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KEY FINDINGS

1 The findings 6 this Australian study are consistent with recEatopearreports
which show nobile networks can complement broadaastio but are not likely
to replacat in the foreseeable future

1 Even with upgraded 4G networks using the most advanced LTE broatudst
there are technical and economic readonsadioto usefree to airbroadcastn
both regional and metropolitan areas

o the imited range of LTE Broadcast
o the significantimpact on mobile cellcapacityfor ot h e r user 6s appli
evenif LTE Broadcast is usetb deliveracceptableadio;
o this study showsell capacity reductionfrom 10% to over40% in regional
areas
o there isno handover mechanism from LTE Broadcast to one to one streaming
on 3G or 4Gresulting in servicalrop out at the edgef LTE broadcast
areas The listener would need tmanually reselect thestreamedradio
service
0 business modslfor radio carriage over LTE Broadcaste still being
evaluatedut likely impactsare
A mobile network operators (MNOB)ill need to pay taipgrade each of
their networks;
A broadcasters will need to pay thN O 6fsr using the capacity
required and
A listenerswould need to pay to receive radstreamed via mobiles
which usegheir mobile data plarather than listeninfree to air
0 network neutality issues & regulatiomay constrainMNOs from using LTE
broadcast to compete with broadcast;
0 data usage and battery drain has been consistently found to be of significant
concern to listeners of mobile streamed radio

1 Digital radio has had a quiet@ution particularly when compared to the current
fanfare around mobile broadband.

1 After only 5 years on air,igital radio has been adopted by almost 3 milloon
23.5% ofAustralians in the metpmlitan cities.

1 Without broadcasdigital radio capabily, innovative regional broadcasters will
increasingly be constrained comparednietropolitanbroadcasters.
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EXECUTIVE SUMMARY

Techneeconomic analysidemonstrates upgraded mobile broadband communications
networks cannot economically substitute for tieed forDigital Radiobroadcasting
in Australig particulaly in regionalcentres

Over my 35 years of experience in the telecommunications industry assessing
technological innovation and itgkely impact | have developed a now instinctive
scepticism 6 arguments that somé newd t e c h n owilloignyediafely at f or m
substitute for an establishedalternative technology platform. Even the internet

6 r e v o |whithi hasn lieenhappening over the last 20 years is an exciting
6evol ut i oohudwhbd auld sde it comiag!

As an expert in the evolution of mobile communications over 30 V@& snerging of

the internet and mobile over the last 10 years to forge the Long Term Evolution (LTE)
or 04G06 mo b hak beenbfas@naticido afdie dreeventempted to suggest
there is no future for Bigital Radiobroadcastingnodel given the ability of a listener

to access digital audio content anywhere, anytime they want.

Like the internet although with far lefanfare the DAB+Digital Radiostandard has
been evolving towards a stable open global standard accepted in Europe and
increasingly in Asia.

Digital Radiocan support the progressive transition from analogue AM and FM radio
techniques with greater efficiency, better quality sound, offering grédistener
choiceand functionalityand greater diversity of broadcastesbrid digital radio
uses the complimentargapabilitiesof the internetto add value to the primary
broadcast content in a cost effective manner.

In the USAwhere the internet vgainvented, digital Radiostandard known as HD
radio has beedeveloped sa simulcastDigital Radiobroadcast standarddD has
not been a popular choider Digital Radio outside the USdue to a number of
shortcomings including technical performancel ahe business model that requires
licencing of the technology.

From my experience, unlike the evolution of digital mobile technology standards, the
US has not provided a similar technological path for Digital RéalicAustralia to
follow which would dlow us to be part of a global industry.

A number of excellent studies have beenductedecentlyin Europe to considghe
ability of the broadband mobile infrastructure to accommodate demand for audio
broadcast content mostrrentlyé i n e f f iugportechan expensive AM and FM
broadcast facilitiesrather than on digital networks.

This reportdraws fromthese studies to translate the same quesbidine Australian
context Can mobile broadband networks delivBigital Radio to Australians
adequately and efficientlyhe adoption oDigital Radioby consumers and by motor
vehicle manufacturers in Australia, in spite of the lack of regional service, has been
beyond forecasts particularly in a market that is second only to Sweden in the per
capitaadoption of mobile broadband which is available in the regions.
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The Australian Communications and Media regulatbe ACMA, needsto plan and
allocatethe spectrumset aside for digital radio roll out under the recent spectrum
restack to allow roll ouih regional areaas part of a national pldar Digital Radia

Thisreporthas an Australian focus ardnsides the potential for mobile networks to
be expandedo a point where they anrdable to accommodatall free to airradio
broadcastingransitoning free to airacross at the same high quality as broadeaist
instead of installing>AB+ Digital Radiobroadcasting facilitieashas been donm
our major cities

The Albury township component of th&lbury radio broadcasticence aredas been
used as a case study which illustrates how even with deployment of LTEcésbad
modeextra tower sites would not support the likely local streamed channels

Mobile networksan regional Australiaare even less cost effective compare®AB+
Digital Radbp in regional areas to carry streamed content as:

1 only major regional centres and major highways are likely to be provided with
4G LTE with most regional coverage being met with 3G

1 LTE broacastwill require further sites t@xtendcoverage and is unliketo be
deployedoutside regional townships

1 listeners to streamed local radio on LTE bazstwould experience interruption
when moving to the nre extensive LTE or 3G coverage;

1 the scenario of the mobile networks carrying all local broadcast radibein t
regional centre of Albury is examined in Section 6.

Further there is considerable uncertainty as to a plausible business model to support
upgrade ofmobile networks from 3G to the most advanced form of 4G LTE
Broadcast to cope with streaming all tetrie$ radioand in any casehere listeners

would likely have to pay.

This is particularly the case for regional mobile networks.

The listenerto digital contentnow has greater choicand functionalityoffered by

what is potentially complementary dedry of digital audiobroadcastechnologies

and increasingly &édhybridd solutions are
Regional listeners quite reasonably want to have this same greater eamoice

increasing functionality available to city listenerand still have the choice of
receiving the broadcast component free to air and in high quality.
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1. INTRODUCTION

Digital Radio using the mature DAB+ standakdas launchedin 2009 limited to
Australiads maj or theagditidna limited retpnalensrketsofl | o we d
Canberraand Darwin in 2010In spite of these coverage constraints due a lack of
allocated spectrunin our regions radio broadcasters represented by Commercial

Radio Australia (CRA) have been rewarded for their commitment with the aapid
impressivdistener takeup ofbroadcasDigital Radia

Digital Radiousing the broadcasting standard DAB+ continues to gain acceptance in
European and now Asian markets. Australia is the world leader in broadband mobile
adoption and yeDAB+ Digital Radio adoption, although restricted in regional
coverage compared to mobile broadband, continues to grow!

In parallel to the growth of DAB+ Digital Radig the increasing availability of
Internet Radigaudiostreaminglon 60 s mar t p Ipeoplea Buge divdrsitye r i n g
of audioand visuakontent on their mobileandsehas also been stunning.

Mobile broadband technology using 4G or LTE has enabled greater data capacity on
mobile networks tde better able to carry the growth in data traffic includinglia
streaming for Internet Radio on mobile deviceBhrough streaming online
broadcasters have been able to provide additisealices/ content to their listeners

and with features and functionality that analogue does not.allow

It is therefore not sprrising that eme naive observers ask whether there is a need to
expandbroadcasDigital Radionationallygiven the growth of Internet Rad{audio
streamingon smart phones

Techneeconomic analysisvill demonstrate that besgléhe demand byistenes to
have broadcastDigital Radiq our mobile networksare not able tceconomically
accommodate the ongoing demand éprality broadcasting radioHowever, this
demand can baccommodated by commitmentnational expansionof broadcast
Digital Radia

Digital Radioand Mobile Internet Radio are complementatgtforms. They can
economically meet different listener marketsd provide different experiences and
points of contact for audiences to enjoy their favouliteal stations and talent.
Hybrid radio receivers which will be increasingly available in the marketdffer
listeners a seamlgssonnectedfeature ricHistening experiencéee to air with click
through to online conteiitthe best of both worlds!

2. BROADCAST RADIO AND MOBILE INTERNET RADIO

Broadcast radio and mobitreamingwhile both use the radio spectruthey have

had very different historieswi t h t he rel entl ess progress of
the early 80s convergenas it is termeds acceleratig. The digital technology

revolution is underpinning theonvergencef the broadcast and telecommunications

industries so that what werence distinct markets and industry silos ar®w

converged
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The parallel evolution obroadcast radio and mobile radio illustrate this relestles
progress towards convergence with lessons for how to intenpdatavigatehange.

Interestingly, broachst radio for one to mamgnd mobile radiqaudio streaming or

simulcast)for one to one communications had a common begiminga bl ed by o6v al
tenol ogyo at the begi nnitmedernoférthetnéweradib9 2 0 s . (o
revolution powered a whole new broadcasting industry that transformedapre

societyand wasfollowed afterthe war by television (ie TV). Thus the broadcasting

industry sib within its distinct regulatory frameworkas evolved. The move from

6anal ogued (i e AM andiPhAMEutropedi gi ttdaled mi ad
took 10 years to develop to the current DAB+ standard used in Australia since 2009.

The radio broadcasg industrydeveloped very differently in the United States as

will be discussed later.

Mobile o r 60 c el | farlpablic tele@mmuaiéations first began in the Nordic
countries i n t he n &tarrin the Unieed Gtatesvhaaenitk t h e
introductions wasdelayed until a new regulatory regime was essaild. Cellular

radio then was an extension of the public telecommunications industry that was going
through | iberalisation around the worl d. B
the digial mobile standard known as GSM (ie 2G) based on TDMA was introduced

across EuropePrior to GSM Europe had a number of incompatible 1G or analogue
standards and GSM was a o6revolutionaryd ne:

At the same t i mkeUnited StateedeVelapecwhd @8 Arguably a t
superior standafdCDMA that was evolutionary in that it enabled mobile operators to
mix the 2 standards to meet demand. In spitAustraliausing the US 1G analogue
standard, wechosé€ the EuropeanGSM stamard. The GSM standard has now
evolved over 20 yearsto LTE and has now emerged as the global mobile
communications standard and is being accepted in recent times by the United States
as the global industry goes to 4G based on LTE Advanced.

From the mid 290s, the internet revolution originating in the United States has been
transforming the telecommunications industry. Further developments of the digital
mobile 3G standard early this decade coupled with the release in 2007 of the Apple
iPhone has ushered the mobileinternetrevolution. There is no question the United
States has been the forerunner of this revolution!

Firstly, what is clear comparing the evolution of thevadcast radio and mobile
broadbandndustries is that they have devetoljuite £parately to date However,

the increasing absorption of digital technoldgycausingthe markets they serie
beginto overlap. Mobile phone users using their smart phanesonnected to the
internet andso can listen to internet sourced audio cohterSecondly, in both
industries, the standards development process and increasing globalisation form the
critical context to interpret the likely directions of change.

The US in addition to the é6superiord CDMA standard, also develo
adopted for a time in New Zealand.

*The US TDMA standard was also introdudediustralia by Telstra some 10 years later for some time as well to substitute for

the analogue service that had to be closed.
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3. EVOLUTION TO BROADCAST DIGITAL RADIO

From the earl@0 6 ke, evotution obroadcasDigital Radiohas been slowompared
to mobile technology and mobile broadband in particudale to a combination of
factors.

The principlereason for this slow evolutiomas beerthe lack ofregionallyaccepted
standards to drive down radio costs &maer risks otthe necessary investment by the
broadcasting industry.

At the sane time from the mid 90s, mobimmmunications, the internet and the Web
have merged into mobile broadband internationally standardisettatGfaming the
social consciousnsesThe question addressed by this averseaseports[Ref 2 and
3], can 4G mobilenetworks technically and economicallybstitute for the need for
local Digital Radidroadcast facilities?

The Bavarianstudy [Ref 3] reflects many local factordyut it exemplifies this
comparati vel y ®d broadcasiDiyitaleRadiolc otmip@am ed t he 6no
revdution of the mobile internefThe critical questionthe two European studies and

this Australian study aim to answes at what cost to listeners and whevel of
performance?The Bavariancomparisons of costs suggeite cost impost by

attempting to use mobile internet (eg LTE variants) instead of DAB+ could be as

much adive to oné

The radio broadcasting evolution from analogue technologies AM/FNDigdtal
Radio has been very different acros$ifferent Europen countrieswhere Digital
Radiobeganin earnestecently.

Australia is unusual in that we still extensively use 8% of radiostationsare on

the AM band) While gener al | y Atacbriologg ltakdp theiAastraia 0
industry encouraged the use of modern audio codecs like AAC+ to make the use of
DAB more viable for adoptioas its future digitabroadcasplatform.

While DAB+ Digital Radioin Australiais only currentlyavailable in tle five capital
city markets, the growth of tHeAB+ Digital Radiomarket from its 2009 launch has
been universally supported by the radio broadcasting inddisieringan increasing
diversity, quality and lowering costd receiver devicesvhich hasbeen anexemplar
to the global industry.

The Australian adoption model has been a stimulus to the Europeans who have started
to make firm plans for the transition from AM/FM f@AB+ Digital Radio shown

[Ref 12] in Figure 3.1 noting Swed&as justmoved cbser to full transition to
DAB+. Now large Asian countries are progressively in the earlysghaf introducing

DAB+ Digital Radioas illustratedRef 12]in Figure 3.2

From Ref 3: AHowever, the digital standard initially met with |
new standard. Purchase of new receivers for DAB+ radio also took up very slowly, and as a result, migrating to the new standard

was not an option for most broadcasters. Although transmission costs for DAB+ are considerably lower than for FM, simulcast

operaton would be necessary initially until the majority of listeners has upgraded reception equipment to DAB+ compatible sets.

This would involve a considerable financial burden for the cont
“Seenttp://www.worlddab.org/news/4738/2fab+commercialicencesgrantedin-sweden
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Figure 3.1Adoption of DAB+ in Europe
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Figure 3.27 Progressive Adoption of DAB+ in Asia

It is importantto note that this rapid adoption DIAB+ Digital Radioin Australia is
taking place in a market thatagper capitdeaderin the OECD for mobile broadband
adoptionas shown in Figure 3.3
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While both DAB+ andmobile broabard areavailable inour major regionsi should

be stressed that despite regional markets being interestadren free to aifdocal
content, DAB+ Digital Radiois not widely available outside the 5 metropolitan
capitals and remains so until regionpéstrum is made availablender a national roll
out plan

OECD wireless broadband subscriptions per 100 inhabitants, by technol D ber 2013
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Figure 3.31 Broadband Penetration in the OECD

31 Sources of oO6newd Technology

With regard to new technology and technology adoption, Australdicy makers
and journalists often look to ¢hUnited States In the case oDigital Radig as was
the case fothe move to digitamobile communicationsthe USindustry dynamics
have retarded the developmemwf the radio broadcasting industry amdoadcast
Digital Radioin particular.

While Satdlite Digital Radio(SDR) is survivingsolelydue to the merger of XM and
Sirius, the auto manufacturers who are major owners and hence will propagate SDR
use in vehiclesrealso crucially driving the marketNote that there are no plans in

the USA to renove analogue broadcastdio from car dashboards biiD, the US
terrestrial standard fdDigital Radiq is struggling to move forward and is primarily
only used by Clear Channel stations as they are major investors in Ibiquity the HD
IBOC technology patearholder.Unlike DAB+ with Digital Radiq HD IBOC is not

an open standardnd that constrains competitive supplynternet streamed audio
contentwas pioneeed in 1993 in the US [Ref 8], the bipllace of the internet, has
seen explosive growth albeitith surrounding controversy over royalties payment
principles forinternet radio

There are many theories as to wdigital radioin the UShas failed to develop as is
happening in the rest of the world [Ref Tfcluding different channel spacing,
licensingfees to use the standard, issues with self interference of the host frequency
on FM and long range interference time MW (ie Medium Wave)pandrequiring the

digital services to switch off in the evenibgt thegreater success of satellite radio is

a didinctive feature
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There maype more emphasis in the USA to be a
established well before digital and satellite radio by Cable TV in the USAhde w

Australia has similadistributionof population toCanada anthe US, satdite radio

hasnot beensuccessful herdue to smaller population, high cost and other factors

Ths6 US anomalyd is another factor that has
makers asa the distinct value dbroadcasDigital Radia Audio streamingrom the
Internetcomplements the power of broadcast radio but does not replace it.

3.2 Internet Radio Evolution

Internet Radio [Ref 8] began in the United States in about 1993 at the very beginning
of the rise of the internet offering a huge variety aliawcontent such as music and
public broadcasting content available to users anywhere in the weold.the
remainder of the 1990s IR saw a plethora of start up ventures most of which proved
unsustainable as they could not prove a viable business model.

These earl y v entb wgers, snever @aidefor éopyrighteaid were of
insufficient scale to attract advertising revenure.1998, theDigital Millennium
Copyright Act(DMCA) was introduced. Performance royalties had to be paid for
satellite radioand Internetradiobroadcastsn addition to publishing royalties
compared to traditional radio broadcasters who only lagay only publishing
royalties and ndroadcasperformance royaltie® the record companied least as
these are paid in Austratia

From 2000 onwards, most Internet Radio Stations increased their stream quality as
bandwidth became more economical. apdmost stations stream between 64 kbit/s
and 128 kbit/s providing near CD quality auddver the last 14 yearsternetRadio

has matured to complement local broadcast radinmerstandably, radio broadcasters

are keen tanake theirlocal content availale for audiences who want to access and
engage with thdbcal content over a mobile or connected device.

It is important to note than even thougkernet radicseemed to appear over night

Australig it has had a lengthy gestation in the US mafkanh 1993to the present

where clear market segments are now establigbtbr clear examples of markset

for streamed conteatre:

1 overseas radio broadcasteontent forexpatriatese.g. BBG

1 specialist IRaggregator servicdike Pandora, AppleTiunesradio, $otify that
enable users to navigate the plethoramafsic genre and formathoice (see
Figure 3.4examples)

From 2007 withther el ease of the Apple i Phone O6smar
and the growth of Appsnternet radioo n  u s e r Gasdseindelivézd aglethora

of content Apps habecome increasingly populaFhese Apps are often branded by

individual broadcastservices orby consortia to make their content more widely

available grovng their audience readlo become platform agnostis,uc h as t he UKH¢
iPlayer or iHeart Radio in the US and Australia.

SWhilst the vast majority of radio listening in Australia still occurs in the traditional sense, a small number of Aadisian
to their stations via simulcast streamed radio services over the internet for convenience or when the broadcast sgoabis not
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Figure 3.37 Ratio of DAB+ Listening to Internet Streamed Listening

From surveyscommissionedby CRA in the cities wher®AB+ digital has been
available since its launch in 2009, thdigaof DAB+ Digital Radio listening to
internet radio listening has stabilised at abibueeto one as seen in Figure 3i8
favour ofDigital Radioreflecting a myiad of listener market factors.

A recent report [Ref 13] has highlighted the very largéence (ie 800%) in the

listening to internet radio on mobile devices between North America and the rest of

the world This difference isshown in Figure 3, | would suggest in part that a

significant reason for this difference is that the US brodadoatustry has not

developed an industry strategy to movebtoadcasDigital Radia What is further

interesting from Figuré8.4i s t hat several of the Opopul s
iHeart Radio) are consortia of Radio broadcastere of the sverd reasons for this

disparity in North America in my view is that théS radio broadcasting industry has

not developed an effective digital transition strategy including an open technology
standard.

Mobile Internet Radio: For How Long Do We Listen?

PANDORA  |ost.fm ©isaxes

@ snazam . DEEZER

Figure 3.4 Mobile Internet Radio Listening
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4. STREAMING RADIO OVER MOBILE NETWORKS
VERSUS BROADCAST RADIO

The mobile internet revolution has allowsdernet radiao be streamed otle users
mobile phonestimulatingsome to pose the question whether moisiternet radias
an alternativeo broadcasDigital Radia This proposition thanternet radio presents
an alternative rather than complementDmital Radio has beenassessed by the
Bavarian study[Ref 3] and a Swedish study [Ref 2]

Fundamentally, the limiting factor of mobileternet radio compared igital Radio

is that streamed audio content fromweebsite is sento users on their mobile as a

unicast (ie one to one transmissiather than multicast (ie one to many as in
broadcasting). Thustreamedontent is sent sepely to each mobile listenarithin

the service area thus consuming additiaregdacityfor each listener! As a result the
effective O6cost of tr an sbhroadsasDigitahRadiathee s n o't
transmission cost is independent of the nemdf listeners.It is also more spectrum

and energy efficient than analogue as many radio services can be transmitted over
DAB+ Digital Radioon a single radio frequency, using shared infrastructure.

Further, audio streaming ®omobile phoneunlike free to airbroadcast t@ radio or
DAB+ enabled handsets not free as the streamed data contributesst ofthe
| i st dameap ofbeir mobile service contract. For travel within Eurapeacross
counties in the Asia Pacifimobileinternet radiccosts would be further impactéey
mobile dataroamingcharges.

4.1 Coverage
The mobile network coverage design is very different from that for broadcast

coverage and these differences have consequences for Asemare detailed
discussion is in Sectidh

Mobile networls aredesigredto provide wide area coverage for users using hundreds

of low power, low towerase stations of variable coverage extent so that users can
make calls or have data sessions that can be transitioned between adjacent base
staions wheron the move.

For high traffic areas base stations can be every flam&tresextending to 10s of
kilometres in outer suburban andegional areas. On the other hand broadcast
operators use less frequehigh power comparatively tallbase statins often in
simulcastSFN mode to cover dicencearea. The consequence for moligernet
radio users is a potentially widely variable coveragaich will affect the quality of
servicesparticularly in regional areas.

’Quoting from Ref 3AAs an alternative to DAB+, radfoo coul d be
mobile web radio which is of special significance for this analysis, two differing transmission technologies appear to be

particularly suited. LTE as a standard for mobile telephony builds on the GSM/EDGE and UMTS/HSPA network technologies

and allowsf o r an increased rate of data transmission. LTE operates
smartphone) demands a specific content from a content delivery server that is then supplied. As a consequence, the number of

end devices thatan be supplied with content via a radio station is limited. By contrast, eMBMS builds on the LTE standard, but

it is constructed like a broadcasting service. The standard can be used to transmit IP data from one radio statiorend several
deviceso
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While mobile networks generallylao w seaml ess handover betw
different technologies (eg 3G and LTE) including streamed trdffis,is not always

the case.tlis my understanding that such handover between LTE broadcast and

LTE/3G is not possiblevhich poses a challengerfthe application of LTE broadcast

for radia

4.2  Mobile network characteristics

Mobile network design is very dynamiavhich generally manifests aslowly
expanding service coverage but rapidly increasing capacity in many base stations
throughout the seice area

This allows network operatote keep pace with the increase in volume and diversity

of demand. Mobile broadband demand in the last few years hasesealating

rapidly, as new applications and data hungry devidige the explosion of
smatphones(such as the Samsung Galaxy in 2038hich relentlessly increasthe

use of mobile data creatingn evi t ab | e ¢ dhchcauegacketdasssapdot s 6
variable delay.

Undertheseheavy mobile data traffic conditions there can be completedbsise
session. Even inon-congestedimes receipt of an emaibn a smart phonean cause
an interruptiorwhen listening to internet radioThis does not occur on a broadcast
Digital Radiotransmission that does not need to scale to the number ofoussteer
activities on the networ&ndis thereforevery robust.

Such 6édemand hotspotsd particularly i f con
particularly challenging for listening to atreamed internet radigervice The

streaming software protoctr particular forms of content such as music will repeat
packetsrequiring additional bufferingOn the other hand, the user movement does

generally not affecbroadcastDigital Radio and users certainly do not experience
6demand hotspotsbéo.

Unlike broadast radio coverage, mobile coverage is done through an overlapping
mesh of cells where data traffic (eg downstream audio streaming) to listeners within a
cell need to contend (ie compete) for limited radio resource available for that cell. The
cell design(ie the effective bandwidth generally assumes the unicast data streams to
users within a cell are independerthisis clearly not the case fdaroadcasDigital
Radiowhere significant audiences oftksien to the SAME conterit the same time.

To owvercome this shortcoming af4Gmobile networks ability to operate in a one to
many modeeMBMS (in this paper referred to dsTE broadcagthasbeendeveloped
to allow simulcast otreamedcontentto multiple usersn a particular areat the
same time

Both the Bavarian and Swedigtiudies [Ref 2, 3] have considered the potertfal
LTE broadcasto improvethe6 e f f ecaphcitymeedid to allownobile networks to
handle broadcast conteah the scale that would be needed to service large radio
audences.

"Effective bandwidth for mobile broadband fundamentally means that within a cell of multiple users/listeners the available
spectrum is shared (ie. contestable) and depends on many factors that vary with time, location and load. Effective ibandwidth
an averag¢hat indicates the point of congestion.
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4.3 Developmentsn LTE for Broadcast Content
|l ncreasingly 6eMBMS6 also known as LTE
networkoperatorgMNOs) within their 4G orLTE coverage areas

Br

These are usually locatedthin their wider3Gserviceara t o al |l ow Obr oadcz¢
and audio contentdé to be 6simulcastédé to

usual Ounicasto® met hod whi dlte LTEsboadcass t e f u |

mode is designed to cope with a few thousand users wantiigw the same video
or stream the same audiothout congestion on New Year 6s Eve i
gathering 6ér example.

LTE Broactasfis well summarised [Ref 12hs beingthe next wave of mobile
broadband technology |t is being activelytrialled at the moment in Australia and
around the worldoffering the opportunity foMNOs to differentiate their service
offerings and reduce unprofitable demand spieablingthe network to cope with
predictable video (and audiopntent

While still in early phase of deploymenthis technologYyand the planned business
models are still to bassessethrough commercial roll outwWhilst the technology

will undoubtedly succeed for many usdw tikely impact on the capacity needed by
LTE mobile networks to cay internet radio needs to be realistically considered.
More relevant an observation is that 4G or LTE is not deployed seamlessly across a
mobile network 3G coverage area but is concentrated in data intense areas.

LTE Broactastto better carry broadcasbntent requires the segmentation of effective
bandwidth thus reducing the capacity in those cells in the designated area to carry
nonbroadcast content, such as voice calls, emailing or web browSkBdroadcast

area coverage ikkely to be designed foareas which ara subset of thavider 4G

LTE mobile coverage area where che configured for predictable audivideo
streaming demands in those areas.

For examplean MNO with LTE Broadcast capability could negotiatecommercial
agreement for broadcs t i ng ¢ v a l(eg fobtbalehigklightsiver a spécific
coverage zongeg in and around the football stadium)

58S LTE Br oad c-éreguency metwark (SANirgbroadcast mode that is part of the series of 3GPP LTE standards known
as evolved Multimedia Broadcast Multicast Service (eMBMS). It extends existing LTE/Eviebeicet Core (EPC) systems

with an efficient pointo-multipoint (PMP) distribution feature, enabling multiple users to receive the same content
simultaneously. LTE Broadcast functionality is available for commercial launch, beginning with Release ¢haadtitional
enhancements continuing in future 3GPP releases. LTE Broadcast is supported for all defined bandwidths and formats of LTE,
including FDD, TDD, and carrier aggregation (CA) [3]. SFN technology is used to distribute broadcast streams dtetiinee|
broadcast areas where all cells contributing to an SFN send the same data during exactly the same radio timeslotasied appear
single large cell. The area covered by the LTE SFNs can be small, spanning just a few cells; or it can be Eyelangean

entire country. Broadcast and unicast radio channels coexist in the same cell, sharing capacity, while the subsette of availab
radio resources are dynamically assigned to either broadcast or unicast radio channels. The LTE network catethdoyipgra
software, and a new media service layer offers a dedicated network element for the implementatitorefi@hd E Broadcast

services. LTE Broadcast provides a more flexible and lower deployment cost compared with previoubnuemiifest options

by leveraging OFDMA (Orthogonal Frequerbyision Multiple Access) and wider bandwidths available in LTE. On user
devices, LTE Broadcast requires no separate device chipset
From [ref 2] A Mobi | eestinpdtwasetlicenses towpgratiedall rade dake stationsi (@NwdeB) in their
LTE network to support eMBMS functionality as well as investing in new hardware and software for new devices in LTE
networks, such as BMC (Broadcast Multicast Service Centefy)BMS gateway and MCE (Multiell/Multicast Coordination

Entity).
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The MNO could charge a premium rate foustomerswithin the coverage zone to
receive such contentMost of the commercial intereby mobile network operators is
in video content rather than audio as it commagrdsiter commercial opportunity to
differentiate fromunplanned shared video downloadéich are generally poor
quality andarevery disruptive of mobile network performance.

In regional areas in particuldesseffective bandwidths made available in lineith
lower data traffic demand so thaten if4G LTE is deployed at regional 3G sites, the
LTE data coverage is patchytae cell edge particularly with larger cellag>10km)
in regional areadn my view amobile operators unlikely todeploy LTE Broadast
in regional areadue to the limiteeffective bandwidtlavailable at the regional site.

This observation is supported by the Albury study in Section 6.

4.4  Broadcast DataTraffic Growth

The growth in mobildraffic even over the next 5 yearseispected to be huge but the
extent isvery debatable. For example Erics§&ef 11] predicts video content to be
>50% of mobile broadbandy 2019 whereagricsson in aother study Ref 9
predicts video content to be >70% by 2016!

This large uncertainty in the growth in video for mobile broadband is therefozey
important strategic issue for mobile network operators and their suppliers.

The same report [Ref 11] tes the increase in other mobile data traffimting in
particular music streaming but confirms video is the main demand driver and is silent
on supporting broadcast radio content.

between markets due to differences in content availability

> 5 O % and content rights issues.

of mobile data traffic

will come from video 2 '
@
in 2019 In 2013, video
accounted for ~40%
‘*’ ﬁ of mobile data traffic

Segment
@ File sharing

@ Video

Audio
@ Web browsing
Social networking

. Software download and update
@ Otner encrypted
@ Other

Social networking
accounted for more

than of mobile
data traffic in 2013
and will have the

same share in 2019

Figure 4.271 Increase in Mobile Data (Source: 2014Erison Mobility Rep

Music streaming is gaining popularity, but functions such as caching of content and offline playlists limit the impéiit on tra

growth. Audio traffic is still expected to increaséoBd by 2019. Web browsing is predicted to grofiol8l over the same period.

Ilts relative share wild.|l however decline by 2019 fudhes todayds
video and social networking.
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4.5  Network Neutrality Issue

The Swedish and Bavarian analydé®fs 2 and 3] argueb net wor k neutr al
regulation will constrain MNOs from using LTE broadcast to compete with
broadcastersThed n e t weourt kr sHuecanyndes to rege in the USandto some

extentin Europebut notin Australiato any degreeThe authors argudRefs 2 and B

t hat onetwork neutralitydéd regulation wild/l
discriminating between sources of data (eg content types armhtant providers).
Mobil e network operators argue that this f

to assure fair carriage of content over their networks

However, cvelopments likeLTE broadcast,can be regarded as sophisticated
onet wor k mamadememt @revent certain types
compromising the quality of other types of content unless of course the content owner

pays.

Large content owners such as Google argue
all bits are treated e@l. A number of the references [Ref 2,3] align the interests of
broadcasters with the call for network neutrality in their opposition to matidenet

Radia

With LTE Broadcast, mobile network operators will be able to actively market to key
content owers (eg a Sports broada@rst to pay a premium thaveassured delivery

in multicast mode (ie broadcast ove) tRe contentto users who could ALSO pay a
premium for such content access on thdiE broadcasenabledsmartphone.

This option beingnitially** only available fora preconfigured coverage area (eg cells
surroundinganarenaor eveny.

It is important to note that not all vidéor audio)traffic is the same in terms of its
demand for network resources where the roleTd broadcasby MNOs i s &édnet wor |
mangement 6 for foreshadowed (i e open for neg

This issue is stildl i n debate both in the
believe the ACCCthe competition regulator in Australia will be persuhdbat
specific network neutrality regulation is required in Australia.

46 Latency
All digital systems includingbroadcastDigital Radio and mobile internet radio

exhibito6 | at ency 6 i n t hsaélayad bompareé to eadl tmast toau d i o
lesser extent also the casigh AM or FM broadcasting.

In this respectbroadcastDigital Radio exhibits lower latency at-8 seconds,
compared withn internet radio where necessary bufferiagross all servicesan
cause more significant delays of ovér20 seconds,

Latency is a particular problem where the conternisntrinsicpart of a live sports
experience making digital radio massitablefor sports crazy Australians

Upynamic separationfastreamed trafichetween LTE and LTE broadcast is likely in the near future.
[Ref 14]
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4.7 DAB+ Compared to LTE

The advantages and disadvantages of DAB+ and d¢arEbe illustrated in Tablé.1
thatis adaptedrbmthe Bavarian studjRef 3Jfor the Australian context.

DAB+ |LTE

Advantages

Live i real time content

Wider diversity of content as it includes nlmrcal services

More than just audio expence- new features and functions

New revenue opportunities

Minimal signal disruption even at high speeds

No costs incurred for listening other than initial radio purch{

Meets industry expectations

Full coverage of service area

Greater local content which is important to regional listener

Greener and more spectrum efficient

Ease of setup/mobility

Low cost of entry ubiquity

Use of existing studio infrastructure

Currently offers (greater) interactiyioptions for listeners o
smartphones and tablet

Radio receiver (mobile handset) already owned (by most!)

No local restrictions for programmes

Disadvantages

Costs for O6radio consumpt.

Minimal interactivity options to listeners but much work
going on to address this deficiency

Need to grow radio base

Traditional device manufacturers unable to support sg
based devices given current cost and margins

Variable coverage

Potential vulnerability to streaming constrictions (no netw
neutrality!)

Contractual link restrictions to particular to service provider|

Need a smartphone for LTE whichli$E broadcastapablei
timeframe

Significant delay

Table 417 Advantages and Disadvantages of DAB+ and LTE at a glance
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The study? [Ref 9] estimates the impact of LTE Broadcast on reducing the data
traffic load on LTE networks.

Figure 43 [Ref 9] showst he O6ef fectived reduction in m
greatest in high data demand times reducing to zero during low data demand periods
such as overnight.

The broad observation based on the same theory is that allocation of SFN LTE
broadcast in regional areas would require additional network investmestaio
sufficient minimum effective bandwidth for unicast data traffic and will have minimal

i mpact on reducing 6effectived demand.

Figure 6: iGR Model of Potential Impact of LTE Broadcast on Mobile Data
Demand (U.S. metro market in 2016; GB/Hour/Pop)

03 T 4 Mobile data demand
0.25 < Mobile data demand with
LTE Broadcast
0.2
o B N B Effective Network Capacity
0.15
0.1

LT LELEE
&4 o ¢ T o T T
&
Source” iGR, 2012

Figure 4.317 Impact of LTE Broadcaston O6ef fecti ved6 demand

Thus LTE Broadcast deployment in urban service areas dpeiak) times of demand
but would be a business case balance.

However, LTE Broadcasvo ul d no't be an economic soluti
demand for data streaming (eg simulcast internet radio streaming) in regional service
areas with larger cellsnd mnimal radio resource.

Note that a simulcast IP stream from a terrestrial radio broadcaster has the potential to
be carried on LTE Broadcast to multiple users whereas personalised internet radio
services such as Spotify and Pandora always require a fmoipbint (unicast)
connection and cannot be carried on LTE Broadcast.

Ref 9 fATo assess the impact of LTE Broadcast on the metro mark
will continue to grow and will reach just over 71 percent of total mobile data network traffic in 2016, while audio will
comprise 9 percent. i GR6s <calcul at i -oad 12.5perent ofithe wideo tataa t LTE Broa
traffic from unicast overall and 1 5modet shows that muthuof thenagpidiop eak hour s .
demand in 2016 will be for streaming music services and that LTE Broadcast would off-load 30 percent of the total
mobile data network traffic attributed to audio overall and 45
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5. RELEVANCE OF OVERSEAS EVALUATIONS TO AUSTRALIA

51 Digital Radio Adoption Rate in Australia

Before examining the relevance of overseas studies comgdarlad@roactastas an
alternaive cost effective platforno broadcasbigital Radiq it is useful to reflect on
the comparative rapid adoption Digital Radioin Australia since its launch in 2009.
In Europe the adoption ddigital Radio has been greatlgelayed due to the slow
agreenent ofglobal or even regional standar@suipment using the DAB standard in
Europe only becamavailable commercially isome European countriesl®0Q The
DAB+ standard was published in 2G0W in 2009 there were only 20 DAB+ enabled
receivers, wherthere are now more tha@0 device types.

Figure 1: Actual diffusion path of DAB+ compared to other technologies (previous
methodology)

25%

—\TCR.

20%

PC

CD Player

15%
Pay TV

Internet

10%

= Average of other

5% technologies

= = = Digital Radio -
Actual

Percentage of Australian households with product

0%

Years after market entry

Souree: Ironmonger, C. Lloyd-Smith and F. Soupourmas 2000, ‘New products of the 1980s and 1990s: The diffusion of household
technoloev in the decade of 1085-1005". Prometheus. vol. 18. no. 4. pp. 402-415: PwC analvsis.

Figure 5.17 Relative Adoption Rate of DAB+

5.2  User Contexti In vehicle use

The user context is very important to understanding the comparative user preference
for particular forms of content and the likglyeferred listening platformAwareness

of broadcasDigital Radio particularly as a standard in cars is very strong particularly
amongst youth?

A key user context for radio broadcasting and therdfopadcasDigital Radio, is in

the car where 32% odlistening takes place. The audience numbers peak in the
morning and the drive sessions. The content could be music, news, sport or discussion
with regular live traffic updates.

3249% of thoseaged 1824 years are aware that DAB+ digital Radio is now available in car audio sysfemees from
Commercial Radio Australia
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Twenty vehicle manufacturers in Australia now offer DAB+ Digital Radioeeifls a
standard or an optional feature. Manufacturers offering DABgit&i Radio line
fitted include:Aston Martin, Audi, Bentley, BMW, Ferrari, Ford, Fuso Trucks and
Buses, Hino, Infiniti, Isuzu Trucks, Jaguar, Lamborghini, Lexus, Land Rover,
MaseratiMcLaren, Mercedes Benz, Mini, Nissan, Porsche, Toyota.

This figure has more than doubled in the past two years, with further announcements
expected within the next year.

DAB+ Digital Radio is now available as standard in popular vehicles such as Toyota
Camry, Aurion, Ford Focus and Nissan X Trail. More tiA@/©00 new vehicles were
sold in the firstthree quarteref 2014 with DAB+ Digital Radio fitted. This figure
already exceeds the number of vehicles sold with DAB+ Digital Radio in 2013.

Manufactures have reported thatver 125,000 vehicles have been sold in Australia,
since the adoption of DAB+ Digital Radio in vehicles in 2011.

This figure is expected to grow considerably, as more vehicle manufacturers adopt
DAB+ Digital Radio technology.

It is estimated that almost half (46%) of heavy goods vehicles in Australia now
support DAB+ and the growth is shown remembering Digital Radio is only available
in the city markets.

New Vehicles Sold with
DAB+ Digital Radio

2011 1698
7 w2011
2012 J§ 15203
| m 2012
Source: Glss's Automotive
Business Intelligence 2014. 2013 38037 2013
Total sales figures supplied o
; ; W 2014 ytd
by vehicle manufacturers in
Australiasupporting DAB+ 2014 ytd - 70243
digital radio Q3/2014 - Total
Total 125181

Figure 5.2Vehicles Sold with DAB+ in Austrdia

The takeup of DAB+ Digital Radio in vehicles will also be enhanced now that a
range of aftermarket solutions for DAB+ are available from manufacturers including
Alpine, JVC, Kenwood, Orion, Pioneer, Sony and Pure.
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5.3 Coverage of Digital RadioCompared to Mobile
Currently mobile coverage is extensive in Australmclaimed to be of the order of

95% of the population though the physical coverage is less than 10% of the land area.

Telstra with the most extensive coverage aims to provide 4G BrdoVerage most
relevant to Internet Radio to 87% of the population.

In contrastoroadcasDigital Radiois currently limited to the major capital citiesnd
whilst VHF Ch 9 and 9A have beenainly cleared angbrovisionally set aside for
digital radio under the recent spectrum restack,aficial detailed channel planning

or licencing forbroadcasDigital Radio has been done to roll out coverage to regional
Australia. Including Digital Radio trial sites such as Canberra, the population
coverage isat 64%.n Figure 53 is shown the broadcast radio coverage in Australia
inclusive of AM/FM and Tel strads mobi |l

-
rRADIO Commercial Radio Licence Area Coverage Across Australia

o

»

Foe more inkcemation i ww <omemercilacho.com s of phane (03) 9381 6577

g=FAN

1400 Km

Figure 5.317 Coverage Comparison for Broadcast Radio and Telstra Mobile

As discussed earlier, irpge of the more limited coverage access Dugital Radio
compared to mobile LTE, the market igital Radiohas grown sigficantly and
there are already more thar33 million more listeners using DAB+ in Australia than
using internet streamed sensce
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6. COST COMPARISONS

The Bavarian study [Ref 3h particular compares the costs of supply in Bavaria
through DAB+ or LTE also considering the impactLdfE broadcasbn reducing
potential network congestionfand thus required network investment) to handle
content such as audio streaming to multiple users in particular service areas.

The cost models foDAB+ Digital Radioand mobile mternetRadio are in general
very different reflecting the business model in addition to the technology. The
Swedish studyfRef 2] summarisingthe difference in the structure of thepst of
transmission

1 for DAB+ Digital Radiq a number oprogrammesdhat can be supportegémain
constant, independently of the number of listeners

1 for mobile hternetRadig, the cost of transiesioni s not O0freed to

it depend ontheir dataconsumption

o for example,for an average of 18 hoarlistening per week and a 64kbit/
stream, the user will consume an average of 2.2GB of capacity per month
thatis more thanhe typical ser data cap of 2GB;

0 consumption overalincreases with the number of programmes. The use of
LTE broadcastpotentially enablescontainmentof the required radio
resource if the same programme is delivered over a service area

Essentially this means thate costs of meeting data streaming demand for radio
broadcasting over mobile phone networks does not scale with greater programme
choices.

LTE broadcastoffers some reduction in effective demand requirement in urban
service areas but cannot be expecteddpe with radio broadcast content in regional
areas.

The Bavarian study [Ref 3] is consistent with this assessment.

6.1 User Costs
Considering user cost comparison, tlaeg similarly different:

1 for broadcasDigital Radiolisteners the user costssuming tht DAB+ Digital
Radiois not already included in their car is the cost of a suitable radio whereas
there is no charge for listening

1 for mobile Internet Radio, assuming the listener has a newer mobile phone (eg
smart phone) there is a chargelfstening in that the audio streaming contributes
tothe used s d aas mentoaed earlier

“Quot e: Ref 3 ATransmission costs for radi o programmes
transmission to opt for. The following analysis therefore looks at the transmission costs for mobile radio consumptton throug
DAB+ and throgh the mobile internet both via the LTE unicast standard and via eMBMS (evolved Multimedia Broadcast
Mul ticast Service)o.
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6.2  Mobile Network Operator Costs

The Swedish study [Ref 2] in particular estimates that to accommodate the broadcast
audio content currently delivered usingylFon mobile broadcasting networks to a
regulated broadcasting level of performaiseould require the investment by the
MNOs of over A$500 million dollars even utilising LTEbroadcastechnologyto

carry current FM broadcast content

In the Australiarcontext, A$500 million represents about 5% of the LTE investment
by the 3 MNOs.The Bavarian study [Ref 3] undertakes a detailed evaluation of
relative costs of DAB+ersusmobile broadbandincluding the use of LTE broads)
demonstratingdAB+ Digital Radio (ie no analogue broadcasting) annualised costs
are less than 3% of the necessary upgrade of the mobile networks. The problem in
Australia is the ongoinig high cost of maintaining of simulcash AM and FM which

are an order of magnitude more expensiveperate thamigital Radioas shown

later in Table 6.1.

What is particularly relevant to the Australian focus on regional demand being
accommodated by MNGQs, thatthe Swedish studjRef 2 page 21fstimates that
unlike urban/metro marketsural LTE mobile networks would require a 20%
expansionin the number of new site® introduceLTE broadcast The increased
capitalrequirements onegionalmobileto carry audio str@ming will be examined in
more detail for the specific regional market of Albumgtthas mobile coverage but no
spectrum is allocated fdigital Radia

To compare Sweden with Australighe relevant land areas and population

distribution, Australia®will probably require darger LTE expansin thanfor Sweden

and AMTA have estimateat over $10 billionwith comparable performance [Ref 15]

The Telstra mobile network covers 99% ptation in 30% of the land area whereas
Swedends MNOOG6s cover the same population i

6.3 Broadcaster Costs

From various sources butelt summarised in the Harris presentation [Ref 1] there are
very large capital and operational costs advantages from using DAB+ compared to
FM for regional areas the focus for this report. These figures are summarised in Table
6.1.

FM DAB+
Number of Trasmitters 18 1
Capex costs ($US1000s) 900 80
Opex costs ($US 1000s/pa) 925 98
Transmitter Power (kW) 10 peak 2.5rms

Table 6.11 Comparative Broadcaster Costs (Regional Case)

*The Australian broadcasting regulator the ACMA does not regulate technical performance in this way.

i The Bavar i aimparsiculardrythe feRtevd trargmission costs for DAB+ and mobile IR show that Digital Radio
total annual costs across Bavaria are less than 5% of total annual costs for mobile internet radio even with the inclusion of

e MBMSo .

Norway is the first of dikely number of European countries to stipulate acessation date for analogue broadcasting. (ie FM in
this case)

Baustralia has a population of 23.6 million and a land area 7.69 millidwkereas Sweden has a population of 9.7 million and
aland area d.450 million knt
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Given the order of magnitude differences between FM and DAB+ in termstiof bo
Capex and Opex, there are significant advantages in a speedy transition to DAB+ but
this can only happen if their listener audience bagtal Radia In Australia which

has a high number of listeners on AMcompared to Europe) and FM and where
there @ae no dates been set by Government to transition before analogue radio is
turned off as was the case for broadcast TV, broadcasters need to continue to operate
multiple broadcasting platforms.

This problem is further frustrated in Australia where no spet is allocated for
Digital Radiooutside of the capital cities unlike the spectrum replanning process for
transition to digital television.

6.4  Albury Regional Market Study

To better understand the way a mobile network is designed to potentiallydataet
demandthe regional example of Albury can be used noting that spectruBidaal
Radiois not currently available in the Albury region. The network design detais
beprovided where only broad observations are covered in the main report.

For this exampleAustr al i ads mob,Telstrawileoe wsedrak theo per at o
example MNO and it is assumed the currengssli6 siteslisted onthe spectrum

regul at cACNA) dataibase willbe used to examine the use of. MVE& will

also assume #t these 16sites areupgraded to include.TE broadcastto more

efficiently carry broadcast data traffic to users/listeners in Albury. The distances
between thd&elstrasites is from 2km to 8krandit will be assumedor this example,

thedistance at theoverage edge will be less than 10km.

For upgrade td_TE broadcastto accommodate broadcast traffic, the cell size is
understood needs to be less than 5km and therefore sites would be required
which would require investment in infrastructure and Isiéses.

The LTE coverage areas calculateds shown in Figure 6.1. When LTE braadtis
deployed to more efficiently carry simultaneous broadcast programs, the overall LTE
network will require increased investment in both the number of sites anddibe ra
resource (throughput capacity) per site but up to a limit on the number of channels
that can be allocated per site.

An increase in the altation of LTE Broadcast willmean a reduction in the capacity

for non broadcast (ie unicast or general dataffit. We note that while the LTE
Broadcast capacitis less efficient use of the spectrumterms of bits/Hz it is not
dependent on the number of listeners. This trade off is examined using a number of
scenarios.

With LTE-Advanced the throughput ofumicast service idependenon the distance
from the basestaton and the propagation path allowing efficiesgper connection as
high as 4big/Hz close to the basgation and as low as 0.5BitiHz at the cell

boundary which mabe up to 10kms or sostant.

*The author understands the approximate AM costs are 2x the FM OPEX based on discussions with broadcasters.
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LTE-Broadcast on the other hand has to be consistent for all paths to the listeners in
the cell and hence adopts a lower efficiency in a tadtierith robustness for delivery
of the data to a specific maximuhesigndistance.

When LTE broadcasis deployed to more efficiently carry simultaneous broadcast
programs, the overall LTE network will require increased investmeroth the
number of desand the radiaesourceper sitebut up to a limit on the number of
channelsWhile the allocatiorof LTE Broadcastwill mean a reduction in the capacity
non broadcast (ie unicast) traffic this allocated capacity which is less efficient of the
spectrumis not dependent on the number of listeners. This trade off is examined using
a number of scenarios.

Area with good LTE
MBMS coverage
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Figure 6.1 An Example of LTE Mobile Coverage in Albury

For this regional market examptlree scenarioare considered

T

No LTE Broadcast wheraudio data streaming traffican be assumed asoth

local broadcast channetnd/orrandomas it makes noifference.Without LTE
Broadcastcapacity depends on the number of simultaneous listasetiscussed
earlierin an essentially linear fashioandshown in Figure 6.2rom the Albury
example design

With LTE broadtast capacity up to a limit is indepeant of the number of
simultaneous listenensut does slowly decrease with the number of sources of
content

The third scenario considered is where LTE Broadcast is used to carry local
broadcast streamed content and the ranskbeamed content is carriedunicast
mode on the LTE network. We will later assume that these two sources are 50/50.
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Before examining practical cases,is instructive to onsiderthe number ofikely
practical situations for AlburyCurrently Albury / Wodonga listeners have acdes3
commercial services, 5 ABC, 1 SBS and 2 community radio stghiang a total of
11 services.

A single DAB+ ensemble typically delivers between 18 and 24 services. We note that
in metropolitan areas the number of services on DAB+ is typically 2 ttmes the
number of AM and FM services combined.

Using more realistic numbers of listeners where based on Sydney >20% of the
population are listening in the morning peak period, then the further analysis in
Attachment considers the potential of 50@rgdisteners per cell.

In terms of the required investment by the MNO to accommodate audio broadcast
traffic in Albury if LTE Broadcast isnot made availapleoth therandom audio

content ags for the case for most Internet Radiad local radio contenwould be

subject6 b e s t endeavoursod6 delivery standards
listeners in certain usage contexts

Because the capacity is directly depemidon the number of users/listeners there is no
way the mobile network can cope with wienounts to 32Mbis to some likely 500
listeners as can be seen in Figure 6.2.

30000
* This case can be assumed as an LTE

cell carrying ordinary LTE data 25000
traffic and slowly loaded with

Capacity for other

streaming (unicast) 20000 services, kbps
* Spectral Efficiency for streaming is

uniformly distributed from 1to 4 15000
* Streaming data rate = 64 kbit/s Total bitrate of all

10000

* Users per cell = up to 500 streaming, kbps

* Capacity left for other data services | suwo
decreases linearly with the number

of individual streaming users 0
20 40 60 BD 100 1200 140 160 18D 200 220 240 260

* Cell capacity exceeded
Number of Users

Figure 6.27 No LTE broadcastCase

If LTE broadcast is made available to accommodate audio broadcast traffic in,Albury
the results arshown in Figure 6.8n the next page

In terms of the required investment by the Mi@nhsideredthe MNO would need to

invest in more sites (eg about 3 more sites) to maintain the samegeand would
also realise the necessangrease (ie 1% estimated) imadio capacity.
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Figure 6.31 Pure LTE Broadcast Case

The case shown in Figure 6.3 shows how the performance isffetted by the
numberof listeners but does depend thenumber of channels.

In practice, even with LTE broadcast deployed to local radio coat#ritdcase can

be assumedvhere50% of the likely listeners are listening to random streaming. This
case is shown in Figure 6.4.

Figure 6.417 Mix of Local Radio and Random where LTE broactastis deployed

What this shows is that the mobile capacity is dyiategraded by the random
content listeners.
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