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Abstract

Scarce wireless bandwidth and limited capabilities of cellular systems demand new, complementary techniques
for the provision of wireless multimedia services. Hybrid systems coupling for example the digital terrestrial
television (DVB-T) system with cellular communication systems provide a feasible solution to this problem. This
paper describes a hybrid system, composed of DVB-T and the new GSM packet-switching standard GPRS
(General Packet Radio Service) to enable wireless multimedia services. The coupling is performed by an IP-
backbone network. For the development of the server structure we rely on existing models for hybrid systems
from literature. The DVB-T network, which is designed for the broadcast of television programs, is a key
component of our concept to supply interactive broadcast services. We discuss an interactive, electronic
multimedia-newspaper service and a near-media-on-demand service “MP3-music-delivery” as examples. Besides
the system concept, our prototype implementation of the MP3-service is described. The progress in the
development of compact multimedia handheld terminals makes it possible to address a rapidly growing market
for mobile applications with such service ideas. However, the regulation of broadcasting and the strategies for the
introduction of DVB-T has to be regarded, as it will exert big influence on the commercialization of such service
offerings.

1 Introduction on the basis of the underlying system characteristics is
necessary. So-called interactive broadcast services are
The expected growth potential of mobile data service# our focus, as they benefit from the capability of
will lead to the introduction of enhanced and everDVB-T to efficiently broadcast big amounts of data.
new mobile communication systems, like GPRS and
UMTS. However, even these systems will not be able
to offer sufficient capacity to be suitable for the whole
range of mobile applications and to cope with the
increasing number of subscribers within the limited
frequency spectrum. Especially broadcast oriented
services that provide multimedia content could be
offered more efficiently through a digital broadcast
system like the digital terrestrial television (DVB-T),
which provides a broadband extension of existing Fig. 1 Hybrid system of DVB-T and GPRS
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systems, e. g. with GPRS, would thus comt_)me th?BPRS, (compare Section 3.3) complements the
advantages of broadband broadcast with th?echnical system.

poss_ibility of individ_ual interaction in a so-called Concrete attractive examples are an electronic
hybrid system (see Fig. 1). newspaper (“E-Newspaper”) and broadcast based
near-media-on-demand services like “MP3-music-
delivery”. The “E-Newspaper” would offer general

. . L . _ news with multimedia extensions (images and video
To identify service ideas that especially benefit fromc"ps)_ In addition to that, local offers containing

a hybrid system like that, a classification andinfomation for spare time activities in big cities are

evaluation of attractive ideas for mobile appIicationspos‘,;ime provided for example by webcams. This

1.1 Service Scenarios



content is broadcasted over DVB-T, and is2.1DVB-T
periodically updated. GPRS offers each user the
possibility for personal interaction. Forms of DVB-T is the standard for digital, terrestrial television
interaction can contain an automatic feedbackn Europe and beyond [3]. The MPEG2-technology
(statistics of local access to the different sites) ofor data compression and multiplexing makes it
personal feedback (discussion board, letter to thpossible to use the existing frequency channels for a
editor). multiplied number of TV programs or equivalents.
With the MP3 service a user can individually request &urthermore, IP data can be encapsulated directly into
music file. The requests are collected and the files artie MPEG2-transport stream using the Multi Protocol
broadcasted in the concerned transmission area. Afncapsulatiomethod (MPE), standardized within the
encoding mechanism, comparable with “Pay TV”DVB system [4]. Thus, additional data services can be
allows only the users, who pay to access these files. transported over DVB-T, independently from the TV
Besides these additional data services, a hybrid systegprogram offers (Fig. 2). The transmission parameters
would also enable mobile interactive television. In thisof DVB-T concerning modulation scheme and error
case, the interaction channel would transmit additionatoding rate can be configured in various combinations
information in a personalized and location-dependenio meet the requirements of different reception
way, synchronized to the actual broadcast content, faituations. By this means a DVB-T network can be
example user-profile dependent advertising oresigned for mobile reception. Besides, the multi-
information about local events related to the TVcarrier modulation scheme, called COFDI@o¢led
program. Further special offerings could be chats oOrthogonal Frequency Division Multiplgxallows to
instant messaging groups to fans of favorite TV soapuild up single frequency networks, in which
programs. neighboring transmitters are using the same frequency.
This supports a more economic use of the available
In the remainder of this paper we will describe aspectrum. Depending on the number of frequency sub
hybrid system combining DVB-T and GPRS. Thecarriers, a 2k mode or a 8k mode is possible. The
system concept is based on results of the ACT$rmer allows a much higher maximum speed for
MEMO project [1] whereas for prototyping we refer mobile reception (about 400 km/h versus 100 km/h),
to a platform developed at the Munich University ofwhereas the latter permits bigger distances between
Technology [2]. Before we describe the hybridtransmitter stations for a more economic network
concept and system structure in Section 3, we shortlgesign.
explain the main characteristics of the two used
wireless systems in the next section. In Section 4 we IP
explain the system features and protocols for two
distinguished service classes and give an overview o;
our prototype implementation. A discussion o0 MPEG 2- trans- Video/ Audio Video/ Audio
realization aspects, containing terminals an/ | portstream (data‘ PrgA ™= pgp
regulatory questions concludes our work. container)

2 The Wireless Infrastructure

Fig. 2 Transmission of IP data over DVB-T
For an efficient provisioning of services like the one
described in the previous section, broadban
broadcast networks have to be combined with . . .
cellularmobile communication networks.. ConcerningGPRS (General Packet_ R_adlo Service) 1S the.”‘?‘”
the broadcast networks, the Digital Audio standard for data transm|35|on_ on the ba5|§ (_)f eX|s_t|ng
Broadcasting (DAB) and the terrestrial Digital Video GSM-network_s [5]. The essential charactenstl_c, which
Broadcasting (DVB-T), both seems to be well suitedd™S GPRS into a more a_dvant_agepus _hybnd system
for the provisioning of additional services, as theySCMPonent than the classical circuit-switched GSM-
already provide means to supply new multimediadata transmission is its packet orientation. It requires
services. For our hybrid system, we chose DVB-T alo time consuming connection establishment and thus
broadcast network, as it provides more bandwidtf?rlables the network 1o be operated more efficie_ntly.
than DAB. As inieraction network. we ConsiderThis turns out to be especially suited for the described
GPRS, being available in 2001. As GPRS is alreadeg;;b”d ;»yst_er:n se_”'ches E"\ée""spaper and 'V'P3'Ct’_”'
packet-oriented, our considerations can be transferrétf and With their short and spontaneous Interaction

to UMTS, which will be put into practice in 2003. sessions. A transparent and user friendly billing,
’ volume based or as a flat rate, can efficiently be

integrated in the pricing of the service offers (e.g. flat
rate for monthly subscription of the “E-Newspaper”).

2GPRS



From the technical point of view, the system3.2ETSI reference model

architecture of GPRS allows to couple external IP-

based networks, like the backbone network connectinfn its DVB-standard for GSM-interaction ETSI
GPRS and DVB-T (Fig. 3) directly over so-called specifies a general platform for the realization of a
GGSN Gateway GPRS Serving Ngd®des. DVB-GSM-hybrid system for interactive services

(Fig. 4).
3.3MEMO reference model

MEMO (Multimedia Environment for Mobiles), a

project within the European ACTS (Advanced

Communications Technology and Services) program,
provided a complete system specification for a DAB-
GSM system in 1999, available in the internet [1].
Fig. 5 shows the function blocks of the MEMO model
in small, dark printed blocks, which are described in

Fig. 3 GPRS and external IP-networks more detail in the following section.
3 Hybrid System 3.4 Hybrid System based on MEMO
3.1General approach As shown in Fig. 5, the (bright printed) function units

. . of the ETSI model perfectly map onto the MEMO

One basis for the development of this backbongjocks. Since the two models are compatible and the
network is the ETSI standard of a GSM interactionEMO model is much more detailed, the hybrid
channel for the DVB-system [6]. Another basis is thesystem structure of this work is developed on the basis
specification of a hybrid system with DABIgital  of MEMO. In this work we describe the adaptations
Audio Broadcasting and GSM by the European npecessary when passing from DAB/GSM (MEMO) to
MEMO—project, finished in 1999 [1] Succeeding our proposed DVB-T/GPRS system.
projects that have started recently are MCRnp our hybrid system model we distinguish between
(Multimedia Car Platform) [11] and DRIVE (Dynamic two service classes: Interactive Broadcast Services
Radio for. IP-Services in Vehicular EnV|ronmen_ts)(|BS) and Personal Services (PS). The data flow is
[13], which both develop a more extensivejjystrated in Fig. 5 with bright arrows for IBS and for
architecture combining different kinds of broadcastps with black arrows.
networks, like DAB and DVB-T, withdifferent | |BS, data is transmitted in broadcast mode over
cellular networks in order to provide mobile pyB-T to all users. Each user can establish an
multimedia services adaptively in a heterogeneougdividual, bi-directional interaction session (point-to-
wireless network environment. As no further results ofoint) over GPRS, which is not coupled with the
these projects exist so far, these projects could n@vB-T downlink on the transport layer. Coupling is
provide input to our research at this moment but thegnly done on the application layer, e.g. for updating
will surely influence our considerations in the future. content of the E-Newspaper by a discussion board

contribution.

In Personal Service systems, also the data which is
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Fig. 4 ETSI- hybrid system model [6]
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Fig. 5 Hybrid system model by ETSI and MEMO

transmitted on the DVB-T downlink, is addressedPhysical unit in the end user terminal, which contains
individually on the IP level and is thus transmitted in ahe DVB-T receiver and the GPRS- transceiver.
point-to-point mode. The bandwidth of the broadcasBecause of the different characteristics concerning the
data pipe supplying one area is consequently sharedny of transferring data in the IBS- and PS- classes,
among all active users. GPRS is coupled on TCP/IBvo different system and protocol structures have been
layers as a return channel, but could additionally alsspecified on the basis of MEMO, as we will show in
provide an independent interaction channel, like irthe following sections.
IBS (for example: in classic web surfing, requests and . ]
acknowledgements would use GPRS from the user t4-1 Hybrid System for Interactive
the network, the data transfer to the user could use Broadcast Services (IBS)
DVB-T or also GPRS).

In this section, we refer only to the protocols for IBS

4 System Features and Protocols data transport in the backbone network and to the
wireless interface. Our concept is based on the

The function blocks that form the hybrid systemMEMO specification for IBS services [1], which also

backbone, shown in Fig. 5, are in detail: deals with other aspects like the way of transferring
h i h i h

MCN —MEMO Correspondent Node the broadcast data objects and the routing between the

) ! , which i f th f thi \
Physical terminal that serves as a platform for thqs:%\/eéss\r/]voxs :)Sno?rt]; Itef(ta zicdoepihoe tplrsot%izlesr of the

offered services, for example an ordinary internet hosﬁ)VB-T downlink and on the right side the protocols

gFe)i,is:)mce) or server of a service provider (IBSof the GPRS interaction channel. The necessary

adaptations we have made because of the exchange of
HPSTS —Home Personal Service Transport Server DAB/GSM with DVB-T/GPRS are marked by dark
printed blocks and arrows. In case of the downlink,
: . the lower DAB-layers have to be replaced with the
Perfqrm the transport-, routing- and addressing,,,smission modes of DVB-T. The corresponding
functions, necessary for PS. substitute on layer two is the MPEG2-transport stream
IBTS — Interactive Broadcasf[ Transpor_t Server and above the MPE-method for encapsulating IP
Perfgrms the corresponding functions for IBSdatagrams (compare Section 2.1). As DVB-T does not
Services. , specify a protocol on the transport layer like the MOT
INS —Interactive Network Server Multimedia Object Transfgiin DAB, connectionless
Access server between VPSTS / IBTS and the GPR$pp or a solution called TCP-Tunnelling [7] has to
network. be used. The protocol BNSP (Broadcast Network
BNS —Broadcast Network Server Submission Protocol) was specially developed by
Receives data from the IBTS / VPSTS and prepares MEMO to enable the exchange of control information
for the transmission over DVB-T. between the servers and can also be used for DVB-T

MMT —Mobile Multimedia Terminal with only minor adaptations.

VPSTS —Visited Personal Service Transport Server
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Fig. 6 Transport protocols for IBS services

In the interaction channel, the lower layers consist oinserted by MEMO can be dropped as DVB-T has
the GPRS radio transmission modes and otheslready a comparable error correction based on Reed-
protocols of GPRS, like SNDCPSgb Network Solomon-Codes. As the PPP protocol in the GPRS
Dependent Convergence Protocand LLC (ink  channel is no longer necessary (compare Section 4.1),
Layer Contro) [5]. The PPP Foint-to-Point also the L2TP- protocoLéyer 2 Tunnelling Protocl
Protocol)), that is used in MEMO for encapsulating used for PPP- transport between VPSTS and INS, is
data into the circuit switched GSM links, is thereforeno longer needed. Besides these data transport
no longer needed, as GPRS is packet switching arfdnctions, routing/addressing and mobility
makes it possible to transport IP data transparentljpanagement is specified in the MEMO-PS
above the underlying transmission modes, like fospecification [1]. Analogous adaptations have to be
example ATM or frame relay in the backbonedone for DVB-T/GPRS.
networks.
4.3 Prototype Implementation

4.2 Hybrid System for Personal

Services (PS) To demonstrate our solution we have built a prototype

implementation based on a DVB-T - IP platform,

For Personal Services (PS) we need a round-trizshich has been developed at the TUM in cooperation
connection over DVB-T and the GPRS return channelwith the company Rohde & Schwarz, Munich [2, 8].
The combined protocol structures are shown in Fig. #or the implementation we have selected the
Basis is again the corresponding MEMO Interactive Broadcast Service “my-MP3”, which
specification, for PS transport [1]. At the wirelessallows the mobile user to select multiple MP3 files
interface, the same adaptations concerning the lowérom a distant server via a narrowband cellular
DAB/DVB-T and GSM/GPRS-layers like in IBS are channel and to receive the files via DVB broadcast.
necessary. On higher protocol layers, TCP can be usddhe service control on the server side is realized by
directly in a slightly modified version (TCP*) for servlets in a common web server.
broadband wireless transmission systems. DetailSince a GPRS testbed has not been available yet, we
concerning these modifications in increased windowrelied on the GSM data channel for the emulation of
size and suppressed congestion control concerning tige narrowband cellular return channel. As the results
different characteristics of wireless transmissionof our demo application were very promising, a field
compared to fixed networks, can be found in [1]. Theest using a real GPRS infrastructure is planned as
FEC-layer (Forward error correction) additionally future step.
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Fig. 7 Transport protocols for personal services

offers could be transmitted differently in the supply

5 Realization Scenarios areas of the big cities.
In case of the MP3 service the regional supply levels
5.1 Network Aspects with smaller transmission areas and consequently less

users per area should be used. A central service
In this section we briefly examine how the previouslycontrol containing the functionality of MCN and IBTS
developed hybrid system could be operationallywould then receive the GPRS request for a music file
realised in Germany according to the network desigitogether with the location information of the
of DVB-T and GPRS. GPRS is considered as a fullyequesting user(s). With this, the chosen file can be
operational network available everywhere. Fortransported over an IP backbone to the corresponding
DVB-T we suppose a transmission mode with 16DVB-T transmission area, where it is encapsulated by
QAM-modulation and 2/3 error coding rate, providinga BNS server into the MPEG stream that is
a transmission rate of 13,3 Mbit/s. More than 45broadcasted there.
frequency channels will be available for DVB-T in
Germany in the VHF/UHF spectrum. On basis of5.2 Terminal Aspects
these assumptions, the ,Institut fir Rundfunktechnik®,
Munich, determined the availability of four There are several critical factors to enable future
countrywide supply channels and one regional supplgnobile terminals to offer hybrid system services. First
level everywhere and of a sixth additional level in bigof all a quite large DVB-T receiver would have to be
cities, built up by single frequency networks in eachintegrated in additon to a GPRS transceiver.
city [9]. Furthermore an effective software and programming
In this scenario, the “E-Newspaper” with its generalinterface is needed, especially for the navigation
news content could be broadcasted in one of thbetween the partly interactive, digital TV programs
nationwide receivable channels, whereas the locand the supplementary services, described here. An
useful solution should be based on the new, commonly



accepted standard for DVB set top boxes, called MHHEifferent rules have to be fulfiled to guarantee a
(Multimedia Home Platform) [10]. The MCP project primary supply for a broad majority of the population.
(see Section 3.1) is actually working on a MHP basett is yet not clear, how the described supplementary
terminal architecture, optimized for mobile, especiallymultimedia services have to be classified regarding
car based services. The first prototype is expected aegulatory rules.

the IFA 2001. First devices could be available in 200Zor the commercial success of such services, the roles
[11]. Also, the terminal would have to contain aof the different parties involved have to be regarded.
sufficiently big color display. Consequently, there areThe provider of the described services could either be
high requirements concerning the power consumptioa network operator (GPRS or DVB-T) itself or an
to realize an acceptable usage time. According tmdependent service operator. The latter could
statements from semiconductor companies angurchase capacity from network operators to supply
evaluations of the future technological development ohis service or he could sell his service to network
these system components, these requirements could tjgerators. Based on that, different business plans can
met in the next years. be developed considering costs and potential sales
Notebooks turn out to be principally suitable depending on pricing strategies and estimated
terminals, as they offer full portable computernumbers of users.

performance concerning memory, speed andn our opinion the introduction of DVB-T and the
multimedia functions. On the other side, they are noattractiveness for business is strongly correlated with
efficient for private customers because of theimew multimedia information and communication
comparatively high complexity and price. In this caseservices that could be provided in addition to the TV
an integrated terminal would be the better solution. Aprogram, either independently or/and integrated as a
example is the Nokia Mediascreen, a prototype fofmobile multimedia package".

mobile DVB-T and GSM services and television,

having approximately the size of a book [12]. Such6 Conclusions

integrated terminals could later also be reduced to the

size of the planned UMTS smartphones, as a ,all-inWWe have shown that wireless broadcast networks are

one“ mobile multimedia terminal. an important system component of the future wireless
infrastructure toward#/obile Internet In particular,

5.3 Aspects of Regulation and the combination of DVB-T and GPRS has been

Commercialization investigated and a solution for a hybrid system model

based on the results of the ACTS MEMO project has
The provision of new mobile services as described itbeen shown. In respect with the level of
this paper will depend on the co-operation of severdhteroperability versa broadcasting two general system
different stakeholders. One major open questiowversions have been described. Electronic-newspaper
regarding for example Germany is the time and thend MP3-music-delivery have been taken as service
way of the implementation of DVB-T. examples to illustrate typical business applications of
The implementation of DVB-T concerns the networkour solution. In fact, new Internet based information
infrastructure necessary for mobile reception, theservices like those presented are considered to be a
introduction strategy and the estimated revenue driving force for the rollout of DVB-T in Europe,
service provider would have with DVB-T. Several even in countries where regulatory aspects are not
different introduction strategies from a step by steglear yet and where the domination of satellite and
evolution to an immediate change from analogue teable TV slows down terrestrial TV digitalization e. g.
digital transmission have been discussed between tlie Germany. The authors consider DVB-T as an
involved stakeholders. At present, an insularessential component of the wireless infrastructure to
implementation within city areas is planned for thisdeliver broadband broadcast like data services.
year in Germany. Other European countries like UK
already have deployed DVB-T infrastructure. 7 Acknowledgements
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