


Introduction

In the past six months, streaming-related conderd/B-H have come to a head. Urban and
building penetration continue to be an issue addwiquality has been unacceptable. Yet the
tools to combat these issues, as defined by theatd, don’t solve the issues; in fact, some
operators have removed MPE-FEC, the FEC specifi¢glde DVB-H standard, from their
networks as the bandwidth overhead does not justeyminimal gains in quality that have been
experienced. Thus, operators have been exploltagatives that will enhance the DVB-H
experience for streaming broadcast televisionthéir collective search of the alternatives,
operators have four specific concerns that anygeeg supplement to DVB-H must address:

Infrastructure costs: DVB-H networks are expensivdeploy, so operators are
particularly interested in advances delivering linargin gain that would mitigate some
of the required infrastructure build out. Operat@pecific pains in this instance revolve
around covering urban areas (indoor penetratiod)eatending coverage to more rural
areas.

QoS: Any alternative must be able to deliver advatonsumer viewing experience, both
at high rates of speed and indoors.

Legacy equipment: The introduction of an alten@atnust co-exist with existing
deployed DVB-H infrastructure and handsets. Opesahat have already deployed a
DVB-H network simply are not willing to start anew.

Migration: Any alternative should be able to beddiuced gradually into existing
deployments to minimize or eliminate any transiiopains.

While the four criteria cited above establish dicliit environment, there are options available to
DVB-H operators that will allow a higher-quality maumer experience, create link margin gains,
and meet the requirements related to existing Bystelr'he most promising alternative that meets
the above requirements is Multi-Burst FEC, alséechlFEC, which itself has multiple available
flavors, including both Reed-Solomon based codddgital Fountain Raptor-based codes. DF
technology is already “strongly recommended” fte €lelivery in IP Datacasting services in
DVB-H, so there are benefits to considering itfoeaming as well. The file delivery benefits of
Raptor codes are irrefutable once a file to be egc¢eds 32kB: increased link margin, faster file
delivery times, and substantial power savings. |Watiently, DF's DVB-H focus had been on
using DF’s file delivery solutions.

But before understanding IFEC, an examination eftesent role and function of FEC in DVB-
H is required.

Background on DVB-H

A key to the success of DVB-H in Europe is thas introduced almost exclusively as a link

layer on top of DVB-T to enable mobile receptioor Ehis purpose DVB-H includes time-slicing
for power savings, Multi-Protocol Encapsulation ([&)Ro transport IP data over MPEG-2
Transport Streams, and optionally MPE-FEC to ptdtee IP datagrams. During the definition
phase of DVB-H, it was recognized that some kintbofvard error correction (FEC) above the
physical layer is necessary to support mobile réaep- hence the option of MPE-FEC was
introduced. MPE-FEC relies on Reed-Solomon Cod&CjRBut MPE-FEC has limitations on

the amount/duration of data it can protect becafigis high cost to terminal memory and
processing as well as the restricted code worddiRSC. As asserted today, MPE-FEC does not



solve the job satisfactorily and is an unused opitiomany deployments because of signal
variations at the receiver: signal outages duesteepration losses, blockage from buildings,
signal fading, body shadowing, and other disturbarare unavoidable. When the duration of the
outage is only a fraction of the time-slice bunstadion (usually in the range of at most a couple
of hundred milliseconds), MPE-FEC may help, buagetdurations generally exceed fractions of
a time-slice burst. Cases where a significant amofia burst, or even the entire burst, is lost
happen quite often and are the major impact toremee To achieve sufficient coverage, signal
reception even in very adverse conditions mustisered, and as MPE-FEC cannot provide a
resolution to this problem, transmit power mustrimeeased and additional transmit sites must be
installed resulting in significant additional inte®nts and operational expenses. Clearly some
other solution is necessary.

Multiburst FEC Protection

In order to overcome the problem of lost bursts,FBEC scheme that spans multiple time-slice
bursts has been introduced. The benefits of this hiteady been recognized in the download
delivery service in DVB-H by using FLUTE togetheithvapplication layer FEC (AL-FEC)

based on Raptor codes [2][4]. In addition, someassh work in this direction proposes similar
concepts for streaming delivery over DVB-H [8].dtandardization efforts, similar concepts are
currently investigated in DVB within the satellgervices to portable (SSP) group and a detailed
and backward-compatible extended MPE-FEC propasabken endorsed by the SSP group in
[1] for further considerations in DVB. Detailed uits on the performance of this multiburst FEC
are provided in [5].

The idea of multiburst FEC generation is showniguFe 1: A continuous data stream (yellow)
is chopped into pieces of certain size. The datktlae generated FEC from a single block
encoding process is then distributed over multijphe-slice bursts. Two different sending
arrangements are shown. Sending Arrangement 1bditgs the data and the FEC sequentially
over the slice bursts—this generally results irstsuthat either only contain data or only contain
FEC. Sending Arrangement 2 distributes the datafaé&EC so that each burst contains data
and FEC. While either arrangement is significab#ijter than the current standard, both
arrangements have advantages and drawbacks aseduiilow.

Sending arrangement 1 separates FEC and timegstithne most extent. In case of good
channel conditions, one might be able to ignoreéeREC bursts leading to power savings.
However, this would require new signaling of tinliees bursts. Sending Arrangement 1 also
might result in increased tune-in delays, sincemtieing during a FEC burst, no data is
available to be decoded and displayed.

Sending Arrangement 2 always sends data alongantithe-slice burst in a very similar manner
as DVB-H. This sending arrangement supports featicél switching and allows reuse of the
legacy time-slice burst signaling, but it suffeosng slight end-to-end latency degradation.
Nevertheless, due to the backward-compatibilitp¥B-H MPE, sending arrangement 2 is
generally considered more attractive.



Figure 1. Multiburst FEC schemes in DVB-H

The introduction of multiburst FEC scheme may bealeither

- above the IP layer as application layer FEC follayihe FEC framework currently
defined by the IETF and the MBMS streaming framew(see [6]), or

- below the IP layer as link layer FEC following th’E-FEC principle as well as MPE
iIFEC (Inter-burst FEC) concept [1] as endorsedigylVB-SSP group.

DF Raptor codes can be used within both framewdrks.performance in both cases is expected
to be identical, only some implementation and diggaspecific aspects may differ.

MPE iFEC

The MPE iFEC framework defines a new MPE sectiq@e that can either replace the regular
MPE-FEC or be sent in parallel. Therefore, theqwol stack is unmodified to DVB-H, and the
new FEC is on the same layer as the MPE-FEC. Seatarks of this MPE iFEC specification
are backwards-compatibility with MPE and MPE-FE@ertion on a time-slice burst basis,
support for fast channel zapping, support for recpwf burst losses or bursts with high loss
rates, full support of variable burst sizes andalde bit rate streams, and support of Raptor
codes as specified in DVB-H IPDC and MBMS.

The overview of a sender supporting MPE iFEC isnshim Figure 2. The basic steps are as
follows:

- Datagram bursts of variable size are processed

- Each of the burst is mapped to encoding matrices

- Each encoding matrix periodically produces paritpimation

- The parity data from the different encoding masitemixed with an original datagram
burst to generate a burst.

A detailed presentation of the framework is avddab [1].



Figure 2. MPE iFEC framework at sender

The sender architecture is such that the new FBEEnse could be added to the IP encapsulator,
since full time-slice awareness is also requiredhe extended FEC to provide all the benefits of
DVB-H.

Figure 3. Potential receiver architecture for multburst FEC on MPE level

A potential receiver architecture is shown in Feg@r As the FEC processing is done in the host
processor, it is more suitable to do the MPE prsiogson the host. The interface between the
host chipset and the host can also be MPE seatamnssponding to IP packets. Note that the
introduction of such a scheme will not require amydifications to DVB-H chipsets or hardware
and can therefore be introduced as a software efddhe receiver.

Digital Fountain Raptor Codes in Multiburst FEC

As already mentioned, the MPE iFEC framework suggpihie use of DF Raptor codes. The
flexible and low-complexity DF Raptor technologyaéifes overcoming the above mentioned
signal outages by channel coding. Due to the flbtilof the solution, the operator is provided
with the option to design each of the servicesviiddially, according to service requirements in
terms of priority, reliability, resource consumptj@nd latency, as well as take into account its
measured and experienced conditions. DF Raptabfliex provides a unique possibility to adapt



a deployed system to the specific conditions, wisgtarticularly important since operators are
concerned about channel switching times and tlffeicteon the consumer experience. Digital
Fountain has innovated new methods to minimizeedfects on channel change time with MPE-
iFEC.

Link Margin Gains with Multiburst FEC and Raptor Co des

To provide insight into the potential performanaéng from DF Raptor, some initial simulations
have been performed. A simplified channel modettierevaluation of the potentials of
multiburst FEC has been proposed by Teracom inA3jrief overview is provided. With DVB-

H the error behavior can be modeled so that astlimgverage field strength (FS) during a time-
slice burst is above a certain threshold, all [Rdathe burst will be error-free after MPE-FEC
error correction, whereas if the average FS (or)@Melow the threshold, a significant amount
of data is considered lost. Shadow fading is addé¢dis model. The average C/N of a burst will
vary from burst to burst with independent probaieti following a Gaussian distribution around
the average FS value. The Gaussian distributiohdsacterized by its standard deviation, sigma,
which is often assumed to be 5.5dB.

The MPE-IFEC framework is applied. For Raptor codes framework is most suitably used

with B=S=1 resulting in basically only one encodimgtrix to host source data from EP
datagrams (B=1). In addition, the generated paaty is also distributed over EP time-slice

bursts (S=1). For D=0, the interleaver spread ER2#s the parity data is sent after the source
data. For D=EP, the sending of the data is delayddP bursts and therefore, the interleaver
spread is only EP. The interleaver spread influgtice performance and the channel switching
time. Typically, time-slice burst repetition pergdre in the range of one to several seconds, such
that a spread over EP bursts results in a delayonind EP seconds.

Figure 4 provides simulation results for ESR5(Eydneous Second Ratio measured over a
window of 20 seconds and at most 5% erroneous detawer link margin in dB for FEC code
rate, 3/4, and different FEC spreads EP=4,8,12 eoedpto MPE-FEC at same code rate (CR) of
2/3. Also shown are the gains in dB for differectteames. Two figures are presented, one
corresponding to D=EP, and one corresponding to. Dyfically, operators want to achieve and
ESR5(20) of below 1%.

From the figure it is observed that gains betwed® r low EPs and up to 8dB for high EPs and
D=0 can be achieved compared to the MPE-FEC byskeof multiburst FEC with Raptor. The
parameter variations show the flexibility of théutimn, each service can be optimized towards
delay, quality, and efficiency. More comprehensesults for different code rates, interleaver
depth, etc. show very similar tendencies and aadable on request.



Figure 2. Simulation results: ESR5(20) over link rargin in dB for Raptor MPE-IFEC for
different interleaver spreads EP and different D canpared to MPE-FEC at same code rate 2/3.




Channel Switching and Latency

Channel switching time is an important parametebiéB-H video services. Generally, the use
of multiburst FEC increases channel switching tinkéswvever, with sending arrangement 2
(mentioned above), each time-slice burst contase$uli data. If the time-slice burst is not lost
and the burst contains a random access point tmélka stream, the data can be immediately
decoded and displayed, and channel switching tanesis good as for regular DVB-H.
Switching then happens on non-protected data alydelies on in-burst FEC.

Once tuned to a service, the multiburst FEC isegiliely required at some later time. In a simple
receiver implementation, the video decoder woudththeed to rebuffer once any iFEC is
required. However, the video and audio decoderseaaity and without perceptual degradation
slow down the media playout. This concept is kn@asradaptive media playout (AMP), see for
example [7], where after switching, the media decalows down the playout by, for example,
25% such that the buffer needed for IFEC decodargle built up over time. With a slowdown

of 25% and an iFEC delay of 8 seconds, iFEC coalfuby exploited in 32 seconds. If iFEC
needs to be available sooner, more aggressivegatmight be used for shorter iFEC delay or
more aggressive slowdown of playout. In additiam,dervices with no delay constraints, the data
may be delay even further such that the FEC isaeead of the corresponding data. In this case,
less buffer slowdown is necessary. The configunabibthe receiver playout strategy is a quality
versus efficiency tradeoff and may for example thested according to the previous experienced
reception conditions.

The Business Case

Based on the results in the simulations aboveintpécations to the business case of DVB-H are
nothing less than substantial. Link margin gaisiag DF technology (compared to the status
qguo) were 2dB — 8dB. To translate those dB gaittsnmeaningful numbers, note the following
table that equates link margin gains to area gaittse service area:

dB Gain with
Raptor iFEC 2 3 4 > ° ! °
Increase in 30% 49% 70% 95% 123% 1559 1910;(0
Coverage Area

Table 1. Example dB gain translation to coverageraa increase

A realistic link margin gain of 5dB with Digital feimtain Raptor codes would nearly double the
service area, allowing an operator to deploy adrast network with half the investment in
transmission towers or to achieve a substantiatieb QoS with the same number of towers.
Further, for urban areas, a 5dB gain would draraliyiemprove indoor reception, again
improving the customer experience though better.Qa%n instance of a medium-sized country
with a moderately dispersed population where a DVBllout has cost upwards of 300m Euros,
DF technology could yield a start-up infrastructsasings of 150m EUR. Understandably, this
has gathered the attention of a number of operdersloping DVB-H solutions.



So the business case is clear, and effects bath sefcthe coin: operators can leverage FEC
advances to:

* Reduce costs and infrastructure investment
* Increase service revenue though:
o0 Reach a broader area, bringing the broadcast netaanore subscribers
o Improve QoS for all receivers by strengtheningliteadcast signal and reaching
previously unreachable urban areas, creating a sgammless, high quality network.
o Lower churn, as the service improves and customstrftion over network quality
is addressed

Conclusion: A New Day for DVB-H

Much has been made of DVB-H technology and theital@l play in spurring mobile

multimedia further. Operators globally are evahgmthe network or making massive investment
in the build out of a DVB-H network. But rolloutis date have been plagued by high cost,
wasted bandwidth, flawed business models, anddatdd quality. Indeed, alternative mobile
broadcasting models have used the troubles of DMB-highlight the relative strengths of
alternative broadcast networks.

Digital Fountain’s contention is that the aforemenéd shortcomings in DVB-H require an
analysis, if not a rethinking, of DVB-H in order fiod areas where recent technological
improvements can measurably impact DVB-H. It eaclthat the advancements in FEC create
this opportunity; the adoption of iFEC, and partéely Raptor-enabled iFEC, has several
advantages for DVB-H networks:

1. Link margin gains that create substantial infrtature savings, allowing operators to
reduce the investment required for a network boiltlby as much as 30-50%

2. Quality of service improvements resulting franklmargin gains, allowing the network
to reach broader service areas and enhance indmupenetration, as well as enable
perfect quality even at high rates of speed.

3. Bandwidth savings, resulting in the ability fgperators to deploy more services,
ultimately creating a more favorable business méatebperators

4. Seamless backwards compatibility with existiegaorks, allowing operators to leverage
existing DVB-H investments

The business impact of these advantages is cte@er lcosts and greater revenue while reducing
churn and making the service more attractive tsaorers as network quality improves.

There’s little questioning the promise of DVB-Hgttechnology has been adopted by operators
globally and endorsed by the European Commissiwgsitment by the entirety of the mobile
ecosystem—from operators to OEMs to content praosideontinues to grow with an eye toward
a mobile multimedia explosion. But the existinguies must be solved for DVB-H to be
successful.

Digital Fountain believes the solution is clear—eyeraging the advancements in FEC over the
past five years since specification, DVB-H can o#enore attractive business model, both on
the cost and the revenue sides, for operator amslicoer adoption while maximizing the
consumer experience.
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