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ABSTRACT

For the broadcast component of an overall mobile TV solution, we propose
to use DVB-SH, a new standard announced during 3GSM World Congress
2007 by DVB Project which is an evolution of the DVB-H standard in the 2.2
GHz frequency range. This evolution, thanks to the use of turbo codes,
modified interleaving, S-band operation, and other improvements, allows
flexibility to be offered using a hybrid satellite/terrestrial transmission system.

On 14 February 2007, the European Commission also adopted a decision
making the 2.2 GHz spectrum harmonized and available throughout Europe
and giving approval that this spectrum can be used both by satellites and
terrestrial networks.

The hybrid satellite/terrestrial solution employs a high-power geo-stationary
satellite for cost-effective nationwide coverage and a network of medium
and low-power repeaters, co-located with mobile base stations, to provide
urban and indoor coverage.

It is proposed that key technologies such as OFDM modulation, time slicing,
and IP datacasting from the terrestrial DVB-H system be maintained, while
an improved link budget is achieved by employing turbo-codes (a new family
of error-correction codes) and deeper interleaving. Furthermore, since the
system is planned to operate at 2.2 GHz, it is expected that significant
improvements can be made within the terminals, which should be able to
offer higher antenna gains and reception diversity.

Satellite ensures nationwide direct reception of nine channels at 256 kbits/s.
Suitable spatial technologies (large antennas, high-power platforms, etc.)
are used to provide a net capacity of 2.3 Mbits/s for each carrier.

Repeaters in urban areas, mostly for indoor coverage, support satellite
coverage. These repeaters re-transmit at the frequency of the satellite
carrier and will therefore offer indoor coverage identical to a co-located
UMTS system. Insert abstract text

INTRODUCTION

Mobile TV is already booming on existing cellular infrastructures in point to point mode. But
this mode is not optimized to deliver the same content to many users at the same time,
preventing mass-market deployment.

For massive access to mainstream TV channels on mobile, overlay broadcast networks,
complementary to existing cellular networks, are necessary. But the design of such
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broadcast infrastructure shall be geared to meet the following challenges in order to
contribute to the Mobile TV market take-off:

A business model based on an attractive subscription plan allowing unlimited usage,
A good in-building performance similar to the one offered by cellular network,

A harmonized technology and frequency framework to prevent market fragmentation
and favor a wide terminal choice.

To this end, we develop a smart hybrid satellite/terrestrial mobile broadcast concept
targeting the IMT2000 frequency band allocated to Mobile Satellite Systems (2.17-2.2 GHz)
available worldwide. This paper gives an overview of the system architecture, the radio
interface technology and provides details on the system performances with respect to a
typical dimensioning/deployment scenario.

UNLIMITED MOBILE TV SOLUTION OVERVIEW

The hybrid satellite/terrestrial solution, called Unlimited Mobile TV, employs a high-power
geo-stationary satellite for cost-effective nationwide coverage and a network of low-power
repeaters, co-located with cellular base stations, to provide urban and indoor coverage.

For this solution, we propose an evolution of the DVB-Handheld (DVB-H) standard, called
DVB-Satellite Handheld (DVB-SH). DVB-H key technologies such as Orthogonal Frequency
Division Multiplexing (OFDM) modulation, time slicing and IP datacasting are maintained
while an improved link budget is achieved by employing turbo-codes and deeper
interleaving. Furthermore, since the system operating at 2.2 GHz, significant improvements
can be made within the terminals (higher antenna gains and reception diversity).

Satellite ensures nationwide direct reception of nine channels at 256 kbits/s . Suitable
spatial technologies (large antennas, high-power platforms, etc.) are used to provide at least
a net capacity of 2.3 Mbits/s.
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Figure 1 — Unlimited Mobile TV

Repeaters in urban areas, mostly for indoor coverage, support satellite coverage. These
repeaters re-transmit at the frequency of the satellite carrier and will therefore offer indoor
coverage identical to a co-located UMTS system.

To increase the system capacity in urban areas, adjacent carrier transmitters complement
the satellite signal , allowing between 18 and 36 additional channels at 256 kbits/s.
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Finally, a cellular network is used to stream in unicast TV channel with limited audience
TV and Video on Demand (VOD) as well as for interactivity return channel.

ARCHITECTURE OF THE UNLIMITED MOBILE TV SOLUTION

The Unlimited Mobile TV solution encompasses:

A mobile TV service delivery platform that performs content adaptation and
aggregates TV programs and rich multimedia services into IP service streams,

A broadcast station that maps the IP service streams on the satellite & terrestrial
repeater radio resources,

A dedicated geo-stationary satellite that amplifies and convert the satellite radio
signals from Ka/Ku band to S-band. These signals, based on the DVB-SH radio
interface are received from the hub and are transmitted directly towards the terminals,

Terrestrial repeaters that receives service bundles from the hub via a satellite
backhaul system or via a terrestrial IP network and maps them onto the terrestrial
carrier resources in S-band,

3G and/or 2G handset terminals with the necessary features to receive the DVB-SH
radio interface format signals.
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Figure 2 — Hybrid satellite/terrestrial system architecture

Synchronization between the terrestrial repeaters and the satellite allows the receiver to see
the satellite signal as a simple echo of the terrestrial repeater signal. This concept system
has been validated with experiments carried out within the European MoDiS and Maestro
R&D project, and recently during a trial conducted by the French Space Agency (CNES) in
Toulouse.

Mobile TV Service Platform

The service platform bundles different types of content (live TV, VoD, podcast, etc.) into IP
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service streams and selects the transmission bearer either broadcast (DVB-H or DVB-SH
based) or unicast (2G, 3G, etc.), depending on the targeted audience. It implements the

following features:

Live and VoD streaming servers and video encoders,

An Electronic Service Guide (ESG) to list the available programs and contents. ESG
is common to broadcast and unicast modes,

An interactive services and rich media service node (e.g., to allow the purchase of the
MP3 file associated to a clip currently playing on a TV program),

A security scheme to authorize access to a specific program or to specific contents,

Interactive and personalized advertising,

An audience measurement engine,

Content and subscriber management,

A bearer selection function to send the IP service streams created.

The same service platform will be able to deliver broadcast services via DVB-H in UHF or via

DVB-SH in S-band infrastructure.

Satellite

The space segment involves at least one
high-power, dedicated geo-stationary
satellite with large deployable antennas
(12 meters) to accommodate the
handset performance. European
coverage is provided through several
beams, each of nationwide size.

These satellites are transparent to the
radio interface technology, occupying 5
MHz channel bandwidth. They can all be
co-located at the same orbit location.
Typically, a satellite broadcast one 5
MHz frequency carrier per beam.

Furthermore, standard Ku band satellites
are used for backhauling the TV
programs  multiplex towards the
terrestrial repeaters using the DVB-S2
radio interface format.

More information about the space
segment may be found in the
International  Journal on  Satellite
Communication and Networks, Chuberre
etal. (1).

Figure 3 — Artist view of the first S-band satellite
for Europe



Satellite Broadcast Station
The broadcast station includes a Hub and a Mission Control Centre.
The Hub encompass:

A Network Head End responsible for the mapping of the IP services streams received
from the Mobile TV service platform into MPEG2-Transpot streams. It also adds some
time stamp information (MIP insertion) so that terrestrial repeaters can achieve a
single frequency network with the dedicated satellite in a spot beam,

A Broadcast Head End in charge of the transmission of the services streams towards
the satellite in DVB-SH format for the direct broadcast link and in DVB-S2 format for
the indirect broadcast link. It also monitors and controls the satellite signal
transmission.

The Mission Control Centre provides tools to manage the spectrum resources. It interfaces
with the Satellite Control centre that controls and operates the satellites.

Terrestrial Repeater Network

The terrestrial repeater network is deployed to provide indoor coverage in urban areas where
the satellite signal is insufficient. Each terrestrial repeater can broadcast up to three 5 MHz
frequency carriers in the IMT2000 band allocated to Mobile Satellite Systems.

The terrestrial repeaters are designed for smooth integration in existing 2G or 3G cellular
sites. The antenna systems can be shared. As well as a clear cost reduction, this integration
avoids renegotiation with the site owners since it is similar to an equipment swap.

The terrestrial repeaters can be fed either via Ku-band satellite signal using a DVB-S2 radio
interface or via terrestrial IP network. Feeding the terrestrial repeater by satellite is the most
cost-efficient solution to provide common information to a national network. Use of the IP
terrestrial network also provides the ability to integrate regional programs on a geographic
basis.

The terrestrial repeaters achieve a Single Frequency Network with the other terrestrial
repeaters as well as with the satellite.

Handsets

Chipset processing the DVB-H signal are adapted to take into account the specific functions
of the DVB-SH (turbo code, interleaving). This new generation chipsets allow indifferently
reception of DVB-H in UHF or DVB-SH in S-band.

As the system is designed to operate at 2.2 GHz, reception diversity can be introduced
allowing to significantly improving the link budget (the signal is received on two antennas
separated by few centimeters, and then recombined). Both reception chains can be
integrated into a single module including two multi-band tuners able to operate at 2.2 GHz
and UHF, a base band receiver with two OFDM demodulators, and a controller.

DEPLOYMENT OF THE UNLIMITED MOBILE TV SOLUTION

The proximity of the S-UMTS and UMTS bands allows for an easy integration of the
terrestrial repeaters at existing cellular sites. The cables and aerial systems can be re-used
and, in the majority of cases, the repeaters may be installed in an existing cabinet.



In this paragraph, we will compare the site density required in DVB-SH compared to the
UMTS site density.

Site density comparison between DVB-SH and UMTS
A green field network design have been carried out using:

A 3G cellular network planning tool using a geographical clutter and terrain model
database,

A dedicated network planning tool developed using a deterministic propagation model
based on Ray tracing requiring 3D building high-resolution data base.

The resulting site density has then been compared with a typical UMTS network design on
the same area to evaluate the possibility of co-siting.

UMTS and DVB-SH are using similar frequency, implying same propagation, same indoor
penetration and same antenna gain. But unique to DVB-SH, we got SFN gain (Signals from
adjacent transmitters are improving reception especially at cell edge) and the use of antenna
diversity (2 reception chains and combination of signals allows to avoid fading hole).

If antenna diversity and SFN are used, this comparison establishes the assumption that
installing a DVB-SH repeater with an output power of 7W per carrier/per sector on each
UMTS site is clearly sufficient to ensure a satisfactory coverage probability (more than 90%
of indoor coverage) for the QPSK 1/3 mode, or even in 16QAM 1/3 mode.

The ratio between DVB SH site and UMTS is roughly ¥2 in QPSK 1/3 mode, and roughly 1/1
in 16QAM 1/3 mode.

These ratios can be:

Reduced if UMTS sites are installed for capacity (to allow more users in a given area)
and not for coverage reasons,

Reduced if DVB-SH repeater transmit power is increased. Typical configuration will
provide 10W per carrier/per sector,

Reduced if required coverage quality required in DVB-SH is lower than the one
expected from UMTS,

Increased if the UMTS antenna parameters are reused (azimuth, tilt).
A paper is describing the methodology and the results of the comparison, Lainé et al. (2)



Required sites to cover Paris area (Example)

Using these elements, an estimation of the required site for Paris area was conducted based
on 10 W per carrier/per sector, optimized antenna tilt/azimuth, 90% indoor coverage, and
using a QPSK modulation that allow to offer up to 27 channels at 256 kbit/s.

To cover the city of Paris
(Red circle on the drawing), it
Is estimated that 80 sites will
be needed. This represents a
surface of 105 km2 and a
population of more that 2
Million inhabitant.

To cover the population within
the 2nd ring areas (Green
circle on the drawing), namely
the city of Paris, the
departments of Hauts-de-
Seine, Seine-St-Denis and
Val-de-Marne, it is estimated
that 240 sites will be required.
This represents a surface of
762 km2 and a population of
more that 6 Million inhabitant.

To cover most populated
areas plus main roads (All
areas in dark blue) of Paris
region; it is required to equip with DVB-SH repeater around 400 sites.

Figure 4 — Paris area coverage in DVB-SH

THE DVB-SH STANDARD

Early 2006, the DVB Technical Module (DVB TM) launched a Study Mission on SSP
(Satellite Services to Portable devices). In June 2006, based on the Study Mission report,
the DVB TM-SSP started to develop the new hybrid (satellite/terrestrial) DVB-SH standard.
The DVB Project approved the definitive standard on February 14 2007.

The DVB-SH standard defines two transmission modes:

An OFDM/OFDM mode, named SH-A: the OFDM signal is based on DVB-H standard
with enhancements. It is used on both the direct and the indirect paths; the signals
are combined in the receiver to strengthen the reception in a SFN configuration. This
is the transmission mode used by the Unlimited Mobile TV solution.

A TDM/OFDM mode, named SH-B: the TDM signal is partly derived from DVB-S2
standard. Its use allows optimizing transmission through satellite towards mobile
terminals. It is used on the direct path only. OFDM with same characteristics as here-
above is used for the indirect path. In this paper, this mode will not be detailed.

Features already defined within DVB are reused, in particular Time Slicing for power saving
purpose, handover between frequencies/coverage beams, and IP datacast protocols. The
main specific features are efficient turbo coding, allowing very low coding rate, and long time
interleaving, up to several seconds, at physical layer for maximum robustness in severe
shadowed environments.
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The DVB-SH radio interface has been designed to support the application enablers defined
by the DVB (Digital Video Broadcast, CBMS group) and in the future by the OMA (Open
Mobile Alliance, BCAST group) forums. No change in these standards will be necessary to
support the DVB-SH.

Physical layer

The OFDM waveform technology is well adapted to SFN transmission and implements a
high degree of flexibility in terms of configuration:

Channel bandwidth: 5, 6, 7 or 8 MHz channel. 5 MHz is preferred choice in the S
band allocation to align with UMTS channelization,

FFT size: 1K, 2K, 4K or 8K. In case of S band, 2K is the preferred choice to maximize
the Doppler tolerance and hence allow terminal speed as high as 160 km/h,

Modulation scheme: QPSK or 16QAM. The choice results from a trade-off between
broadcast capacity and targeted QoS. QPSK can be selected for the satellite link
while 16QAM could be used on the terrestrial repeater link,

Guard interval can be chosen between %, 1/8, 1/16 and 1/32 depending on the cell
range and the SFN requirements,

Coding rate of the turbo code can be selected from 2/3 down to 1/5 depending on the
needed robustness,

Interleaving length can be tuned up to several seconds. 125 ms offering already
significant gain in mobility scenario under terrestrial coverage, while a depth of few
seconds could improve the QoS in mobility conditions under satellite coverage,

MPE-FEC can be added in option; however the extended interleaving depth
combined with turbo code advantageously replace it.

Typical configuration parameters and respective performances in terrestrial propagation for
which the TU6 model has been selected to be the most representative and for a mobility
scenario of 3 km/h corresponding to a pedestrian:

Modulation QPSK 16QAM
Channel bandwidth MHz 5 5
Mode 2K 2K
Coding rate (turbo code) 1/3 1/3
Interleaving depth ms 125 125
MPE-FEC None None

Useful data rate at MPEG-TS level|Mbit/s| For Gl ¥4 2.25 For Gl ¥4 4.5
For Gl 1/8: 2.5 For Gl 1/8: 5

C/N dB @ BER 10-5 dB 45 9.5
(Terrestrial(TUB)) | (Terrestrial(TUG))

®Note: a BER of 10”° Corresponds to Frame Error Rate of 1.5% which is compatible with the
error tolerance of video encoder.



0.0 (Satellite 4.5 (Satellite
(Gaussian)) (Gaussian))

This C/N values corresponds to simulation results to which conservative implementation loss
have been added (around 2.5 dB).

In 2K mode, the maximum distance between 2 transmission sites of 13.4 km (with a GI of
1/4) and 26.8 km (with a Gl of 1/8). Both are largely compatible with cellular network site
density in urban and sub-urban environments leaving sufficient margin to accommodate
delay spread associated to multipath even in hilly terrain as well as synchronization error
between terrestrial transmitters and satellite.

For more information, please refer to the EBU Technical review, Kelley and Rigal (3).

Service layer

The service layer is compliant with the DVB-IP Datacast over DVB-H specifications. It
supports two modes of delivery: streaming and download. The streaming mode applies to
the delivery of real time TV and radio programs, whereas the download mode is used to
securely broadcast segmented radio and TV contents, music downloads, data files and Rich
Media contents.

The main service layer design challenges are to maximize the number of TV programs the
system can broadcast while optimizing the user experience which mainly depends on the
video and audio quality as well as the channel zapping time. To this end, the use of state of
the art H264 video encoder along with High Efficiency Advanced Audio Codec (HE-AAC) is
recommended.

Since statistically, different video services do not need high bandwidth at the same time, the
overall bandwidth requirements can be reduced provided that a statistical multiplexing
scheme is used. This scheme also called Variable Bit Rate encoding applies traffic
smoothing while taking into account time sensitive constraints associated to Streaming
services as well as some of the download services.

210 kbit/s shall be provisioned for a TV channel targeting QVGA (320*240) screen resolution
at 25 frame per seconds taking into account a 30% statistical multiplexing gain due to VBR
mode video encoding. Another 24 kbit/s shall be provisioned in HE-AAC for the audio stereo
reception.

Bandwidth requirement at IP level becomes:
2106 kbit/s for 9 TV channels,
4212 kbit/s for 18 TV channels.

This bandwidth requirement is compatible to respectively QPSK1/3 and 16QAM1/3 radio
interface configuration taking into accounts an IP overhead of approximately 3.5% as well as
PSI/SI tables signaling, Electronic Signaling Guide (ESG) tables and encryption keys.

S-BAND REGULATION

The hybrid satellite/terrestrial system intends to use the S-band at 2.2 GHz that is adjacent
to the core terrestrial IMT-2000 bands.

This band is regulated according to a framework that includes :

10



At ITU level a co-primary allocation to Mobile Services, (i.e. Terrestrial only) and to
Mobile Satellite Services,

At European level, a Commission Decision 2007/98/EC adopted on 14 February
2007. This Decision which is of mandatory application in all member states, stipulate
that Mobile Satellite Services have priority in this band and that therefore, any other
users of these bands shall not cause harmful interference to systems providing
mobile satellite services and may not claim protection from harmful interference
received from systems providing mobile satellite services. Furthermore the Decision
introduces a definition of systems providing Mobile Satellite Services introducing the
option to use in such systems Complementary Ground Components.

In addition considering the pan-European nature of MSS systems the Commission is
currently preparing a European Selection and Authorization Process (ESAP). The purpose of
this process will be to select among candidate systems those to which right to use the
frequencies will be granted in case the demand for this spectrum is grater than the
availability.

CONCLUSION

Mobile TV will use a combination of different technologies, with an evolution over time:
starting from unicast streaming using current 3G technologies, evolving to mass broadcast
using overlay networks. Unfortunately, in most countries, the unavailability of UHF
frequencies may stop expansion of overlay networks before 2010/2012, and the cost may
prevent a deployment beyond main cities.

In order to deliver the solution that best fits each operator's needs, we have developed a
complete Mobile TV solutions taking into account the technical capabilities of various
technologies (unicast, DVB-H, DVB-SH), their scope of application (live TV, VoD, etc.), and
regulatory situations. we propose end-to-end solutions that include:

A satellite solution developed in partnership with Thales Alenia Space for DVB-SH,

A range of low-power transmitters/repeaters for indoor coverage in urban areas in
UHF and S-band,

A service platform for DVB-H and DVB-SH derived from existing unicast system
currently used by many operators worldwide,

Partnerships with leading terminal and chipset vendors enable the development of
terminals supporting DVB-SH as a complement to pure DVB-H.
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