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Multicast Delivery of File Download Services
in Evolved 3G Mobile Networks With

HSDPA and MBMS
David Gómez-Barquero, Ana FernÆndez-Aguilella, and Narcís Cardona

Abstract—This article presents and analyzes the multicast
transmission problem of file download services to several users
simultaneously in 3G mobile networks with MBMS (Multimedia
Broadcast Multicast Services). MBMS is the second major en-
hancement in the downlink of the 3G standard after HSDPA
(High-Speed Downlink Packet Access). Whereas HSDPA supports
high speed point-to-point (p-t-p) transmissions up to several
Mb/s, with MBMS the same content can be transmitted with
a point-to-multipoint (p-t-m) connection to multiple users in a
unidirectional fashion. Reliable delivery of files is a challenging
task, as an error-free reception of the files is required. In order
to increase the robustness of the p-t-m transmission, MBMS
adopts new diversity techniques to cope against fast fading and
to combine transmissions from multiple cells, and an additional
Forward Error Correction (FEC) mechanism at the application
layer based on Raptor coding. Moreover, users not able to receive
the file after the initial transmission can complete the download
in a post-delivery repair phase, in which it is possible to employ
both p-t-p and p-t-m connections. The article focuses on the
efficient multicast delivery of files in future 3G mobile networks
with HSDPA and MBMS. Delivery configurations studied include:
only p-t-p transmissions with HSDPA (one for each active user), a
single p-t-m transmission with MBMS, and using both jointly in a
hybrid approach employing HSDPA for error repair of the MBMS
transmission. The approach of minimizing the transmission en-
ergy (product of the transmit power times the transmission time)
to achieve a target file acquisition probability (percentage of users
that successfully receive the file) has been adopted. Radio network
simulations have been performed in a typical urban scenario
under full background load conditions. This way by minimizing
the energy the system capacity is maximized. We investigate the
optimum HSDPA and MBMS transmission configurations as a
function of the time to deliver the file when used separately, and
the optimum trade-off between the initial MBMS file transmission
and the HSDPA error repair for the hybrid delivery.

Index Terms—Application layer FEC, HSDPA, hybrid multi-
cast-unicast delivery, MBMS, raptor codes, 3G.
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I. INTRODUCTION

A FTER a slow start, third-generation (3G) mobile networks
are now being deployed on a broad scale all over the

world, and mobile operators have started to provide multimedia
services, such as video clips from sports events or live TV pro-
grams. However, the capabilities of the �rst release of the 3G
standard are considerably limited, from both a cost and a tech-
nical viewpoint. In order to offer a viable business model, and
to not overload the network capacity to the point of preventing
subscribers from placing voice calls (which is the main function
and value of the cellular networks), only short video clips with
a low resolution can be offered (e.g., 2 minutes at 128 kbps) [1].

To meet the increasing demands for high-speed data ac-
cess, the 3G standard was initially enhanced with HSDPA
(High-Speed Downlink Packet Access) [2], which supports
higher peak data rates (up to several Mb/s), increasing consid-
erably the network capacity. HSDPA introduces a new channel
shared by all users in the cell, and it relies on a fast scheduling at
the base station every 2 ms to control the allocation of the shared
resources (transmission power and channelization codes), the
use of link adaptation (variable modulation and coding rate,
the transmit power is kept constant), and feedback from the
terminals. All this leads to both higher data rates for users in
favorable reception positions and reduced interferences.

Another important bottleneck of the �rst release of the 3G
standard not solved with HSDPA is the fact that it was optimized
for unicast services delivered through dedicated point-to-point
(p-t-p) connections for each individual user, even if the same
content should be delivered to many users. Traditionally, cel-
lular systems have focused on the transmission of data intended
for a single user employing dedicated p-t-p radio bearers, not
addressing the distribution of popular content to a large number
of users. Unicast systems can easily support a wide range of
services, as each user can consume a different service, being
possible to optimize the transmission parameters for each user
individually. The main drawback of unicast is its unfavorable
scaling when delivering the same content to many users at the
same time. This limits the maximum number of users cellular
systems can handle, since both radio and network resources are
physically limited.

Multicast and broadcast1 are more appropriate transport tech-
nologies to cope with high numbers of users consuming simulta-
neously the same service compared to unicast. Multicast/broad-
cast wireless transmissions employ a common point-to-multi-

1Multicasting and broadcasting describe different, although closely related,
scenarios. Whereas broadcast transmissions are intended for all users in the ser-
vice area, multicast transmissions are addressed to a speci�c group of users (usu-
ally called the multicast group).
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point (p-t-m) radio bearer for all users, which allows delivering
the same content to an unlimited number of users within the cov-
ered area [3].

However, as p-t-m transmissions are intended for multiple
users, it is not possible to dynamically adapt the transmission
parameters according to the users� reception conditions, and
the transmissions should be con�gured statistically to serve the
worst-case user contemplated. Furthermore, error correction
cannot be achieved retransmitting lost packets on-demand, but
only by Forward Error Correction (FEC) mechanisms.

In order to transmit ef�ciently the same content to several
users simultaneously, the 3G standard has been enhanced with
MBMS (Multimedia Broadcast Multicast Services) [4], which
represents the second major improvement of the downlink after
HSDPA. MBMS provides a seamless integration of multicast/
broadcast transport technologies into the existing 3G networks
and service architectures, introducing new p-t-m radio bearers
and multicast support in the core network. To increase the ro-
bustness of the p-t-m transmissions, MBMS introduces new di-
versity techniques to cope against fast fading and to combine
transmissions from multiple cells [2], and an additional FEC
mechanism at the application layer based on Raptor coding [5].

MBMS will lead to a better utilization of the existing radio
resources provided by 3G, enabling the provision of new mass
multimedia services purposed for many people, which are ex-
pected to generate a large amount of data traf�c in future wire-
less networks [6]. In MBMS multimedia content is delivered
either as a streaming service or as a �le download service [7].
For streaming services a continuous data �ow of audio, video
and subtitling is transmitted to the terminals which is directly
consumed by the users, whereas for �le download services a �-
nite amount of data is delivered and stored into the terminals as
a �le before being accessed by the applications. The most rep-
resentative streaming service is mobile TV. However, MBMS
offers limited capacity compared to terrestrial digital broadcast
networks specially designed for mobile services such as DVB-H
(Digital Video Broadcast - Handheld) [8], and hence download
services seem to be the MBMS application favored by most mo-
bile operators.

In this article we speci�cally focus on the ef�cient multicast
delivery of �le download services in evolved 3G mobile net-
works with HSDPA and MBMS from a Radio Resource Man-
agement (RRM) point of view. File download services can be
used for most content types like multimedia clips, high quality
music �les, digital newspapers, software download, etc., and
they can be delivered either on demand or with a background
transfer. Common to these services is the requirement of an
error-free transmission of the �les, as even a single bit error can
corrupt the whole �le and make it useless for the receiver. As
it cannot be guaranteed that each and every user will be able
to recover the �le, because some users might have experienced
too bad reception conditions, a post-delivery repair phase can be
performed to complete the download. The repair phase employs
by default p-t-p transmissions, but it is also possible to employ
a p-t-m transmission in case too many users fail to receive the
�le [7]. Nevertheless, the initial MBMS p-t-m transmission must
ensure that the �le is transmitted error-free to nearly all users,
in order to avoid congestion issues in the post-delivery repair

phase (the so-called feedback implosion problem in multicast
�le delivery) [3].

RRM in evolved 3G cellular networks with HSDPA is a well-
studied topic in the literature, see e.g. [9] and references therein.
However, there is not that much information on MBMS, espe-
cially for �le download services, being the most relevant liter-
ature [10]�[12]. In [10] the optimum cross-layer FEC con�gu-
ration at the physical and application layers is investigated by
means of system-level simulations in a realistic cellular envi-
ronment. It is shown that from an overall system perspective it
is more ef�cient to employ low transmit powers and moderate
coding at the physical layer, which results in relatively large
radio packet loss rates that are compensated by using a sub-
stantial amount of application layer FEC. In [11] the trade-off
between application layer FEC protection and successive �le
repair is discussed. It is shown that a 100% error free initial
transmission of the �le is not ef�cient, and it proposes a repair
scheme combining both p-t-p and p-t-m transmissions to mini-
mize the overall transmission time and the resource usage. This
multicast-unicast delivery con�guration is potentially more ef-
�cient than using a single p-t-m transmission. In a realistic sce-
nario there will always be some users that experience signi�-
cantly worse reception conditions than the majority, being more
ef�cient to serve them through p-t-p connections [13]. The ben-
e�ts of using HSDPA to repair the errors of the MBMS transmis-
sion are discussed in [12]. In all papers the performance mea-
sure is the transmission energy required to achieve a successful
reception of the �le by a certain percentage of users, de�ned as
the product of the transmit power and the transmission time. But
the initial MBMS transmission should be optimized for a given
accepted amount of repair data during the HSDPA repair phase
[12].

In this paper we extend the work presented in [10] going sev-
eral steps further. First of all, we consider a more generic ap-
proach for optimizing the MBMS transmission, as we optimize
the optimum bearer data rate instead of the coding rate at the
physical layer for a �xed bearer [14]. Moreover, we consider
an interference scenario with full background load conditions
instead of a scenario without interferences from other services,
being able to evaluate the maximum MBMS capacity (as only
in this scenario the transmission energy is inversely proportional
to the system capacity). Furthermore, we additionally consider
multicast delivery using only HSDPA with multiple p-t-p trans-
missions (one per active user), in order to identify the situations
where MBMS is more ef�cient than HSDPA, and also the hybrid
approach by employing HSDPA for error repair of the MBMS
transmission. In our investigations we initially consider a back-
ground service without any time constraint to deliver the �le,
but we also study the effect of reducing the transmission time.

The rest of the paper is organized as follows. First we pro-
vide an overview of MBMS in Section II. In Section III we ex-
plain how �le download services are transmitted in MBMS, de-
scribing the main parameters that in�uence the overall system
performance from an RRM perspective. In Section IV we de-
scribe the system models adopted in our radio network simula-
tions. In Section V we provide some illustrative results on multi-
cast �le delivery with MBMS and HSDPA when used separately
and when used jointly (hybrid approach). Finally, we give some
concluding remarks in Section VI.
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II. MULTIMEDIA BROADCAST MULTICAST
SERVICES AN OVERVIEW

MBMS provides a seamless integration of multicast and
broadcast transport technologies into the existing 3G networks
and service architectures, reusing much of the existing 3G
functionalities. Thereby, it is possible to transmit the same
content with a p-t-m connection (both at the radio network level
and at the core network level) to multiple users in a unidirec-
tional fashion2. MBMS introduces only small changes into the
existing radio and core network protocols, as well as into most
of the functional entities of the architecture, and adds a new
entity called Broadcast/Multicast-Service Center (BM-SC) [4].
This new element is located between the 3G core network and
the content providers, and it serves as an entry point for the
content delivered with MBMS. The BM-SC acts as an MBMS
server, and it manages certain control tasks, as setting up and
releasing the bearers, service announcements, Raptor coding,
billing, security, etc.

MBMS p-t-m transmissions use the Forward Access Channel
(FACH), QPSK modulation and turbo codes at the physical
layer, and a constant transmission power and bearer data rate
during the complete transmission of the service. During the
transmissions the uplink is not utilized, and there is no commu-
nication between the terminals and the server. The Radio Link
Control (RLC) layer operates in unacknowledged mode, and
terminals identify and discard erroneously received transport
blocks each Transmission Time Interval (TTI) and do not
request any retransmission. In practice, all transport blocks
sent during one TTI are with a very high probability either all
correct or all erroneous, as they are encoded at once by the
turbo encoder in the physical layer, which is characterized by a
very rapid transition from near perfect reception to no reception
at all.

The con�guration of the MBMS transmission parameters
should be set taking the worst-case user into account, as it
determines the coverage for the service. However, the absence
of any link adaptation technique makes the MBMS physical
layer very vulnerable against the dynamic variations of the
radio channel (i.e., fast and slow fading). In order to increase
the robustness of the p-t-m transmissions, MBMS introduces
new diversity techniques and an additional FEC mechanism at
the application layer based on Raptor coding that do no require
any feedback from the users.

A. MBMS Diversity Techniques

MBMS supports the use of long TTIs, up to 80 ms, to provide
time diversity against fast fading due to mobility of terminals,
and the combination of transmissions from multiple cells (sec-
tors) to obtain a macro diversity gain [2].

Longer TTIs have the advantage of an increased time inter-
leaving at the physical layer [15] at the expense of longer de-
lays increasing the network latency. The unidirectional nature
of MBMS hides these delays from the user perception.

2MBMS is split into the MBMS bearer service and the MBMS user service, in
such a way that it integrates p-t-p and p-t-m radio bearers in a transparent way to
the MBMS service layer. Thus, it is possible to delivery an MBMS service with
p-t-p transmissions. For the sake of clarity, in the paper we associate MBMS
only to p-t-m and HSDPA to p-t-p.

On the other hand, macro diversity techniques take advantage
from the fact that MBMS services will be usually transmitted in
several cells, being thus possible to combine signals from dif-
ferent cells. Macro diversity can be fully exploited at cell edges,
which are usually the worst-served areas in 3G systems, as they
are limited by interferences from neighboring cells. As a con-
sequence, a signi�cant macro diversity gain in terms of reduced
transmit power can be achieved compared to the single cell re-
ception case [15].

Two combining strategies are supported in MBMS: selective
combining and soft combining. With selective combining, sig-
nals received from different cells are decoded individually, such
that terminals select each TTI the correct data (if any). With
soft combining, the soft bits received from the different radio
links prior to decoding are combined. Soft combining results in
higher improvements because it provides also a power gain (the
received power from several cells is added coherently) [15]. But
it is more dif�cult to implement because it requires to synchro-
nize the transmissions between cells.

B. Application Layer FEC

Raptor codes are a computationally ef�cient implementation
of fountain codes that achieve close to ideal performance, and
allows for a software implementation without the need of ded-
icated hardware even in handheld devices [5]. This, in turn, al-
lows to ef�ciently support a large range of �le sizes.

Fountain codes are a special class of FEC codes that can
potentially generate an in�nite amount of parity data on the
�y (i.e., they are rateless). They were originally designed to
allow very ef�cient asynchronous �le downloading over broad-
cast channels without the need of a feedback channel [17]. They
have been found to be very suitable for data delivery in wire-
less broadcast systems when working at the application layer;
outperforming other FEC solutions in terms of implementation
complexity, spectrum ef�ciency and �exibility. The main bene-
�ts of working at the application layer are:

� It is possible to recover packet losses of all underlying
layers and protocols, providing end-to-end error recovery
(e.g., they can even recover IP packets lost in the core net-
work or the Internet).

� No standardization or modi�cation is required below the
application layer.

Raptor codes have been standardized as application layer
FEC codes for MBMS, for both streaming and �le download
services [7], to handle packet losses in the transport network and
in the radio access network [16]. The standardized version is a
systematic code, meaning that the original source data packets
are transmitted �rst followed by additional parity packets.
Obviously, if all source packets are correctly received, no parity
data is needed at all. Otherwise, as Raptor codes achieve close
to ideal performance, only a slightly greater number of packets
than the number of source packets are needed (1�5% reception
overhead, in average) [10]. It does not matter which packets
are received but that enough packets are correctly received.
In this way it is possible to bene�t from the spatial diversity
introduced by the users� mobility, and thus it can be also seen
as another diversity technique.
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Fig. 1. MBMS �le download service. Initial p-t-m MBMS transmission phase
and error repair phase.

III. FILE DELIVERY IN MBMS
Generally speaking, a �le download service in MBMS con-

sists in three phases:
1 Service advertisement phase; in which the service is an-

nounced and set-up by the network and the users discover
the service.

2 Initial MBMS �le transmission phase; in which both
source data �le and a �xed pre-con�gured amount of
Raptor parity data are initially transmitted with a p-t-m
connection.

3 Post-delivery repair phase; in which users not able to de-
code the �le after the initial MBMS transmission are served
by default via p-t-p HSDPA connections to complete the
reception of the �le. In case too many users fail to receive
the �le it is also possible to employ a p-t-m connection.

In order to achieve an ef�cient delivery it is needed to opti-
mize the initial MBMS �le transmission including the trade-off
with the error repair phase [12]. Fig. 1 shows a temporal dia-
gram of both phases. For a more detailed description of the pro-
cedures involved we refer to [7].

A. Initial MBMS File Transmission Phase
In this phase the MBMS server must con�gure the transmis-

sion parameters statistically to ensure that the �le is successfully
received by the worst-case user contemplated, such that the de-
sired �le acquisition probability is reached (percentage of users
that receive the �le).

The robustness of the MBMS transmission is mainly given
by the coverage level and the amount of Raptor parity data
transmitted. The coverage level depends on many factors: sce-
nario, macro diversity technique implemented in the terminals,
interference conditions, radio bearer, etc. The only parameters
that the network operator can control are the transmit power,
the radio bearer settings, and the amount of Raptor parity data
transmitted (or alternatively the transmission time, which can
be limited by a maximum time to complete the transmission
of the service). The transmit power and the radio bearer yield
the area coverage. Obviously, the higher the transmit power, the
larger the coverage level (keeping the bearer �xed), and thus
the amount of required parity data will be smaller, and the ser-
vice transmission time will be reduced. However, maximizing
the transmit power does not necessarily need to be the optimum
con�guration, as 3G systems are interference-limited, and the
interference level is directly proportional to the transmission
powers. Moreover, a very high coverage level does not exploit
the diversity gain that can be achieved with Raptor coding due
to the mobility of the users [10]. This diversity gain is higher

for larger user velocities, and thus the amount of parity data re-
quired depends on the degree of mobility of the users. On the
other hand, when increasing the bearer data rate the �le should
be in theory received faster by the users. However, it should be
taken into account that an increase in the bearer data rate results
in a reduction of the area coverage (keeping the transmit power
constant), what implies an increase in the transmission time.

B. File Repair Phase
After the initial MBMS transmission, terminals not able to re-

cover the �le compute a random access time to the repair proce-
dure within a given back-off window and a random repair server.
The back-off window should be large enough to prevent conges-
tion, but should not unnecessarily increase the duration of the
repair phase. Terminals can notify the data packets required to
repair the �le or the total number of correctly received packets
[7]. One important bene�t of Raptor coding is that it can gen-
erate additional parity packets on-demand without knowing the
total number of packets needed that can be used by all users.

Terminals start the repair phase using dedicated p-t-p
(HSDPA) connections, but if the number of active users in this
phase is high enough it is possible to employ a p-t-m connec-
tion. However, as during the initial �le transmission there is no
communication between the terminals and the server, once the
MBMS transmission is �nished the server does not have any
information about the number of users that have not received
the �le and the amount of repair data needed by each of them.
This information can be estimated in the beginning of the p-t-p
repair session.

The decision of performing a p-t-m repair transmission
should be taken as soon as possible once a representative
number of error reporting messages have been collected. Usu-
ally, it is recommended to take this decision once the 10% of the
back-off window has elapsed [11]. The amount of repair data
transmitted through the p-t-m connection can be for example
the maximum amount of repair data requested by the users
at that time. Once the p-t-m repair session is completed, a
new p-t-p repair session can be initiated if needed as there is
no guarantee that users will receive the data transmitted with
MBMS. In this case, the length of the second back-off window
should be smaller than the �rst one, since a lower load on the
repair server can be expected.

It should be also pointed out that the repair server should
immediately proceed to initiate a p-t-m repair session as soon
as congestion is detected. This may happen if, for example,
the robustness of the initial MBMS transmission is too low, or
unexpected transmission errors occur. According to [11], the
link most likely to become the bottleneck is the one between
the repair server and the cellular network (more precisely the
GGSN). Nevertheless, the capability of generating additional
Raptor parity data that can be used by all users could be em-
ployed to alleviate the congestion at the core network using mul-
ticast transmissions even if p-t-p radio bearers are used.

Besides the duration of the back-off window, the main pa-
rameter that the network operator should con�gure in the p-t-p
repair session is the HSDPA transmit power devoted to repair
the �le. Higher power levels will imply that the users receive
the �le faster, although it may not be the most ef�cient resource
allocation as explained before. It should be noted that the per-
formance of the p-t-p repair phase with HSDPA depends on the
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actual number of users that fail to receive the �le after the initial
MBMS transmission and their positions.

IV. SYSTEM MODELS

A. Deployment Scenario

Radio network simulations have been performed in a typical
urban scenario of 19 cells. The cell radius is 866 m and the
inter-site distance is 1.5 km. No cell sectorization is considered
and omnidirectional antennas have been assumed at the base
stations. All users are located outdoors moving according to a
pedestrian mobility model (average velocity 3 km/h). To obtain
statistically consistent �le acquisition probability results with a
1% resolution, we have simulated 10000 users.

B. Link Budget

Link budget values corresponding to an urban scenario at
a frequency of 2 GHz have been considered. We assume log-
normal shadowing with a standard deviation of 8 dB and a cor-
relation distance of 50 m (correlation factor between cells is
0.5). Fast fading (Rayleigh distributed) is also considered. The
distance dependent path loss has been modeled with an Oku-
mura-Hata propagation model, and it is computed as:

(1)

where is the distance in meters. The thermal noise power at
the terminals is 99 dBm, modeled with an omnidirectional
antenna of 0 dBi gain. The maximum transmission power per
cell is 20 W. All simulated cells transmit with the same power.
It has been considered that control channels use 4 W.

C. Interference Model

In the simulations, both intra and inter-cell interferences
are considered. A constant orthogonality factor is used to
characterize the interference between channels of the same
cell. The performance of MBMS and HSDPA has been tested
under full background load conditions, assuming that all base
stations transmit at the maximum power of 20 W, modeling a
worst-case interference scenario. Other services are simulated
to contribute with intra-cell interference.

The average Signal-to-Interference plus Noise Ratio (SINR)
during a TTI for user and base station is computed as:

(2)

where is the useful received power, and
are the intra-cell and inter-cell interference levels, and is
the thermal noise. They are computed as:

(3)

Where is the path gain (inverse of the path loss) between
user and base station including shadowing, is the trans-
mitted power of the desired channel, is the orthogonality factor
(the value employed in the simulations is ), and is
the total transmitted power of base station .

It should be pointed out that the spreading factor of the
channel also affects the average SINR, but in our case it is
included in the radio link performance model described next.

D. Radio Link Performance Model

The radio link performance model is based on a shifted ver-
sion of the Shannon limit, as proposed in [18]. The maximum
data rate, in bps/Hz, that can be achieved for a given SINR is
computed as:

(4)

where is a degradation term, which shifts the link
performance away from the Shannon limit.

The effective data rate is obtained from multiplying with
the amount of spectrum utilized for the transmission (5 MHz
for 3G). In our simulations we have chosen a value of
(4 dB degradation from Shannon limit and assumption of BER

[19]).

E. MBMS and HSDPA Performance Models

In the simulations we compute the path losses including shad-
owing every 80 ms (MBMS TTI period), and the fast fading
every 2 ms (HSDPA TTI period).

In our MBMS simulations we compute the number of cor-
rectly received TTIs by each user. We �rst compute the average
SINR considering path loss and shadowing in the TTI, and the
fast fading experienced by each 2 ms slot. Then we compute the
effective SINR in the TTI using the ECM method (Equivalent
SNR Method based on Convex Metric) [10]. To decide whether
the TTI is correctly received or not, we compare the effective
SINR value to the threshold given by (4) for the bearer data rate
employed. For the sake of simplicity we have assumed that one
Raptor-coded packet is transmitted per TTI.

In our HSDPA simulations we compute the instantaneous
SINR every 2 ms TTI (average SINR plus fast fading), and we
assume that the effective data rate given by (4) is always cor-
rectly received (i.e., ideal link adaptation without retransmis-
sions of lost packets). We consider a minimum data rate equal
to 80 kbps (minimum that can be provided in HSDPA), meaning
that users can be in outage, and a maximum data rate equal to
2 Mbps.

F. Raptor Code Model

To account for a practical implementation of a Raptor code, a
constant 5% reception overhead has been assumed, as this will
generally allow recovery of the �le in most cases [10].

V. RESULTS AND DISCUSSIONS

A. Performance Evaluation

In this section we present comprehensive simulation results
for a �le download service using only MBMS with a single
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Fig. 2. MBMS �le download results without time constraints; �le size 512 KB; acquisition probability 99%; reference case without any macro diversity combining
technique: (a) MBMS transmission energy vs. MBMS transmit power; (b) � vs. MBMS transmit power.

p-t-m transmission [14], using only HSDPA with simultaneous
p-t-p transmissions, and using MBMS and HSDPA jointly
(where HSDPA is used to repair the errors of the initial MBMS
transmission). Results focus on determining the optimum trans-
mission con�gurations that provide the minimum transmission
energy to achieve a given �le acquisition probability target with
and without time constraints. Transmissions are con�gured sta-
tistically, and we do not try to solve the problem of predicting
the optimum con�gurations beforehand.

The transmission energy is de�ned as the product of the
transmit power and the active transmission time:

(5)

By minimizing the energy, the radio resource usage is mini-
mized and the cell capacity maximized. The cell capacity repre-
sents a measure of the total data rate that can be provided when
all the available power is used for �le download services. It can
be computed as:

(6)

where is the available power (16 W in our case),
is the transmit power per channel, is the �le size and the
transmission time.

For MBMS we investigate the optimum transmit power and
bearer data rate. The effective bearer data rate depends on sev-
eral factors (such as spreading factor, turbo-code coding rate,
transport block format, etc.), and thus several con�gurations
may provide the same data rate. The reference MBMS radio
bearers that have been de�ned for interoperability and testing
purposes as preferred con�gurations for speci�c data rates can
be found in [20].

For HSDPA we only investigate the optimum transmit power,
as we assume a MaxCIR scheduling algorithm. This strategy
consists of serving the user who presents the best reception con-
ditions in terms of SINR (no code multiplexing is assumed, only
time multiplexing), or equivalently, the one with the highest
achievable data rate.

For the hybrid MBMS-HSDPA delivery case we investigate
the optimum balance between the initial MBMS transmission
and the HSDPA error repair phase by computing the optimum
�le acquisition probability after the MBMS transmission. The
overall energy subject to minimization is thus:

(7)

We assume that the same power employed for MBMS is used
for HSDPA, and that the back-off window during the error repair
phase is set to zero, in order to make a fair comparison with
the results obtained when using only MBMS. This implies that
there are no congestion problems in the network, and that the
radio link is the bottleneck.

As a reference study case we will consider a 512 KB �le
and a 99% target �le acquisition probability, although the im-
plications of considering smaller and larger �le sizes (128 KB
and 2 MB), and different acquisition probability targets will be
also discussed and some selected results will be presented. For
MBMS we have analyzed the cases without any macro diver-
sity combining technique (reference case), and the case with
soft combining (SC) with 2 radio links. Feasible MBMS bearer
data rates employed in the simulations are: 64, 96, 128, 192, and
256 kbps, and useful transmit power values range from 0.5 up
to 16 W for both MBMS and HSDPA.

B. File Delivery Results With MBMS

Fig. 2 shows the energy required per cell to achieve a 99%
acquisition probability of a 512 KB �le with MBMS as a func-
tion of the transmit power for different bearer data rates for the
reference case without macro diversity.

We can see that there is an optimum power value in general
at low powers that minimizes the energy for a given bearer data
rate. Results obtained can be explained due to the fact that it
is more ef�cient to take advantage of the spatial diversity gain
introduced by the mobility of the users allowing relatively high
loss rates at the physical layer and correct them at the application
layer transmitting a considerable amount of Raptor parity data
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Fig. 3. Time-constrained MBMS �le download results; �le size 512 KB; acquisition probability 99%: (a) optimum transmit power and bearer vs. transmission
time; (b) minimum MBMS energy vs. transmission time.

[10]. However, if the transmit power is set too low the down-
load delivery time increases drastically, leading to higher energy
values.

Fig. 2(b) shows the effective service data rate for each combi-
nation considered, de�ned as the ratio between the �le size and
the transmission time required to achieve the target acquisition
probability:

(8)

As expected, the larger the useful transmit power, the higher
the effective data rate, achieving a faster distribution of the �le
(although the number of available channels is reduced).

Coming back to Fig. 2(a), we can notice the importance of op-
timizing the bearer data rate as a function of the transmit power
employed. In the �gure it can be observed that the optimum
bearer for large powers is the maximum considered, 256 kbps.
The reason is that the signal level is high enough such that
most users can bene�t of transmitting more data per TTI. When
the transmit power decreases, the optimum bearer data rate de-
creases. We can see this effect in Fig. 3(a), that shows the op-
timum transmit power as a function of the transmission time
highlighting the ranges where each bearer data rate is optimum.
The fastest delivery is achieved for the largest transmit power
and bearer data rate considered. Results obtained agree with the
ones presented in [10], where the code rate of the turbo-coder at
the physical layer is optimized. However, it should be pointed
out that there is a performance degradation when puncturing the
turbo coding rate, and it may be more ef�cient to change other
bearer parameters like the spreading factor instead [20].

Fig. 3(b) depicts the minimum energy per cell as a function
of the transmission time with and without soft combining.

A signi�cant performance improvement with soft combining
is observed, in both reduced transmission time and energy). The
trade-off between the resource consumption and the �le delivery
time is evident. The relationship between energy and transmis-
sion time reveals that once a certain duration is exceeded the
energy reduction is noticeably slower. Hence, the preferred con-

Fig. 4. Maximum MBMS cell capacity vs. MBMS transmit power. File acqui-
sition probability 99%.

�gurations may not be the ones that provide the minimum en-
ergy to avoid very long transmission times.

Fig. 4 shows the maximum MBMS cell capacity as a func-
tion of the transmit power for different �le sizes for both macro
diversity cases. When comparing the different �le sizes, we can
see that it is more ef�cient to deliver larger �les, especially for
the reference case. This is because the Raptor coding ef�ciency
improves for larger �les, as the spatial diversity experienced by
the users during the transmission of the �le is larger for a given
proportion of parity data transmitted. With soft combining, as
the coverage level is considerably higher, less Raptor parity data
is required, and thus the diversity gain is smaller. Note for ex-
ample that for high powers all �le sizes provide almost the same
capacity. This is because the coverage level is close to 100%,
and very little Raptor parity data is required.

C. File Delivery Results With HSDPA
Multicast delivery with multiple p-t-p HSDPA simultaneous

connections yields a transmission energy directly proportional
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