PUBLISHED IN: PROCEEDINGS OF THE IST MOBILE & WIRELESS COMMUNICATIONS SUMMIT 2007 1

Reducing the Transmission Power Requirements of
the Multimedia Broadcast/Multicast Service

George Xylomenos, Vasilis Tsakanikas and George C. Polyzos
Mobile Multimedia Laboratory
Department of Informatics
Athens University of Economics and Business
Patision 76, Athens 104 34, Greece
Email: xgeorge@aueb.gr, btsakan0O5@aueb.gr and polyzos@aueb.gr

Abstract—The Multimedia Broadcast/Multicast ~Service In order to maximize the number of potential users, without
(MBMS) was designed to support the economical distribution consuming an excessive amount of transmission power, as part
of multimedia content to large numbers of receivers in 3rd of our research in the IST B-Bone project we have designed

generation cellular networks. In this paper we present and . . S h
evaluate an MBMS extension that reduces the transmission 21 MBMS extension supporting the distribution of multiple

power requirements while increasing the number of potential Vvariants of the same content to different receivévisiltiple

users of such services, by supporting the distribution of multiple Content Varianf{MCV) MBMS [2]. In this paper we compare
variants of the same content to heterogeneous receivers. Weour approach against some standards based alternatives in
first describe the standard MBMS model, along with its tarmg of their transmission power requirements. In Section I
state management and signaling procedures, as well as our . S -
extended MBMS model, in terms of the modifications that it we descr_lbe the standard MBMS model, while in Sect_lon Il
imposes on the standard. We then present an analytical and We describe our extended MCV MBMS model. In Section IV
simulation evaluation of the transmission power requirements we present an analytical comparison of MCV MBMS against
of our approach against alternatives based on standard MBMS, two standards based alternatives, and in Section V we present

showmg_that our app_roach maximizes the numbe_r of potential a corresponding simulation based comparison.
users, without excessive transmission power requirements.

|. INTRODUCTION Il. THE STANDARD MBMS MODEL

The increased bandwidth available in 3rd generation cellularAn example UMTS network supporting MBMS is shown
networks makes them an attractive platform for multimedia Figure 1. A new functional entity, thBroadcast/Multicast
services, such as video distribution. While the resource r8ervice CentrdBM-SC), is added to control the provision of
quirements of such services make them expensive for mdBMS services. TheGateway GPRS Support No@@GSN),
individual users, these costs can be dramatically reduced tbg Serving GPRS Support Nog8GSN), theRadio Network
sharing them among many users receiving the same servicentroller (RNC), theNode-Band theUser Equipmen{UE)

The Universal Mobile Telecommunications SystédiMTS), are the existing UMTS network elements that need to be mod-
specified by the8rd Generation Partnership Proje¢BGPP), ified so as to handle the establishment of multicast distribution
has introduced to this end tiMultimedia Broadcast/Multicast trees and the transmission of MBMS data over these trees.
Service(MBMS) [1], which enables resource sharing through- Even though MBMS is based on IP multicasting, it departs
out the network, including over the air. In this paper we focusom it in many ways. While in IP multicasting groups are
on MBMS multicasting, which is more suitable for users thadentified by a class D IP address, in MBMS a group is
have subscribed to, and possibly paid for, a service. identified both by a class D IP address and byAaness Point

The MBMS multicasting mode, similarly to IP multicastingName(APN), which resolves to the GGSN serving a UMTS
delivers the exact same content to all receivers. However, whagtwork. Therefore, MBMS services are defined with respect
these receivers are heterogeneous, for example, terminals wdtla specific UMTS network and their scope is limited within
different screens or users with different budgets, a contdhait network. Furthermore, while in IP multicasting anyone
provider faces a dilemma when choosing an appropriate vatén send to and receive from a group, in MBMS a UE must
ant of its content for transmission: a low quality variant wilfirst subscribeto a group in order to be later allowed jmin
not satisfy users prepared to pay more for better service, whileso as toreceivedata, and only the GGSN identified by the
a high quality variant will not be received by users with simpl&PN may transmit data to a group. These are clearly ideal
terminals or limited budgets. In both cases, potential usemmpperties for commercial, subscription based, services [1].
and the corresponding revenues, are lost. This problem iEach network node supporting MBMS must maintain two
exacerbated by the fact that MBMS multicasting only providagpes of state. First, packet forwarding state is required,
transmission power savings compared to unicasting wheraliowing the node to determine which of its children should
sufficient number of receivers exists in a cell. Thereforeeceive a packet. Second, user state is required, allowing
increasing the number of potential users is critical for MBMShe network to charge the participating receivers. Each such
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session starprocedure is used to establish radio bearers when
the service is ready to start transmitting data. At the end of
data transmission, session stoprocedure is used to release
the radio bearers. Anulticast deactivatiorprocedure can be
triggered by a UE desiring to leave a group by sending an
IGMP leave message to the GGSN, thus releasing the user
state from all nodes between the BM-SC and the UE. Finally,
when the last MUEC for a group is destroyed at a GGSN
or SGSN, aderegistrationmessage is sent by that node to its
parent, which marks the corresponding entry in the forwarding
Fig. 1. An example UMTS network. table of the MBC with 0.

When the session start procedure indicates to an RNC that
" it should establish radio bearers for a multicast service, the
node therefore maintains aMBMS Bearer Contex(MBC) RNC must first decide what type of channel it should employ

for each multicast group present in its area andMBMS . . .

.in each cell, and then instruct the Node-B controlling the cell
UErrCr(])t?teXtr%erﬁcz f(;r earc]h UIrE servsed by trrllewr;]oic:]elztihatr I%gcordingly. Two options exist: either establish sepaPaiat
eurrently a member of:such a group (3], as sho 9Ure 4 point (PtP) links towards each participating UE using the
(fields in gray will be discussed in Section IllI). The MBCDedicated Transport ChannéDCH), or establish a common

contains information pertaining to the entire group, includin'gOint to Multipoint (PtM) link towards all participating UEs

gs forv;/ardmg s:jate,tpvhgchhco?dssts qf a tab:(e tmdu(:jztlngt sing the Forward Access ChanneglFACH) [4]. With the
ownstream nodes that Should reCElVe packets adaresseg H, a single transmission reaches all UEs in the cell,

that group. For example, in Figure 2 child #1 should recei¥8 : . :

. gardless of their number and position. This means however
packets (mar.ked. 1) but .Ch'ld #2 ;hpuld not (mayked 0_)'.T.I?ﬁat the FACH must always transmit at a high enough power
MUEC goqtams information pertaining to a specific L.JE’ It Yevel so as to reach UEs even at the edge of a cell. With the
ilnked via |t?h|P ac(jjdress tothan ,\'/\IAUBEC(': V¥heT1forwa;Ld|n3EdatBCH' a separate transmission on a separate DCH is required
0 a group, the hode uses the s 1o charge the LES. tor each participating UE. Each DCH however employs power
control, that is, each transmission is performed with the

MBMS Bearer Context MBMS UE Context | minimum power required to reach the target UE. As a result,
IP Multicast Address = .. MBMS UE Context for a few UEs it is normally more economical to employ
COMEVETEL (5., MBMS UE Context multiple DCH links rather than a single FACH link.
GV 2=, IP Multicast Address = ... In order for the RNC to select the appropriate type of radio
Content Variant 3= Content Variant = ... bearer for each cell, it must estimate how many UEs participate

Downstream Nodes
[ #1=1[#2=0 [ #3=1] ...

in the group in that cell. This is achieved via a procedure
known asUE Counting[4], whereby the RNC asks the UEs
participating in a multicast group to establish a signaling
Fig. 2. The MBMS bearer and user contexts. connection with the network with a specific probability; based
on the number of UEs establishing such connections, the RNC
When an MBMS service is to be offered, its attributeestimates the total number of UEs belonging to the group. If
are administratively entered into an MBC at the BM-SGhe number of UEs in the cell is lower than an administratively
Additional MBCs and MUECs are dynamically created afefinedthreshold T, individual DCH links are established,
nodes belonging to the multicast distribution tree, based while if it is larger than or equal td’, a common FACH
UE initiated signaling. Each UE desiring to join an MBMSink is established. Ideally]” should be selected so that the
group sends aimternet Group Management ProtocGGMP) average transmission power required to s@ndopies of a
join message to the GGSN. This message triggersniliéicast packet over DCH links is slightly higher than the transmission
activation procedure, in which, after the BM-SC verifies thapower required to send that packet once over a FACH link.
the UE is subscribed to the group and returns to it the APN of
the group, a MUEC is created at the BM-SC, the GGSN and
the SGSN serving the UE, thus establishing the user state.
To establish the forwarding state, when the first MUEC for Our Multiple Content Variant(MCV) model extends the
a group is created at the GGSN or SGSN, that node serstiesndard MBMS model by allowing a single MBMS service
a registration to its parent, and the parent marks the propéo offer different variants of the same content to heterogeneous
entry in the forwarding table of the MBC with 1 so as to latereceivers. This is achieved by usidgyered coding[5] to
forward packets to that child. Using the information providedreate the variants, and by extending the standard MBMS
in the registration response, the child creates its own MBCsignaling and state management procedures so as to distribute
The multicast activation and registration procedures le#loese variants in an economical manner. In layered coding,
to the establishment of a multicast distribution tree from the source encodes the content dsae layerand a series of
BM-SC towards all UEs participating in an MBMS servicesuccessivenhancement layerén MCV MBMS each content
but they do not reserve any transmission resources: a sepavaté&ant consists of the base layer and a set of successive

IIl. THE EXTENDED MBMS MODEL
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enhancement layers. Since the number of available variaoktgnnel it should establish for each layer. Therefore, the RNC
must be kept small to prevent the degeneration of multicasill first estimate the number of UEs that have requested each
groups to single receivers, in our simulator implementation wariant, and then decide whether to establish individual PtP
support up to three variantew quality (LQ), medium quality bearers or a common PtM bearer for each layer, depending
(MQ) and high quality (HQ). A UE specifies the desiredon whether the number of users requesting it is less than or
variant by including it in its IGMP join message; it may lategreater than the threshold In our simulator implementation,
modify this request with a new IGMP join. For example, thall the UEs (LQ, MQ and HQ) need to receive the base
user may request higher quality audio to better hear a passdgger, the MQ and HQ UEs also need to receive the first
or lower quality audio when the bandwidth at its cell is limitedenhancement layer and the HQ UEs also need to receive the
The traditional way to combine multicasting with layeredecond enhancement layer. As a result, the lower layers may
coding is to transmit each layer via a separate group, witle transmitted over a common FACH link, while the higher
each receiver joining the groups corresponding to the laydayers may be transmitted over separate DCH links.
required to reconstruct its desired content variant [6]. The use
of multiple groups leads to an increase of the signaling load
placed on the network, thus limiting MBMS scalability. In our
approach we exploit the tree topology of UMTS networks, In this section we first review our past work on the eval-
which implies that all multicast distribution trees will overlapuation of our MCV MBMS model against some standards
in order to merge all groups into one. In order to achieve thigased alternative approaches and then present an analytical
the source injects all layers into the multicast distribution tregyaluation of the transmission power requirements of each
but each node forwards to each child only the layers requiregition. The first alternativeBase MBMSuses a single group
to reconstruct the variant requested by that child. For example,distribute only the LQ variant to all receivers; it incurs the
in the MBC shown in Figure 2, if child #3 was marked 2, thaowest overhead, but does not satisfy MQ and HQ users. The
node would need to receive variant 2 from its parent, thaecond alternativesingle MBMSalso uses a single group but
is, the base layer and the first enhancement layer; it woulistributes the HQ variant (all layers) everywhere: it satisfies
forward only the base layer to child #1 and the base layall users, but incurs the highest overhead. The third alternative,
plus the first enhancement layer to child #3. Multiple MBMS uses an independent group for each layer: it
In our extended model each node must maintain additiorggtisfies all users without incurring high user plane overhead,
user and forwarding state in each MUEC and MBC, showdut increases control plane overhead, since UEs need to join
in Figure 2 with a gray background. The MUEC includes multiple groups. Note that Base MBMS and Single MBMS
number indicating the requested variant, so as to allow tiur the same control plane overhead, while MCV MBMS
node to charge the UE accordingly, while the MBC storesand Multiple MBMS incur the same user plane overhead.
count of the number of MUECSs for each variant, so as to allow Regarding control plane overhead, in terms of packets and
the node to determine the content variant to request from ks received, both analysis [2] and simulation [7] indicate
parent. Finally, the forwarding table in the MBC for the groughat MCV MBMS has a negligible cost compared to Base
is also modified to hold the number of the variant to forwartlBMS and Single MBMS, unlike Multiple MBMS which
to each child, that is, 0 (none) to 3 (HQ). incurs considerable additional overhead. While the amount of
The state management procedures of the standard MBN@trol plane traffic is small compared to user plane traffic,
model must also be modified as follows [2]. When a UE senéisis concentrated at the highest levels of the hierarchy, thus
an IGMP join, at the point where in standard MBMS a nodémiting MBMS scalability. Regarding user plane overhead,
would create or destroy a MUEC, in MCV MBMS the nodén terms of packets and bits received, both analysis and
must instead do one of the following: a) if a MUEC was jussimulation [8] indicate that MCV MBMS provides dramatic
created (destroyed), the counter for its variant is incrementgavings in the radio access network over Single MBMS; its
(decremented), or, b) if a MUEC just modified its variant, theser plane overhead is actually closer to that of Base MBMS.
counter for its previous variant is decremented and the counteiThe limitation of our past work is that it focuses on the
for its current variant is incremented. This ensures that tleount of packets and bits received, which do not directly
counters in the MBC are kept up to date. In addition, at threflect the transmission power consumed in each cell: when
point where in standard MBMS a node would create or destr&§M channels are used, each transmission costs more but
an MBC, in our model it must instead do one of the followingreaches many UEs; when PtP channels are used, transmissions
a) if the first (last) MUEC was created (destroyed), the MBCost less but only reach a single UE. In this paper we therefore
is created (destroyed) and the parent is informed to start (stépjus on comparing the transmission power requirements of
forwarding data, b) if the counter for a higher quality variarlMCV MBMS against Base MBMS and Single MBMS. Note
than the current one became nonzero the parent is informtitht Multiple MBMS is nearly identical to MCV MBMS in
c) if the counter for the current variant became zero, the nedkis respect, since they only differ in the control plane, which
nonzero counter is found and the parent is informed. Thigs a negligible effect on the total power consumption.
ensures that the parent’s forwarding state is kept up to date. To estimate the transmission power requirements of each
When the session start procedure indicates to an RNC thatption, we assume thaY, users are interested in an MBMS
should establish radio bearers for a multicast service, the RN@rvice offered in three variants, LQ, MQ and HQ, comprising
in our model must make a separate decision about the typettafee layers, also called LQ, MQ and HQ. The probability that

IV. PERFORMANCEEVALUATION : ANALYSIS
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a user will request each variantpg, pas Or py, respectively, antenna. The transmission power of the FACH was sétito
while the probability that each of thB packets generated by= 0.4 W, which is sufficient to cover UEs at a distance of
the source are part of each layegis g or gu, respectively. at least2/3 of the cell radius, again a common assumption
If C cells exist, the expected number of us&isin a celli for this environment. The transmission power of each DCH
whereU, potential users exist i&; = (U;/ Zic:l U;)Ny. depended on both distance and time, due to the outer loop
In MCV MBMS, the transmission power required for thepower control modeled by the simulator. The average DCH
Bgqy, packets of the LQ layer depends on whether ¢hg + transmission power in our experiments wids = 0.08975 W,
pu + pr)N; = N; users requesting the LQ layer are less dherefore we set the threshdld = 5, that is, the FACH was
more than the threshold. If we denote the power required toused to serve 5 or more UEs, implying that the sparse cells
transmit a packet via the DCH b¥p and the power required never used the FACH, something reasonable in a real network.

to transmit that packet via the FACH bfr, then the total  The MBMS service modeled was a stream of IP packets

expected transmission power in celfor the LQ layer is: with a payload of 968 bytes, generated every 0.125 s, that is,
_ BqNiPp : Ni<T a bit rate of roughly 62 Kbps, excluding the UDP/IP header
P(i)r = { BqPr : N;>T overhead of 28 bytes per packet. At the radio link these packets
o ' - were split into six segments of 1328 bits each; in the DCH an
Similarly, for the MQ and HQ layers, we find that: 8 bit header was added to each segment, while in the FACH
, Bquni(par +pe)NiPp  : (pa +pu)N; <T@ 32 bit header was added. Each segment was transmitted at
Pli)m = { BquPr : (pm+pu)N; >T  the power level indicated above in a 20 ms interval. While the
B simulation results includell downlink packets, in practice the
P(i)i = { BqupuNiPp : pgN: <T power spent for signaling packets was negligible.
BgaPr : palNi 2T In each experimenty,, UEs were randomly chosen to join a

Therefore, the total transmission power consumed by MQwulticast group; we variedV,, from 1 to 40 and repeated each
MBMS is Zle[P(z‘)L + P(i)p + P(i) ). For Base MBMS, experiment 30 times. Each UE randomly selected a content
only the LQ layer is transmitted, therefore the total transariant with probabilitiegp;, = 0.7, pps = 0.2 andpy = 0.1.
mission power consumed is simpEiC=1 P(i). For Single The source generated 1000 packets, which were transmitted as
MBMS, all layers are transmitted to all UEs, therefore th& = 6000 segments, distributed to the three content variants

total expected transmission power in celb: with probabilities ofq;, = 0.5, ¢p; = 0.25 andqy = 0.25.
Pli)s = BN;Pp : N, <T _ Figure 3 shows the total trz_insmissi(ezmergyconsumed_
t)s = BPr : N;>T (in mwWh), calculated by multiplying for each packet its

transmission power by its transmission time and then summing
Hence, the total transmission power consumeﬁjﬁ;lP(z’)s. up over all transmissions. For each option, we show both
the analytical predictions (see Section 1V) and the simulation
V. PERFORMANCEEVALUATION : SIMULATION results averaged over the 30 runs. The agreement between
nalysis and simulation is nearly perfect for up to 25 UEs. The
ap that appears at this point is due to the assumption of the
nalytical model that all dense cells host the same (fractional)
uUmber of UEs, causing them to simultaneously switch from

order to evaluate our approach, we used the topology showry'i'rT DCH to th_e FACH, unlike in the simulator where each
Figure 1 with the parameter set discussed below. For compaﬁ‘?— hosts an_lnteger number of UEs. At 30 UE? all dense
son purposes, we applied the same topology and parameter%‘%s have switched to the FACH and the gap begins to close.
the analytical model presented in Section IV. In the simulated
topology we have two types of cells: the fodensecells host

As part of the IST B-Bone project, we have implementea
a detailed MBMS simulator based on the 3GPP Release®
specifications, using the Opnet Modeler 11.0 platform, which
among other extensions, fully implements MCV MBMS. |

T T T T T T T

nine UEs, while the twesparsecells host only four UEs. The 1201 Base MBMS: Simulation —— l
UEs did not move or change their content variant preferences _ Base MBMS: Analysis -
. I - ith th Ivtical del 100 Single MBMS: Simulation - 1
over time, to allow comparisons wi e analytical model. Single MBMS: Analysis
In the radio network, each Node-B used a single sectorz 4, | MCV MBMS: Simulation ---=--- ]
i ; e = MCV MBMS: Analysis - wxxs*x%xsppnl
antenna with a maximum transmission power of 20 W, to £ G 8% popasmoattl
cover a cell with a radius of 1 km. The path loss model g 60 | ﬁ_g*‘ |

used was theutdoor to indoor and pedestriamlescribed by
L = 40log,, d+30log,, f+49 dB; d is the distance between
the UE and the Node-B antenna afds the carrier frequency
in MHz. This model is valid for Non Line-of-Sight cases and
describes the worst case propagation. The shadow fading loss
was modeled as a log-normal random variable with zero mean
and variance 10 dB, a common assumption for outdoor users. Participating UEs
The UEs in each cell were manually placed so that half of
them were close and half of them were far from the Node-Bg. 3. Total Transmission Energy.

=
(7]
c
w
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Averaged over the entire range of 1 to 40 UEs, the sinuBMS. The peak is reached at 15 UEs, where most cells still
ulation results show that MCV MBMS consumes 29% moligse the DCH. From this point on, DCH energy consumption
energy than Base MBMS, while Single MBMS consumes 99%tarts dropping as the dense cells switch to the FACH; at 30
more energy than Base MBMS. Therefore, while both SinglgEs they have all switched to the FACH and DCH energy
MBMS and MCV MBMS satisfy all users, the extra energgonsumption stabilizes. Single MBMS again spends twice as
required by MCV MBMS to achieve this is less than one thirghuch energy as Base MBMS. MCV MBMS behaves similarly
of that required by Single MBMS, hence the number of useistil 15 UEs, but after that point its DCH energy consumption

is maximized without an excessive amount of energy. remains at the same level. The reason for this is that while the
LQ layer switches to the FACH in the dense cells, decreasing
70 , , , , , , , the DCH energy consumption, the MQ and HQ layers are still
Base MBMS: Simulation —— sent via the DCH, so, as the number of UEs increases, the
60 r S,'\;l‘g'\f;‘ MEMS: g:mg:gﬂgﬂ e 1 DCH energy consumption due to these layers is also increased.
50 L X)(_xzx*/x—xxx‘*'xxi
’g pd VI. CONCLUSION
E 407 / 1 We presented an extended MBMS model that transmits
3 30 | / different variants of the same content to each UE in order
S;j to maximize the number of UEs participating in an MBMS
20 + service while minimizing the transmission power required to
0l serve them. We explained how our extended MBMS model can
be derived from the standard MBMS model, and evaluated our
0 . extensions against two alternatives based on standard MBMS
0 5 via analysis and simulation, showing that our approach can

Participating UEs satisfy all users without consuming excessive power.
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Finally, from Figure 5 we see that the energy consumption
of the DCH follows similar curves for Base MBMS and Single



