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Abstract Submitted

What a fast-paced last few years for us Broadcasters. Spectrum is in demand, and the other wireless
guys (wireless carriersé) claim they nmectod bagthaad we have.
forth like an exciting ping-pong match (is there such a thing?), Table of Allocations, Repack, 39-months.
Sound familiar? Well, forget it!

Soon the only important questions will be, "what are we doing and when can we start broadcasting with
Next Gen?"

This discussion will bring to the audience an understanding as to how we will wield the new tools and
assumptions that shape Quality of Service realities for Next Gen Broadcasting, unlocking the unique
resources we offer. We must turn our wildly outdated theoretical coverage contours into fareas of
servicesowith single frequency network deployments grounded in real world interference boundaries, and
understand the impact this will have on our business assumptions and new opportunities. What does the
Broadcast network of the future look like? Sinclair, ONE Media and others are turning from
contemplation to consummation.

The intent is to engage the audience in challenging the long-held assumptions of "what is
Television Broadcasting?" and provide new insight into the unique opportunities to establish
relevance in today's rapidly converging digital IP world with "BaaS (Broadcast as a Service),
positioning and developing Broadcasting's central role in the emerging 5G world.
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INTRODUCTION
This papeipresens the main elements and continuatioaf a vision forterrestrial broadcasting
(Ch. 236) in the United Statesvi t h a “ Next Geoanvduntanohas)afterthaRC&ar d (
Incentive Auctiorconcludes in 2017Theculminationof the Auctionrequires arepackof those stations
transmitting onthe 14 channels sold to the wireless carriers @*b1) into the space occupied currently
by other broadcasters (Ch. -B6), squeezing them together \hitas little interference as possible. The
timing providesa unique opportunity to align the repack with the voluntary adoption of the newly minted
ATSC 3.0 broadcast standartihe vision builds othe ATSC 3.6tandardand creates a understanding
of how to deploy a Next Generation Broadcast Platform (NGBP) aligned towtrednternet and
emerging 5G system architectures.

SinclairBroadcast Groumnd its affiliate, ONE Media have been founding participants and
contributorsto the ATSC 3.8tandardsetting process sindeeforeit began with the original 1.0 standard.
These two companiehave been immersed ither e sear ch f or a “ MtbavprepagesFi r st ”
the broadcastindustry forentry into entirely new lines of busiss, beginning with government approval
of the new standard expected later this year. Those new business opportunities may be in concert with
or, in some cases, competitive to otheireless carriers (Verizon, AT&I al). But the competitive spur
soughtby consumers and the government will be enhanced by the introduction of the new standard and
capabilities offered to broadcasters who have been trappada platform illsuited to connectn the
mobile/IP world todaywith all devices and through thaternet.

The significance of the 4fased enhancement of ATSC 3.0 in the U.S. needs to be viewed in
concert with changes to international specifications for mobile communicatiorise 3rd Generation
Partnership Project3GPR, a collaborative group of seral telecom technical groups across the world

I Advanced Television Systems Committég://atsc.org/standards/atse3-0-standards/
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aimed at developing global specifications for mobile systehas recently publisheda 5G service
requirements document TS 22.26%. It includes future innovation in broadcastingand the 5G
requiremens include anew radio(NR)with a 100% broadcasinly mode and larger tower (cell) spacing

up to 200km.The wireless carrier industry, whéa r mewth’ 600 and 700MHz spectruia result of
reallocation of broadcast channels ithe FCC Incentive Auctignjarge tall tower deployment
opportunitiesand a supportive standardould well be real competitors tBroadcasters Ironically,the
incentive auctionfundamentally resulted ira reallocation of channels from broadcasters to wireless
carriersthat will be used by those carrierassentially for broadcadike service. This 5Gactivity in the

3GPP organizatioalsorequiresa newsystemarchitecturebased upon software defined networks and
network function virtualization§DN/NFYa nd t he ¢ o n ¢ &lgihg’ Asfthe NaxteGenAd $Ck

3.0 standard is deployed, broadcasters then can provide many of the service offerings previously limited
to wireless carriers. This convergence of players and platforms offering services to all users marks both
a competitive spurd all players and cooperative opportunities by merging the platform capabilities,
focusing on what each party does best-to-manyThe <co
architecture and high capacity data distribution capabilities enabled by AT$6n3binhed with the one

to-one service offerings of wireless carriers.

Fom a highlevel perspective the Sinclair visiorincludes many technical and architectural
similarities to 5G. Tik paper positsnew use cases and callfor action statingthat the time isnow to
deploya new broadcast system architectuseipporing single frequency networks (SFahd using the
cloudto enablebroadcast innovation in the L& In order for he originalwirelessbroadcastsystem (TV)
to remain relevantand competitivein the future, broadcastersnust embrace anew broadcast system
architecturewith the introduction of ATSC 3.0.

Sinclair sisionis to develop a Next Gemation Broadcast Platform (NGBRlying onthe
flexibilitiesbuilt in to the ATSC 3.0 standard asoandation to revolutionize and ravent the world of
broadcastingBroadcastersave the ability taleliver data througtalarge,flexible, virtual, broadcast bit
pipe, supportingdiverse servicebeyondfixed inthe-home televisionincluding providinghe backbone
of the Internet of Thingstrue, robust nobile and portable receptionand appbased services under a
HTMLS5 run time environment.ransporting data using high efficiency video coding in aifPaletwork is
facilitated by he ISO/MMT 23008 MMT standard that can be used to enable hybrid
broadcast/broadband servicedd di t i onal | 'y, t he ‘ABES8.6tandard@(82)* porti o
will be explored in new waye allow for future growth in data provisioning@he spirit othe bootstrap,
as stated in the standard introduction section @.will be a synergistic component of the flexible
architecture enabling many newusecas8r oadcasters will no |l onger be |

2 http://www.3gpp.org/newsevents/3gppnews/183%sal 5g

31SO/IEC 23008:2014 MPEG Media Transport (MMT) technologl&sps://www.iso.org/standard/62835.html

4 http://atsc.org/standards/atse3-0-standards/

5 A/321, http://atsc.org/wp-content/uploads/2016/03/A3212016-SystemDiscoveryand-Signalingl . pdf
“This comparatively short signal precedes, in time, a longer transmitted signal that carries some form of
data. New sigal types, at least some of which have likely not yet even been conceived, could also be
provided by a broadcaster and identified within a transmitted waveform through the use of a bootstrap
signal associated with each particular timmailtiplexed signal. Some future signal types indicated by a
particular bootstrap signal may even be outside the scope of the ATSC.
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television.” Wh i Inost olust and technicalty spectaculdreTV pregemmirtg,h e
they wil/| be freed to roam the world of “Data” wr

THEFOUNDATION OF TMISION

The Next Gen standard setting process began only 3% yearsSigoairprovidedone of 10
proposals from19 organizationsthat responded to the ASC 3.0' R e q foeRBoposal$ for a non
backwardlycompatible physical layein August, 2013 after which theATSC beganthtePhy ssiyea ! L
Technical Proposals EvaluatiBrocessg Although nosingleproposalsubmittedwas selected invhole,

Snclair and its ONE Medéfiliate createdand organized industrgupport forthe critical physical layer

of the ATSC 3.0 standar@oncentrating on improvinfiexibility in a newstandard the central idea was

to enablea “ Mbile-Frst” strategy and one that integrated broadcasting in the IP delivery stream.
Snclair grincipalpursuitwasensuring that the developed standard provided for an ability to evoles
critical element has become an essential feature of the new standard.

The rew ATSC 3.€chnologyitself is the indispensablererequisitefor an economically viable
future within the broadcast television industry8nclair understands however,that, in addition tothe
ATSC 3.€echnology a new broadcast systemrchitectureand infrastructure alignedwith the Internet
and emerging 5G networkss absolutelyessentialto enable both innovationand competitionin the
broadcastmarket.

Broadcasters havansitioned froman analog toa digital transmission standard, but the legacy
broadcastterrestrial system architecturé¢hat has existed for more than 60 yeammainsunchangedas
we contemplatedeployment of ATSC 3.0Thestudios, transmitter links and transmitters operated by
broadcastes todaycontinue tobe wedded to a static infrastructure incapable of rapid changestark
contrast to thedynamic nature of other technological platforms capable of evolving to meet new
customer needsSnclair researchconfirms thatthis legacy architecture noposesa serious impediment
to the vision of broadcasters using their licensed spectrunfituae, competitivebit-distributionmarket
(without regard to the nature of the bitsA new, innovative, holi€ system &chitecture fora broadcast
data transmission platformanabled by ATSC 3.0 will be deployed to replace this antiquated system

Althoughthe ATSC 3.0 standard ishi&sed to leveragenew busines®pportunitiesfully, a new
system architecturenust be createdToday @nsumerexpectations are driven by continuous innovation
in servicesand choiceof providersoffered in a competitive landscapd&his will continue to expand
engagementwith the Internet(wired and wirelessand everexpanding clad based servicesnd will
drive the nature of converged hybrid solutioimsthe future 5G world ahead.

THEORGANIZENATURE OF OVMRELESSOMPETITION

The original “wireless service” del Homemyi ng da
architec t ure has been the backbone of content deliver
been appropriated by those companies providing tway service with a or#-one relationship to users.

With the technological developments inherent in thexti&en, ATSC 3.0 standard, Broadcasters will have
the ability to expand their data delivery capabilities to much more than television programming and use

6 Physical Layer ATSC 3.0 Proposal Submisshdtis/atsc.ora/newsletter/physicallayeratsc3-0-proposat
submissions/
7 http://atsc.org/newsletter/detailedatsc3-0-physicallayertechnicd-proposalsbeingevaluated/
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the enormous data “pipe” to offer services to cus
that offer only a onéo-one relationship. Tdre are innumerable data transmission use cases that do not

require this oneto-one and tweway feature. In the nontelevision data delivery world, however,
broadcasters are new players confronting sophisticated and-evetenched operators.Broadcasters
competitorsin this data delivery worldret he ‘ ot her plaiyerse Mey aresentrernchiedi st r y
well organized, wellunded, and have mapped out a lotgym strategy to dominate thelata distribution

market. Broadcasters armed with ATSC 3.0 pose a significant market disraptthem, but may also

provide a complementary service as those entrertticarriers move to maximize their services in the

most efficient way possible. Including broadcast delivery in their plans may be an entirely logical
enhancement in the delivery paradigm

One of the wireless i ndudeNeyGeseratioa Maobileihetworksms f or
(NGMN alliancé, issued a 5G whitepaper March, 2015° Thiswhitepaperis premised otthe realization
that new technology and newsystem architecturevill be requiredfor wireless carrierto be competitive
with the webscale IT playess including Google, Facebook, Amazon, Microsadtc. The provenIT
networking paradigmgweb-scale IT players) o050 f t war e defined networking’
functi on vi r twasapeifor epid imovation(ahiEpvelsens a major disruption inthe
wireless industnas is participantshead toward adoption obGrelated strategieslt is clear that the
wireless and IT industry players are converging toward use of 5G distribution. Broadcasters can also play
a significant rad in that deployment.

The Snclairvisioncontemplates aext generation platfornusingSDN/NFthat enables sharing®
and an intelligentprogrammable'BroadcasiCloud’ Thisis avirtualized architecturevhich usespooled
and licensedbroadcastspectrum(VHF/UHF channels3B) and infrastructure to create aulti-tenant
abstracted, virtualized cloudthat starts at the broadcast antenna and extends beaids into the
network. Thisplatform is managed by a neutral hosntity, enabing the flexibility to povide for
innovationwithin the broadcast industryparticipants,and can betermed Broadcast as a Service (BaaS).
The Neutral Host modelvgell known andyaining prominence for deploying wireless services. The Neutral
Host model can reduce mobile operator costs, speed {immmarket fora multi-operator service, and
offload the responsibility for maintainirigfrastructurefrom a carrier to a third partgnd deemed useful
for future 5G'* services.

The notion of avirtualized system architecturis new to the broadcast industryo have its place
in the “system muusttbe rhoseeariomic ta teplay@ndpperate than a traditional
architectue while deliveringliverse services antewbusiness modelthat meet consumer expectations
and evolveeasilyin the future. Theresultingplatform also guarantesthat each tenant (broadcaster)
remains totally isolated and in control of its own@ees,running independentlyvithin the architecture.

8 Next Generation Mobile Networkbitps://www.ngmn.org/home.html

9 NGMN-5G White Paperhttps://www.ngmn.org/5gwhite-paper.html This White Paper serves as guidance in
3GPP for 5G standard development

10 FCC permits broadcaster sharing agreements inside / outside incentive auction. The spectrum management
function in BMX as part of Sn ¢ |vigionrof BaasS for licensed spectrum sharing is analogous to SAS function used
in FCC authorized CBRS 3.5 GHz b#pd://apps.fcc.gov/edocs public/attachmatch/BDE6-1426A1.pd

1L ATIS provides some guidanbéps://www.atis.org/5G2016/presentations/5gEmergingCoreTechnologies.pdf
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The individuabroadcastenants may haveustomized serviceshichare composel of IPflows (content,
data) orchestratedn virtualizedIPcore and radio acceggegional cloud) servingcty/market/region

This ‘chai nisgtreg mefd s eNreuAivmiee skorldsof5G.dNetwodk'Slicing in 5G
is central tathe vision ofmany countriesthe future Europé?, Japatt, andthe U.S* areall based orthe
originalvision ofthe referencedNGMN 5GNnhite Paper.Thetechnologythat provides foNetwork Slicing
is alsoessentialto NGBPBaaS.The planning document tha¥erizonpublishedin Febuary 2016 (5G
system reference architecture using SDN/N®¥rovides insight into the kinds of use cases being made
possible with this approach.

THEIMPACT OBROADCASNG

We have focusedor the sake osimplicity, primarily on the broadcast dmain of the envisioned
hybrid servicessa first step. The NGBP is expected to enable new and disruptive business models for
broadcasters at regional as well as national levels usimgie frequencynetworks (SFN with targeted
delivery of services using various techniguedudingATSC 3.Qayer Division Mtiplexing (LDM. Most
significantlythe focus is on @ommunity cloudarchitecturemodel that enables a newnarketbased
paradigm in broadcastharing Broadcastisa-Service or BaaS

The ATSC 34&tandardoffers broadcasters wide operating poinas shown ifigure 1, below,
compared to the legacxTSA.0single operating pointeferenced The blue line is the Shannon lithids
defined by classicahformation theory which states that a code/modulati@hemeshould exist to
approach the limit.The low-density parity-check (LDP{ forward error correction FEQ codesand
guadrature amplitude modulation (QAM) constellationsn ATSC 3.0 have been optimized and are very
close to this theoretiShannon limitwhich isgood newsThe ATSC committeeviewing this piece of the
standard, howeverpeing contribution drivenfocused on the higher capacitfless robustrange of
possibilitiesin Hgure 1for services such asxéd ultra-high definition television YHDTY driven by
conventi onell e'vhegurenthetssush as thosén South Koreavith its plannedlaunch of
UHDT\&ervicein early2017.

12 FierceWirelesshttp://www.fiercewireless.com/tech/networkslicingto-play-big-role-5g-report

BThe 5G Infrastructure Public Private Partnership (5G PRP3;//59-ppp.euivhite-papers/

1 Fifth Generation Mobile Communication Promotion Forum (5GKiE);//5gmf.jp/en/

155G Americashttp://www.5gamericas.org/files/6814/8718/2308/3GPP_Rel 13 15 Final to Upload 2.14.17_ AB.pdf
16 Verizon Network Infrastructure Plannirigttp://inno vation.verizon.com/content/dam/vic/PDF/Verizon SDN
NFV_Reference_Architecture.pdf

17 A Mathematical Theory of Communication, By C. E. SHANNON,
http://web.mit.edu/persci/classes/papers/Sinnon48.pdf
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Figurel ATSC 3.0 Spectrum Efficiehpg/Hz vs. SNRB)

Althoughthe envisionedNGBP atuitecture will address athe operatingranges, speciahttention
will be givento battery powered devicess part of the “ Mbile Frst” strategy Thesedeviceshave
operating points which are more towards the lower capacitynore robustranges ofFigure 1 As well
there will be aconcentrationon device categories that have to conserve battery while still receiving
emergency notificationetc. There is a need faresearchthat maybe concentrated onvVHF servicgto
find solutionshelp to mitigate the physics ofknown higher finpulse noise environmenfThe NGBP
architecturewill coverall of the broadcast channels35 in the United Statesfter conclusion of the

Incentive Auction.
Although spectrum may
A not be fungible because
ff;) » F_ of the attributes of each
p= channel, an intelligent
e network combined with
D new technical toolswill
permit the market to
Battery Powered Devices solutionsfor all channels

VHF/UHF2-36 given a
lighter regulatory touch
with pooled broadcast
resources

Bootstrap

Figure2 A/321 usageo enableTDMof Diverse WaveformHGBP architecture



Figure 2shows the A/321 bootstrapsed to time multipleXATSC 3.0 and NGB®F framepeach
precededwith auniversalbootstrap. The frames contaidifferent waveformsptimized fora category of
devices such as batteppnstrained|oT,etc. Thenotion thatone waveformtype serves all service types
has been proven to bboth inefficient and unwiseandresearch to enablenany waveforms for many
differing services exists f&G in the futureThis reality will exist for new broadcast paradigms as well,
and will have to be addressable within the overall architecture deployaé. concept of a Centralized
Radio Access Network-AN) architecturewhich waspublished in a whitepaper by China Migbin
20118 as aconcept cannow be adapted to broadcast for the first time in the NGBP architectlitee
SDN/NFV cloud architecturdescribedin this document leverage virtualization starting from the
broadcast antenndy abstraction using ®RAN and the Network Slicingn IP Core and RAN time cloud
on aservice by service badis ensure broadcast innovatian the US

Sinclairconsiderghe real opportunity presented to broadcast licenseagnedwith a new ATSC
3.0 standarddesigned to be nobadward compatible with the current ATSC 1.0 and forward compatible
with IP network$, to be the development of anew system architecture fobroadcast irthe 22 century.
This can acas a catalyst to align broadcast with titernet and energing 5Gietworks andcanaddress
convergence holistically &bth the application and infrastructurkayersin an IP world This can be done
while also ensuring maximunflexibility, elasticity and extensibilitpnly possible in an environment
operatingin softwate using proven IT technology of the webale players

That being said the timing could notbe better because the wireless industry today is also
consideringand beginning to deploy pieces af new wireless system architecture using IT cloud
technology (BN/NFV) to meet the diverse requirements of future 5G services. However, this will be an
evolution of LTE towards 5G and is constrained by maintaining the legacy and therefore will be a
“brownfield’ approach over many yegrembracing existing complexitgnd accelerang the overall
solution engineering process reliably, including enabling phased, incremental change wherever possible.

NGB IRTUALIZERARCHITECTURE

Thedeployment window of theNGBParchitecture discussetiere contemplatesa “greenfield
approach to a new broadcast system architecture without concern for legqaipment or protocols
Given that' o +#wea \broadcast has much lower technical complexity (relative to LTE/5G}adtiee
physics of broadcastingve seeopportunity to reinvent broadcasting ima 215 century fashion fully
realizinga new (but lower) level dhvestmentisrequired han i f being deployed * fr
carriers

In the basicintroduction to cloud computinghat we are highlightingn this presentationHgure
3 (below)shows the basic NFV architecture modefined by ETSI NFV 18& a hgh levelwhich forms
the basis of variousloudnodes in the NGBP architectunaderdiscussn.

18 http://labs.chinamobile.com/cran/wgcontent/uploads/CRAN_white _paper v2 5 EN.pdf
B ETSINetwork Functions Virtualizatiomitp://www.etsi.org/technologiesclusters/technologies/nfv
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Virtualized Network Functions (VNFs)

NFV Infrastructure (NFVI) NFV

Management
Virtual Virtual Virtual and
Compute Storage Network Orchestration

Virtualization Layer

e o

Hardware resources

Figure3 BasicETSNFV Model for Clou@omputing

There are three basic entities shown:

1 NFV Infrastructure (NFVI) made aff-the-shelf computergServers), Storage and Networking
Abstraction is provided by a Hypervisor (Virtualization Layer) such as VMware. Kmove
virtualization layer is té virtual compute, storage and networkingfhe NFVI is orchestrated by
an Opercloud management system such as OpenStack.

1 The VNFs above NFVI are the virtual functions running on the virtual machines and these VNF
represent functions that normally run ihardware appliances but are being instantiated in
software. This could be firewall router in IP core network or ATSC 3.0 physical layer functions in
Radio Access network (RAN) to be shown.

1 The Management and Orchestration (MANZYvides overall orchestrain and management via
entities Virtual Infrastructure Manager (VIM), Virtual network Function Manager (VNFM), Virtual
Network Function Orchestrator (VNFO) the details of which will not be discudseever,the
wireless industry is now seriously embragiopen source software in 20¥7and this
harmonization will be gootiming for NGBP and broadcast

20 hitp://www.rcrwireless.com/20170223/teleconsoftware/linuxfoundation-combinesopensourceecomp
open-o-into-onaptag?2
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Figure 4is a general drawing representative of the Regional and Central ClouN§&BRwvhich
use open source software such as OpenStack for VIMNG®P' BaaS  moudderldiscussiorgan be
considered a distributeticommunity cloud model*

Top of Rack Switches
[[1] L[] L[] 111
BeiE @‘ -4 @] it @‘ = @‘
L[] L[] L[] [[1]
O O O O
Row of Server Racks
l Your Applications l
@ s OPENSTACK
‘ CLOUO CPERATING SYSTEM

OpensStack Dashboard

I

/i)‘ !

Netwod(lng orage
C— \

/ \
— OpenStack Shared Services J—
£ N

l Standard Hardware ‘

Figure4 BasicRegional / Central Cloud NGBP

Figure 5below)showsa high level view othe new broadcast system architecture representing
the Snclairvision ofaNGBRvherethere are six majothightlevel entities:

Regional D@-Centers (IP Flows /Basebawthveforms)
Remote Radio Heads (RRH)

Broadcast Market Exchange (BMX) Cloud w/BSS
CentralPrivate Cloud (w/OSS)

Network Operations Center (NOC)

BaaS Tenant Dash Board

= =4 =4 =4 -8 =9

214 Types of Cloud Computing Deploymbtddel You Need to Knowlnternet and Technology Blednternet and
Technology
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Global monitoring, alert/alarm
generation and automation
integrated with the OSS functio

and the NOC dashboards
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execution $$

Regional Cloud

Regional Cloud

bD.t a.
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ATSC 3.0 (A/321)
(Network Sliging)
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Under BMX Orchestration
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Waveforms (Network Slicing)
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{CbQa
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Baseband I/Q

Remote Radio Heads

(Universal ExciterN

Control Plane (SDN)
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DAC , all Analog Processing
Capable Multiple Waveforms
TDM via A/321

Central Cloud

(0SS)

0SS, wide services spanning
regions, Media Management,
FCAPS, System Services, Fay
Logging, EMS, NMS

BaaS
Tenants

Regional Content Providers
National Content Providers
MNO/MSO Interwork, loT, TBQ

SLA Provisioning, Monitoring,
Analytics, Reports
Charging $$, Independent
Business Models Under BMX|

P

BaaS
Tenant Dash Board

Figure5 Simplified High level view NGBP Architeci@@mmunity Cloud Model)

This is a new padigm for broadcast buthe conceptsof Neutral Host solutionshave been
deployed in the wireless industry for yeansdare now the basis of emerging 5G architectures. The NGBP
BaaSspirit is to leverage existing protocols and interfaeesl create newonesonly when required and
by modifyingto align withthe constraints® of broadcastphysics

Figure 5(above)is alsohigh levelconceptual view of the vision @ nationwidearchitecture of
NGB P *“ B a eaSBe usedas teference to introduce basic concepisider discussionEach BaaS
participatinglicensedbroadcasteris poolingresources under BMXin a market/ regiorof country uses
the services of a regional clotidinder control ofbusiness / pectrum managemenin the entity BMX

22 https://sites.atis.org/insights/atisneutrakhost-solution-better-wirelesscoveragepublicspaces/

23The oneway nature of broadcast protocols is a major advantage when compared to unicast complexity as in 5G
24 TheBMX(Broadcast Market Exchangedncept vas first introduced iniSn ¢ 1AZSCr3.0 proposal Sept 2013. |
includes options for virtualized spectrum sharindyy two or more licensed broadcasters using @usiness
management entity termed Broadcast Market Exchange (BMX)

25 Network Function Virtugation (NF\V,)Software Defined Networking (SOM)etwork Slicing, COTS hardware, Type

1 Hypervisor and Open Source Software such as OpenStack, Open Daylight, etc.
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which only haghe control plare (nonreakttime dataservicesnd could beanstantiated inAWS clouar
equivalent.

The red lines indicatthe control dane (SDN)ynd thegreenlinesindicate theuser data plane in
this community cloudmodel. For perspective,all the BaaSlicensed broadcastenants in a local
market/DMA are located inside th€Green) cloudhown on rightsideof drawing These local braxcast
partners or tenant®f the community cloudvould send IP data flon&nderBMX control) into a regional
data center (SDN/NF\$hown and software network functions (NF)in IP coreare assignedor chained
together and thensoftware network functions (NF)in the RAN are alsto constructspecificdigital
waveforms Thislinkingo f f unct i ons i s t*&mBGandyill BeddeptedioNGBPTSd i ci ng”
I/Q digital baseband signas then transportedto the broadcast universal exciter (RRH}ra transmitter
sitesin a SFMN a given channel {26) using concepts diroadcastGRAN.

Another example iffigure 5 is concept of a National Content Provider terthat would send IP
data flows (under BMX control) to the central cloud where these are processed and then routed to the
regional cloud/s per the use case defined by SLA running in the BMX. Also, two or more broadcast tenants
in adjacent markets could codinate (business deal) throughcentral cloud to cover larger geographic
regions such as the northeast corridufrthe U.Sfor mobile services to vehicles managediyBroadcast
Market Exchange (BMX) under a businadsscriber licensagreement (SLA).

Inthe futuret he NGBP “ Ba gas With &Garchitecturevdlltbel usieg network slices
that are dynamic and arépun up (i nitheilige lcyclesenthpagedind then killed quickly to
monetize spectrum dynamically. This enables poterftaldiverse services under BMX which allows
spectrum to be used efficiently and to serve the public intelesdter, (s e e Ri vada Net wor ks
Spectr um ZA.rThd nomal dime consuming process of specifying, standardizing and then
implementingis too slow to be competitive in the future with the walgale IT players and use of open
source software under SDN/NFV in a competitive market. This is why a new broadcast architecture is so
importantasATSC 3.3emerging Itcan serve as a foundatioma very competitive market in the future.
Broadcast has it place in 2tentury being mobildirst and bringing forwardhe best economic solution
that can potentially converge in IP word.

FHgure 5also reflects how players will utilize the platfotm providevideo and other reatime
broadcast serviceslesigned to be managed and orchestrated in an automated fashion in this complex
telecommunications architecturdncluded among these arthe Regional Clouds (IP Flows /Baseband
Waveforms)f Figure 6 (below)

26 http://www.4gamericas.org/files/1414/8052/9095/5G_Americas_Network Slicing_11.21 Final.pdf
27 hitp://finance.yahoo.com/news/rivadanetworksadds-patent-portfolio-194100604.html
28 hitp://img.lightreading.com/downloads/Share&pectrumfor-5GNew-Radio.pdf
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Regional Aoud
NGBP ¢Baas
IP Core/ GRAN
ATSC3.0 (A/321)
(Network Sicing)

Figure 6 NGBP "BaaS" Regional Cloud
These entities can provigmtential virtualizedfunctionsincluding?®

9 ATSC 3.0 Bagmand processing
0 This is at the heart of the broadcasRaN architecture, where theaseband processing
is centrally done for numerous RRiixl tenants using pooled resources
1 ATSC 3.0 PHY layer processing
0 This takes care of creating the physieglerframes (MulttRAT}o be sent over he air
interface using variougchniques and levaging theflexibilitiesof ATSC 3.0
1 MAC Scheduling
0 Thisdeterminesthe best way to pack the bits into the physicOFDM framesand
coordinaes with spectrum managementystem in BMX to haveooled spectrum
resources released to Mac Scheduler to performsthesaltime schedulingunctions
1 Network Slicing
o0 Virtualized resources (VNFs) linked together to instantiate services like in 5G
1 Network Management
0 This function ensures robustness against network overload, protection against denial of
service attackgntrusion detection, firewall function®tc.
1 Charging Data Record (CDR) generation and management
0 Manages any charge data neededgilitate the business relationships
1 System services
o Timing and Frequency Synchronization and distribution management
o Logying/KPl/diagnostics generation and management framework
o Fault and Failure management

2% Note: The NGBP platform and Regional Baéaters will use IEEE 1588 (PTP) to establish frequency, phase and
time for operation and will fully support ISO/IEC 23d0BIPEG Media Transport (MMT) for Media Sync and Timed
services. Including hybrid broadcastroadband and for establishing Single Frequency Networks. The regional cloud
will provide ATSC Time (ATSC 3.0) to RRH to emit OTA time signal to establish wall cletk)(&tRe terrestrial
receiver. The details of this hybrid synchronous timiragel arewell understoodby Sinclaibut will not bediscussed

in this vision paper.
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Figure7 High LeveConceptNetwork Slicing in NGBP

The network sliceqFigure 7 abovegre programmatic and ugbe service level agreements (SLA)
enforced in BM)and are targeted talelivertenants diverse use casess a broadcast servi¢BaaS)The
abstraction byGRAN allows fothe remote radio head§RRH) to beagnostic tospecifictypes of
waveforms being conveye via I/Q transport, carlying suitable signaling The RRH is also termed a

universal exciter in NGBPrhe

0SS/ Management and Infrastructure (VM, A/321 bootstrap is synergistic
Cloud BMX Orchestration Hypervisor, COTS HW etc.)

with this achitecture as shown
in Hgure 2and allowscreation

Scheduling
Algocthm

engine

Capacity
feedback
esfimatar

Control func

MAC MAC
Scheduler

Scheduler
Element Load
Manager Balancer

Virtualized MAC Scheduling Function

Input Queue

Manages
Frame
Scheduler

Data-path func

/ and customization of multiple
broadcast waveforms termed
Other Multi-RAT® in the wireless
VNFs industry, to enable market
driven competition and

evolution of broadcast services
—

in future.

Figure8 Concept Interfaces MAC Schied Function (VNF) Regional Data Center

Figure 8showsa simple concept of aingle oneof-manyVNFs,in the regional clod - the MAC
Schedulerthis example illustrateshe functional usefulness of the VNF. It is not meant to assume that
the various functions enabled need to be individually understood.

30 https://www.atis.org/5G2016/presentations/5gCanltDoTheSplits. pdf
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The MAC Scheduler Load Balancer works tith NFV Orchestrator to ensure elasticapd
reliability. The MAC Schedulerorks in reatime by coordinationwith BMXfor schedulingof physical
layer resources

The MAC scheduler VNF would interact with other VNFs such as the Buffering and Queue
Management VNF, theATSC 3.0 ALP Processing VNF, and ATSC 3.0 physical layetcVNfesMAC
Scheduling/NF is shown as (1) Higure 9below showinga partial concept ofservice chaining enabled by

W & © ® & ©

Input Packet

Stream VMF1 VMF2 VNF3 VMNF4 VNFS VMNFE

from Input Router Firewall Caching
Content - function function function
Provider

network

Physical
Layer _ VNF9 VMNF& VNFT

; MAC , o
Processing o ALP Input Queue

Scheduling Processing Management

O & @

Figure9 Concept VNF chaining to cred&BMNetwork Slice

Figure shows conceptually some of the VNFd)k the IP Corgand (GlI) plus othersnot shown
that are required elementsf the physical layer processinig the RAN thatuildsthe actualwaveforms.
Th e *“ ioghd functions showshe concept ofNetwork Slicing for ATSC 3vllich could le targeted at
specific use casesich ag-ixed, Mobile, Battery Powered devices, left, of the NGBP tenants business
models

This chaining of NFV functiorepresents thesoftware provisioning@n a servicédy-service basis
In the NFVworld, new services can be instantiated as softwardy, running on commodity hardware
Becausethe functions and services arealizedin software using virtual circuits, these connections can
be constructed and deconstructeals needed In addition,elasticity using loa& balancing could provide
reliability assdoneby webscale fpayers todaywith servicechain provisioning througNFVorchestration
layersuch as OpenStaostc.
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Remote Radio HeagRRH) at transmitter sites:

Figure 1Gshows GRAN with RRH in LTE/5Gaagxample.

Remote Radio

Head (RRH)

5G GRAN
Edge Data Center

®3)
Sectors Digital Baseband

(SDN/NFV)

Potential Area
Inter-cell Interference to
Mitigate

FigurelORRH in LTE/5G Small Dense Cells

Figure 11shows an example dfie broadcast €RAN with RRH in NGBP.

Broadcast €RAN
Regional Cloud

Digital Baseband
(SDN/ NEV)

*

0.
& %,
] 83’0 4 z
& 2

/ AN
/ s
_ @sm Gair»

<«——— arge km spacing——

Tall Tower
Broadband Antennas

RRH by
Universal Excitery g

Figurell Broadcast @GRAN with RRH (Universal Exciters)

RRH
p4 Universal Exciter

The broadcast RRHre located athe SFN transmission sites and constitute a fundamental part
of this broadcast (RAN transmissioarchitecturel n t oday’' s t el evinwstlicensedr oadc a
operators think of these as transmitter sites, i s
the-ai r’ s theyfutumel, the. digifalrbaseband processingdgional abud) is connected to RRHs as
I/Q% digital basebandamples over IP link viafeont-haul network.

31 Regardless of the exact technology approach chdsetiQ transport, critical aspects are effective compression
decompression of the I/Q streams, as well as time and frequency synchiionipaer the IP fronhaul network.
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The broadcast RRH accepts digital baseband I/Q samples and performs DAC and all analog RF
processing to generate RF waveforms (MBRIAT) dynamically on a free by frame basis. The signaling
flexibility (A/321) supports evolution to new waveforms enabling diverse services.

Advantagesf broadcast €ERAN / RRIlihclude

Flexibility in Software- All digital baseband processing aogaished in regional cloud

With centralizedprocessingno impact on transmitter network to evolve, Universal Exciter
Business Flexibility can be seenetcsynergistic w
Multi-carrier capability- supports ATSC 3.0 channel bonding

=A =4 -4 =4

BROADCASMARKEEXCHANE(BMX)YOQ.OUD ENTITYBSS

T o d abyoadsaster typically operates asah an island. The new broadcast competitor or
cooperative partnermayndt he t el evi si on o p &®Ratletwiraess'carriers gravidingt he st
OTT services can disrupdr core businesbut also may require our platform to enhance their service
offerings. TheBMXentity canbe an extension cd br 0 a d ¢ aewtvidual 1Psore network. The BMX
entity defines the technologies and framework to give all broadcasteispénn to interoperate via an
open process with defined rules and procedures for trading anestablisting service level agreements
among broadcasters now or in the future (scheduling)

The BMX an provide broadcasters with a mechanism to make optima& okspectrum Those
can include, forexample,UHF forMobile/PortableNomadic serviceand VHF for Fixed serviceBMX
could provide the basis for Ad téspeciiicdgmoygraphicsiorb oar d
geographic regions.

The BMX shodlenable the following requirements for broadcasters

1 Personalized\dvertising
0 Reaching théargetedaudience advertisers require
0 Multiplying the value of commercial advertising
o ProvidingData Analyticso measure viewership precisely
T “"The Second Screen’
o0 Interactivity, engagement, sharing and Social Networking
o Delivered in all locations across multiple wireless connectmusdevices
1 Robust mobile reception and deep building penetration
Reception in the home and on devices everywhere
0 Fixed andVobile/Portable/Nomadic with definable QoS
f We must be engaged in this activity as ‘“an 1Ind
0 We have to thinlof ourselves as more than providers of TV programming
0 As an industry, we must work together to become the leading provider of wirdkss
and becometh&e onsumer ' s champi on

Sinclair Broadcast Group hasameusing 1/Q transport for experimental ATSC 3.0 SFN network operation in
Baltimore MD / Washington DC under STA from FCC.
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The BMXcloud with the business managemeiuinctionality listed beloncanbe delivered in a
nationalcloud framework—such as AWS®{c.

BMX Cloud

Dash

Charging Board

Identity Authentication/

Business Support Services (BSS)

Figurel2 Some Primary Functioa§ BMX Cloud
Some potential Functions in support of spectramanagement and business operations in BMX cloud:

1 Spectrum Management Function

0 Managea pool of spectrum resourcesnd assignincoming media content and data
service requests to aulable broadcasting resource§his mapping is achieved by
coordination wit a (realtime) resource scheduletecatedin the regionaktlouds
SLA requirements have to be met in serving a service request

o Demographics or geography or analytics based constraigtcertain content becomes
higher priority in certain geographigstc.

0 May though business agreement (SLApcate VHF channel (200 MH19r better
propagationand Doppler characteristic®tc. to serve vehicles as example dfigently
managenent ofa dynamigool of broadcast resourcedriven by market

1 Identity andAuthentication management
0 role-based secure access for content providers, broadcast partets,
1 SLA Management

0 Manage the agreements between various partiescontent providers, broadcast

partners, broadcast network operat@neutral host) mobile network operators etc.
1 Policy Framework
0 Support for policies tied to SLAs that facilitate differentiated QoS for diffdferdata
streams under different scenari@sc.
1 Charging management
o0 Management of charging related funehs and facilitatindpusiness rlationships
1 Analytics/KPIs

0 Analytics and KPlIs to track performance, help in optimize deployments, identify areas for
new deployments, assist in SLA enforcement, feed into Madeamming based Business
Intelligence solutions (futuregtc.

9 Monitoring functions

0 Track operational metrics to identify/manage/predict impact to network operations,

cloud services, and other aspects of the broadcasting network
1 Interfaces to Regional and Central data centers
0 Managethe communications betweeBMXCloud serviceand thevariousdata centers

(@]
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1 Interfaces to NOC functionality
o Provide support for Network Operations visibility
1 System services: Logging/GUI/Dashboards/Configuration management
0 Since the system will support different partners pooling their channel ressuthere is
also need fotools and dashboards thatartners can use for more visibility into how their
spectrumresources are being consumed, related analytics, related charging information
etc. to support their business model/s executing using BaaS

) ” l,’
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Figure 13NGBP Hybrid Broadcast / Broadband Network Slicing

Figure 13hows concept dfiybrid broadcast/broadbandsing intelligence in NGBP. Tiee case
scenariois with two broadcaster tenants and one Content Delivery Network (CDN) tenant in their
respectve admnistrative domains. These tenants arader management othe BMX entity(SLAxand
MANOwith exposed APIs on the interface showinese tenants could hatbe option to provide(host)
someNFVfunctionsin their own respectivadministrativedomainthat are coordinatedchained)with
NGBP (NFV Catalog of Functions) to provide flexigvork slicing use cases acrossultiple
administrative domainsThis is als@n envisioned use case for 5G under network sliéing

Fgure 13hasthree broadcast network slices (1, 2, 3) indicatealchserving the diverse services
shown.The CDN tenant (partner) céor exampleprovide NFV functions chained together faetwork
slice #1 (red) over broadcast and ovee broadbandnetwork shown tocomplementa service etc. See
the audience interface and customer management-sybtem in regional clouddeing able todverage
anOTT (ISP/MNO) return channel with the intelligenctheédNGBP is. powerful tool for all tenants and
could be useful withbroadcaster home gateway shown in homes. The home gateway aNce t wo r k

32NGNM Alliance, 5G Network and Service Management including Orchestration,
https://www.ngmn.org/uploads/media/170307 5G_Network and Service Management including Orchestratio

n_2.12.7.pdf
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Slicing s hoouldrenable business models to meet consumer expectations witbablte andor
satellite service by serving fixed (home) and mobile devices synergistically under NGBP.

A recent report®® states that 5G went further by introducing a brilliant technology,
‘“virtualization’, which makes enttesppdsimpleméeneeddsor di f
software on a universal serverhishasenabled teleconprovidersto adopt IT technologies that leverage
open source SW/HW, making the communication infrastructnoee completelylT-based.Thus the 5G
ecosystem can extend its boundary to embraeav Information and Communications Technologies
supporting servicesuch & IT and 10T in addition toore traditionalcommunicatiors. By this reasoning,
all telecomsincluding broadcastingre aggressively seeking ways to transform into a platform provider,
media service provider, solution provider or more.

CONCLUSION

Television broadcastingtoddys ti ed t o an i nferi o-sutedtotheet rust i r
the demands of viewers, users and broadcast®rs. industry musevolve to remainmelevant andsupport
going concern operationdVhetheroffering traditional but advanced television services (UHDTV, HDR,
4K, Immersive Audio) atideorich data(OTT, SVOD, Augmented Reality, VR), the nature of what we do
and the means to do it must shift dramaticaljor broadcastingspectrum use is being challexdyby the
guestion of .Atthesame tindedhhological advamaes and the capacity to reimagine data
distribution will be the savior derrestrial broadcasting.

Cooperatively bonding stations together through use of a BMoud based SDNHY/
infrastructureand enabled by the capabilities of the Next Gen standard provides broadcasters with the
ability to both enhance their traditional program content delivery businasslalso expand to provide
local, regional and national data serviceshnginentreeinto businesses traditionally provided by others.
The new architecture can provide both competition to wireless carriers and a complementary service
integrated into their new 5G offeringsTerrestrial DTV technology and the network architeetas we
know it today must change fundamentally and moreover be harmonized with a virtualized IP Core network
for broadcasters to remain competitive, relevant and perhaps most importantly, to growtihsiness in
the Internet Age.

With the emergenceca n -f Rt | wi rel ess digital broadcast st
the very nature of broadcast television illuminates new opportunities to leverage a new platfiodn
transform t he nat ur.gorSBifclaifththtisghe vepnotiomaf the Néxt Geteratiob ut i o n
Broadcast PlatformlT he pr omi se of i ncluding broaddacékslyto ng i n
be inexorableAll data distribution using spectrum must coalesce in the interest of markets seeking the
cheapest andighest quality path. The Sinclair vision moves along that path by prowddingelligent,
cloudbased entity t o-flowoagnodtiets the rature bf thé biteut dvare of the
provisioning needs to debfv&ergsucéd” bbasi ®n Bhatr ui
concept we have called the BMX (Broadcast Market Exchange).

33 http://www.netmanias.com/en/?m=view&id=reports&no=11609
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