, thirdlgfime the

(7]

[10]

[12]

[13]
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The objective 4 is to choose a network
offering a QoS adapted to the flow to be
transmitted

The objectif 5 is to choose the
least loaded network

The objectif 6 is to choose a
network having the best
QoS/Cost ratio

partition algorithm according to the objectiveseath entity,
fourthly, define the interaction between the piamitprocess
and the selection process. When these four stefpsbevi
made, we will model the partition process and #lecion
process with OPNET®.

g—o o o4

RNC

Base station Terminal
4 .

The objective 1 is to encode a content
into one or more different formats
according to the available encoding processes

The objective 2 is to transmit the data in multicast when the
consumption of the resources of networks during a
multicast transmission is lower than the consumption

of the resources of networks during a unicast transmission

The objective 3 is to receive
the data in a format adapted to its
context

Figure 9. Integration of our approach in a MBMS architecture
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