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Abstract—This paper describes and analyzes an extension for it; if a low quality, cheap, variant is distributed, some users
of the Multimedia Broadcast / Multicast Service (MBMS) that will be unsatisfied.

supports the distribution of multiple variants of the same content _ .
to heterogeneous receivers. We first outline the standard MBMS In our research for the IST B-Bone project we have extended

model and then describe our extended MBMS model, detailing th® MBMS model so as to support the distribution of multiple
the modifications that it imposes on MBMS state management variants of the same content to different receivers. The desired
and signaling procedures. We then provide an analytical frame- variant can be dynamically selected by each receiver, based on
work for the comparison of our extended model with both a  terminal capabilities and/or user preferences. Our approach can
single and a multiple service approach based on standard MBMS o o mnined with layered coding in order to transmit only
mechanisms. We apply this framework to a practical setting and . . -
show that our proposal is far more scalable in terms of signaling & Single variant over each link between the sender and the
overhead than its standards based competitor. receivers.
In this paper, we first describe how our model extends
the standard MBMS model, and then analytically evaluate
|. INTRODUCTION our model against two standards based alternatives. In Sec-
Cellular systems are increasingly becoming feasible plaion 2 we introduce the standard MBMS model whereas in
forms for multimedia services, due to the high bandwidth &fection 3 we describe our extended MBMS model, along
3rd Generation (3G) systems. While the amount of bandwidiith its modifications to the standard state management and
consumed by services such as video distribution makes theignaling procedures. In Section 4 we provide an analytical
too expensive for most users, costs can be dramatically fexmework for the comparison of our extended model against
duced when many users desire to receive the same serviceahlternative approach based on standard MBMS mechanisms
transmitting the corresponding data only once per cell. Thisd in Section 5 apply this framework in order to show the
can be achieved either lyoadcastwhere all users receive theperformance gains offered by our model. Finally, in Section 6

service, or bymulticast where only selected users receive th@e summarize our conclusions and discuss future work.
service. Similar reasoning in the past led to the introduction

of IP multicasting into the Internet. Recently, thuiversal

Mobile Telecommunications Systetd®1TS), specified by the Il. THE STANDARD MBMS MODEL

3rd Generation Partnership Projeat3GPP), introduced the . -
. i ) ) S The funct | entit fa UMTS network that ffected

Multimedia Broadcast/Multicast ServicgdIBMS) in its Re- © Junctiona’ enfities of a nEeWork hat are afiecte

e : MBMS are shown in Figure 1. ThBroadcast/Multicast
lease 6 specifications. MBMS allows resource sharing throug?i wn in rigu Syvu

out the UMTS network, including over the air interface [3]; its%r\\//ilc(::ees %?2\5?(;(;'\/'5(:,\)/';\/'2 n.ﬁ\:v észtn et\l/tvya;hgtpgc;ntg)dzptgg

is suitable for applications as diverse as media streaming A8ge (GGSN), the Serving GPRS Support Nod&GSN)
file downloads [5]. the Radio Access NetworlRAN) and theUser Equipment

. In this paper we concgntrate on MBMS mulncastmg, as [JE) are existing UMTS components that must be modified
is expected to be more important commercially than MBM r MBMS. The content sources are beyond the scope of

broadcastmg. The reason Is that 'mult|cast|r?g IS more swtg MS standardization; they may be internal or external to
for commercial applications targeting a specific set of, poss@l){

. . . ) ~ the network.
paying, subscribers. Both IP and MBMS multicasting deliver
the same content to all receivers, so as to transmit data only poo-mmemee ,

. . UMTS ' Source |

once over each link. When the receivers are heterogeneous ]
however, for example, terminals with different screen resolu-
. . ] R UE - RAN |H SGSN |H GGSN [ BM-SC
tions or users with different budgets, it is difficult to select | H H H H
a variant of the content that will satisfy everyone. If a high

. . . . L . F‘g. 1. Components of MBMS.
quality, expensive, variant is distributed, some terminals wil

not be able to receive it and some users will not want to pay

Internet

Source

i
i
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In the original IP multicasting model, each multicast group MBMS Bearer Context MBMS UE Context __|
is identified by a class D IP address. Any host ¢ain the IP Multicast Address = ... MBMS UE Context |
multicast group to start receiving packets sent to it and later QoS =... MBMS UE Context
leavethe group to stop receiving such packets. Any host can Downstream Nodes IP Multicast Address = ... |
send packets to the group, even non group members [6]. This [#1=1 [#2=0 [#3=1] ...
open groupmodel is clearly not very attractive for content

providers. The MBMS multicasting model departs from IP
multicasting in that each multicast group is identified by g9- 2
class D IP addresand an Access Point Nam@PN), which
effectively identifies a specific GGSN [4]. A more significant
difference is that alosed groupmodel is used. First, a UE
must first subscribe to a group in order to be allowed to latathen the UE joins (leaves) the group. Each MUEC is linked to
join it, using a separate subscription mechanism. Second, oalfMBC via its IP multicast address. When the node forwards
the GGSN identified by the APN may send to the grouptata to a multicast group, it uses the MUECSs linked to the
data are first processed by the BM-SC and then delivered BC to charge the UEs.
the GGSN. This model enables the provision of commercial When a MBMS multicast service is to be offered, the
services over MBMS [3]. data describing it, such as IP multicast address, APN and

The IP multicasting implementation is split intacal mech- QoS parameters, are entered into a new MBC at the BM-
anisms, which track group membership, agldbal mech- SC. Additional MBCs and MUECs are dynamically created
anisms, which route multicast packets between networksmd destroyed at each node, based on UE initiated signaling.
The only local mechanism defined is theternet Group In particular, when a UE desires to join (leave) a group, it
Management ProtocdlGMP) [6], a query/response protocolsends an IGMP join (leave) message to its GGSN stating
suitable for Ethernets; many global mechanisms have bee IP multicast address desired [4]. This join/leave mode
proposed, each using a different routing protocol. In MBM8&f IGMP differs from the normal query/response mode used
multicasting, the local mechanisms cover the entire networkth IP multicasting, but it is actually much more suitable for
served by a GGSN: the GGSN acts as the interface betwa@BMS [8].
the UMTS network, where MBMS multicasting is used, and
the Internet, where IP multicasting is used. The GGSN may[UE |[RAN][SGSN ||GGSN |[BM-SC]
however receive content for distribution to a group via either > IGMP Join
IP multicast or unicast. »| Authorization Request

While the 3GPP has defined a riuality of Servic§QoS) Authorization Response
model for UMTS networks, with multiple service classes and Notification Request
parameters, MBMS services are required to use the same Notification Response
QoS parameters for the entire distribution tree, as defined I Request Context Activation

. . g . Activate Context Request

by the BM-SC. This simplifies tree maintenance, as all paths Create Context Request
must support the same QoS, and eliminates the need for QoS »|  Authorization Request
negotiations with each UE. Authorization Response

In order to support MBMS multicasting, each node in a »  Registration Request
UMTS network must maintain two types of state for each
multicast group. First, packet forwarding state is required so
that the node may determine which of its children should
receive a packet; this state is kept on a per group basis.
Second, user accounting state is required so that the network
may charge the receivers; this state is kept on a per group
and a per UE basis. Each node maintainMBMS Bearer »| Session Start Response
Context (MBC) for each multicast group and MBMS UE Session Start Request
Context(MUEC) for each UE that is currently a member of > Session Start Response
the group [4], as shown in Figure 2 (only fields relevant to
our work are included).

The MBC contains information for the entire group, such as
its IP multicast address and its QoS parameters. The MBC also
includes a table indicating which downstream nodes shouldThe IGMP join message triggers the MBMS Activation
receive packets addressed to that group. For example,piwcedure, shown in Figure 3. The GGSN asks the BM-SC
Figure 2, child #1 should receive packets but child #2 shouifdthe UE has subscribed to the group and the BM-SC returns
not. When a multicast packet arrives, the node examines the APN of the GGSN that acts as the source. The GGSN then
MBC and forwards the packet to each child marked 1. Thasks the SGSN if it can handle the MBMS multicasting group.
MUEC contains information for a UE served by the node thathe SGSN responds to the GGSN and notifies the UE that it
is currently a member of the group. It is created (destroyedn proceed with the activation. At this point (first dashed

MBMS contexts in the standard model.
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Fig. 3. MBMS Activation, Registration and Session Start procedures.
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line) the UE knows the APN of the source, which may maparent marks the corresponding entry in its MBC with O to
to a different GGSN. The UE then requests the SGSN to statop forwarding data to that child. When the service finishes
sending it multicast data. The SGSN creates the MUEC atrdnsmitting data, the BM-SC informs the GGSN and the
notifies the GGSN corresponding to the APN. The GGSN ask5SN informs each registered SGSN about this with the
the BM-SC if the UE has subscribed to the group, the BMMBMS Session Stop procedure. Note that a UE can join and
SC creates the MUEC and responds to the GGSN. The GGf&dve the group at any time, independently of session start and
creates the MUEC and responds to the SGSN, which respostizp.
to the UE.

When the first MUEC for a group is created at the GGSN [Il. THE EXTENDED MBMS MODEL
or SGSN, the node initiates the MBMS Registration procedureQur extended MBMS model departs from the standard
towards its parent, indicating that it wants to start receivingiBMS model by allowing asingle MBMS service to offer
data addressed to the group. The parent marks the correspefifierent variants of the same content, providing various trade-
ing entry in its MBC with 1 to start forwarding data to thaloffs between bandwidth and quality; we refer to this model as
child. Using the information provided in the response, the childultiple Content Varian(MCV) MBMS. This extension may
creates the MBC for the group. When the service is aboicrease the number of subscribers to a service by satisfying
to begin transmitting data (second dashed line), the BM-SCwider range of heterogeneous receivers, such as terminals
informs the GGSN and the GGSN informs each registerggth different capabilities or users with different budgets.
SGSN about the properties of the impending transmission witbwever, the QoS parameters for all variants of a service

the MBMS Session Start procedure. remain centrally determined by the BM-SC. The variants
must be chosen by the content provider to match common
[UE |[RAN][ SGSN | [GGSN | [ BM-SC | terminals and have sufficiently different costs. For example,
> IGMP Leave for an audio service the variants could be CD, radio and

- Leave Indication

telephone quality sound. The number of available variants
must be small to prevent the degeneration of multicast groups
to single receivers. We have therefore decided to support up to
three variants, numbered 1 (low quality), 2 (medium quality)
and 3 (high quality).

-< UE Removal Request
Context Deactiv. Request
Context Deactiv. Response
Deactivate Context Request
TDeactivate Context Accept

A

Y

Y

V!

> Delete Context Request Our model requires that the content variants are produced
»| Deactivation Indication so as to allow a lower quality variant to be derived from a
< Deactivation Confirm higher quality variant. This enables a node to generate all the
»| Deregistration Request variants requested by its children based only on the highest
- Deregistration Response quality variant among them; this is the only variant that the
< Delete Context Response node requests from its parent. This is possible laigered
> Deregistration Request coding[7], where the source encodes the lowest quality variant
1 _ | _ %o _ _ | Deregistration Response as the base layer and then encodes a series of successive
- Session Stop Request

enhancement layers. The next higher quality variant consists of
the base layer and the first enhancement layer; each successive
variant adds another enhancement layer. The source injects
all layers to the multicast distribution tree, and each node

Fig. 4. MBMS Deactivation, Deregistration and Session Stop procedures‘,f.orWards to each child only the layers requested by it.

»- Session Stop Response
Session Stop Request
- Session Stop Response

A

MBMS Bearer Context MBMS UE Context |
. ) IP Multicast Address = ... MBMS UE Context |
Similarly, an IGMP leave message triggers the MBMS De- QoS = .. MBMS UE Context
activation procedure, shown in Figure 4. The GGSN informs Content Variant 1= 1P Multicast Address = .
the BM-SC that the UE is leaving and the BM-SC returns the Content Variant 2=... Content Variant = ..

APN for the group. The GGSN then asks the SGSN to start the Content Variant 3=...
deactivation. The SGSN responds to the GGSN and notifies Downstream Nodes
the UE that it can proceed with the deactivation. The UE then [#1=1 [ #2=0 [ #3=2 ] ...
requests the SGSN to stop sending it data and the SGSN
notifies the GGSN corresponding to the APN. The GGSN
destroys the MUEC and notifies the BM-SC. The BM-SC alddg- 5. MBMS contexts in the extended model.

destroys the MUEC and responds to the GGSN. Finally, the

GGSN responds to the SGSN which also destroys the MUEC.

When the last MUEC for a group is destroyed at the A UE specifies the variant that it wishes to receive in its
GGSN or SGSN, the node initiates the MBMS DeregistratidGGMP join message by including a variant number; it may
procedure towards its parent, indicating that it wants to stopodify this request at any time by sending a new IGMP join
receiving data for the group and destroys its MBC. Thmessage. For example, the user may request a higher quality
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audio variant to better hear a passage, or the terminal nmalways include information foall available content variants;
request a lower quality audio variant when the bandwidtiodes simply store this information in case it is needed.
at its location is limited. Each (internal) node must maintain
additional information in the MBC and MUEC, as shown in IV. ANALYTICAL FRAMEWORK
Figure 5. The MUEC must be extended with the number of With the standard MBMS mechanisms, only a single content
the requested variant, allowing the node to charge the WEriant may be supported per service; we refer to this option
accordingly. In addition, the downstream nodes table in tl&s Single MBMS. We can however approximate the behavior
MBC must be extended with the number of the variant tof MCV MBMS by combining layered coding with a separate
forward to each child. For example, in Figure 5, child #MBMS group per layer and having each UE join the groups
should receive variant 1, child #2 should not receive anythimgrresponding to the layers that it needs; we refer to this
and child #3 should receive variant 2. option as Multiple MBMS. An advantage of this approach
In our extended MBMS model, each node must inforrs that data packets do not need to indicate the layer that they
its parent about the variant that it needs to receive, thbiglong to so as to allow nodes to selectively forward them, as
allowing the parent to maintain its MBC. The node must thugach layer is mapped to a different group. On the other hand,
determine the highest quality variant requestedahy of its in this approach UEs must join and leave multiple MBMS
own children; from this variant it may produce any lowegroups, they must be able to receive multiple MBMS groups
quality variants required. We can determine this informatiggimultaneously and there is no guarantee that packets from
by counting the number of MUECS for each content variant dlifferent layers will be received in a synchronized manner so
a group. These counters are stored in the MBC, as showna to be decoded on time.
Figure 5, and each node requests from its parent the higre\?&riable

. - . Description
quality variant with a nonzero counter. _ [N, Number of users participating in a service
When a UE sends an IGMP join (leave) message, triggering; Probability that a user requests variant

the activation (deactivation) procedure, at the point where &» Number of SGSNs in the network
node would create (destroy) a MUEC in the standard MBMSAm / A»  Activation messages/bytes (per SGSN)

model, in our model the node must instead do one of t"l%"‘//g: gg;gt“r':ttig: n”::;;:gg://gﬂgs ((S;'r SSSSS',\]))

following: DR, /DR, Deregistration messages/bytes (per SG$N)
« Ifa MUEC was created, the counter for the corresponding> / S Session Start messages/bytes (per SGSN)
variant is incremented by one. SSmlSSy,  Session Stop messages/bytes (per SGSN)
« Ifa MUEC was destroyed, the counter for the correspond- TABLE |
ing variant is decremented by one. LIST OF VARIABLES

« If a MUEC was modified, the counter for its previous

variant is decremented by one and the counter for its ) _ o _
MBMS against Multiple MBMS in terms of the total number

Another related modification is the addition of a variant

number in the request messages of the activation proced‘lfj}Péj size of the signaling messages exchanged when providing

(see Figure 3). Furthermore, at the point where a node Wogéerwce with three content variants numbered 1 (low quality),

create (destroy) a MBC in the standard MBMS model, in our (medium quality) and 3 (high quality). Layered coding is
model the node must instead do one of the foIIowing', used to generate three content flows which are combined at

. _the receiver to reconstruct the required variant: low quality
« If the first MUEC for a group was created, the MBC ieceivers only need flow 1, medium quality receivers need
created (one nonzero counter) and the parent is informgglys 1 and 2, and high quality receivers need flows 1, 2 and
to start forwarding the corresponding variant. 3. In Multiple MBMS this is performed explicitly, by joining
« If the counter for a higher quality variant than theniiple groups. In MCV MBMS this is performed implicitly,
one currently requested became nonzero, the parentyisingicating the variant required when joining a group. We
informed to send the corresponding variant. use Single MBMS as a baseline; as this option only provides
« If the counter for the currently rgquested variant becangasim‘:ﬂe content variant, comparing MCV MBMS or Multiple
zero, the next nonzero counter is located and the pargfigms against it shows the signaling overhead for providing
is informed to send the corresponding variant. multiple content variants in the extended or in the standard
o If the last MUEC for a group was destroyed (all counyigms model.
ters are zero), the MBC is destroyed and the parent is\we omit from our analysis the user plane overhead for two
informed to stop forwarding all variants. reasons. First, the number of user plane messages is exactly
Another related modification is the addition of a varianthe same in both cases. Second, since in our extended model
number in the request messages of the registration procedesieh user plane message only needs two extra bits, so as to
(see Figure 3). Note that new registration messages candpeode the content variant that it belongs to, it is possible to
received from a child that is already receiving a group, if thieclude them in existing fields in order to avoid introducing
child wishes to change its content variant as UEs join and leaagditional overhead.
the service or change their content variants. In order to avoidWe assume thaW,, users participate in a multicast MBMS
the need for updated session start messages, these messageice in a network with a single GGSN amttj SGSNs.
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Procedure Single MBMS MCV MBMS Multiple MBMS
Activation Am Ny ANy, A (1 + p2 + 2p3) Ny,
Deactivation D, N, DNy Dy, (1 4 p2 + 2p3) Ny
Registration RS, 2R, Sy, 3RmSn
Deregistration DR,,S» RnSn + DR, S,  3DR,Sh
Session Start S, S» SmSn 3SmSn
Session Stop  SSp,Sn SSmSn 355mSn

TABLE Il

NUMBER OF SIGNALING MESSAGES REQUIRED

Procedure Single MBMS MCV MBMS Multiple MBMS
Activation Ay N, Ay Ny + A Ny /2 Ap(1+ p2 + 2p3) Ny
Deactivation Dy N, Dy N, Dy (1 + p2 + 2p3) Ny,
Registration RS, 2Ry Sy + R Sn 3Ry Sn
Deregistration DR;Sy, Ry Sy 4+ RmSn/2 4+ DRyS,, 3DRySn
Session Start  SpS, SpSn + 165,50 35,5n
Session Stop  SS,Sn SSbSn 355p5n

TABLE Il

NUMBER OF SIGNALING BYTES REQUIRED

Users request each variant with probabilitigs p» andps, Ay(1 + p2 + 2p3)N,, bytes, since each user may need to
wherep; + p2 + p3 = 1. All variables used in our analysisjoin multiple groups. In MCV MBMS we only need.,, N,
are summarized in Table I. To simplify this analysis, we alsmessages, as each user only joins a single group, totaling
make the following assumptions: AyN, + A, N, /2 bytes, due to the extra bytes in the request
« All extended MBMS messages indicating a content varinessages. Similarly, in Single MBMS an MBMS Deagctivation
ant are inflated by 1 byte. procedure required,, N, messages and,N, bytes; the
« Users do not change their content variant preferences ogsame holds for MCV MBMS, since no extra bytes are needed
time. in this case. In Multiple MBMS this procedure requires
« No handovers occur during the period under study. Dy, (1 + p2 + 2p3)N, messages and(1 + pz + 2p3) N,
« At least one receiver of the high quality variant is presetwytes, similar to the MBMS Activation case.

in each cell. The number of messages and bytes required for the MBMS
« Three assumptions may be made for the number Registration procedure may depend on the number of SGSNs
(de)registrations in our extended model: with participants to the service, the content variant preferences

— Best case: The first user to join the service in eadf the participants in each cell and the exact ordering of the
cell requests the high quality variant; for deregisactivations. Since we assumed that at least one high quality
trations the last user to leave the service is a higleceiver exists in each cell, all SGSNs will eventually register
quality user. with the GGSN for all variants. In Single MBMS, only a single

— Worst case: First the low quality, then the mediunMBMS Registration is performed by each SGSN, therefore
quality and then the high quality users join eacl®,,S, messages totaling;.S,, bytes are needed. In Multiple
service; for deregistrations this sequence is reversédBMS on the other hand this procedure requis,, S,

Since the difference between the best and worst cagaessages totaling/3 S,, bytes. In MCV MBMS, the order of
turns out to be small, in the comparison tables and grapetivations is also significant. Under the best case assumption
given below we show the arithmetic average of the bete high quality users will activate first, therefore,,sS,,

and worst cases for convenience. messages totalind,S,, + R,,S,/2 bytes will be required,

We will Separate|y examine the cost of each MBMS proc@.ue to the extra field in the I‘equeStS; under the worst case
dure in terms of messages and bytes exchanged. We first pgggumption the low quality users will join first, then the
out that with MCV MBMS only half of the exchanged mes{nedium quality ones and then the high quality ones, therefore
sages (the requests) in the MBMS Activation and Registratigdt=S» messages totalindRyS,, + 3R, S, /2 bytes will be
procedures need an extra byte to indicate the required contétuired. The arithmetic average of the two cases is thus
variant; the responses, as well as all messages in the MBRI8nS» messages totalingR, S, + RS, bytes.

Deactivation and Deregistration procedures, are as in standar&imilarly, in Single MBMS an MBMS Deregistration pro-
MBMS. cedure requiresDR,,S, messages totalingoR,S, bytes,

Following the notation presented in Table I, in Singlevhile in Multiple MBMS this procedure require3DR,, S,
MBMS an MBMS Activation procedure require$,, N, mes- messages totaling DR;S,, bytes. In MCV MBMS, under
sages andi, V,, bytes to handle all users. In Multiple MBMSthe best case assumption the high quality users will deacti-
this procedure required,,, (1 + p2 + 2p3) N, messages and vate last, therefordR,,,S,, messages totalin@ R;.S,, bytes
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MCV MBMS ——
7T Multiple MBMS oo
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Fig. 6. Additional signaling messages (over Single MBMS) as a functiofi,oand N,,.

will be required; under the worst case assumption, the higmessage counts and sizes of the protocols under study. We will
quality users will deactivate first, then the medium qualitgpply the framework with respect to tidon Access Stratum
ones and then the low quality ones, therefore we will hay®lAS) protocols, the operation of which is summarized in
two registration updates followed by a deregistration, hen&égure 3 and 4. The messages shown in the figures between
2R,,S, + DR,,S, messages totalin@R,;S,, + 2R,,S,/2+ GGSN and SGSN are part of GTP, while the messages
DRy,S,, bytes will be required. The arithmetic average obetween SGSN and UE are part of MBMS-SM. We will also
the two cases is thu®,,S, + DR,,S, messages totaling include the IGMP messages between UE and GGSN; while
RS, + R Sn/2 + DRyS,, bytes. IGMP is not part of MBMS, it is used to trigger Activation

The MBMS Session Start procedure also depends on thed Deactivation and it is executed inside the UMTS network.
number of SGSNs with participants to the service, but, dW#e omit the Diameter messages between the GGSN and BM-
to our assumptions, all SGSNs will have to receive Sessi&€, as these are not transported over UMTS protocols.

Start messages. Therefore, in Single MBMS an MBMS Ses-|n order to calculate the number of messages and bytes
sion Start requiress,,,S,, messages totaling,S,, bytes; in required, we used the relevant standards for GTP [1], MBMS-
Multiple MBMS this procedure requiress,,S, messages SM [2] and IGMP [6] and assumed no errors occurred. We
totaling 35,5, bytes. In MCV MBMS, since each requesiomit the cost of the encapsulating protocols, except for IGMP
message must include the QoS profiles of all available Val’ianﬁﬂ]ere we include the cost of the encapsulating IP and GTP
SmSn, messages totalingS,, +165,,5,, bytes are required, packets. We found that,,, = 8 and A, = 292, D,,, = 7 and
assuming that each QoS profile requires 16 bytes and that = 183, R,, = 2 and R, = 59, DR,,, = 2 and DR, = 50,
we need two additional QoS profiles (in addition to the ong, — 2 and S, = 124, and, finally,SS,, =2 and SS;, = 50.
already included) in the request messages. o By substituting these values in Table Il and adding all rows
Finally, the MBMS Session Stop procedure in Singlge find that the total cost in messages for Single MBMS is
MBMS requires SS,,S, messages totalingg's,S,, bytes; 15N, + 8S,,, for MCV MBMS it is 15N, + 125, and for

in Multiple MBMS it requires 35S,,S,, messages total!ng Multiple MBMS it is 15(1 + pa + 2p3) N, + 24S,,. Compared
355,5, bytes. In MCV MBMS 55,5, messages totaling ¢ gingle MBMS, MCV MBMS introduces extra costs only
5SS, bytes will be required, since no additional flelds_: arBer SGSN, while Multiple MBMS introduces extra costs per
needed. The total number of messages and bytes required§8&N and per UE. Similarly, by substituting these values in
procedure for each option are summarized in Table Il and lfgpie |1 and adding all rows we find that the total cost in
respectively. bytes for Single MBMS ist75N,, + 2835,,, for MCV MBMS
it is 479N, + 436S,, and for Multiple MBMS it is475(1 +
V. FRAMEWORK APPLICATION P2 + 2ps) N, + 8495,,. Compared to Single MBMS, Multiple
The framework presented above uses variables for tMBMS always introduces more overhead than MCV MBMS
number and sizes of messages required by each signaliey SGSN; per UE, Multiple MBMS introduces more overhead
procedure, thus allowing the resulting expressions to be ugedn MCV MBMS if 475(1 + ps + 2p3)N,, > 479N, or, if
with any set of protocols desired, by simply substituting the, + 2ps > 0.0084.
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Fig. 7. Additional signaling bytes (over Single MBMS) as a functionSgf and N,,.

To plot these formulas, we assume that the 80-20 rule holdisder dynamic conditions, such as user mobility, random join-
for the content variant preferences: 80% of the users requesf and leaving times and random content variant selection,
the low quality variant and the remaining 20% request thhus relaxing the simplifying assumptions made here.
other ones; 80% of these users request the medium quality
variant and the remaining 20% request the high quality one. VII. ACKNOWLEDGEMENT
Thereforezpﬁ :hO.16 apo3 :h0'04éd§r']dp2l+ 2p3h: ?124]‘ ~ _ This work was supported by the IST B-Bone project under
0.0084. Wit t.ese val ues,_t e additional overhead o _Mc\éontract IST-2003-507607.

MBMS over Single MBMS in messages beconies,, while
for Multiple MBMS it is 3.6 N,, + 16S,,; these are plotted in
Figure 6. Similarly, the additional overhead of MCV MBMS
over Single MBMS in bytes becomesV,, +1535,,, while for [1] 3rd Generation Partnership Project (3GPP). General Packet Radio Service

. L. o m . (GPRS); GPRS Tunneling Protocol (GTP) across the Gn and Gp interface.
Multiple MBMS it is 114N, + 5665,; these are plotted in 135 29 060, v6.6.0, September 2004.
Figure 7. Both figures show results for 10—10,000 participarnt$ 3rd Generation Partnership Project (3GPP). Mobile radio interface Layer
and 1-10 SGSNs, with all axes logarithmic. In all cases, the gSDeCigca“ZO&?Mcore network protocols; Stage 3. TS 24.008, V6.6.0,

. . eptember .

overhead of MCV MBMS s far lower than that of Multiple 3) 314 Generation Partnership Project (3GPP). Multimedia Broadcast /

MBMS. Multicast Service (MBMS); Stage 1. TS 22.146, V6.6.0, September 2004.

[4] 3rd Generation Partnership Project (3GPP). Multimedia Broadcast /
Multicast Service (MBMS) user services; Architecture and functional
description. TS 23.246, V6.4.0, September 2004.

[5] 3rd Generation Partnership Project (3GPP). Multimedia Broadcast /

. Multicast Service (MBMS) user services; Stage 1. TS 22.246, V6.2.0,
In this paper we presented an extended MBMS model geptember 2004_( ) 9

supporting the distribution of multiple variants of the sam] w. Fenner. Internet group management protocol, version 2. RFC 2236,
content to heterogeneous receivers. We formulated an an yt—NOV.embe' 1997. =~ . . .
. . . . ] B. LiandJ. Liu. Multirate video multicast over the internet: An overview.
!cal framework for the evaluation of the signaling overhead" |Eeg Network 17(1):24-29, January/February 2003.
introduced by our MCV MBMS model compared to bothg] G. Xylomenos.  Group management for the Multimedia Broad-
Single and Multiple MBMS service options. We then applied cast/Multicast Service. IfProc. of the IST Mobile Summifune 2005.
this framework to the NAS protocols, showing that MCV
MBMS always requires fewer messages than the Multiple
MBMS alternative, and also requires fewer bytes even if only
1% of the participants request the medium or high quality
variants.
We are currently implementing our MCV MBMS model in
the MBMS System Level Simulator developed as part of the
IST B-Bone project. This simulator will allow us to study the
signaling overhead of each of the alternatives discussed above
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