CLASSIC REPRINT SERIES

THE
MIRACLE OF
TELEVISION

by

Luther . . Gable

10/25/2018

The wise ones are helping to build these and other marvels. The scoffer waits until others have
taken all the good jobs and then complains of his “bad luck.” We are living today in a new age of
which the prophets spoke, “In the last days, knowledge shall be increased, and men shall run to
and fro.” And this new age is the mystic Electronic and Atomic Age, in which man is harnessing
the powers of the universe — nuclear fission, dancing electrons — to attain wireless power, fuelless
engines, bigger crops, and we hope, longer lives; for unless this new wisdom is tempered by due
respect for the One True God and all His children — these could well be our last days.

Marvel not at the prospect of nation-wide television’s becoming civilization’s greatest
intercommunication system, employing millions. Study well and gain the scientific habit of mind.
Question causes. Reject foolishness. It is the trained ones who will be the push-button engineers
of this Electronic and Atomic age. They will help to raise human society to a common level of the
best, whereas the godless and the indigent will seek to level society by tearing down the best and
reducing them to the level of the lowest.

You can be a television engineer and show the world the great opportunities and beauty of the
American Way. We are at the crossroads. With Atomic energy, we must “do or die.” Don’t be a
scoffer. Think for yourself. Think constructively, and then act, before you, too, become an atomic
ghost!

-- The Miracle of Television, Luther S. H. Gable Wilcox and Follette Co 1949
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Consumer internet traffic

Internet video traffic will rise from 60 to 75 percent of total
consumer internet traffic by 2018, according to estimates by Cisco.
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Madison

OCTOBER 2018

Fred Baumgartner

ONEMedia

Please come and go as you
@ Get the app please. You can keep your fones
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Sinclair Subsidiaries
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* Transmission System Services

e Transmission Antennas

e NextGen TV Innovation

e Bootstrap



NextGen TV

* |. Sinclair — ONEMedia 1. Lab
e ||. Spectrum e 2. Viewpoint — “Televisioner”
e |I|. Standard 3. Why

e |\/. Transmission
* V. Platform (s)
e \/|. Business

e VII. Media
e VIII. Significant and Useful
Tangents
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The Most Advanced ATSC 3.0 Lab
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While its all very Expensive
There isn’t all that much of it
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Slide One — Scene Setter
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“Televisioners”

-
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1.25MHz 5.75MHz

Figure 1. NTSC spectrum for a television channel.
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Radie News for. April, 1928
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The UX has Never Changed

MOTE : To accommodate variations in the magaetic flux of the focus coil it may be necessary to vary the value of R57. Values of 2,500, 3,500, or 5,000 oh _('!_ watt} may be used. Do not alter resistance until bath pasitians of th
focus adjustment have been tried. Itis impartant that carrect focus can be obtained in the first third of therotation of the * Focus * control (frgn tiMimum).
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Two Views



NextGen TV

e |. Sinclair— ONEMedia
* |I. Spectrum

e |I|. Standard

* [V. Transmission

* V. Platform (s)

* VI. Business

e VII. Media

e VIII. Significant and Useful
Tangents
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e Consortium

e What We Have

e Post Repack
e VHF - UHF

e Clearing
e Compression
e Plans

e Bits Versus MHz

ARG
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Consortium

e “SpectrumCo” — John Hane President
e Aggregate Spectrum

* Create a pool of RF-IP distribution beyond “TV”
* Monetize this

* Split proceeds
e Spectrum
e |nfrastructure Investors

10/25/2018 DNE ' -
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TV Channel Occupancy Over Time

DTV Transition and Post
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TV Channel Occupancy Over Time

DTV Transition and Post
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Spectrum Rules

e Main Service

e Simulcast

* 1.0 Host

* 3.0 Host
 No quality requirement
120 Day Notice to MVPDs

(90 days if concurrent with Repack)

e 30 days crawls and
announcements

e Secondary Services

* No requirements to preserve or
simulcast

10/25/2018 DNE ol
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KSTR Transmi tter
Bldg A South Cedar

KTXD Transmitter
Bldg B South Cedar
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Spectrum Rules

* LPTV & Translators can go
directly to 3.0

* No notice requirements
 No tuner mandate

10/25/2018 DNE ,' =2( -
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Spectrum Rules

1.0 Host
* 95% Pop = Expedited Process

* Must cover MVPDs

e Same DMA
e Cover city of license

10/25/2018 DNE ‘l
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Spectrum Rules

e FCC Form 2100

e ~ 15 days to approve
e Minor Change; no construction

permit

e Experimental License
e Easy, Fast, Fleeting

* STA

e More complex filing
e Path to permanence

10/25/2018

CINE!
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KSTR Transmitter

Bldg A South Cedar

KTXD Transmitter
Bldg B South Cedar
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Spectrum Rules

* Agreements

e Basically, a Channel Sharing
A greeme Nt Bldg A South Cedar
« Two or more separate Licenses on
1.0 Host

* Two or more separate Licenses on
3.0 Host

10/25/2018 DNE
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Spectrum Rules

* Agreements
e Addendum 1

* Working combinations

10/25/2018

KSTR Transmitter
e Channel Lineup
KSTR-DT

e Quality targets

e 7SD
e 1HD+6SD
e 2HD+3SD

OPEN NETWORK ENABLED
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The Semantics of Video Quality

* TOV — Threshold of Viewability * Marquee — The Living Room Big
e TOP — Threshold of Pain TV with PBS Theater Something

e IND — Just Noticeable Difference  * Video Wallpaper —Kitchen TV
e Mostly Listen

* No Dynamic Range wanted

e Peek at it from time-to-time
e SD almost too good

e Pristine

* Small Screens

10/25/2018 DN E
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dmos

DMOS w/ Video Clarity
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The Authorities of Video Quality

e Some contracts specify a e Pathological Test Signals
minimum average bit rate o =

* Few provide a provision for
accommodating more efficient
encoders

e Noisy/Bad Video doesn’t
compress well

e Test Suites

* If you work in TV, you are not
qgualified to judge viewer video

GINENedia SINCLAIR .
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Spectrum Rules

e Repack

e Dallas is Round 3 /1319

KSTR Transmitter
Bldg A South Cedar
e Temp Ch 46 & 48 :
KSTR-DT
CH48 (49
Univisi

* Interference
e Same as DTV

10/25/2018

* Move to 34 & 23
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Goal oriented proposal — by Service not Station

Beyond two cooperative stations scenario

Hits Mobile hard first — but also a marque UHDTV / HDR service
The SEN is designed, contracted and provisioned for the end game
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Goal oriented proposal — by Service not Station

Beyond two cooperative stations scenario
Hits Mobile hard first — but also a marque UHDTV / HDR service
The SEN is designed, contracted and provisioned for the end game
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Today
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Step 1, the ATSC 3.0 “Lighthouse”

@ @ @ @

A

Seconday—§»

b
/|
ay;=p-

SesooTm

1 ary
s
>

I
S
o
D
on
on
or
<
<)
g
>
—Seconday

Mobile
%
Ve’
2
N
N
S
~Seconday:

@
S
vl E
| | il l
Station Statlon Station Stati
B D

Th|s is all about store shelves and devices

e | % T Y . B
| . | & ) »
o wul | TA Y b
L ¥ v 9 { TR h
A B A " A B J4 i B B BN
2B DO DCAST ~ RO P
BROADCAST GROUF

OPEN NETWDFH-( EI\IABLED

——Seconday—pp»
——Seconday—p»

m =

Dg o U/y
O7~’/
i

09}
> B
o
)

2

: )

aP




Step 1, the ATSC 3.0 “Lighthouse” + SFN
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Step 2, The Conversion Continues
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Step 4, the last 8-VSB
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Step 5, The New Normal
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10/25/2018

The | Believe Button

“TV” Has a common UX

A common CIS (Customer Info
Service)

Common SFNs

Bandwidth Sharing/Marketing

OPEN NETWORK ENABLED
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Bit Rates

e ATSC’s 8-VSB is fixed at 19,390,000 bits/second

e OFDM carriers can carry different number of bits
e Fewer bits, better coverage
 More bits, more payload
e High bit rates coexist with low bit rates

e “Water Meter”
e ATSC 1.0 — bits/time (Mb/s)
e ATSC 3.0 — Hertz/time (MHz/Minute -- S/MHz/minute/pop)

CINE

OPEN NETWORK ENABLED
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Bits in 6 MHz
19.39 Mb/s =~18.3 Mb/s

GINENeda SINCLAIR
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* 85D

Current 1.0 Max Loading

e 1HD+7SD
«2HD+3SD
e 3HD ? (Testing in progress...)

 Language:
e TOV- Threshold of Viewing
» TOP- Threshold of Pain _
e JND- Just Noticeable Difference

e Premier Quality )

10/25/2018

19.39 MB/s Digital Bandwidth (Payload)

Ethnic - Specialty

Most TV

ENENedia

OPEN NETWORK ENABLED

Sports, National Geo, Theater

SINCLAIR
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Bits vs. MHz

The mod/cod 32K FFT 9/15 (64K Long) +BCH; NU256 provides 25.691 Mb/s for a 6-MHz NextGen channel. The performance for this mod/cod and current ATSC 1.0/8-

VSB is both _The coverage and penetration will be identical for a given transmission system (transmitter, tower, antenna) regardless of whether ATSC 1.0 or ATSC 3.0
with the given mod/cod is employed.
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To1.0 TV Service SEVIEES
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e 1.0 Host
e STL

e Serious Sinclair Patents

e For a very long way
| e Until Sporadic E hits
e Cheap Wireless Mics
e Garage Doors

e Remote Thermometers

GENENMedia

OPEN NETWORK ENABLED

VHF
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NextGen TV

e |. Sinclair— ONEMedia
* |[I. Spectrum

e lll. Standard

* [V. Transmission

* V. Platform (s)

* VI. Business

e VII. Media

e VIII. Significant and Useful
Tangents

GINE

OPEN NETWORK ENABLED

e Extensible

e Paths
e ATSC 3.0 Stack
e |P OTT Stack



PHY Layer Architecture

ATSC) 3.0

downlink

Signaling

I—I N k Control Info
Layer

"y

Coded o Waveform
- Modulation - Generator
GINENeda SINCLAIR ;
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“Tra nSpOrt” (Management and Protocol) Layer Stack

Media Processing Unit
(MPU)

signaling J signaling Signaling

MPU mode payload

SLT MPEG Media Transport Protocol (MMTP)

Data Link Layer (e.g. GSE or TLV or ALP)

TCP

Data Link Layer

Physical Layer

Physical Layer (e.g. ATSC 3.0)

Broadcast Broadband

GINENMedia SINCLAIR )
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Structure and Waveform
Signaling

GINENeda SINCLAIR
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PHY Layer Components
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What That Means

e Send different chunks of data at different rates and robustness

il RadioiMabile

GEINENeda SINCLAIR
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NextGen TV

* |. Sinclair— ONEMedia " Propagation
e ||. Spectrum Ry
e |II. Standard an
. o e Use case —
* |[V. Transmission . Gateway
* Mobile/portable
e V. Platform (s) + Hybrid
o V . BUSIneSS . SFI'\I NextGen doesn’t require ATSC 3.0
. e Boomers/Boosters/DAS
° V I' Medla . Seamless—Sta:eWise
e VIII. Significant and Useful et
Tangents
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Field Strength Summation @ 10m Reciev

e height (Longley Rice
| i _

)

Power sum
<VALUE>

B 4o 4718 1.0
- 47-70ATSC 3.0
- 70 - 73 Mobile

e
- >73 Indoor

LR-SI (Power sum

)
Britt] Calculation date: 2018-09-17 17:31:35

Method: Power sum
Cell size: 100 m

INPUT FS, CHANNEL

ALLIANCE, NE - KTNE-TV 13 (0% 10m), 13
BASSETT, NE - KMNE-TV 7 (90% 10m), 7
BEATRICE, NE - K23AA-D 23 (80% 10m), 23
BENKELMAN, NE - K33FO-D 33 (90% 10m), 33
BLAIR, NE - K24GO-D 24 (80% 10m), 24
BROKEN BOW, NE - K46KP-D 46 (90% 10m), 46

*L| CHADRON, NE - KDBJC-D 6 (90% 10m), &
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CRAWFORD, NE - KOSKR-D 6 (90% 10m), 6
DECATUR, NE - K341B-D 34 (90% 10m), 34

FALLS CITY, NE - K250G-D 25 (90% 10m), 25
HARRISON, NE - KOBLN-D 8 (90% 10m), 8
HASTINGS, NE - KHNE-TV 28 (90% 10m), 28
LEXINGTON, NE - KLNE-TV 26 (90% 10m), 26
LINCOLN, NE - KUON-TV 12 (90% 10m), 12
MCCOOK/CULBERTSON, NE - K44FN-D 21 (90% 10
MERRIMAN, NE - KRNE-TV 12 (90% 10m), 12
NELIGH, NE - K5010-D 27 (90% 10m), 27
NIOBRARA, NE - K14MI-D 14 (90% 10m), 14
NORFOLK, NE - KXNE-TV 19 (90% 10m), 19

NORTH PLATTE, NE - KPNE-TV 9 (90% 10m), 9
OMAHA, NE - KYNE-TV 17 (90% 10m), 17

PAWNEE CITY, NE - K33AC-D 33 (90% 10m), 33
VERDIGRE, NE - K10JW-D 10 (90% 10m), 10
WAUNETA, NE - K201J-D 20 (90% 10m), 20

Longley Rice

-A ACRODYNE
J x  SERVICES
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Field Strength Summation @ 10m Receiv

e height (CRC)
l !

Power sum

S| (Power sum)
<VALUE>

- 40-47ATSC 1.0
- 47 -TOATSC 3.0
70 - 73 Mobile

- =73 Indoor

Sl (Power sum)
Calculation date: 2018-09-17 15:40:05

Method: Power sum
Cell size: 100 m

INPUT FS, CHANNEL

ALLIANGE, NE - KTNE-TV 13 - Gonverted (90% 10m)
BASSETT, NE - KMNE-TV 7 - Converted (90% 10m), *
BEATRICE, NE - K23AA-D 23 - Converted (90% 10m})
BENKELMAN, NE - K33FO-D 33 - Converted (90% 1C
BLAIR, NE - K24GO-D 24 - Converted (90% 10m), 24
BROKEN BOW, NE - K46KP-D 46 - Converted (90% 1
CHADRON, NE - KO6JC-D 6 - Converted (90% 10m),
CRAWFORD, NE - KO6KR-D 6 - Converted (90% 10m
DECATUR, NE - K34IB-D 34 - Converted (90% 10m),
FALLS CITY, NE - K250G-D 25 - Converted (90% 101
HARRISON, NE - KOSLN-D 8 - Converted (90% 10m),
HASTINGS, NE - KHNE-TV 28 - Converted (90% 10m
LEXINGTON, NE - KLNE-TV 26 - Converted (90% 10r
LINCOLN, NE - KUON-TV 12 - Converted (90% 10m),
MCCOOK/CULBERTSON, NE - K44FN-D 21 - Conver
MERRIMAN, NE - KRNE-TV 12 - Converted (90% 10n
NELIGH, NE - K5010-D 27 - Converted (90% 10m), 27
NIOBRARA, NE - K14MI-D 14 - Converted (90% 10m)
NORFOLK, NE - KXNE-TV 19 - Gonverted (90% 10m)
NORTH PLATTE, NE - KPNE-TV 9 - Converted (90%
OMAHA, NE - KYNE-TV 17 - Converted (90% 10m), 1
PAWNEE CITY, NE - K33AC-D 33 - Converted (90% 1
VERDIGRE, NE - K10JW-D 10 - Gonverted (90% 10m
WAUNETA, NE - K201J-D 20 - Converted (90% 10m),
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Use cases

10/25/2018

* Using ATSC 3.0 calculators for “typical” parameters
along with correction factors for a few use cases

MOD —
COD -
Capacity > 7
C/N Lo
Loc prob o

FS at 1.5m e

FS at 10m A7eBuvim

anGIm

GBINEVieda

OPEN NETWORK ENABLED

FFT o o i

= 16QAM
11/15 it
P 10Mbps
T 10dB
o 95%
e 54dBuV/m
73dBuV/m 71dBuv/m A
/I x
ACRODYNE
SERVICES

BROADCAST GROUP
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Reception Probability @ 10m Recieve Height
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Coverage probability

I:I 0.70-0.80
[:I 0.90-0.95
s

Rooftop (ATSC 3.0 Fixed, Coverage probability)
Calculation date: 2018-09-19 16:55:35

SYSTEM
Profile: Normal
FFT size: 32K
Systemn bandwidth (MHz): &
Bandwidth option: 0 - 100%
Modulation: 256-NUQAM
Code rate: 1015
Quter code: None
LDPC frame length: 64800
Guard interval: GIT_2048 (296ps)
Scattered pilot pattern: SP12_2
Scattered pilot boost: 1
Mulh antenna type: SIS0
TDMA sub frame: False
Frame length: 250
PAPR reduction: None
Channel bonding: None
Backstop noise (dB): -38
Net bit rate (Mbit/s): 27 .61
Required C/N (dB):
Rice: 19.21
Rayleigh: 21.88
EPT
EPT model: NONE
RECEIVER
Frequency (MHz): 503
Channel: 19
Receiving condition: Fixed
SFN synch method: First Tx
Guard interval model: Tf
MNoise figure (dB): 7.0
Man-made noise margin (dB):
Built-up area (dB): 0
Other (dB): 0
Antenna gain (dBd): 10
Feeder loss (dB): 4
Amplifier gain (dB): 0
Antenna height (m). 10
Impl. margin (dB): 0
Tuner type: Silicon
Receive lower LDOM level: False
FIXED RECEPTION
Antenna direction: Strongest Tx
Directivity discrimination: OET Bulletin 69
Orthogonal polanization discrimination: True
Value (dB): -16
Wanted Tx polarization: Individual
Rx polarization: Same as wanted Tx
PROPAGATION
Qutdoor standard deviation (dB): 5.5
Field strength correlation: 0
CALCULATION
Method: Leg-normal
Max number of interferers: 3
Consider receiver overload: False
Raster type: Coverage probability
Minimum field strength (dBuv/m)
Emin: 43.0
Emed at 10 m, 95 % of locations: 52 1

24 Mb/s Home
Gateway with
Outdoor
Antenna

53
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Home Gateway Reception @ 3m Receive Height

Coverage probability
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Home Gateway (AT SC 3.0 Fixed, Coverage probability
Calculation date: 2018-09-19 16:02:15

SYSTEM

Profile: Normal

FFT size: 32K

Systermn bandwidth (MHz): 6
Bandwidth option: 0 - 100%
Modulation: 64-NUQAM
Code rate: 1115

field

M
Be

NCE

CIOM outer code: None

Eritt] LOPC frame length: 64800
Guard interval: GI7_2048 (296us)
Scattered pilot pattern: 5P12_2
Scattered pilot boost: 1
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Multi antenna type: SISO
TDMA sub frame: False
Frame length: 250
PAPR reduction: None
Channel bonding: None
Backstop noise (dB). -38
Net bit rate (Mbit's). 22.78
Required C/N (dB):
Rice: 16.31
Rayleigh: 19.22
EPT
EPT model: NONE
RECEIVER
f| Frequency (MHz): 503
Channel: 19
Receiving condition: Fixed
SFN synch method: First Tx
Guard interval model: Tf
Moise figure (dB): 7.0
Man-made noise margin (dB):
Built-up area (dB). 0
Other (dB): 0
Antenna gain (dBd): 0
Feeder loss (dB): 1
Amplifier gain (dB). 0
Antenna height (m): 3
n| Impl. margin (dB): 0
Tuner type: Silicon
Receive lower LDM level: False
FIXED RECEPTION
Antenna direction: Strongest Tx
Directivity discrimination:
Angle lower (). 30
Angle upper (") 120
Gain (dB): -7
Orthogonal polanzation discrimination: True
Value (dB): -3
Wanted Tx polarization: Individual
Rx polarization: Same as wanted Tx
PROPAGATION
—| Outdoor standard deviation (dB): 5.5
illl Field strength comrelation: 0
CALCULATION
Method: Log-normal
Max number of interferers: 3

24 Mb/s
Home
Gateway
With Window
Antenna

—| Consider receiver overload: False

L 1 1 1 1 |
160 80 0

160 Miles

1 = 4,549,957
PROGIRA plan

A ACRODYN
I x

Raster type: Coverage probability
E Minimum field strength {dBuV/m)
Emin: 47 1

54
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Mobile Reception @ 1.5m Receive height Goverage probabilit
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What is the Next Media Distribution?
5G? -- ATSC 3.07? -- Both?

SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP
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e | 2 [ [27] 1.0/1.2
Videss (MPEG, 59°) E Ao A5 AN PrOtOCOI
! A .~ Stack
ATSL 10 Phrpuicsl Lwr [8-W8 RE)

Software Applications
EHTPMLY Tavea Srrizk] - -
Signaling
ML Plarpar Casadar | CASH PlrparDacader o
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I IP Streamns and Files
o = e = Signaling
ATSE 3.5 Pyl Livar | BFOMA 7] Prabeal Lisyw
Broadc Broad Sending Bits .
" e rf? ; Transmission
skl [Physical Layer)
in &6 MH=

Signaling

Finding the Signal System Discovery & Signaling

GENENeda SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP

® Screenisa web
page

« [JHD
* HD & SD multicast
s Immersive Audio

* [nternet Protocols

* OFDM

* Unique
Sequence
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Improved TV

>
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OPEN NETWORK ENABLED

Software

Pictures &
Sound

Data Organized as
Streamns and Files

Sending Bits
over the air
in &6 MH=

Finding the Signal

Appli.ations

Signaling

Presentation

Pro.ocols

Signaling

Transmission

[Physical Layer)

Signaling

System Discovary & Signaling

SINCLAIR

BROADCAST GROUP

® Screenisa web
page

« [JHD
* HD & SD multicast
s Immersive Audio

* [nternet Protocols

* OFDM

* Unique
Sequence

60



IP Off Ramp

Software Applications * Screen is a web
Apalicatiora (HTMLE Tava Sorigt] - page
Signaling
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ATSE 3.8 Fhpsieal Lapar | GFEAA KF) Fhual Liyer Signaling

Broadrast Broadband Sending Bits .
over the air Tr.lﬂn?_mlss.mn * OFDM
[Physical Layer)
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Signaling
Finding the Signal System Discovery & Signaling * Unique
Sequence

GINENedia SINCLAIR )
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Boomers Boosters & DAS

e Boomer 1 MW — 1000 ft +

e GEINENeda

OPEN NETWORK ENABLED

* Boosters — Any size
e Sparse — 100 kW 300 Feet

BROADCAST GROUP
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OTA Coverage is Round
DMAs are Not

GCINE

OPEN NETWORK ENABLED
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Eastern DMA

SINCLAIR
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OTA Coverage is Round
DMAs are Not

MVPD'’s role is major in ATSC 1.0

GENENeda SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP



Add SFN Support

Booster
Good for pumping up intensity
Booster

Station

Doesn’t help with extending coverage

GCINE

OPEN NETWORK ENABLED



If the rules were
updated...
SFN to Cover DMA

Booste

L _
CINE

OPEN NETWORK ENABLED



NextGen TV

e |. Sinclair— ONEMedia
* |[I. Spectrum

e |I|. Standard

* [V. Transmission

e V. Platform (s)

* VI. Business

e VII. Media

e VIII. Significant and Useful
Tangents

GINE

OPEN NETWORK ENABLED

e OTT/OTA

* Home Gateway
e UX/UI

* Ecosystem



Big Things

OTA Broadcast Station

* Not Backward Compatible

OTA BROADCAST PIPES

e Feeds a Router, nota TV
* Or a Device o
e Ora “Granny TV” Dongle e

A

Household
Gateway
Router

Basic TV

Mobile Devices

) ledia QINCT ATR
“u.ﬁf | —-— L_,J | e .'j A LN U A/ A A AN 70
BROADCAST P

OPEN NETWORK ENABLED



IP Payload is Multimedia Capable

OSI| Model:

“\ Apps, Apps &
\ Contents ~Presentation
/&

| Services

Example protocol stack model of ATSC 3.0:

Linear Interactive Companion Appl iCEﬁDI"IS

™ Services Screen
___HTIMLS ]

o Emergency Usage
Personalization ” Alerts I Reporting

. Video/Audio/CC

Service MNRT

ESG Signaling Content

1
[ 6. Presentation } 1
Application Layer Transport protocol : HTTP(S)
___5.session __| Delive (e.g. ROUTE, MMTP) .
[ 4, Transport ] ry |
Protocols UDP | TCP
[ 3. Network ] i
IP Multicast : IP Unicast
. 2.Dpatalink |
]
i PHY & |
_ LPhysical | e Broadcast PHY | Broadband PHY
I
NE NVedia SINCLAIR
OPEN NETWORK ENABLED BROADCAST GROUP
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Multimedia Experience

Applications

Burned-in Stats

STATION
LOGO

* Pictures, Graphics and Sound
are “burned in”

+ Same experience for entire .
audience .

BNENMedia

OPEN NETWORK ENABLED

Internet Experience
Personalized & Dynamic

FioolI v

HTML5/Internet overlay graphics

Hybrid delivery - merge broadcast & internet
Dynamic Ad Insertion

Personalized Graphics

Interactivity

Synchronized second-screen applications
Immersive Audio - user control of tracks and mix

Audience Measurement capabilities

SINCLAIR

BROADCAST GROUP
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Platform

* One Facet — New Product — New Platform

e Platforms are inclusive, transactional, and highly integrated
e Example — Number of viewers drives programming and bit allocation
e Example —The ad you need is played for you
e Example -- Recommendations

 We own less of the Ecosystem than others

10/25/2018 DN E

OPEN NETWORK ENABLED

73



Ecosystem —OTT
Fixed Mobile

ISP

Uplink

GEINENedsas SINCLAIR
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Ecosystem — “Hybrid” OTT-OTA

Fixed Mobile

Broadcast

Next Gen
Broadcast
Next Gen

MN O
- NextGen |

Uplink J Mextcen

GINENeda SINCLAIR
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Ecosystem — “Hybrid” OTT-OTA

Fixed Mobile

Broadcast

Next Gen
Broadcast

Next Gen NeXtGen

GINENeda SINCLAIR
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One Facet

 We produce OTT like products which are distributed via the Internet
AND OTA.

e \/iewers can receive Either or BOTH.
e “Hybrid”
¢ SHEVC
e Server Side DAI

 Fills holes in coverage
* Launch business models as we build SFNs

 Incentives for 3.0 receivers/gateways

CINE

OPEN NETWORK ENABLED



3.0 versus Internet Reach

Broadband Broadcast
eWireless — 68% * Once 98%, eroding to 96%

* 5G rolling out
*Wired — 75%

* Delicate
* Work in Progress

EEEEEEEEEEEEEEEEEE



“Home” Gateway

OTA Broadcast Station

e 3.0 Receivers (lots of them)

e ISP — WAN/LAN Router Functions
e DVR o

Internet

e 27d Screen (handheld the new “remote”) Kk§

e Video/CAS/AEA/etc.
e “Universal Translator”

A

Household

Mobile Devices

 Remotely upgradable

OPEN NETWORK ENABLED



I | ATSC 3.0 HG Pre Production Grade Model Overview
ATSC 3.0 HG Pre Production Grade Model Overview

-
* Enables existing devices on the home network 1 S NN P — Cmﬁjﬁ:gm _____________________
* Middleware to support seamless UX ' ﬁs R T ) USB 20 ! )
£
. | RF
Dual ATSC 3.0 Demodulators mem%r ! A — 0 A o
. . . . . P IF J v Reserje
Unicast session to each client device in the home Tuner |+ Demodlor [—) o) bz elc.)
* Prevents Wifi saturation
* Reduces processing load of clients usa 20

* NRT (Non Real Time) Edge Cache / Local CDN _ : USE20(0T6) : 320
7 4Gbx4

* Pre-placed alternate/personalized Advertisements

Bhit eMMC
WOl Ethemet RGMII aen
PHY(Cbi
| SDIO ‘(
\/ . Power Idicator

12V Power S ATSC 30
) Block Power Receptidn

ACAd afpter Ind\catog

4 V3.3V elc. H

Rear Panel Front Panel

SINCLAIR
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Virtualized?

e Closer the Edge Server, the better... Physical Gateway is closest
e Purchase price vs. Continuing payments

e Bring back Internet Issues?

e Our advantage is we bypass the Internet

* Peak capacity issues
e Throttle -- ABR Quality
e Walled Gardens

e Differing Business Models for Virtualized Home Gateway

OPEN NETWORK ENABLED BROADCAST GROUP
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AirTV Player Bundle

10/25/2018

1.0 Home Gateways

Fire TV Recast, Over-the-air DVR, 500 GB, 75
hours

$229.99 sprime

OPEN NETWORK ENABLED
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Everything is a Subset of “Home Gateway”

Mobile

e [In Home
e Extension of Gateway
e Becomes the Remote Control

e Out of Home
e OTA direct
* Internet to Gateway at Home

10/25/2018 DNE /

OPEN NETWORK ENABLED
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DEPARTURES

User Interface (UX)

e How many?
e Who does it?
e Who owns it?

TRAFFIC UPDATES

- p— - % @ JA 1 A
[ v’ | j I INULLAILIRN
B RC DCAST GROUP

OPEN NETWORK ENABLED



Ecosystem

Distribution Network Destination

)

A
A A
A
A

Smart TV

ICON SET FOR INTERNET OF THINGS (10T) VOLUME 1

5
g

Customer
Information
CIS

@mﬁa-ﬁ.:?uh
o sy e
Q== vl =

CINE Viedia SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP



Possible NextGen TV Station

LA H

z
=

JLLE Al

EINENeda

OPEN NETWORK ENABLED

SINCLAIR
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Zmat
Phone
Ot of
Home

Dizplay



Changes to Our Stations?

e More OTT like

e Triggers

e More HTML 5.0 like production
e Super Sales Department

e Bigger “Digital” presence

e Less “Video” presence

GINENedia SINCLAIR }
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Ecosystem

Distribution Network

g'l'g'l'a

Destination

In satellite R
and cable - -
Customer they own I ’) ,. >

Infi i
nformation ﬁ‘“ e a A |;1“ D

cis most of the - -
ecosystem

CINE Viedia SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP



Ecosystem — “TV”

Distribution Network

1. FCC requires one of these in
the clear.

2. The dongle or STB can have
few or many features

Customer

Information
CIS

ENENeda

OPEN NETWORK ENABLED

Smart TV

ICON SET FOR INTERNET OF THINGS (10T) VOLUME 1

e o

A )l
@ -

S O MNP il

‘ Dﬂ Hﬁ" Daﬂ -).ﬁ‘

Car Gateway

SINCLAIR
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Ecosystem -- OTT

Origin Distribution Network T

Customer
Information
CIS

EINENeda

OPEN NETWORK ENABLED

Destination

m R
c:- -
Smart TV g

ICON SET FOR INTERNET OF THINGS (HOT) VOLUME 1

Do E o O

I") :

ST a

SINCLAIR
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Ecosystem — “Hybrid” OTT-OTA

Distribution Network

Home Gateway

=
Smart TV

ICON SET FOR INTERNET OF THINGS (10T) VOLUME 1

S S @
g -wnci“u

e e
® C -

@e‘:’“@ a

Customer
Information
CIS

‘ Dﬂ Hﬁ" Daﬂ -).ﬁ‘

Car Gateway

GEINENedsas SINCLAIR
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Ecosystem — Mobile OoH

Distribution Network

TV Station Home Gateway

&
e
s a8
Customer @ O H-Lp? K
Information
CIS ﬁﬁ eﬁh ‘:%' @% ﬂ% Dﬁ i

Car Gateway

GEINENeda SINCLAIR
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Ecosystem — Mobile in Home

Distribution Network

TV Station

Ean/-i\rI1e ‘ Smart phones and
: s Tablets can be 2nd
et Screen — essentially a
remote control for
Customer .
Information everything
clis

Car in garage can be
loaded at high speed
from gateway w/storage

ENENedia

OPEN NETWORK ENABLED

=
Smart TV o

ICON SET FOR INTERMET OF THINGS (10T) VOLUME 1
=%

@'ﬂln

- - !)8 li‘h &
w% ] L % ﬁ

¢ D el WO e

F4

Car Gateway
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Ecosystem — NextGen TV w/o Gateway

Distribution Network Destination

Customer
Information
CIS

CINE Viedia SINCLAIR
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Ecosystem — NextGen TV w/Gateway

Distribution Network Destination

Customer

Information
CIS

CINE Viedia SINCLAIR
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NextGen TV

e |. Sinclair— ONEMedia
* |[I. Spectrum

e |I|. Standard

* [V. Transmission

* V. Platform (s)

* VI. Business

e VII. Media

e VIII. Significant and Useful
Tangents

GINE

OPEN NETWORK ENABLED

e Big Three
* DAI
 Mobile
* CDN

e Questionable Business Plan
e |OT
e Digital Signage
e Etc.



Business Case Views

Broadcast

e Better Quality

* |[mmersive Sound

* High Dynamic Range

e More Pixels More Frames
e Public Service

e More information (AEA)
e Bullet Proof Delivery

CINE

OPEN NETWORK ENABLED

Internet Overlay

e Business that benefit from
universally available, fatter,
cheaper “fast lane”

e Big Distribution

e Live OTT

e Computer Based Learning
* Ya Da Ya Da Ya....



The “Long Tail” AKA; Not the “Grazing Zone”

Number of results

;f——

< More 5&11&:'.‘ c mote sPu.;Fi:-a-

CINE
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The “Long Tail” AKA; Not the “Grazing Zone”

_‘_'4_'::?-‘)-‘ <

Nuwber of reults

< More 5ene:f.‘ c mote sPcc; ¢ —=>

CINE
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The “Long Tail” AKA; Not the “Grazing Zone”

Live |
Mass Distribution \ /
Non Real Time
Individualized
Specialized

Mobile Enabled
Fixed Home Gateway
NextGen “TV” receivers

¢

Selling More of Less
Selling More of More

Number of recults

\r.

< More 5ene:f.‘ ¢ mote sPu.;Fica-

CINE
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The “Long Tail” AKA; Not the “Grazing Zone”

\_\ /
=

Applcatora (HTMLY/ lsvateript)
N e R g e | m‘ e Doy v LA Uil e el i mm
g MEUS0 D) Bic A R . SN Sepmant QN0 BAEY) prm——
MMTE ROUTE HIT
- R LS T Lt e o ——
[ o0 |
{ g » |
ATIC LiskLarper Protoced (ALP) Duta Livk Layer ™
| ATSC 3.0 Phyvical Lanper (OFOMA RF) | Phrgsical Layer

Broadband

GEINENedsas SINCLAIR
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By 2019, 80% of the World’s Internet Traffic Will

Be Video [Cisco Study]
Global IP traffic 4%

3%
By 2020, video on the internet will eat 1%
up a bigger share of increased web traffic.

15%

Gaming —— o 1%
File sharing 8%
Web/data 18%
IP VOD 22%
2016 2021
i Total traffic: 96 exabytes 278 exabytes
Source: Cisco rm

10/25/201 GINENeda SINCLAIR 102
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Where Advertising Dollars Go

Internet 49 5

Broadcast television™

Cable television®*

> Radio 17.2
Mewspapers 16.7

Magazines*=> 128

Cut of home 5.4

Video games 1

Cinema 0.3

0 5 10 15 20 25 30 35 40

Adwvertising revenue in billion U.5. dollars

£ Statista 2016

GEINENeda SINCLAIR
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-|- h e D | e TV’s Digital Threat Looms Large

Networks are increasingly seeing one another as allies against Google, which owns YouTube, and
Facebook. Google and Facebook accounted for about $53 billion, or 60 percent, of last year’s

Ove r _-i m e digital ad spending in the United States,

$100 billion
Total U.S. Digital Ad
Spending
80
Total U.S. TV Ad
e Spending
60
40
20
0y | | i
2014 2015 2016 2017

By The New York Times | Source: eMarketer

GEINENeda SINCLAIR
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A Generational Gap in How Americans Consume Content

Here's how many hours per week vounger and older Americans are spending on different
platforms.
.
Generation Ga i e
Live TV
18.4 3806

Older folks average 40 hours of
live TV and 21 Hours on line
each week?

-- Per Nielsen

Smartphone web and app browsing

AM and FM radio

Compuier browsing

TV streaming devices

| EG

Video viewing on a computer

B::

Gaming consoles

7.0

B
| ER

B |04
DVR and services like video-on-demand

B:s N
Smartphone videa \"JB‘\HII‘IE

Iz lor
DVD/Blu-Ray Device

oz fos

Live TV includes playbacks within seven days. TV-connected sireaming devices includes viewing
through Roku, Apple TV, smartphones and computers. Game consoles includes time spent
playing and watching content. Smartphone video viewing is specific to video-centric sites and
apps like Netflix.

By The New York Times | Source: Nislsen Total Audience Report, G2 2017

SINCLAIR

BROADCAST GROUP

GENENMedia

10/25/2018
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ATSC 3.0 enables potential revenue upside from

advanced advertising, data casting, new services
and core upgrades

ATSC 3.0 could
provide incremental
revenue of up to $20
billion...

... where as staying
at ATSC 1.0 could
pose a revenue loss
risk of up to $12
billion &)

CINE

OPEN NETWORK ENABLED

TV Ad Revenue ($ in billions)

120

100 -

80 A

60 -

40 -

20 A

ATSC 3.0 Incremental

/Case
__ff_f—

ATSC 1.0 Risk

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

(1) Revenue forecast based on FTI ATSC 3.0 Revenue Study, June 2015 106



gital Ad Insertion

CONTENT DELIVERY NETWORK (CDN)

GEINENeda SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP



Simple Boy-Girl Ad Split

15 X $100 Spot

S75 Spots

S150 Revenue

B EINENeda SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP



Advanced Advertising Campaign

10/25/2018

2-10X?

S1

Campaign

S1
Campaign $1
$1 Campaign S1

Campaign Campaign

S1
Campaign 1 S1

Campaign s1 Campaign

Campaign

S1

Campaign

S1
Campaign $1 s1
Campaign Campaign i 2z

GEINENedsas SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP
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S1

Campaign $1 Campaign

Campaign $1
Campaign

Campaign e" 51 $1

Campaign S1

: Campaign
Campaign

S1
Campaign S1 1 .
Campaign Campaign Campaign

Campaign

10/25/2018 NEMEdia SINCLAIR 110
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Recon
Contract

Billing

-

DAl Workflow Add On Playout

10/25/2018 NE MEdia S INC LAIR 111

OPEN NETWORK ENABLED BROADCAST GROUP

Trigger & Opportunity

Insertion

—



NextGen TV

e |. Sinclair— ONEMedia
* |[I. Spectrum

e |I|. Standard

* [V. Transmission

* V. Platform (s)

* VI. Business

e VII. Media

e VIII. Significant and Useful
Tangents

GINE

OPEN NETWORK ENABLED

e Audio

e Video

e HTML-5ish

e Trends — Move to OTT



Video
Relative Bandwidth Demands Of 4K,

HDR, WCG, HFR

Bandwidth Increase

| | I I | |
4K UHDTV

High Frame Rate - 120FPS

High Frame Rate - 60FPS

HDR

Color Gamut

10-Bit Bit Depth

33 _ | - | . | I

0

ONE SINCLA

OPEN NETWORK ENABLED

50% 100% 150% 200% 250% 300% 350%



Scalable High Efficiency Video Coding
SHVC: Spatial Scalability

— Limited to 2 spatial layers
— Base layer optimized for mobile reception
— Enhancement layer optimized for UHD resolution

High loss
channel

-

=

-

Low loss
channel

A diagram explaining how ATSC plans to have both a robust signal for mobile and distant receivers, and a high-bandwidth signal for
Ultra HD resolutions.

CHET/ATSC

ENENedia SINCLAIR
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ATSC 3.0 Audio Attributes (1)

* Immersive (“3D Audio”) Capabilities
e 7.1+4 support mandatory
e 22.2 and HOA (high order Ambisonics) SUpport optional
e Channels only and Channels + Objects mandatory
e Enables flexible rendering (including headphones)

e Personalization Capabilities
e Dialog Enhancement
e Using static objects for Dialog Replacement
e Mix/sync of audio content received OTA and online

CINE

OPEN NETWORK ENABLED



ATSC 3.0

Minimum

Immersive
Configuration

ENENedia SINCLAIR
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ATSC 3.0 Audio Attributes (2)

e Provides state-of-the-art efficiency

* Provides extremely high audio quality

 Maintains support for Stereo and 5.1 surround
 Maintains or improves ATSC 1.0 loudness control
 Maintains or improves ATSC 1.0 accessibility features
* Low latency, excellent lip-sync performance

* Provides framework for system extensibility

CINE

OPEN NETWORK ENABLED
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Position Label

M+000
M+030
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M+060
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M+090
M-090
M+110
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M+135
M-135
M+180
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30-ch Listening
Lab at McGill
University

GBNEN
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ATSC 3.0 Formats/Bit Rates Tested

MANDATORY /

OPTIONAL

CODED BIT RATES

REFERENCE

COMMENT

Stereo
5.1
7.1+4
Codec
Performance [RZA
HOA+LFE

[ch=(N+1)?]

7.1+4
Immersive 22.2
Headphone

HOA

Mandatory
Mandatory
Mandatory

Optional

Optional

Mandatory

Optional

Optional

ENENedia

OPEN NETWORK ENABLED

32, 64, 96 kbps

80, 144, 208 kbps
144, 256, 384 kbps
288, 512, 768 kbps

10, 20, 30 kbps/ch,
+4, 8, 16 kbps/LFE

256 kbps
512 kbps

20(N+1)2 + 8 kbps

SINCLAIR

BROADCAST GROUP

Original Stereo
Original 5.1
Original 7.1+4
Original 22.2

Original HOA
rendered to 22.2

Orig. content
convolved through
BRIR of BS.1116-
compliant room

Channels only
Channels only
Channels only

Conly or C+O

All HOA Orders
@ 22.2 playback
(N=HOA Order)

BRIR provided to
proponents with
source content

(N=HOA Order)



NextGen TV

|. Sinclair — ONEMedia
ll. Spectrum

Ill. Standard

V. Transmission

V. Platform (s)

e \/I. Business

e VII. Media

 VIII. Significant and Useful Tangents

GINE

OPEN NETWORK ENABLED

Historical

Standard
e Shannon

OFDM
e Gl

LDM

Crest Factor
Antenna
AEA

e Radio on NextGen

NextGen TV Station

What'’s Available to Receive 3.0?
Adoption

Dallas Test SFN



Unlikethe DTV Transition, many broadcasters
are on-board for ATSC 3.0

* Networks / O&Os

e Major Owners — 11 of them in Pearl

HEARST felevision inc G SCHURZ @ meredith C— ’EESTM lnlﬂ.lvﬂlll.lf J TEGNA “"EE“L;‘] }‘} tﬂf COYMEj
i SCRIPPS

OPEN NETWORK ENABLED



anc;:. Ski
ATSC Bootcamp hU /o] e
Rich Chernock Os¢ Iy :)df'eds Of:Ver 475(‘2
Qrtey . MNufye, Ol <0
- eq act SH '
trwers s M ove,. Urers ang ip
o R
O/der
S

(OMV

LIFE™ MIBILE WIUELY LALLM
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$3,000,000,000.00
RIP

10/25/2018

OPEN NETWORK ENABLED BROADCAST GROUP

QUALCON\N(

MediaFLO Technology Highlights MediaFLO"

Higher Efficiency with Optimum Capacity & User Experience Simultaneously

*+ OFDM-based broadcast technology
+ Spectral efficiency of 1-2 bit per second per Hz
+ 4096 (4k) subcarriers
* Various modulation techniques
+ QPSK/16-QAM, various code rates
+ Layered modulation for extended coverage
* Virtual and dynamic channelization
« Quality of Service — video quality can be adapted for media types
* Increased capacity gain — statistical multiplexing
+ Superior mobility
* Robust operation at low and vehicular speeds > 200 kph
+ National and local area services
* Delivered in one RF channel
*+ Lower power consumption
* 4+ hours of battery time on a standard battery
+ Fast acquisition (channel change)

+ ~ 2 seconds channel switching time
—

SINCLAIR
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15t Mobile TV

NENeda SINCLAIR
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NextGen TV

|. Sinclair — ONEMedia
ll. Spectrum

Ill. Standard

V. Transmission

V. Platform (s)

e \/I. Business

e VII. Media

 VIII. Significant and Useful Tangents

GINE

OPEN NETWORK ENABLED

Historical

Standard
e Shannon

OFDM
e Gl

LDM

Crest Factor
Antenna
AEA

e Radio on NextGen

NextGen TV Station

What'’s Available to Receive 3.0?
Adoption

Dallas Test SFN



ATSC 3.0 Document Structure

ATSC 3.0
“Parent”
Standard

A/300

SECTIONS

PHY

Scheduler/ALP
Delivery

Essence (A/V/Captions)

Personalization

Common
Boilerplate

A/301

ENENedia

OPEN NETWORK ENABLED

List of Standards
Sys. Disc. & Signaling: A/321

PHY Layer D/L Standard: A/322
PHY Layer U/L Standard: A/323

Scheduler, STL & SFN: A/324 |
 Link Layer Protocol (ALP): A/330 |

Delivery, Signaling, Sync & FEC: Af331|
Service Announcement: A/332 ‘
Service Usage Reporting: A/333

Audio Watermark Emission: A/334|

Video Watermark Emission: A/335|
A/V Watermark Payload: A/336 |

Video Standard: A/341
Audio Standard: A/342
Captions & Subtitles: A/343
App Signaling & Triggers: A/337 I

App Runtime Environment: A/345 |

Personalization Standard: A/346
Companion Devices: A/338
Security Standard: A/360

SINCLAIR

BROADCAST GROUP
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State of NextGen

Foundation Trials
 Regulation — FCC Approval * Phoenix — Pearl
e Standards — Last Mile * Cleveland — NAB
* Irritants — Need FCC forms ’ WRAL |
(OMB) * Baltimore — ONEMedia
. SEN
e Lab
e Dallas

e Production SFN
* Spectrum Clearing

OPEN NETWORK ENABLED



3/5/2018 we have FCC Rules

ATSC )30 Standards

T <

21
Standards

A/321

A/324
AJ325
AS326
A/330
AN
AS332
A/333
AS334
A/335
A/336
AS337
A/338
AJ341
AS342
A/342

AJ343
As344

System Discovery and Signaling —

Scheduler/Studio to Transmitter Link

Lab Performance Test Plan (RP)*

Field Test Plan (RP)*

Link Layer Protocol

Signaling, Delivery, Sync. Error Protection
Service Announcement

Service Usage Reporting

Audio Watermark Emission

Video Watermark Emission

Content Recovery in Redistribution Scenarios
Application Signaling

Companion Device

Video - HEVC

Part1 Audio Common Elements

Part2  Audio: AC-4 System

Part3 Awudio: MPEG-H System

Captions and Subtitles
Interactive Content

Security and Service Protection

10/25/2018

OPEN NETWORK ENABLED
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SINCLAI

BROADCAST GROUP

130



Bootstrap A321

e System Discovery and Sighaling
* Describes the modulation waveform cocmesp Sepel pes Bocsap Wvetom

v

e Everything else can be changed
e -15 dB below noise is OK

Frequency

 Emergency warnings go here

Time

Figure 4.1 General physical layer frame and bootstrap structure.

CINE

OPEN NETWORK ENABLED
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Extensible

Dictionary

extensible Q.

ex-ten-si-ble
/ik stenssb(a)l/ 4
adjective

able to be extended; extendable.
“an extensible architecture designed to accommodate changes”

GINENeda SINCLAIR
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NextGen TV

|. Sinclair — ONEMedia
ll. Spectrum

Ill. Standard

V. Transmission

V. Platform (s)

e \/I. Business

e VII. Media

 VIII. Significant and Useful Tangents

GINE

OPEN NETWORK ENABLED

Historical

Standard
e Shannon

OFDM
e Gl

LDM

Crest Factor
Antenna
AEA

e Radio on NextGen

NextGen TV Station

What'’s Available to Receive 3.0?
Adoption

Dallas Test SFN



OFDM

Careier 1 Carrier |

Orthogonal frequency-division multiplexing (OFDM)1s
a method of digital signal modulation in which a single  Fam e
data stream Is split across several separate

narrowband channels at different frequencies to

il ol il W ol Al ol A A ‘* il A il e - e ol e

A L LA LN s s R

reduce interference and crosstalk. sep 7, 2016 www.radio-electronics.com

What is orthogonal frequency-division multiplexing (OFDM ...

hitps://searchnetworking.techtarget.com/___forthogonal-frequency-division-multiplexing

GENENeda SINCLAIR
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i

Each modulated carrier carries QPSK
modulation for two bits per symbol

GENENMedia

OPEN NETWORK ENABLED

ARV

SINCLAIR
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Or it could be 16-QAM for 4 Bits/Symbol \ .

ENENedia SINCLAIR
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LA A T LIS ) A B

S

annon

BICMW Perforrmance

1 I
Zhanman Limit !

QPRSI BICM
1BQAM BICM
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Mobile = Single Frequency Networks

e Current 8-VSB is poor at mobile
e Burns up spectrum
e Doesn’t penetrate

* New ATSC 3.0

_f10f10f10f10 e Really good at mobile
ffrfififel * VERY different distribution network
_ ‘f.1®f.1 : f.1' _ * Boomers
f1Uf1Uf10f10f10 e Boosters

1010101 . DAS
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RF Distribution Design

5G C-RAN Equated to Broadcast C-RAN
Radio Access Networks (RANs)

Remats Radio
Head (RRH)

5G C-RAN
Broadcast C-RAN

S5G CARAN
Edge Data Cerber

Wayefurms Built Here

- i I"' ..I..'I..
- \I:x — il tal |
S

Broadcast C-RAMN
Regional Cloud

Drigital Baseband
(S0, NFV]

Dvigital Baseband
[SDMS NFV]

Fotential Area
F. Inter-call Interfarence to
PAitgats

Tall Tower

Broadband Antennas

Optimized Unicast Traffic

————Large km spacin
oetimd s AN [ lEdia

GNENed
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Guard Interval

P Time axis

Main signal Constructive
signal
Delayed signal Constructive signal
Pt opne Hilnhr::::
Receiver sync
on firstsignal
GINENeda SINCLAIR
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Good

Guard Interval

P Time axis

Main signal Constructive
signal
Delayed signal Constructive signal
Pt opne Hilnhr::::
Receiver sync
on firstsignal
GINENeda SINCLAIR
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Good
Bad

Guard Interval

P Time axis

Main signal Constructive
signal
Delayed signal Constructive signal
I si Destructive signal
b e Selfinterference
Receiver sync
on firstsignal

GINENeda SINCLAIR
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OFDM Loves Multipath

 Power and More Transmitters Fixes Everything

e Classes of Transmitters
* Boomers
* Boosters
e Distributed Antenna Systems

CINE

OPEN NETWORK ENABLED



NextGen TV

|. Sinclair — ONEMedia
ll. Spectrum

Ill. Standard

V. Transmission

V. Platform (s)

e \/I. Business

e VII. Media

 VIII. Significant and Useful Tangents

GINE
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Historical

Standard
e Shannon

OFDM
e Gl

LDM

Crest Factor
Antenna
AEA

e Radio on NextGen

NextGen TV Station

What'’s Available to Receive 3.0?
Adoption
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Layered Division Multiplexing

Upper
Layer

Lower
Layer

1

i\
RE ! Future

' Extension
Layer
LDM overlay spectrum

GEINENeda SINCLAIR
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LDM Decoding /[\

H) _ Stream A Decoder [—> Stream A

Delay | Data buffer

—Bitto Cell—

Data + FEC

ENENeda

OPEN NETWORK ENABLED

r — —
Lower
1 :\ Layer
| ie——————— \
i RE ! Future
! ' Channel BW' ‘EXtEnﬂon

Layer
LDM overlay spectrum

Upper Layer BICM

- Lower Layer BICM

| | Common Modules
SINCLAIR

BROADCAST GROUP



NextGen TV

e |. Sinclair — ONEMedia
e |[I. Spectrum

e |[I. Standard

e [V. Transmission

e V. Platform (s)

* VI. Business

e VIl. Media

e VIII. Significant and Useful
Tangents

CINE

OPEN NETWORK ENABLED

Historical

Standard
e Shannon

OFDM
e Gl

LDM

Crest Factor

AEA

Radio on NextGen

NextGen TV Station

What’s Available to Receive 3.07?
Adoption

Dallas Test SFN



Crest Factor / Peak to Average Power Ratio
(Comparative CF)
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Crest Factor / Peak to Average Power Ratio

e 8VSBis6.5-8.1dB * PAPR Reduction
* OFDMis~ 12 dB * Clipping

e 1 or 2 dB headroom * Processing

needed e Selective Mapping
* Doherty Amplification e Tone Reservation

for Efficiency

e Partial Transmit Sequence

CINE

OPEN NETWORK ENABLED



Single Frequency Network S F N BO M Bill of Materials
Sweet Spot =6 X 100 kW ERP

* 6 x5 kW 3.0 Transmitters

e Combiner

 Wide Band Antenna

e Adequate STL

* Monitoring

* Networking — KVM — Console

CINE

OPEN NETWORK ENABLED



Crest Factor

EEEaHﬁEiEgEE

Mumber of probesble co-phased voltage
additkon events in a 100 year period

1025201 GEINENeda

8 OPEN NETWORK ENABLED
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Performance Parameters

* Proof of Performance e Fidelity
e Work in Progress e Phase Noise
e Can always do a 1.0 proof e MER — Modulation Error Ratio
e Usual * Appears as SNR
e Power * Same as:
e Out of band emission e EVM = error vector magnitude

) ) * RCE = relative constellation error
* Does linear correction matter? v !

CINE

OPEN NETWORK ENABLED



NextGen TV

|. Sinclair — ONEMedia
ll. Spectrum

Ill. Standard

V. Transmission

V. Platform (s)

e \/I. Business

e VII. Media

 VIII. Significant and Useful Tangents

GINE
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Historical

Standard
e Shannon

OFDM
e Gl

LDM

Crest Factor
Antenna
AEA

e Radio on NextGen

NextGen TV Station

What'’s Available to Receive 3.0?
Adoption
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Gateway Antennas

WorldLifestyle
Sponsored Q@

The secret behind this is a law that no cable company in the world wants you
to know about. It states that every cable company must emit an over-the-air
signal in addition to the normal signal. In order not to break the law, the
cable companies distribute this signal in a low frequency - so almost no
antennas could receive the transmitters. Untl now

Super Device receives 100 HD channels with No

Monthly Bills and Legal

This is a new super device that can receive over-the-air TV Learn More
signals that no other antenna could receive. So you receive

over 100 channels completely legally. Using milita

GENENeda SINCLAIR
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10/25/2018

* 6-inch line

 Wide Band
Antenna

Diele(‘:tri(,

 Reasonably Omni
Cardioid

e Side mount can
“fit” more towers

RAVAILABLE
TODRAY

Manufactured in Maine, USRA

Diegross bake horizontal

OPEN NETWORK ENABLED

The TFU-WB Series antenna is designed as a broadband, low-cost,
low-windload alternative to UHF panel antennas.

Hey Features: TFU-WB Azimuth patterns

« Broadband: Channels 14-51 "
» Economical alternative to panel antennas

» Low weight and 75% less windload then panels

= Input powers up to 60 kW

« Includes standard mounting brackets

» Quick delivery

= Available in HPOL or EPOL

« Designed for side mounting on existing structures
« ATSC 3.0 & DVB-T2 ready

= B, 16 and 24 bays

« Cardioid azimuth pattern

AZ Gain= 15

Specifications:
=« Polarization: Horizontal or Elliptical
= Beamn Tilt: 1 degree standard
(other options available)
« Input Size: 4 1/16" EIA {others available)
« VSWR [Max 470-698 MHz): < 1.15:1
« Input Power: 20 kW per 8 bay section
= Azimuth Gain: 1.5 or 2.3
« Weight: 410 lbs per 8 bay section
« Windload: 27.4 FT? per 8 bay section

//\
= \
ESaSSESSSSSSRRE

)

AZ Gain=23

4 o

Dogroes blow hadzortal

skt svanapn
etk st




UHF 6 pole CIF combiner Dielectric. LLC

CIF-UT6D11F-20K- 3xb6 - ATSC e B 22 Tower Road
X Dle eCtI'IC Raymond, ME 04071
1-800-341-9678

Port Size (NB,WB, Output) 3 1/8", 6 1/8", 6 1/8" EIA
Maximum MNE Input Power 20kW average

Maximum Combined Power 40 kw average
Tuning Frequency Range 470 MHz —698MHz
Standard ATSC, DVB-T, ISDB-T
Narrowband loss (fo) 0.32 dB max
Narrowband loss (fo+2.69) 42 dB max
Marrowband Rejection [ATSC)

IVETEEEY 1 r 8 2 dB min
IGE7E RN NIirl 12 dB min
IGETS NN vl 32 dB min
IVETEE NN vl 64 dB min

Broadband loss (fc) 0.1 dB max

Narrowband group delay 200 ns max

Broadband group delay 20 ns max

Input return loss (NB / BB) 28 dB min / 26 dB min

MB to BB isolation 30 dB min
640 lbs (272 kg)

Length x width x height 33in x38inx56in
(84 cm x 97 cm x 142 cm)

0°C to 40°C
Cooling Free convection cooled

Maodel Number (3-50 BB hybrid) [EeZ U=kl el e

All specifications are preliminary and subject to change
Broadband loss and delay based on semi-adjacent channel
operation, wider channel spacing will have less loss [ delay.

10/25/2018 NEMEdia SINCLAIR 158
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Boomer-Booster Antennas

= * Almost always for SFN Boosters
~ « Unless highly directional

*25% V-pol
eNull Fill =

e When Tower is in Town
e Not when in the Mountains
* Not when Rim Shot

I— Distance —l

s ONE SINCLAIK

OPEN NETWORK ENABLED



NextGen TV
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ll. Spectrum
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e \/I|. Business

e VII. Media
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OFDM
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AEA — Per Dr. Chernock & ATSC

What is Advanced Emergency Alerting? What is Advanced Emergency Alerting?
AEA is a facility in ATSC 3.0 to send urgent information Direct interaction between the TV station and the TV
= A new way to present alerts and other critical public info receiver
= Supplements, enhances, but doesn’t necessarily replace "On-screen icons/prompts/summaries
EAS =Detailed and targeted info
®Possibility of geo-targeting to narrow areas, or even specific =*Accompanying multimedia and live media
receivers =User selection of preferences (language, types of alerts to
=For receivers that “know where they are” display ...)
"Possibility of targeting (and encrypting) messaging for =Possibility of TV receiver wake up for the most urgent alerts

groups (first responders, gov’t, business...)

>
0n
Qn

=

2017 NEXTGENTV CONFERENCE 17s¢ 3.0 | 2017 NEXTGENTV CONFERENCE

GINENeda SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP

oZ



Advanced Emergency Alerting &)

Tuneln to
the Future

« Next step in robust delivery of emergency
information to the public

* Developed from work by the Mobile-EAS coalition
and the ATSC M-EAS Implementation Team as
demonstrated in numerous public venues

* An application using the robust capabilities that are
part of ATSC 3.0....next generation DTV now in
development

10/25/2018 NEMEdia SINCLAIR 162
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Opportunity for Broadcasters S5

Tuneln to
the Future

* Provide a more robust and reliable public warning
and safety information communications system....
....Independent of cellular network congestion

* Leverage broadcaster’'s major role as public information
provider with disaster-resistant facilities

* Offload data and video traffic during times of emergency
to preserve LTE for what is does best... point-to-point
voice communications

GINENeda SINCLAIR
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AEA High Points

e AWARN

 ATSC AEA I-team
 NAB — Pilot

e Alert is different than Informing E
e Vendors — Monroe, Triveni...

e Points
e Targeting
e Auto Turn On

e Rich Content
e WEA

e BINENMedia

OPEN NETWORK ENABLED



ATSC 3.0 AEA Messaging Delivery Architecture

Including HDMI Access to Rich Services

Emergency Message Origination &
Aggregation

Emergency
Information

A/336 Recovery Services

’
|
|
|
|
|
|
|
|
|
|
|
|
|

. — X
: Program AR M?dla Other

| (- WseEEE Generator sl NEGEITE / \

, Station Generator Resolver A A A

Filtering

: Policies

! Alert
E Content

T ]
| ' —>
B i Embedded -

v

Local Content

b

Live Content

Master
Control

Embedder

v N

Encoder

|
» | Internet

-7_, I e

GINENeda SINCLAIR
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ATSC 3.0 is Multimedia

...and
That
Means
Radio
Too

GEINENeda SINCLAIR
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TV Without Pictures

e TV Radio
« (TV radio or TV band radio or TV audio Radio) TVH WEATHER 7 8 9 10 11 1213 CH
e Last known is Sony Analog TV 2 saa s s el
e Most VHF only FM 88 92 96 100 104 108 WHz
* Few Car Versions AM 53 60 7080 100 130 170 g
* No DTV Version T TV, THAM  BAND
* 8 VSB has mobile issues Sl SRR )

e Displays are cheap

WEATHER-TV-FM-AM

GEINENedsas SINCLAIR
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“Radio” Bands

e MW (aka AM) e VHF (FM) B
e Great for 1925 R e Link Budget -
e Lots of Radios out there * Huge Power Density

e 100 kW in 200 kHz = .5 W/Hz
e 316 kW in 6 MHz =.052 W/Hz
e 1MW in 6 MHz =.16 W/Hz

e Antennas are as big as a man
* Phones

* Needs the earbud wire for antenna
e Multipath kills FM
e RANSs and 3.0 kicks OTA FM

e Most of them don’t work well
e Electronic cars have too much EMI

e Link Budget

* Awesome Power Density
e 50kW in 10 kHz = 5 W/Hz

e Terrible Receive Antenna Efficiency
e Usually way less than 1%

10/25/2018 DNE 8 - 169
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Radio With Pictures
Video On HD Radio

e Clear Channel’s -- Artist Experience in (June 2010)

 iBiquity’s -- Advanced Application Services over HD Radio (1999)

f BIQUITY

iHeart
RADIO

Millions of Songs.
+ | Thousands of Stations.
One Free App.

7 . ) 1 ] . %l | A Y »
N ‘ 16 | | e WJA LY U e \ AN
BROADCAST GROUP
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Radio is already going to IP

' 4 - " i b "‘<..‘.~._j il /% 'riT("::)
.NE ‘x" | - ” INULLAILIRN 1
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Smart Speakers

harman/kardon

SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP
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Changes to Our Stations?

e More OTT like

e Triggers

e More HTML 5.0 like production
e Super Sales Department

e Bigger “Digital” presence

e Less “Video” presence

o GINENledia SINCLAIR
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Video from Studios

Video Stream: HD-
SDI Baseband
UDP/TCP - IP

Video Encoder

Video Encoder — Ateme Statistical Multiplexer — Titan
Titan Live (Linux Debian OS) Live Mux (Linux Debian OS)

vmware

Controller —Harmonic NMX
(Windows 2012)
Video Encoder — Harmonic Statistical Multiplexer —
X2S (Linux Granite OS) Harmonic Prostream (Linux)

Video Encoder

OPTIONS
1

2.

Digicap/Kai Media — Transport Stream to MMT
converter
Trivini — Dash to MMT converter

Packagers

TS — Multicast U
—

Digicap-Transport Stream

— MMT Packager
(Windows 2012 OS)

DP IP

Trivini — Mpeg Dash —
MMT Packager (Linux OS)

Enensys Atsc caster

MMT — Multicast UDP IP

MMT/Route Signaling

Digicap — Signaler (Linux
CentOS OS)

Digicap — Conditional
Acccess (Linux CentOS
0S)

Digicap — Route Server
ESG (Linux CentOS OS)

Digicap — Mux (Linux

MT — Mdilticast UDP IP CentOS OS)

v

(Hardware) DS-Broadcast

BG4100
OPTIONS
1. Ateme — Multiple HD Inputs — STATMUX — Output: TS or Dash
2. Harmonic — Multiple HD Inputs — STATMUX — Output: TS or Dash
3. DSB - Single HD Input — NO statmux — Output: MMT, Dash or TS

GENENMedia

OPEN NETWORK ENABLED

Trivini — Guidebuilder
(Linux OS)

Multicas

OPTIONS
1. Digicap Stack
2. Trivini Guidebuilder

(D)
SIMNA‘PAT

BROADCAST GROUP

RF Exciter

ST2L
Modulator

UDP IP

Scheduler Gateways

Digicap — Gateway
(Linux CentOS 0OS)

Enensys — Gateway
(GEICEIRS)]

OPTIONS
1. Digicap Stack
2. Enensys Hardware

STL - Multicast UDP IP

A
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Where Do | Buy A 3.0 Receiver?

[NztGenT¥ Implementations at NAB Show 2018

* Chips

Dongles
Receivers

Mobile
Home Gateway

GCINE

OPEN NETWORK ENABLED

# Category Manufacturer Product Model
1 Test and Manitaring Equipme AryFutureTech  IMAS Far ATSC 20
2 Test and Monitoring Equipme AnyFutureTech  ATSC 3.0 Stream Analyzer KMB-L4E
3 Test and Monitoring Equipme Avateq FF signal analyzers and monitoring receiver AYGRI020
4 Test and Monitaring Equipme Avateq FF signal analyzers and monitoring receiver AVEINZZ
5 Test and Monitoring Equipme Avateq FiF signal analyzers and monitoring receiver AYE102M
& Test and Monitoring Equipme BitRiouter Single stream professional receiver ATSC3pro
7 Modulator Cleverlogic ATEC2.0 Modulator-Lite CL-ATL2000
2 Enciter Cleverlogic Esnciter CL-AEZ000
9 Test and Monitoring Equipme Cleverlogic Professional receiver CL-AR2000
10 MATY Cleverlogic RAATY analyzerfreconstructar CL-AHZ000
1 Modulator DekTes USE-3 modulator DOTU-315
12 Modulatar DekTe: FCle madulator OTA-215E
13 Test and Monitoring Equipme DekTec PCle receiver OTA-2131
14 Emergency Alerts Digital Alert Syster DASDED AEA software module
16 Test and Monitoring Equipme ENENSYS ATSC 3.0 compact & complete testtool  TestTree
16 Gateway EMENSYS ATSC3.0 Broadcast Gateway ATSCheduler
17 SFMIRepeater ETRI ATSC 2.0 Single Frequency Metwark (SFN) Dema
12 MATY ETRI ATEC 2.0 Mazter Antenna TV (MATY) Syst Demo
19 Modulator ETRI ATEC 2.0 SHYC ouer LOM for Multiple HD' Demo
20 Video Encoder Kailedia ATSC 30 HEVC Live Encoder KIME-L4K
21 Videa Encoder KailMedia ATSC 30 SHYC Live Encoder KIME-SH10
22 Wideo Captioning Aircode Closed Caption Encoder
23 Video Muzer Aircode 1P Mz
24 Yideo Signaling Aircode Signal & ESG
25 Test and Monitoring Equipme Aircode Stresm Monitoring
26 Yideo Signaling Triveni GuideBuilder %1
27 Test and Manitoring Equipme Triveni StreamSoope WM MT
28 Enciter Teameast WORTEX Il
23 ive Biroad, {Broadh T ATEME Co ™
30 Gateway ATBis ATSC30Broadeast Gateway BS1300
3 Test and Monitoring Equipme ATEis ATSC 3.0 Broadeast Moniton ATMEZ000
32 Test and Monitoring Equipme ATEis ATSC 3.0 Simulator ARAM Studio
33 Enciter Hitach-Comark.  ERACT Esciter ERACT-W2
34 Yideo Encoder Hitach-Comark,  LEX Series LEX Series
35 Test and Monitoring Equipme Hitach-Comark.  QoS-1000 BoS-1000
€ Yideo Encoder D Broadeast 4K Ultra-HO Encoder BGE3N0D
37 Wideo Conuerter D% Broadeast 4K Ultra-HD upeonuersion trangeoder BGH2400
28 Wideo Encoder Ericzzon MediaFirst Encoding Live
39 Video Packager Ericssan MediaFirst Pack ager
40 Video Encoder ATEME Titan Live
41 Audio Monitoring Linear Acoustic  AMS Authoring & Monitoring Sustem
42 Yideo Encoder Harmonic ATSC 3.0 Media Processor Electra s
43 Yideo Encoder Harmonic
44 Test and Manitoring Equipme Eurcfine Compliance test streams
45 Yideo Encoder OYED 4K Encoder ULTIMA 4ch H.2ESNF: 4
46 Test and Monitoring Equipme Unisoft
47 Studio Acquigition and Conue Sony Cameras and HORMWCE Convert HODRC 4000
48 Studio Acquisition and Conue 8.8 Color and Tranzfer function Conversion
43 Studio Acquisition and Conve Evertz Color and Transker function Conversion
50 Audience Measurement Verance Audio watermark
81 Test and Monitoring Equipme Tektroni Frism
52 Studio Acquisition and Conve Dolby AC4 Encode and PO HOR
53 Emergency Alerts FEMA
54 Studio Acquisition and Conve FOR & FA3E00
65 Yideo Encoder Haivision HEVC and H.264 video encoder KE Mini
BE Wideo Encoder Haivigion HEVC and H.264 video encoder KE 4K
B7 Wideo Encoder Haivigion HEVC and H.264 video encoder Kraken
68 Reception Prediction Progita FF reception predictian Progira Plan
59 Enciter GiatesAir Saltware-defined Exciter for Al T and DAE MAXIVA KTE
B0 Exciter Fighde & Schwarz | Server-based exciter for ATSC 3.0 SOE300
B1 Gateway Marueng Software gateway MEW-S30
£3 ot ancd B RS N ATER DA AL i LR

Deseripti Location
IMAS is e MTIZ4FF
KMB-L4K NT34FF
High qualitt SU3322
High qualiti SU3322
High qualiti SU13922
ATSC3pro SUS10
The CL-AT NHI24FP
CL-AEZ000 MNZ4FP
CL-AR300 NHIZ4FP
CL-AH300 MZ4FP
DekTecof SUETI?
DekTec of SUETIT
The DTA-Z SUETI?
The DASD NS00I
Mew TestT SUES21
ATSChedy SUES21
The preser NHI24FP
The preser NHI24FF
Layered Dit N1I24FF
KME-LU4K i SUBG0E
KME-SHI0 SUBS0E
Closed Ca SUBS08
ATSC 301 SUBS0S
Meta-data SUBS0S
Fieal-time r SUBS08
ATEC 2.0 : Nu2y
ATEC 0L NM2T
ATSC20F SUEG21
Converger MIBITFP
BS1300(G: SUBB0T
ATSC 3.0 E SUBS07
AN Stuc SUBS0T
ERACT-VE C4303
The found: C4303
The QoS- C4300
The BGES SUB207
The BGH2: SUEA0T
MediaFirst SUT20
Eriesson b SU720
TITAMLive SU37I0
Linear Aco SUz321
sust
Sust
Fienaizzance Suite 1032
The ULTIM SUSE24
UniSoft off 4231
CHom
5L 2606
1500
Werance oo N11Z4
SUB00E
SUF02
ABOUT FE C2635
Dual chanr 57

The award- Renaissance Suite Ren Delu
The KB #£ Renaissance Suite Ren Delu:
Kraken HE Renaissanee Suite Ren Delu:

C2E13
The new G. N3703
Fiohde & 5 SLEE0
MGY-S3IC NT34FF

RN A2 R ACD

Seout Question List

Winstan Caldwe ngbp-nab-show-test-monitaring-equip-questionsul
‘winston Caldwe ngbp-nab-show-test-maonitoring-equip-questionswl
Pete Sockett  ngbp-nab-zshow-test-monitoring-equip-questionswl
Pete Sockett  ngbp-nab-show-test-monitoring-equip-questionswi
Pete Sockett  ngbp-nab-show-test-monitoring-equip-questionswl
KellyWiliams  ngbp-nab-show-test-monitaring-equip-questionswl
Merril wWeiss

Merril Weiss

Merril Weizs bp-nab-show-test-manit quip-questiansul
Merril wheizs

Pete Sockett

Fete Sockett

Pete Sockett  ngbp-nab-zhow-test-monitoring-equip-questionswl
Eelly Williams

KellyWiliams  ngbp-nab-show-test-monitaring-equip-questionswl
KellyWiliams  ngbp-nab-show-gateway-questionsull

Merril Weiss

Merril wheizz

Merril wheizz

Ira Goldstone | ngbp-nab-show-videa-enooder-questionsul

Ira Goldstone  nobp-nab-show-video-encoder-questionsyl

Kelly Williams

Eelly Williams

Kelly Williams

KellyWiliams  ngbp-nab-show-test-monitaring-equip-questionswl
Jim DeChant

JimDeChant  ngbp-nab-show-test-monitaring-equip-questionswl
Pete Sockett

Winzton Caldwell

Winstan Caldwe ngbp-nab-show-gateway-questionsuil

“winston Caldwe ngbp-nab-show-test-monitoring-equip-questionswl
“winston Caldwe ngbp-nab-show-test-maonitoring-equip-questionswl
Jim DeChant

JimDeChant  ngbp-nab-show-video-encader-questionsul
JimDeChant  ngbp-nab-show-test-monitaring-equip-questionswl
Ira Goldstone  ngbp-nab-show-video-encader-questionsul

Ira Goldstone

Ira Goldstone  ngbp-nab-show-video-encader-questionsul

Ira Goldstone

Ira Goldstone  nobp-nab-show-video-encoder-questionsyl

el Weiss

Ira Goldstone  ngbp-nab-show-videa-encoder-questionsw

Ira Goldstone  ngbp-nab-show-video-encoder-questionswl
‘Winston Caldwe ngbp-nab-show-test-monitaring-equip-questionswl
Ira Goldstone  ngbp-nab-show-video-encader-questionsul
JimDeChant  ngbp-nab-show-test-monitaring-equip-questionswl
JimDeChant  ngbp-nab-show- sequisition-conversion-questionswl
Pete Sockett  ngbp-nab-show-acquisition-conversion-questionsw
Jim OeChant | ngbp-nab-show-acquisition-conversion-questionsul
Winston Caldwell

Pete Sockett  ngbp-nab-zshow-test-monitoring-equip-questionswl
Ira Goldstone | ngbp-nab-show-acquisition-conversion-questionsyl
Kelly wWilliams

JimDeChant  ngbp-nab-show-scquisition-conversion-questionswl
‘Winston Caldwe ngbp-nab-show-video-encader-questionsul
‘Winston Caldwe ngbp-nab-show-video-encader-questionsul
‘Winston Caldwe ngbp-nab-show-video-encader-questionsul

Jim DeChant

Merril Weiss
Fete Sockett




ONEMedia Chip

e Seed the transisiton
* One for Mobile — One for STBs, TVs...

e First users... India...
* Unlocked Phones to the US?

e 1,000,000 to give away to anyone that will roll a 3.0 product in the
US.

CINE
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Chip

A 101100 ] USB usB USB

L g Ethemet BnoaDcoM. 2.0H 2.0H 14D

“ADSL2: BCM4IXX

Line Driver Isolation ——— | Isolation | | Isolation | | Isolation |

DSL Cores Auxiliary
Cores

SLAC/SLIC

SLAC/SLIC
SLAC/SLIC
SLAC/SLIC
SLAC/SLIC
SLAC/SLIC
SLAC/SLIC
SLAC/SLIC

Clock
Generation

i

ATM Core

ATM SAR
with Shaping

BCMBI14
YDSL2 UTOPIA Bus

Transcehver

Serial
Flash

DDRAM
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Chip

m/' SL300x \
e SL300X —— e

e Full feature set takes space and power ' _. .
* SDR \ —/

e Samples in December
DATA l/ $ CONTROL
i SOC CELLPHOME / TABLET APPLICATION PROCESSOR

e Advanced DTV Demodulator
e Tuner — DTV Demod — FEC decode — Memory de- W/$%8 Mibias0c

GEINENedsas SINCLAIR
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Chip — N

RF ALP
: _ Processing

* SL400X . -~

RF
In

L)

o -. )

ﬁ

e Samples in December oATA | | controL
e Highly Integrated Mobile DTV Receiver CELLPHONE / TABLET APPLICATION PROCESSOR
TV [ STB MEDIA 50C

* Power Saving

* SOC
* SDR

GINENeda SINCLAIR
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Dongle

* A S49 dongle is a game changer

e Easier to give away dongles than set up 1.0 Hosts (light houses).

e Chips are hard to come by -
e Sinclair — 2 Years oWV
e 1,000,000 free to each product developer |
 |PR (Intellectual Property Rights) TBD

FMappaoget

CINE
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Two Dongles Available

Korean and Airwavz

$800.00/ea
Neither has a SOC — Need software stack

Shop for

REDZONE RECEIVERTV % ===

Welcome to Airwavz.tv NextGen TV Store

\.\ 7,1 — = ! 'l i R ak s A A aR B

S~ | g % & f, | | D

\ W 4 ‘ . o 1™ Yy 9 9 W | A

i v A" F L —— | - A AL N S A4l A R AN
BROADCAST GROUP
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HDR

ULTRA HD
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Pro Recelvers

XN TELEVIEW

ATSC 3.0 UHD Decoder
TLV500

Overview

ATSC 3.0 + 1.0 4K UHD/HD decoder takes RF and IP input, supply 12G/Quad 3G and 1.5G SDI video output with embedded audio. HDMI 2,0 video output is available tog
EBNC{AES-EBU). Up to four TLW510 decoder module in 1RU frame is available.

TLV500 Features

= SDI output in 12G/M12G/1.5G1.5G with embedded audio (SMPTE-2082, SMPTE-292M, SMPTE-299M)

= 8Dl output in Quad-3G 28| with embedded audio

= DI output in Quad-3G Square division with embedded audio

= HDMI 2.0 4K/60P output with embedded audio

= Each TLV510 module has 1 BNC connector which can be DVB-ASI input, SMPTE-310M input, DVB-ASI output, and AES-EBU output
= MPEG-2(HDVSD), MPEG-4/H.264 and HEVC video decoder

= Dolby digital AC-3, HE-AAC (MPEG2 AAC-LC(13818-T), MPEG4 HE-AAC v1(14496-3, 2003) ), MPEG-1/2 and MPEG-H audio decoder
= Firmware upgradeable via internet

= Genlock input available {(Factory option. Replace BNC, SDI-3, 4 or RF input)

=Remote control using ModulatorConsole™ software available for Windows® 7/8/10 32bit / 64bit and Ubuntu 32bit / 64bit

TLV500 ATSC 3.0 Features

= ATSC 3.0 RF tuner, STL IP ethernet and ALP IP ethernet input

= ROUTE and MMTP support

TLV500 ATSC 1.0 Features

= ATSC 1.0 RF tuner, UDP/RTP IP ethernet input, DVB-ASI and SMPTE-310M BNC input

= UDP/RTP IP ethernet output and DVB-ASI output
« MDF(5.2 TR annnnrt

CINE
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Mobile

 Handheld Devices — 2yrs?
e Korea
e India

e Unlocked Imports

e Automotive
 Add on to Console

OPEN NETWORK ENABLED



Measurement Equipment
» Patch Bay Bmallmslﬂmmemnum

e Amplifier

e Gain Set

e Channel Filters (14-36,46,48...)
o “Off Air” Receivers

INENedia SINCLAIR

10/25/2018 .
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Measurement Equipment

* Antennas
e FCC Calibrated Reference Dipoles (V&H) on mast
e Rooftop Omni

GENENeda SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP



Measurement Equipment

e \/ehicle

 Comfortable, Agile, Flexible

e 2016 Ram ProMaster 1500 modified by Accelerateci Media
Technologies -- Auburn, MA [

e Generator, Heat, Air, Seats two
e All the safety gear required/desired

e Mast alarms

* Fall Protection

* Equipment Restraints
* Lojack

* Lighting

GENENeda SINCLAIR
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Measurement Equipment

e TV Monitors
e \Video Recorders

* Stream Recorders
e |/Q Recorders

OPEN NETWORK ENABLED



Measurement Equipment

* Receiver
e Clever Logic (2)
e Spectrum Analyzer
e DekTec
e Various “dongles”

* IMAS software Suite
e GPS location

* Enensys Lab Module

OPEN NETWORK ENABLED
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&3 aTSC30

o

T v Pa','\::ad MER 20.50 dB
o Time Longitude Latitude SpeedKm  dBm RedBm  dBam CNR PreMER
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€3 ATsc30
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BOOTSTRAP

Hw - x

MAP

SUBFRAME LIST

Minor Version
Num Boolstrap.

Ea Wake-Up
System Bandwidth
BSR(Coefficent)

Min Time to Mext

Preamble Structure

L1-Basic Mode

PREAI

L1 Basic/Detall Ver.
Reduced Carrier
L1D Size(Bytes)
L1D Mode

Time Info Flag
Time (s}

Time (ms)

Time (us)

Time (ns)

Frame Length Mode:

Frame Length

BBFR Counter

Time Win Max
Time Win Size

Total PLP

Hum lter Basic
Mum Iter Detail
Hum lter PLPO

Num Iter PLP1

Num Iter PLP2

Num Iter PLP3

Num Iter PLP2

Num Iter PLPS.

Num Iter PLPE

Num Iter FLPT

0x013D(PN Seed)
4
o
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250ms

32K
GIS_1024,Dx_12
L1-Basic Mode 1

ns unit
2018-3-23 22:1:20
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o
o
symbol-align mode
o

o
4098
400 (116 s)
1
1

ra

o o o o o o o

ITEM
Num Subframe
FFT Size
Reduced Carrier
Guard Interval
Num OFDM Sym
Filot Pattern
Filot Boost
First SBS.
Last SBS
Freq Interleaver
Num FLP

PLP ID
LLS Flag

Core Layer

PLP Start

PLP size

FEC Type

Mod Order

Code Rate

Ti Mode

Ti Extended

CTl Depth

PLP Type

Num Slice
Subdlice Interval
Cell Interleaver
Inter Subframe
Num T1 Blocks
Num FEC Blk Max
Num FEC Block

LDM Injection Level

SUBFRAMED SUBFRAME 1
1
32K
]
GI5_1024
53
5P24.2
4
ON
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SUBFRAME 2 SUBFRAME 3

PLP O PLP 1

0
OoN
Core layer
0
1434772
BCH + 64K LDPC
B40AM
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CTI mode
OFF
1024

non-dispersed

PLP 3

PLP 4



Contours
CH48-81-10 (Power sum)
b | <VALUE=>
[ ] 56-64dBpvim
[ ]e4-81dBpVim
[ ]81-87 dBuvim
fe | [ ] 87-94 dBuvim
[ ]>94dBpvim

Sum of all Power
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Contours

CH48-51-10 (Power sum)
<VALUE>

[ | 56-64dBuvim

[ ]| 64-81dBuvim

[ | 81-87 dBuvim

[ | 87-94dBuvim

[ ] >94dBuvim
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NextGen TV

|. Sinclair — ONEMedia
ll. Spectrum

Ill. Standard

V. Transmission

V. Platform (s)

e \/I. Business

e VII. Media

 VIII. Significant and Useful Tangents

GINE

OPEN NETWORK ENABLED

Historical

Standard
e Shannon

OFDM
e Gl

LDM

Crest Factor
Antenna
AEA

e Radio on NextGen

NextGen TV Station

What'’s Available to Receive 3.0?
Adoption

Dallas Test SFN



Profits

Hockey Stick Forecast

Incentivization

Where the

Magic Happens

Overview

Pageviews ¥ VS. Selecta metric Hourly Day  Week Month

History |

Time

Future

Dy— Organic Growth

HE—EH - —————

January 2015 " Apri 2015

Business Lifecycle Stages

Innovate for
Organic Sustainable Growth

copyright Strategic Bongo 2011
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INNOVATOR'S
PILEMMA

WHEN NEW TECHNOLOGIES CAUSE
GRE ISTO FAIL//

CHRISTENSEN

10/25/2018

THE INNOVATOR'S DILEMMA \ READINGRAPHICS

ACTIOMABLE IMSIGHTS IN OME PAGE

Because established firms consciously (a) listen to the needs of their best customers and (b) focus their investments on
innovations with the highest returns, they tend not to commit to disruptive technologies until it is too late.

How Great Firms Fail in Face of Disruptive Innovation

g Pace of technological growth exceeds
pace of demand growth, i.e. there's
"performance oversupply”

@ Leading firms drive
technological improvements
using sustaining innovation

9 Mew firms slowly move upmarket & eventually dominate
mainstream markets when they meet performance
requirements

Performance/ Value

9 Mew firms enter with disruptive technology & start a new trajectory

* Underperform in traditional areas of value; can't serve mainstream markets
» Provide new features of value to fringe customers; open new markets

GEINENeda SINCLAIR
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NextGen TV

|. Sinclair — ONEMedia
ll. Spectrum

Ill. Standard

V. Transmission

V. Platform (s)

e \/I. Business

e VII. Media

 VIII. Significant and Useful Tangents

GINE

OPEN NETWORK ENABLED

Historical

Standard
e Shannon

OFDM
e Gl

LDM

Crest Factor
Antenna
AEA

e Radio on NextGen

NextGen TV Station

What'’s Available to Receive 3.0?
Adoption

Dallas Test SFN



Why

Dallas First? A

AMERICAN TOWER

o Re I a t ive |y F I at According to dallasfilmcommission.com

Ii ' E i XAS-1 .
. / ME @t @ 2’ . ] 5 = =s:s:""'-.—.,- I —EEa
. ATC IS H e re KOF‘: I k-:—jeé WFAA F Tet :RA KTXA . ( d 7" 1 H 3 r;-? V : ;

LOCAL TELEVISION STATIONS

o More U H F SIOtS « KDFW - Channel 4. FOX.

* Major Market e

High Tech

e Corridor to Austin
e Social Factors -- BBQ

Channel 5. NBC.
Channel 8. ABC.
Channel 11. CBS.
Channel 13, PBS.
Channel 21. TXA.
Channel 33. CW.
Channel 23. Univision.

10/25/2018 .NE ‘ H A (C | > ” NULAIR

OPEN NETWDFH'( ENABLED BROADCAST GROUP
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DMA Rank: #5
| Total TV HH: 2,648,290
| |
e Cunningham Broadcast 7% of US TV HH: 2.36%

Fortune 500 HQ: 21

——

R EINENeda SINCLAIR
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1.0 Host -- 12e and 12f

KSTR/KUVN Studios KUVNiDT KSTR/KUVN Studios KU\_I’_\‘iDT KUVN-DT
V12e Univision Building Univision V12f Univision Building Univision ﬁﬁz'v;f'f;';
2323 Bryan St. Dallas 75201 Ch23 (23) 2323 Bryan St. Dallas 75201 Ch23 (23)

i HD-Univision 720P
HD-Unimas 720P HD-Unimas 720P
KSTR Transmitter

KSTR Transmitter

Ch46 (47)

Ch46 (47)
SD-Stadium 480i

SD-Stadium 480i
Stodium s —

KTXD Transmitter
Bldg B South Cedar

KTXD Transmitter
Bldg B South Cedar
(NextGen Hub) (NextGen Hub)
KTXD Studios

15455 Dallas Pkwy Ste 100 Addison, TX

KTXD Studios
15455 Dallas Pkwy Ste 100 Addison, TX

EINENeda SINCLAI

OPEN NETWORK ENABLED
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Spectrum
COanL:::gest Station in market
. . = DMA-E.—DaIIa.s—FtWodh
* 3.0 SFN Limits [ o saspimsoso
e Existing Station’s 41 dBuV/M (50,90)
e Table of Distances (TOD)
e Largest Station in Market
@ PROGIRA | plan lA\
| T @ PROGIRA | plan

208
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SEN Sites

Garland Denton Fort Worth

10/25/2018 NEMEdia SINCLAIR 210
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Garland
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OPEN NETWORK ENABLED BROADCAST GROUP

211



o ®NEMeda SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP




SINCLAIR

OPEN NETWORK ENABLED BROADCAST GROUP

10/25/2018 213



~ I‘\r\"‘-{ = ‘;;-'-'E'r:‘ - .r‘___i__y—“-\“: = . - 3 I c)
10/25/2018 1LAI1N -

OPEN NETWDFH'( ENABLED BROADCAST GROUP



WBAP — Fort Worth
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Denton
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ic UWB & Combiners

ielectr

Comark Parallax UHF GTD Rev P2
D
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STL

 Adequate bandwidth
e ~ 25 Mb/s for 3.0 STL

e Modulators & Exciters at Transmitter

e ~ 150 Mb/s for ST2L (1/Q)

e Exciters at Transmitter, Modulator at hub

e Protocol
e |P Multicast

e Room for Internet & M&C

CINE

OPEN NETWORK ENABLED
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ATSC 3.0 Studio
Baltimore - Maryland

30

Network  grooneact Gateway
Management
1

SYSTEM: 10.1.255.1/32
o L
= T
= 3
o b
g g
~ =
o
E S
5 % gl 5
P il =
— E L
HE: Downtown Dallas Texas
= |
= Datacenter
(=]
1Gig Direct Internet

EINENeda

OPEN NETWORK ENABLED

| SYSTEM: 10.1.2 55.2/32

Garland — Texas
192 168.2.0/29

.2
3 - Tx-Ch1-STL

5 192.168.2.4/29 'g-l Ta-Ch2-STL
J -
T Nokia -1 192.168.22_[),.'26—':2-— Tx-Mgmt
i 7210 SAS-Mxp - Devices

SYSTEM: 10.1.255.3/32
1

.5

xp

Denton — Texas

:-g Tx-Chi-STL
g-m‘ Tx-Ch2-STL

192.168.3.0/29

192.168.3.4/29

MNokia " 1——152 168 33.0/26——— Tx-Mgmt

62 Devices
10.1.3.248/2 jzj
10.1.0.24/30

Ft Worth - Texas

10.1.0.24/30 T

10.1.4.248/29
254

&
T Tx-Ch2-5TL

192.168.44.0/26—— 2. Tx-Mgmt

62 Devices

192.168.4.4/29

:.@I Te-Ch1-5TL

192.168.4.0/29

SYSTEM: 10.1.255.5,/32

- 17

21

10.1.0.16/30—— 18 1

10.1.0.20/30——.22

Cedar Hill - Texas

SYSTEM: 10.1.255.6/32

192.153.5.0;29—':-@ Tx-Ch1-STL
Mokia

7210 $A55 )
1——192.168.66.0/26—— " & T-Mgmt
&2 Devices

SYSTEM: 10.1.255.7/32

SINCLAIR

BROADCAST GROUP
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24/7 monitoring ATSC 3.0

Unified & com

plete solution under a Global QoS Viewer
E N .= = Transmission monitoring
B C - - TARLa » RF signal quality
T ~ S S - .3 4 R » SFN synchronization
| IS G ¢ e . . .
‘-3 oo W W A = Distribution network
- - 4 | SR e monitoring
A Y = — [ Sl 2 » STL-TP integrity, Network Delay
-E.::,.{J_._‘ w.-n..—. " v ‘ /(""r e . - - . -
\ I S e = Contribution input monitoring
\Q\’ == - e X
=1 - AS )\/_\-Jf\
PROBE
____________ e
Ol O oM.

Vi testiree

Confidential

e GEINENeda

OPEN NETWORK ENABLED
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Planning

CINET

OPEN NETWORK ENABL

%

ED

eptember October November December January February
Li JIR Y, - luratior » Start - Finish  « 910 917 | 9/24 | 1071 | 10/8 1015 10/22 10/29 11/5 11412 1148 1026 12/3 1210 1217 1224 1231 17 114 121 128 24 21 2E
|_|4 ATSC 3.0 - 89137 Denton 72days  Wed 11/1/17  Tue 2/13/18
Project Setup 4days  Wed11/1/17  Mon 11/6/17
Structural Analysis Sdays  Tue1l/7/17 Mon11/13/17
4 AfE Permit Package 19days Tue 11/14/17 Mon 12/11/17
Submittal to Jurisdictions Sdays Tue11/14/17 Mon 11/20/17
Receive Permits 14days Tue11/21/17 Mon 12/11/17
4 Material 17 days  Tue 12/12/17 Fri 1/5/18
Fabrication 14 days  Tue12/12/17 Tue 1/2/18
shipping 3 days wed 1/3/18 Fri 1/5/18
4 Tower Modifications 11days Mon 12/11/17 Wed 12/27/17
2] With the loading conditions the tower is expected to fail, which will require the 10 days Mon 1/8/18 Fri1/19/18
replacement of structural members, added sub-bracing and/or guy wire upgrades.
4 Transmission line bridge 2days Mon1/22/18  Tue 1/23/18
Installation of Bridge 1day Mon1/22/18  Mon1/22/18 h
Installation of Horizontal hangers lday  Tuel/23/18  Tue1/23/18
4 Building 30 days Fri12/1/17 Mon 1/15/18
4 Electrical 30 days Fri12/1/17  Mon 1/15/18
Installation of 3 phase power 40v — 150 KVA 14 days Fri12/1/17 Wed 12/20/17
Installation of 3" conduit 2days Thu12/21/17 Fri12/22/17
Setting transformer 1day Wed12/27/17 Wed 12/27/17
Wiring from transformer to Switch gear 2days Thul12/28/17 Fri12/29/17
Installation of Switch gear 1day Mon 1/1/18 Mon 1/1/18
Installation of backup generator 2 days Tue 1/2/18 Wed 1/3/18
Installation of electrical sub panels 4 days Thu 1/4/18 Tue 1/9/18
Installation of HYAC 4days Wed1/10/18  Mon 1/15/18
4 RF 15days Wed 1/24/18  Tue 2/13/18 1
Installation of Transmission line lday Wed1/24/18 Wed 1/24/18 vl
Installation of Antenna 2 days Thu 1/25/18 Fri 1/26/18 "l
Test and Tune 1day Mon1/29/18 Mon 1/29/18 il
Transmitters install 5 days Tue 1/30/18 Moan 2/5/18 il
Transmitter supportive equipment 3 days Tue 2/6/18 Thu 2/8/18 il
Test and tune 1day Fri2/a/18 Fri 2/9/18 al
Combiner installation 1day Mon2/12/18 Mon 2/12/18 l
Test and tune 1day  Tue2/13/18  Tue 2/13/18 l
i:t:) Final testing and signal strength tests 0 days Tue 2/13/18  Tue 2/13/18 4 213
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Structural Analysis

Building
Electrical
Site

FAA

10/25/2018

ENENedia

OPEN NETWORK ENABLED

Permits

AMERICAN TOWER®

CORPORATION

Structure

ATC Site Name

ATC Site Number
Engineering Number
Proposed Carrier
Carrier Site Name
Carrier Site Number

Site Location

County
Date

Max Usage
Result

Prepared By:
Sarah W. Frye, E.I.
Engineering Supervisor

pmblifar-

Structural Analysis Report

1 400 ft Guyed Tower

: Garland TX, TX

: 374508

: 12181185

: American Tower

: NfA

: N/A

: 4450 Blue Creek Drive
Garland, TX
32.843500,-96.563700

: Dallas

: January 3, 2018

T 93%

1 Pass

Reviewed By:

Jan 4 2018 4:39 PM COSign

SINCLAIR

BROADCAST GROUP
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Nationwide Community Cloud Architecture using “BaaS”

BMX Entity is Master

Sharing S rum Busihess Models

BSS, SLA, Charging Spectrum
Management, Visibility how
Baas tenant spectrum resources
being utilized, business model
execution S$

Under BMX Orchestration
spectrum released per SLA, real- @o»)
time scheduler coordination eloh dptmliaiies . | g
with BMX IP Flows to I A _________
Waveforms (Network Slicing)

Global monitoring, alert/alarm
generation and automation
integrated with the OSS function
and the NOC dashboards

Central Cloud
(OSS)

OSS, wide services spanning
regi , Media M nt,
FCAPS, System Services, Fault,
Logging, EMS, NMS

Regional Cloud

IP Data enters Here

OO NGBP “BaaS” ccccccccccca BaaS
. IP Core/C-RAN Tenants
ATSC 3.0 (A/321) (Broadcasters)

(Network Slicing)

Regional Content Providers
National Content Providers

MNO/MSO Interwork, IoT, TBD

SLA Provisioning, Monitoring,
Analytics, Reports
BroadcaSt Front Hau' Charging $5, Independent
SFN'’s Baseband I/Q Business Models Under BMX

ms itted re T
VHESES. Remote Radio Headse

(Universal Exciters)
ccccccccccccccccccccccccccccccccccccccccccssccccaaaad ccccccccaad

Part of C-RAN Accepts I/Q,
- CCOCCCOCC0 Control Plane (SDN) DAC, all Analog Processing BaaS

Capable Multiple Waveforms ’ Tenant Dash Board
TDM via A/321

——— Data Plane

See NAB Vision paper more details

OPEN NETWORK ENABLED BROADCAST



New Broadcast Community Cloud System Architecture (SDN/NFV)
Channels (2-36) USA

BMX Entity is Master (see next slide) ATSC 3.0
Broadcast 5.0

\

()
Waveforms Built Here A

Vianagemen D
t : (@ )
(Serv}ices E Software-defined } D:;S'c:':iler Waveforms Emitted Here
0SS/BSS : > - : >
’ Spectrum Controller
Analytics, P (NFV/SDN based) ((; A
_ b '//.
Service requestsﬁ ﬁ Data
. . Broadcaster/Content (¢ :‘\'
Licensed Spectrum Business Models E Providers/CDN } ( A,
Tenants
BMX: Broadcast Market Exchange Battery Powered Devices
NFV: Network Function Virtualization T Bootstrap

SDN: Software-defined Networking
0SS: Operations Support Systems
BSS: Business Support Systems

7 [ Ciriess | [ iness

IP Data enters Here

See NAB Vision paper more details

CINE
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Fred Baumgartner
ONEMedia

fmb@ONEMedialLLC.com

(A) Get the app
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FAQ
(Last Slide)

How long do we get access to Broadcast Spectrum?

* Aslongasitisagood use

What happens to Big Sticks?
* They stay... until EOL or maybe Refresh

Do | need a new TV?

* No, you need a new (gateway) router or smart phone

e Oraconverter box/dongle

What about IPR costs?

* No party with key IPR seems motivated to hold-up adoption HowToBuild The ja
S&I1 14

How much signal is enough? TELEVISION
. 62-73 dBLV/m?? gL CRTVER

What about VHF?

e 1.0 Hosts, wireless mics, STLs

OPEN NETWORK ENABLED BROADCAST
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Mohu Leaf 50 Flat 50-Mile Indoor HDTV Antenna
(207)

$46.99 se055

Show only Mohu items

e \VHF is not UHF

e Low V antennas are BIG

Some 3.0

e UHF does Mobile
 VHF does rural homes

GEINENeda SINCLAIR
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11 April 1917 — Railroads work together

GENENeda SINCLAIR
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Freid Chicken i

Wireless
ernet Sign

‘o

f

al
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How Digital TV Works Multicasting

|

Multicast
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