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IPTV or IP Televisonis aprocess, amethodof preparing and distributing Television
signdsove an |P based daa nework. Content streams are acquired, demodulated and
decrypted if necessary, then re-encoded digitally for IP trangoort possibly with additiond
compression and new encryption. IPTV signds, or streams, are distributed on an I P based
network and viewed onalPTV capable viewing device, usudly a Set Top Box.

Note: This article discusses building and opeaating a complete headend, for the purpose
of competing with or replacing atraditiond CATV service, to provide coverageto a
metro or regiond area. We are not discussing the deployment of pre-multiplexed content
such as Comcast Corporation® (headend In the skyOoffering or Satellite Master Antenna
TV (SMATV) systems.

The key stepsto delivering IPTV to theend user

o Acquiring the Programming BThe vast mgority of this content, will bereceived
via satellite, requiring a headend facility. Additional content, local network
affiliates, may bereceived off-air in eithe andog or digital off air format, or even
terrestrially, asan ASI or SDI stream provided over fiber optic trangoort froma
nearby broadcaster.

o Encoding the streamsbThedigital or anadog content tha has been received has to
bere-encoded for multicast I P trangport. This stage would also encompass the
encryption tha will berequired by the programmers.

o |IPTV Distribution Network BThedistribuion network obvioudy needsto be
some kind of widearea network, asit needsto ddiver IPTV servicesto the
cusomersGhomes. This network needsto have adequae bandwidth with the
ability to implement Qudity of Service (QoS) to the end usersto ddiver IPTV
content. These requirements can be attained with the mixing and matching of
many current technologies.

o Middleware DTheend user, thetelevison cusomer, expects auser friendly
viewing experience. Typically presented in theform of an Electronic Program
Guide Themiddleware presents this to theviewer viathe Set Top Box.

o IPTV ViewingDevice DThisis generally consdered to bethe Set Top Box, not
too different in appearance fromthe STB provided by the cable company for thar
digital servicetier, or theSTB induded with ahome satellite package, whichis
also asatellite receiver. ThelPTV STB works hand in hand with the middleware.



Overview of key stepsto delivering IPTV

Acquiring the Programming

Thecontent tha the IPTV company ddiversto itsend user is owned or managed by some
person or some entity (for example: in almog all cases, theleagues retain ownership of
major leaguesports content). In thisindugry the entity tha ownstherights to the content
is called Orhe ProgrammerQ Once the IPTV Service Provider (IPTV SP) has acquired the
rights to collect and redistribute this material, then the IPTVSP has to build a headend
facility to process this content for distribution to the end user

Theheadend isthe phydcal facility where the media streams are collected and de-
coded/re-coded as Multicast |P for distribution. This is the core of the | PTVSP@ world.
Thisfacility isnotdramatically differentin prindpal fromatraditiond Community
Access TV (CATV) or Cable Television headend. The IPTV SP headend can be broken
into three distinct sections satellite reception, encoding and encryption, and distribution.
In this section we are primarily concerned with thereception of the streams via satellite.

Theingde of this headend facility will belined with rack after rack of commercial
satellite receivers. Outside receiving the content that is coming down from many satellite
trangmitters will bealargemulti-focal point c-band dish or afield of fixed single focal
point dishes. Thisfield is occasiondly referred to as a Qlish farmQ

Thesigndsthat are bang broadcast from space are very weak by thetime tha they reach
the earth and require theamplification of thelarge parabolic reflector (that isthe
recognizable pat of thedish.) Mog places in the United States can get by with theuse of
afive meter dish. There are places where more gan isrequired, or the headend designe
may choo to engineer alarger dish for more margin, booging therobugness of the
system.

Ingdethe headend theindividud signds captured by the dish will be split and shared by
the many receivers tha need to QookCet each of the satellites. An active splitter can be
used which should provide Unity Gain onthe outputs; it aso ddivers DC current onthe
input(back to thedish) to power the Low Noise Block amplifier (LNB). After splitting,
thesignd isrunto thevariousreceivers for demodulation.

Mog headendsbeang built today would be consdered digital headends This meanstha
digital content is being ddivered to and from the satellites, and stays digital all theway to
the Set Top Box. Of course there are some exceptions as there are afew streams not yet
available digitally.

In themogly digital environment, thereceiver will be connested to an inputfromthe
satellite dish or splitter. Thereceiver will betuned to atrangponde, which represents a
frequency or achannd. Othe settings such as symbol and forward error correction rates
mug be set, as well as other technical settingsas per therequirements of the



programmer@ uplink operationscenter. Thereceiver will demodulate the stream or
streams, and it will decrypt theenaryptiontha theprogrammers have used to protect

thar intellectud propaty for thetrip to outer space and back. The programmers designae
thetype of enayption used, and thisin turn dictates the receiver manufacturer and
sometimes themodd. Thedigital output of thereceiver isthe AsynchronousSerial
Interface (ASI). ASl isacompressed format designed to carry multiple MPEG2 streams.

In theandog environment thereceiver gesinpu from the satellite, which it tunesand
decrypts smilarly to thedigital example, but then the video and audio exit thereceiver on
sepaate andog connectors for andogto digital conversion.

Encoding the content

These digital outputsfrom the variousreceivers will beinjected into an encoding device
to beassigned a multicast IP address. In a standad definition environment, these streams
can beencoded in MPEG2 format or in MPEG4 format. The highe cos of MPEG4
encoding equipment encourages the encoding as MPEG?2 if sufficient bandwidth onthe
distributon nework is available. We will discuss thisin detail later on. If thecontentin
guestionis High Definition (HD), then withoutquestion it will need to beencoded in
MPEG4 not to overwhdm the distribution network. (A typical HD MPEG2 steam
conaumes about20 Megabits per Second)

Theprocess of convetingandog SD to MPEG2 or MPEG4 indudes the single extra step
of andogto digital conva'sion before beng assigned a Multicast IP address. This extra
step nomally requires different, encoding equipment tha tendsto beless efficient. As
more and more content streams are becoming available on the same ASl connection, the
size of thedigital headend is bang compressed throughthe application of moden
processing power. Thelimiting factor is the space required for the ports. A single anaog
stream consuming an entire port ontheinpu of theencoding equipment seems wasteful
in this day of thedigital headend.

Please note, we do nat cover the conaept of andog HD because there just isn®the need,
HD comes out of thereceiver only onthe ASl (or rarely ontheserial digita
interface/SDI) port. Thereisnovideo signd available onthetraditiond andogor NTSC
interface when receiving an HD stream.

Once dl thereceived streams are demoduated and Multicast |P encoded, enaryption till
needsto be applied to specified streams. Thesub-system in IPTV responsble for
encrypting content is known as the Digital Rights Management (DRM) package This
package congsts of oneor more servers, which behave as atwo-port fundionon ablock
diagram. Unenarypted multicast | P content goes in, encrypted multicast content comes
out

Dueto the abovementional infout methodobgy, the headend enginear needsto know,
for design purposes, early onwhich streams will require encryption, as these streams and



thar assodated encoding equipment need to be segregated. Specifically, theencode
outputs need to bedirected onto different segments on the heedend®interna network.
Content that needsencaryption has to beisolated from the distribution network until such
time as theenaryption has been added. Only then can these streams be merged with the
streams not requiring encaryption for trangport outon the distribution network.

While thebig piece of DRM istheencryption of the content, it would nat bevery much
useif there was noway to decrypt thesignd at thefar end. This requires some additiond
puzzle piecesto fall into place.

Thefirst istha depending on howthe DRM is implemented the headend may require an
additiond daabase server in theform of a Key Management Server. This server ddivers
and keepstrack of rotating decryption keys for the STBs to be able to decrypt content.
Thisvital task homogeneoudy bdongswith thefamily of bootservers and DHCP
servers, thereforeit isusudly groupeal with those devices rather than the DRM package

Thesecondistha theDRM provider hasto suppot and ensure full compatibility with
the Set Top Box manufacturer, the STB opeaating system vendor, and the STB video
presenting software vendor so tha the STB can bemadeto accept the key and decrypt the
encypted content. Thisintegrationis usudly version dependant and requires code
changes on multiple architectures when any oneparticipant makes a change

IPTV Distribution Network

Building an IPTV distribution Network can be attained with the mixing and matching of
many current technologies. As emerging technologes become available to ddiver more
bandwidth to the home, they will certainly beincorporated and used by the IPTVSP@
network engineers as they see fit to utilize these new technologies mog efficiently.

ThelPTV distribution nework needsto have adequae bandwidth and qudity of service
to theend usersto ddiver your content, and it needs to be capable of trangporting IP
Multicast based communications Additiondly, the network needsa small amountof
bandwidth to ddiver other revenue generating opportunities.

Themod prevalent types of networks for IPTV digribution are Fiber To TheHome
(FTTH/FTTX), Etherne Passive Optical Networkg(PONSs), or a Hybrid network usng
fiber optic distribution throughouta metro area coupled with a Digital Subscriber Line
(DSL) technology for the Qast mileOtrangport. The typical DSL types that have been
used for IPTV are VDSL or ADSL 2. Althoughthese high capacity DSL technologies at
first glance seem to beidedl to ddiver this hew technologyCthe probability of building
outanew IPTV system employing DSL is decreasing rather quickly, as cusomer
demandsquickly exhaug the maximum capabilities of these technologies.

For theIPTVSP to stay ahead of or even be compditive with thetraditiond cable
company, thel PTV SP has to offer compressive high definition packages and on-demand



video services. These two features make extreme demandson nework design tha did not
exist jug afew years ago. Review the sample bandwidth calculationsin appendix A
where we show some simple examples of how this has impacted nework design.

Wide area high bandwidth networks can be so diverse in both components and
capabilities only asmall fraction of possibilities could be addressed here. Whilethe
network acts as the plumbing throughwhich the content flows, it isjug acondut andis
effectively interchangeable; the available infrastructure will often times dictate how the
IPTVSP chooss to ddiver its content streams.

Middleware

Middleware isthegluetha holds the |PTV SP togaher. Withoutthe middleware the
IPTV SP has alot of expengve but usaless equipment. It may have been noticed tha up
untl this pointin this series all reference to content has been identified as streams, not
channds. This effort notto address streams as channds was directed toward this purposg;
withoutmiddleware there are no channds, jug streams.

Setting asde for amoment thevery real existence of enaryption, thetechnically savvy
could connect a PC to thedistribution network and, usng a web browser with the correct
plug-in indalled, or other multicast capable application, could access the content by
going to theaddress and port number of themulticast stream, for example
igmp://<ipadress>:<port> or igmp://23334.56.78:1234(note: thisisarandonly selected
address within the designaed multicast IP rangg. This method of viewing the content is
notwhat the viewing public would consder an acceptable viewing experience. Thisis
where middleware comesin.

Middleware manages inputand output to or from severa daabases, generates the
presentation to the TV viewer in theform of the Electronic Program Guide (EPG),
facilitates navigaion in the EPG and, of course, channd surfing. Thefollowing list
highlights these interactions:

o Themiddleware mug access and possibly managethe daabase of wha content
stream is on wha multicast | P address and port number.

o Themiddleware mug access and possibly manage the daabase of wha channd
number thelPTV SP wants assignad to each content stream.

o Themiddleware mug access and usudly managethe database of wha QpackageO
each channd is a member of.

o Themiddleware musg access and possibly managethe daabase of subscribers,
thar assodated Set Top Boxes, and what packages or indvidud channdsthey are
sub<cribed to.



o Themiddleware mug access the daabase which has the 1/2 hourby 1/2 hour
programming for each stream tha the|PTV SP has redistributionrightsfor. This
database is usudly purchased, via sub<ription, from some third party aggregaor
of thisinformation.

o Themiddleware mus keep track of VOD purchases and have the ability to
interact with thebilling system to ensure that those VOD purchases are propely
reflected on the sub<criber@ bill.

o Themiddleware mug be able to generate and distribute a fundioning, navigable
guideto the STB tha enables theend-user to view the EGP select and watch a
program, as well as to navigate up and down within ther subscribed channds
usng the up and down GCHOarrows on the remote (to surf).

For example: when auser switches onthear Set Top Box, themiddleware hasfirst to
determinewhether theuniqueidentifier of tha STB is assigned to a sub<riber whose
accounss are up to date. Then themiddeware ddiversto the STB for presentation thelist
of channdsthat this user is sub<ribed to; consequently thisiswha the STB is authorized
to display. When theuser presses the guide button on the remote, the middleware has to
dynamically generate or have ddiverable the Electronic Program Guide (EPG) tha
displays all the program titles and descriptionsfor content to which thisuser is
subgcribed. Typically this gudeis navigable up and down, representing all programs
showing now. Additiondly, theguide also displays programming tha isupoomingin the
next few hours. Theguideisusudly navigable forward in time for at least oneor more
days, aswell asback in time a day or more so theuser can see wha they have missed.

Themiddleware needsto be as or more robug than the mos durable of any of the

IPTV SP@ systems. Condder tha a seriousnetwork segment outage will only affect a
portion of the subscribed cusomers, and likewise areceiver or satellite dish/LNB failure
will only lose some of the streams; a middleware outage causes 100%of sub<ribersto
bewithout100%o0f the content.

IPTV Viewing Device, the STB

TheViewing Device or Set Top Box is the adapter, which connests to theuser@
televison. Itissimilar in appearance to the STB provided by the cable or satellite
company for thar digital services.

The STB isthe hadware item tha the user assodates with the IPTV SP, butit isuseless
withouta middleware solution. Set Top boxes need aso be affordable and disposable, as
oneor more will deploy to each subscribing home and some will belog or receive wear
and tear beyondwhere the IPTV SP can reasonably re-deploy it to a new cugomer.

While discussing middleware previoudy, it was mentioned that a PC with theright
software could view multicast IP streams. Themodern STB isin fact an embedded PC



with a cugomized opeaating system highly optimized to dowha it is suppo®d to do, do
it well, and to do nothing el se.

An STB typicaly is an embedded PC with a processor and memory capable of decoding
MPEG2 or MPEG4 encoddl video, plussimultaneoudy dealing with the processor
overhead tha enforced encryption addsto its burden. Theduty of presenting theguide
and acting on inputevents from the user with theremote are small in lightof itsred
duties, digital signd processing.

Given theabovecriteria, thelPTVSPislookingfor little morein the STB, particularly as
features have real cods and when deploying these itemsin thetensto hundeds of
thousands even pennies add up.

IPTV signds can also be viewed on a PC; many software media players can play
Multicast streaming content. However, to bealegitimate IPTV client amedia player
would have to interact with the Digital Rights Management package Only a minusule
fraction currently does - those developed in-hous, jointly by middleware and DRM
companies. The protection of the programmer@ intellectud propety aways has to stay at
theforefront of thoughtat every step of the IPTV company design and build. Withoutthe
satisfaction and sanction of the programmers the IPTV SP and the IPTV indudry has no
produd.

Coming soon, pat 3: IPTV; Features & Bendfits

Appendix A:
Sample Bandwidth Calculations

Bandwidth calculations pat 1: How much bandwidth capacity to the home?

Working backwards fromthe home, the IPTV SP needsto puta set top box at every TV,
asthereisno cable ready/basic packagetha can be hookel up for limited reception. This
meansthat for standad definition content to be ddivered to four TVsin ahome, encodel
as MPEG2, encodd at 3.5Mb/s, plusoverhead, a minimum of Sixteen Megabits per
secondreliable connection mug be available. Using ADSL 2+, speeds of this capecity are
only available within thefirst few thousand feet from the Central Office (CO), practically
within sight of the CO. If those four TVsare HD capable and theend-user wishesto
subsribeto an HD packagefor each one those four streams mug be encodal as
MPEG4, encodal at 11Mb/s, plusoverhead, consequently a minimum of Fifty Megabits
per secondmud beavailable. Note, it is also goodpractice to have theadditiond
bandwidth of an entire stream plusoverhead available at all times to accommodéae
certain settingswithin the Internet Group Management Protocol(IGMP) snoopngto
alow finetuning of the network for fast channd changes. Y ou can already see how 100



megabits per secondfiber to thehome lookslike your minimum conneetivity standad
and may beinaufficientinjug afew years.

Bandwidth calculations pat 2: IPTV Channd Lineup 20072009

We start at the headend and consder the streams available, or the streams tha the

IPTV SP whishes to make available. More than 150 SD content streams at 3.5Mb/s, plus
25HD content streams at 11Mb/s, plusoverhead immediately requires a distribution
network from the headend to the COs or equivalent location with a 920 Megabit second
capecity. But the|PTV SP cannotdesign and build for today. Looking forward jug afew
years, it isexpected tha thoe ratioswill bereversed, with mog of the content beng
availablein HD. Tha calculationlookssignificantly different. With 25 SD content
streams at 3.5Mb/s, Plus 150HD content streams at 11Mb/s, plusoverhead the
distribution nework now needsto beat a minimum two Gigabits per second, this
assumes there has been no additiond content streams added. This estimate also hasn®
taken into consderationE On Demand Video Services

Bandwidth calculations pat 3: On Demand Video Services or Video On Demand (VOD)

With moden storage capabilities, it is notexpensve or difficult for the | PTV SP to store
hundedsof populr movietitles for their VOD offerings Thebandwidth required to
ddiver VOD servicesis afundion of the VOD Qake rateOrather than the offerings
thoughthetake rate will dgpend on thedesirability of the content offerings Evenif two
subgcribers are watching the same offering, unless they subscribed to tha offering
simultaneoudy thedistribution network needsto deliver two 3.5Mb/s for SD, or 11Mb/s
streams. Of course the |PTVSP could choose to have a poor selection of content to
discourage sub<cribership in the VOD offerings but we are nothere to discuss bad
busness plans Letslook at ahypohetical IPTV deployment: regardless of thesize of the
city, lets assume tha the IPTVSP has deployed 100,000 Set Top boxes to some number
of residences. If onepercent of STBs simultaneoudy sub<ribeto aVOD offering, and
hdf of the offeringsare HD we have a bandwidth consumption as follows: 500 SD
content streams at 3.5Mb/s, plus500HD content streams at 11Mb/s, plusoverhead the
capecity of thedistribution nework dedicated to VOD which mug have at least 8.4
Gigabits per second. Remember, this 8.4 Gb/sisjust an estimate: astheVOD takerateis
dependant on many factors. Theobvioussimple pecent of subribersis onefactor, but
high qudity content, or even indement weather can dramatically increase the
subgcribership drastically increasing the network load.

Theastute reader will note tha the bandwidth requirements derived in this hypothetical
example added to our year 2009channd lineup above exceedsthe capecity of a10
Gigabit network for the IPTV SP@ metro distribution. This forces the IPTVSP to consder
preparationsfor implementing 10 Gigabit link aggregaion modds or moveto a 60
Gigabit distribution nework.

Link to origind web doaument:
http:// www.worleyconsulting.com/ publications/ 2007/ IPTVhow.html




