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ABSTRACT

This paper presents Modela-TV, a research projebictw
investigates how free-to-air file download serviaem be the
basis of new business models in mobile multimediatent
delivery networks. Hereby, we present the proposgsgtem
architecture, together with implementation guidedifior the main
technologies involved. A novel method for the peedization of
broadcast file download services is introduced.sTigpresents
one of the main outcomes of the project, as pefizatian is
considered a key feature in mobile TV services.
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1. INTRODUCTION

Current Mobile TV revenue streams are primarilydabsn billing

customers, either for content and transmissiorin abke case of
On Demand Streaming Services deployed by 3G Md\ésvork

Operators, or for access to a bouquet of premiunchiahnels, as
in the case of Mobile Broadcast Services. In théitional (non-

mobile) television business, main revenue streamsyanerated
by advertisement on free-to-air services, but alsgremium and
pay-per-view based business models. Enabling siusdemario in
the Mobile TV landscape is regarded as a key factdroost the
penetration of mobile TV services. Current revestreams are
too weak to meet the expectations of all the agentbe value
chain. A prove of this fact is that most of theremt incomes of
mobile streaming services are held by content plerel

On the other hand, the availability of contentdownload on the
internet has shifted user habits and expectations media

services. Regardless of legal implications, usegand content as
easily available and affordable (if not free). Imabile scenario,
this implies that users expect receiving contenthefr personal

interest during the short time they are conneaietie service.

For these reasons, the project “Service Persotializaand

Business Model Management for Mobile TV (Modela-TV)
proposes a Mobile TV service which allows servigerators to
use different business models (free-to-air, payempum...)

simultaneously when offering content to mobile asé&he service
takes into account user expectations with regacdsdntent

availability and cost. The aim of the project is develop a
business model management platform for mobile meltia

delivery services through which, a) service opestan enable
several revenue streams simultaneously and b) esersaccess
personalized content at an affordable cost.

2. TECHNOLOGIES

The Modela-TV platform manages several technolofigsrelies
mainly on two: On one hand, FLUTE-i(e Delivery over
Unidirectional Transport), a protocol for the reliable (and
scalable) distribution of files over IP multicasgttworks, which
can be deployed over any mobile broadcast/multicystem
based on IP (such as MBMS, DVB-H, Wi-Fi or WiMAXQn the
other hand, the platform also manages a DR)gifal Rights
Management) subsystem in order to protect the intellectual
property of the content to be delivered. Theseesystprovide an
adequate technical framework to deal with the coraiakzation
of protected content. New ways of delivering cohteme
introduced, which are meant to adapt the usagbeobtoadcast
network in order to match the expectations of therst
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FLUTE (File Délivery over Unidirectional Transport) [1] is a
protocol for the unidirectional delivery of filewer the Internet,
which is particularly suited to multicast network3he protocol
uses ALC Asynchronous Layered Coding) and LCT (ayered
Coding Transport) for a reliable and scalable transport of the
multicast files. Furthermore, LCT implements a Famv Error
Correction block to accomplish reliable multicast.

A FLUTE session consists of a set of logically gred ALC/LCT
channels associated with a single source senditirELpackets.
Each FLUTE session is uniquely identified by theurse IP
address and the Transport Session Identifier (T81)ALC/LCT
channel is defined by the combination of a senddran address
associated with the channel by the sender. A recgoins the
channel to start receiving the data packets settégource, and
leaves it when it wants to stop receiving daté&kptscof a specific
channel (e.g. for congestion control) or when ihtgao close the
session. Previously, receivers must know the nmagdti@addresses
of the channels using out-of-band mechanisms swciSEP
(Session Description Protocol).



There are two kinds of FLUTE sessions, File Deljv8essions
and File Carousels. The latter consists of a cgcli@nsmission
of all files to be transmitted on a seamlessly esslloop and it is
the one normally used, since cyclical transmisgioavides a
reliable mechanism to receive files correctly. Rartore,
sessions can be static or dynamic, depending orthehehe
contents of the session change during its lifetime.

One of the fundamental components of FLUTE is thke F
Delivery Table (FDT), which provides a means to e
various attributes associated with the files thatiacluded within
the session, for example the fiontent-Location (URL or URI
of the item) or its numeric identifier TOIl (TranspdObject
Identifier), used by the ALC/LCT client to filtethé packets
corresponding to the wanted files. The FDT is detd as FDT
Instances, which are XML fragments providing dgs@ns of
one or several files over ALC/LCT with TOI = 0. Qbusly the
receiver needs parsing the FDT Instance that descra file
before it can start the download.

DVB IPDC (IP Datacast) [2] defines file groupinghbUTE as a
mechanism to download together files that have s&mé of
dependency at application level. This grouping ésfqgmed by
means of the elemen@roup contained in thdile elementof the
FDT Instance that describes a file. For efithelement, one or
several elements of typ&roup may be defined. The FLUTE
clients that start downloading a file with a givenoup element
must start download all files with the sa@eoup tag. Thus, file
grouping enables an efficient caching of files.

2.2 DRM

The term DRM Digital Right Management) refers to a series of
technologies which enable the consumption of liedndigital
content in a controlled environment. OMA DRM 2.Q |8 an
open standard which provides such a technologiaatdwork by
defining appropriate content formats, protocols aRights
Expression semantics. The OMA BCAST Service andt€un
Protection [4] uses OMA DRM 2.0 and introduces &eseof
adaptations [5] in order to support the deliveryicgnsed content
over broadcast networks under a variety of busimasslels.
According to these specifications, the usage of DRNVlodela-
TV is explained below.

The DRM 2.0 standard is based in a four layer kigyahnchy
model (four security levels). The first one is thegistration
where, either through ROARRight Object Acquisition Protocol)
or by off-line mechanisms, authorized receiverspaoided with

a set ofkeys which allow them to access certain Right Objects

(ROs), in conformance with the usage rights exmedsy the
content owner. Modela-TV adopts th&ubscriber Group
Addressing feature defined in [5], which allows to defininiyet
exact group of broadcast receivers that will besablaccess the
protected contentSubscriber Group Addressing consists of
encrypting ROs with UGKsUnique Group Keys). Thus, in the
registration phase, all authorized receivers Bulascriber Group
are provided with the same UGK which will allow theto
decrypt a series of ROs.

Furthermore, in Modela-TV the content is encrypidgth CEKs
(Content Encryption Keys) and encapsulated def (DRM Content
Format) files [3], which contains the Rights Objects asated to
the content item (in addition to the encrypted eanitself). The

ROs contain the CEK and the access rights expresgethe
content provider (e.g. preview or advertisementcgiaent).
Therefore, upon reception ofdef file, a receiver will use its keys
(i.e. a set of UGK) to decrypt the ROs within tiet file. If a RO
is decrypted, the receiver will use the CEK to gptthe content
and display it to the user, according to the rabgsressed in the
RO.
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The Electronic Service Guide (ESG) is a file dovelcservice
used to provide users and terminals with a deseripof the
services available on an IP platform (similar toedftonic
Program Guides of Digital TV Services).

Modela-TV adopts the usage of OMA BCAST ESG stathdéf
as follows: theAccess fragments of the ESG are used to provide
the FLUTE session information for File Download dees
(referencing a FLUTE SDP fragment). Each file af tarousel is
associated with &ontent fragment which provides descriptive
information such as parental rating, textual desoms or TV-
Anytime [7] genre descriptions. This descriptivéadean be used
to implement personalization features in the setvim this
context, the TV-Anytime data model is of specidenest, since it
supports very accurate genre descriptions of theeotd of the
files that are transmitted. TV-Anytime may alsoliute profile
and history data, thus providing information abdbhe user
preferences.

The Schedule fragments that referenceCantent fragment contain
the elementContentLocation, equal to the attributeContent-
Location of the FDT Instance of the file, thus completirge t
access information required by the FLUTE clienfetzh the file
from the carousel. Furthermorghedule fragments may content
instances of the elemeBiistributionWindow to inform receivers
of the time frames when each file is availabletia tarousel, in
order to reduce battery consumption.

The Access fragments contain &eyManagementSystem element
which indicates that the DRM profile is used. The
RightslssuerURI attribute provides receivers with information to
obtain rights associated to the content itéharchase Channel
fragments provide a relationship between the URK dRLs of
RIs, so that receivers can contact Rls if the wserts to acquire
new rights.

3.ARCHITECTURE

The figure 1 shows the general architecture of $ystem,
showing the most relevant technologies involvethaproject.

The Business Model Manager is the main entity of the
architecture and the interface between the platf@mnd the
operator. It manages the content ingestion andtgial Rights

associated to each media item. Through Business Model

Manager, the operator establishes the relationships ottmtent
items with each Subscriber Group. This way, the ageament of
the subscriber data base, the repository of congernt the
associated metadata (user profiling, purchase nrdton and
content description) are also in control of therape through the
user interface of thBusiness Model Manager. According to the
setup provided by the operator, th&M subsystem encrypts the
content items and produces tBh&M Content Format (dcf) files

which are then aggregated to the free-to-air brasidby the



Filecast Server. The latter alsodelivers the metadata (content
descriptions, purchase information, etc.) to usershe service
area by aggregating the ESG of the service.
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Figure 1. Modela-TV general architecture

Files
downloaded

TheFilecast Server is, as explained, thentity that deals with the
delivery of the content through the mobile broatcaswork. The
Filecast Server queries théBusiness Model Manager to obtain the

TV-Anytime markup and the purchase information associated to

each content item and aggregates this informatidhe generated
ESG. The ESG is broadcasted and then received dclibnt
application to discover which content items arelatée and their
characteristics. Furthermore, thdecast Server also manages the
distribution of the content associated to eachisefyy managing
the configuration of the FLUTE carousel sessionsl ahe
definition of the associated File Distribution Tedl The software
supports the definition of File Groups which, asatibed in the

FLUTE section, can be used to accelerate the atiquiof a
compilation of content items.

In the current version, théilecast Server provides aconstant bit
rate IP flow to the encapsulator. In order to mizenthe Average
Download Time, all files are transmitted at fulteaand the long
term bit rate associated to each file is controbgdsetting its
cycle time. As explained in [8], with this configiion, a
minimum of the Average Download Time in the servaea
occurs when the long term bit rate of each filprisportional to
the file size, Si and to an estimation of the plolitgt of access in
the service area, Pi. The File Carousel Managezsisonsible for
scheduling the transmission of files and in orderset the file
cycle, the platform provides the File Carousel Mgrawith these
values to maximize the QoS (Quality of Service).

In the case of study, the content is delivered bams of &VB-H
distribution platform. Moreover, theFilecast Server aggregates
the FLUTE sessions which correspond to the contetivery
services and their Service Guide as a set of IRicast streams
that are encapsulated into an MPEG Transport Str&am latter
is broadcasted by the DVB-H air interface. The ic&psulator
sets the configuration of the MPE encapsulationdtslicing and
MPE-FEC parameters) and aggregates the metadatas tab
(PSI/SI) which are necessary to extract the IP deien the
MPEG-TS by the receivers.

The client application providesubscribers with a user interface
which discovers and lists all the content availatiieough the
service. Once the terminal tunes the DVB-H receit@rthe

frequency that transports the services, the cligpplication

receives the Service Guide and presents a lishefavailable
content for download. When the user selects a noitem, this is
downloaded to the terminal as a background servibe. client

application also allows entering user preferencesdownloading
content accordingly. In order to do this, the diepplication

interprets the content descriptions provided thiotiee ESG and
selects the media items which better suite the prsferences.

If interaction is required (e.g. in order to obtain digital rightan
interactive channel like GPRS or UMTS can be used.

4. PERSONALIZATION

Personalization is one of the most important desigpects of
mobile multimedia services, so it represents ont@fmain goals
of the project. This provides many advantages ® uker, for
instance the automatic discovery of interestingteoty saving
time when looking for new content. The perceptidithe service
adapting to the user preferences and needs enesusagositive
experience, most significantly when accessed froensqnal
devices such as mobile phones.

Personalization is also a great asset for contmttilslitors. An

efficient and functional application favors the samption of

content, thus increasing the market share of mobdatent

production. Since users receive content accordiog their

preferences, content distributors can rely on tHatfgym

delivering the content only to their target audeaad advertisers
can improve the impact of their campaigns.

In Modela-TV, personalization is achieved by measfs a
recommender on top of the DVB-H middleware thatiiatts with
the ESG client and the cache manager of the Filetiast.



For each content item in the carousel, the recorderecompares
the TV-Anytime descriptions of the content with theeferences
of the user in a semantic space, in order to dexnivestimation of
the local probability of access of that contenimitéhis value is
signaled to the cache manager which is responddiiepre-
fetching and storing in cache memory the files vii#st value for
the user, according to the implemented cachingpoli

According to the application design criteria, ofilgs for which
the user has access rights are stored in cachs. prbcess is
accomplished due to the correlation between thes@Silders
Groups and the values of tlBoup elements that are included in
the FDT. As explained, the UGKs are used to encRight
Objects that target a group of users, whereas il@$ fwith
common Group tags are fetched by the FLUTE client after a
single downloadnstruction. So, if a user decides to download a
file, the application will first verify that it hasccess to it. If
negative, it will prompt the user to acquire acaggsts (using the
Purchase Channel information included in the Service Guide). If
positive, the FLUTE client will start downloadinigat file and all
the files with the sam@roup tag, which will be stored in cache.

This way, the access time of any other file forathihe user has
associated rights will be faster, since all conitars associated
to the user’s category of subscriber are cachednattcally by
the FLUTE client. If the size of the set of files fwhich the user
has associated rights is bigger than the sizeeot#the memory,
then the caching replacement policy will determimgich files
remain in cache, using the information provided the
recommender to assess the value of each mediddtetime user.

As described in [9], caching replacement policiesbroadcast
scenarios are different of the caching policiedluseanternet web
browsing. In a broadcast scenario, the cache mamage
algorithm must store in cache the objects with éighatio
between the probability of access and the objeaistnission rate,
since the value of storing an object in cache igeiisely
proportional to its rate. This is due to the fawttt if an object has
a long transmission cycle, then the access tim¢haf file is
drastically reduced in the event of a cache hitusTHor each
incoming file, the cache replacement policy comguits PIX
(Probability Inverse Transmission Rate) ratio, compares it to the
files stored in cache and discards the file withhdoPIX. In order

to implementPIX based cache replacement policies, an estimation

of the local probability of access is needed andyur case, this is
provided by the recommender.

5. CONCLUSIONSAND FUTURE WORK
Modela-TV provides with a platform for the deploymbheof
personalized multimedia content delivery servicas niobile
multicast networks. The design of the system agchire of
Modela-TV has taken into account the expectatidnssers with
regards to personalization, download speed and eobnt
availability, without compromising the interestsaaitent license
holders. Furthermore, service operators are pravigith means
to monetize the content through a variety of reeesinieams at a
very affordable cost, compared to current mobileltimedia
content delivery services.

Modela-TV also proposes a new method for the pedsation of
multicast file download services, based on the ofs&LUTE
groups and content descriptions to optimize thgeiséd the cache
memory allocated for the service.

A prototype of the platform has been implemented iahas been
tested in a test laboratory assembled at the umstitof
Telecommunications and Multimedia Applications (AM) of

the Polytechnic University of Valencia (UPV), akstrates the
figure 2.
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Figure 2. Modela-TV Application

Beside the laboratory tests, the service is gonde tested by
means of a pilot transmitter that is going to bstatied in the
University Campus. The Radio Frequency Planninghef test
transmitter has been performed with iTEAM's plagnitool,

guaranteeing coverage in all the University Campiuse pilot

will host field trials and end user trials.
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