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ABSTRACT

This survey paper tries to investigate the boundaries of xed
line IPTV and Mobile TV Services. In particular, welook at
the infrastructure implications and the standards that have
beenestablishedto provide IPTV servicesfor a mobile user.
We postulate a convergencethat will unify the xed, mobile
and peerto peer TV services. Examples and use casesare
provided to illustrate this convergence.
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1. INTRODUCTION

IPTV describes a system whereby a digital television ser-
vice is delivered to subscribing usersusing Internet Proto col
over a broadband connection. This service is often bundled
with Voice Over IP, Video On Demand and traditional In-
ternet serviceslike web access.Many service providers call
it Triple Play where the three dimensions are namely Voice,
Video and Data. A couple of questions immediately come
to mind. Are these technologies heading towards a conver-
gence?What doesthis mean for mobile userswith the same
need? In this paper we addressthe momentum for such a
convergenceand visit technologies and standards that the
operators are implementing to provide mobile TV services.

IPTV promisesto oer viewers an innovative set of choice
and control over their TV content. Two major U.S. telecom-
munication companies, AT&T and Verizon, have recertly
announcedsigni can t investmerts to replacethe copper lines
in their networks with b er optic cablesfor delivering many
IPTV channels to residertial customers. Similar invest-
ments and interests are also happening in Europe and Asia.

Mobile TV servicesrequire networks that support high data
rates, low latency and better than best e ort quality of ser-

This work was supported by AT&T Labs Researd.

IPTV workshoplnternationaMorld Wide Web ConferenceMay 23, 2006,
Edinkurgh, Scotland,UK

Serban Jora
AT&T Labs Research
180 Park Ave
Florham Park, NJ, 07932, USA

jora@research.att.com

vice (QoS). Multimedia application require higher priorit y
QoS comparedto pure data to ensurelower latency. Current
cellular networks (2.5G and 3G) can support variable data
rates and low latency requirements, but cannot support high
bandwidth application such as video. On the other hand,
mobile broadcast networks can potentially support a large
number of users within the area of coverage for transmis-
sion towers in \transmit only" mode. However, to o er ser-
vices similar to IPTV in a home, the cellular networks must
handle personalization servicesor interactivit y like video on
demand. These require an uplink request path from the
mobile device to the network. The juxtap osition of broad-
cast and cellular networks that can leveragelow laency and
bidirectional capabilities of a cellular network and a high ca-
pacity broadcast network is essetial in creating innovative
services. It is this aspect that we revisit in this paper, in
particular look at the implications for the cellular network
service and its impact on the evolution of the standards.

IMS TV - IP Multimedia Subsystem (IMS) is a next gen-
eration networking architecture for telecom operators that

want to provide both xed and mobile multimedia services.
Telecomnunication operators can provide servicesto users
regardlessof location, accesgechnology and terminals. How-
ever, it is important to note that while IMS provides a
well de ned architecture for multimedia basedapplications,
there is still somework neededin its interworking with IPTV

infrastructure. IMS application servers may interwork to of-
fer accessto presence,location, call control and other net-
work resources. For peer to peer services, operators are
looking at deploying multi-pla yer games, media sharing and
multimedia streaming. It is possibleto deploy such P2P ser-
vicesthat bypassthe operator, however, in \IMS basedP2P
services" authentication, registration, service discovery, ad-
dressresolution and recipient invitation will be provided by
the IMS infrastructure.

Convergencefor all the above mentioned systems( xed, mo-
bile and P2P) is taking place, and the migration towards a
uni ed architecture is envisioned. IMS will be the platform
of choice for many operators to provide end usersa wholistic
communications portfolio encompassinginterworked triple
play services. A converged IMS-TV solution will provide
convergedsubscriber managmert, convergedcontent and de-
vice managemern with the ability to couple sessionmobilit y.
Figure 1 illustrates this.
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Figure 1: Convergence towards IMS-TV

2. TECHNOLOGY CHALLENGES

Mobile video and TV services, even person-to-person ap-
plications (e.g., video messaging), are still in the very early
stagesof consumeradoption and it is di cult to assesswvhat
end-userdemand ultimately will look like.

2.5G and 3G cellular networks have enough capacity to han-
dle the current trac load from data and video services. As
mobile video services and accomparying handsets become
more widely accepted,there will be a bigger push for cellular
providers to consider o oading trac to mobile broadcast
networks. However, timing for this scenariois unknown un-
til serviceproviders better understand userdemand for these
services.

Broadcasters needto vacate spectrum bands that have been
allocated for mobile broadcast networks.

Compelling mobile TV solutions will not be ready for prime
time until 2007,when a wide range of handsetsbecomeavail-
able, user demand for related servicesis better understood
and network topology is optimized for both broadcast and
cellular usage.

3. IMPLICA TIONS FOR MOBILE TV OP-
ERATORS

What does this mean from a cellular network provider's
standpoint? Web TV is being drafted by the W3C com-
mittee [7]. This group is trying to standardize a broadcast
markup language with a goal to explore new issues aris-
ing for Web technology due to TV/W eb integration. IETF
has been working on IP TV standards as well [2]. It has
been recognized by the industry that an overall standard-
ized framework is mandatory for bringing successto the
IP TV market. Members of the IETF have standardized

Real-time Transport Protocol (RTP) that de nes a trans-
port layer for carrying the multimedia streams, however the
missing link is in how the data will be organized within the
transport layer. Media delivery networks today must be
able to support each user downloading di erent content in
dierent ways. This complex infrastructure must also deal
with the fact that eac user may now want to send back
information to the server. The direct implication for a cel-
lular provider is to be able to capture a large number of
asyndironous content uploads from the numerous usersand
redistribute this content to their friends on the downlink.
Alternativ ely, in a peer-to-peer model, users may want to
share content with other subscribers directly. This model is
e ectiv e if the content is reasonably standardized and the
software/hardw are is also reasonably standardized. In the
case of broadcast television networks, television hardware
has for the most part been reasonably consistert [3]. The
sameis not true for cellular phoneswhere form factors can
vary considerably.

Cellular networks obey an inverserelationship between the
number of users,the performance/capacity in a cell site and
service latency. Due to the limited shared radio resource
and spectrum availabilit y, increasing the number of users
limit the performance and capacity of the cell site. On the
contrary , mobile broadcast networks oer a xed amout of
capacity regardless of the number of instantaneous users.
Such a network however, cannot provide personalized ser-
vices due to its inabilit y to support interactivit y.

A marriage of the two networks' (broadcast and cellular) ca-
pabilities will be ideal whereby a user can enjoy high band-
width applications while at the sametime have interactive
personalized services. Towards this end, there are seweral
technology trials that are concertrating on mobile TV tech-



nology today. In particular, North American trials include
Digital Video Broadcast - Handheld (DVB-H) chamiponed
by Nokia and Crown Castle and MediaFLO owned by Qual-
comm. Crown Castle owns 5 MHz of spectrum nationwide
in the 1.6 GHz band and intends to utilize this spectrum
along with Crown's existing tower to establish DVB-H hot
spots. Qualcomm on the other hand is building a nation-
wide broadcast network in the 700 MHz network along with
content aggregation. In other parts of the world, Mobile
TV is already a reality with growing number of subscribers
in Japan (DoCoMo) and Korea (KDDI) where servicesare
basedon terrestrial and satellite networks; Europe s relying
on DVB-H standards for mobile broadcast TV services.

4. ALOOK AT COMPETING CELL PHONE
MULTIMEDIA BROADCASTING TECH-
NOLOGIES

In the following sectionswe will attempt to give an overview
of the mobile broadcasting standards. More speci cally , we
will touch on emerging broadcasting technologiesnamely Di-
gial Multimedia Broadcasting (DMB), Digital Video Broad-
casting - Handheld (DVB-H), 3GPP's Multimedia Multicast
Broadcast Service (MBMS) and 3GPP2's Broadcast Multi-
cast Service (BCMCS). Each has its own advantages and
disadvantages. Figure 2 shows the classi cation of the vari-
ous standards available worldwide [8].

4.1 Digital Multimedia Broadcasting- DMB
Digital Multimedia broadcasting, DMB is basedon the Eu-
reka 147 Digital Audio Broadcast or DAB system that is
widely deployed in the UK and many other countries and
now gaining considerable popularity. This system could be
usedwithout much modi cation, simply increasing the level
of error correction to cope with the mobile environment. Eu-
reka 147/ DAB usesa form of transmission known as Coded
Orthogonal Frequency Division Multiplex (COFDM). It uses
a large number of close spaced carriers, eac carrying low
rate data. These carriers are arranged so that they are or-
thogonal and do not interfere with eac other. This allows
very e cien t use of the bandwidth used. For DAB and
DMB ead transmission occupies approximately 1.5 MHz
bandwidth and for the VHF broadcasts the transmission
contains 1536 Carriers. DMB is also ideally suited to the
delivery of material to handheld devices. DAB inherently
includes time slicing by using an e ectiv ely using a Time
Division Multiplexing delivery method. In this way the re-
ceiver is only switched on when it is required, thereby saving
battery power.

4.2 Digital VideoBroadcasting(DVB-H)

The other standard is Digital Video Broadcasting - Hand-
held, DVB-H and this is based upon the DVB-T (Digi-
tal Video Broadcasting - Terrestrial) standard that is used
for digital television transmissions within Europe and other
countries. The basic DVB-T television standard has been
modi ed to enable the receiversto be lesspower hungry, as
DVB-T is used in an environment where power consump-
tion is not a major consideration. This power reduction has
been achieved by time slicing so that the receiver is only
switched on in those time intervals when viewing the chan-
nel of interest. These intervals could be anything between
a few milliseconds and a few seconds. It therefore reduces

power consumption by being switched o for the rest of the
time when non-required data is being transmitted. There is
therefore a trade o betweenthe data rate required for the
service and how much this can be packed into short bursts
to save the battery power of the receiver.

Like DMB, DVB-H usesCOFDM but with a bandwidth of
either 6, 7, or 8 MHz. Additionally it usesa range of dif-
ferent types of modulation from QPSK up to 64QAM and
this enablesit to have a very high data rate. However it
is more susceptible to signal variations and synchronisation
problems. Additionally higher transmitter powers are re-
quired than those neededfor DMB. Also frequencies that
are likely to be used have not yet been allocated but it is
thought they might be within the existing television bands.
The wide RF bandwidth also meansthat current drain is
increased, aswide bandwidth ampli ers are inherently more
power hungry. Although not orders of magnitude greater
than that required for DMB, it nevertheless will have an
impact.

Trials and developmert are under way for both systems.
Korea haslead the way with trials of DMB, and many other
countries are looking at the options open to them. On the
developmert front, LG Electronics has a DMB compatible
phone, and Nokia is developing options for DVB-H.

Both DMB and DVB-H have their supporters, and which
standard will win remainsto be seen,although many predict
that both systemswill be used, but in dierent countries.
What seemssure is that multimedia broadcasting will take
0 in a big way becauseit oers a low cost medium for
accessingmany video services. A lot of momentum hasbeen
gained for DVB-H in the past few months [4].

4.3 3GPPmobilemultimedia standards,MBMS

and BCMCS

The 3rd Generation Partnership Project (3GPP) standard
for GPRS networks has beenenhancedto o er signi cantly
inceasedperformance for packet data and broadcast services
through the introduction of high speed downlink packet ac-
cess(HSDPA) and multimedia broadcast multicast services
(MBMS) [1]. Similarly for 3GPP2 CDMA2000 networks a
novel broadcast and multicast service (BCMCS) has been
standardized [5]. Both MBMS and BCMS multicast ap-
proaches have challengesin its ability to move beyond best
e ort delivery. For 3G IP applications there is limited sup-
port for reliable multicast techniques. Reliable Mutlicast
Transfer Protocol (RMTP) enables designated receivers to
to collect status messagesfrom nodes and provide repairs
such as retransmission of missing data. Another protocol,
Pragmatic General Multicast (PGM) providesreliable trans-
port of multicast trac with optional network assitance.
Figure 3 shows a typical architectural elemerts of a BCMCS
system.

The BCMCS content server residesin the serving network.
The content server derivesits content from a content provider.
The content server can reformat multicast content prior to
reaching the RAN. The content server may store or forward
content from a content provider or aggregate content from
multiple content providers. The Subscriber Prole Man-
ager is an application that updates the subscriber pro le in
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the database with BCMCS-related accessinformation. The
AAA senersin the home and serving networks are RADIUS-
compliant senersthat authenticate and authorize usersand
store user service proles. The AAA can allocate IP ad-
dressesfor mobile subscribers and collect accourting records
from mobile providers from the Subscriber Pro le Database.
The Padket Data Serving Node (PDSN) communicates with
the BSC to add and remove IP multicast ows. It may use
IP multicast proto colsto managebearerssupporting IP mul-
ticast o ws betweenitself and the nearestrouter connecting
back to the BCMCS content senver [6].

5. DEVICE AWARE CONTENT REPURPOS-

ING AND RIGHTS MAN AGEMENT

A framework needsto be established to repurpose content
adaptively such that it is preserted to the user in a rea-
sonably consistert manner. In cable TV settop boxes, Tivo
and ReplayTV record personalized broadcast programming
for replay at later times. While such an approach matches
the very philosophy of broadcasting to the more limited ca-
pabilities of a mobile deviceit will make this type of solution
harder to achieve today. As devices become more content
aware and standardized by virtue of the standards processor
a particular vendor dominance in the market, it will become
easierto deliver content to the network from the devicesand
vice versa. Content personalization can be handled by an
adaptation proxy in the network which refers to a stored
prole in the user's home network subscriber prole man-
ager (3GPP) for example. More capable deviceswill act as
PVRs (Personal Video Recorder) in the way settop boxes,
TiV O and DVRs do in the cable TV space. In the mean-
time asan alternativ e, servicescan be o ered by the mobile
TV operator; for example, a user request is made to the
provider for recording a TV broadcastshov which will later
be delivered to the device (download and play or progres-
sive playback). This type of feature however, corresponds
to a VoD unicast solution where each customer has its own
channel.

Mobile content will transform media and entertainment con-
sumption worldwide. Traditional media and entertainment
services have been augmerted with new distribution chan-
nels (broadcast TV, papers, magazines,and now the digital
agevia moile devices). Adv ertising and customer basedrev-
enue models have been integrated with subscription based
revenue models. Leading vendorsand operators expect DRM
to protect the rights of all playersin the industry value chain,
while oering them an extension to the current model of
distributing and selling content. To operators, higher us-
age of content download servicesmeans higher data trac
and revenue per user. Historically, the mobile value chain
has been driven by mobile operators and equipment manu-
facturers. Today content providers are also eagerto get a
share of the pie. This converegenceof the media and en-
tertainment congolmerates(eg. Hollyw ood studios, Disney)
together with the mobile undustry is an evolution of the
mobile value chain.

6. CONCLUSIONS

The key challengesto provide mobile TV servicesare qual-
ity of service, scalability, compressiontechniques and seam-
less integration of services. Service providers and handset

vendors are closely watching which technology becomesthe
industry standard. Nokia for example, is already deploying
DVB-H solutions with a keeninterest on 3G mobile TV tech-
nologies as well. 3G mobile TV is breaking up traditional
business models whereby mobile operators are establishing
themselves as content aggregators and broadcasters. The
media rights owners are licensing mobile rights directly to
mobile operators. It is still uncertain asto what a viable
model is for licensing rights to mobile operators. A brief
overview of the various mobile TV technologies was pre-
serted together with a discussionon the implications for a
cellular network operator to provide an IPTV environment
for mobile users.
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