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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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Madison 
 

OCTOBER 2018 
Fred Baumgartner 

ONEMedia 

Please come and go as you 
please. You can keep your fones 
on too. 



Slide Zero -- Sinclair 



Sinclair Subsidiaries 

 
• Transmission System Services 
 
 
• Transmission Antennas 
 
• NextGen TV Innovation 

• Bootstrap 

 



NextGen TV 

• I.  Sinclair – ONEMedia 
• II. Spectrum 
• III. Standard 
• IV. Transmission 
• V. Platform (s) 
• VI. Business 
• VII. Media 
• VIII. Significant and Useful 

Tangents 
 

• 1. Lab 
• 2. Viewpoint – “Televisioner” 
• 3. Why 
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The Most Advanced ATSC 3.0 Lab 



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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The UX has Never Changed 



Two Views of ATSC 3.0 

• Technical… it’s “10 dB” Better 
• Art and Business of TV…It’s a Brand New Medium 
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NextGen TV 

• I.  Sinclair – ONEMedia 
• II. Spectrum 
• III. Standard 
• IV. Transmission 
• V. Platform (s) 
• VI. Business 
• VII. Media 
• VIII. Significant and Useful 

Tangents 
 

• Consortium 
• What We Have 

• Post Repack 
• VHF - UHF 

• Clearing 
• Compression 
• Plans 

• Bits Versus MHz 
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Consortium 

• “SpectrumCo” – John Hane President 
• Aggregate Spectrum 
• Create a pool of RF-IP distribution beyond “TV” 
• Monetize this 
• Split proceeds 

• Spectrum 
• Infrastructure Investors 
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TV Channel Occupancy Over Time 

Freed in 
DTV 
Transition 



TV Channel Occupancy Over Time 

1.0 Hosts 

3.0 Hosts 
Needs New Home 



Spectrum Rules 
• Main Service 

• Simulcast 
• 1.0 Host 
• 3.0 Host 

• No quality requirement 
• 120 Day Notice to MVPDs 

(90 days if concurrent with Repack) 

• 30 days crawls and 
announcements 

• Secondary Services 
• No requirements to preserve or 
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Spectrum Rules 

• LPTV & Translators can go 
directly to 3.0 

• No notice requirements 
• No tuner mandate 
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Spectrum Rules 

• 1.0 Host 
• 95% Pop = Expedited Process 
• Must cover MVPDs 
• Same DMA 
• Cover city of license 
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Spectrum Rules 

• FCC Form 2100 
• ~ 15 days to approve 
• Minor Change; no construction 

permit 

• Experimental License 
• Easy, Fast, Fleeting 

• STA 
• More complex filing 
• Path to permanence 
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Spectrum Rules 

• Agreements 
• Basically, a Channel Sharing 

Agreement 
• Two or more separate Licenses on 

1.0 Host 
• Two or more separate Licenses on 

3.0 Host 
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Spectrum Rules 

• Agreements 
• Addendum 1 

• Channel Lineup 
• Quality targets 

• Working combinations 
• 7 SD 
• 1 HD + 6 SD 
• 2 HD + 3 SD 
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The Semantics of  Video Quality 

• TOV – Threshold of Viewability 
• TOP – Threshold of Pain 
• JND – Just Noticeable Difference 
• Pristine 

 

• Marquee – The Living Room Big 
TV with PBS Theater Something 

• Video Wallpaper – Kitchen TV 
• Mostly Listen 

• No Dynamic Range wanted 
• Peek at it from time-to-time 

• SD almost too good 

• Small Screens 
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DMOS w/ Video Clarity 



The Authorities of Video Quality 

• Some contracts specify a 
minimum average bit rate 

• Few provide a provision for 
accommodating more efficient 
encoders 

• Noisy/Bad Video doesn’t 
compress well 
 
 
 

• Pathological Test Signals 
 
 
 
 
 

• Test Suites 
• If you work in TV, you are not 

qualified to judge viewer video 
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Spectrum Rules 

• Repack 
• Dallas is Round 3 4/13/19 

• Temp Ch 46 & 48 
• Move to 34 & 23 

• Interference 
• Same as DTV 
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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 SFN 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 SFN 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” 

This is all about store shelves… and devices  
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Step 1, the ATSC 3.0 “Lighthouse” + SFN 

This is so those devices work outside of the store 

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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The I Believe Button 
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• “TV” Has a common UX 
• A common CIS (Customer Info 

Service) 
• Common SFNs 
• Bandwidth Sharing/Marketing 



Bit Rates 

• ATSC’s 8-VSB is fixed at 19,390,000 bits/second 
• OFDM carriers can carry different number of bits 

• Fewer bits, better coverage 
• More bits, more payload 
• High bit rates coexist with low bit rates 

• “Water Meter” 
• ATSC 1.0 – bits/time (Mb/s) 
• ATSC 3.0 – Hertz/time (MHz/Minute -- $/MHz/minute/pop) 

 



Bits in 6 MHz 
19.39 Mb/s = ~18.3 Mb/s 
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6-MHZ Radio Frequency Analog “Channel”

19.39 MB/s Digital Bandwidth (Payload)

Overhead Primary HD Service SD-1 SD-2 SD-3

6-MHZ Radio Frequency Analog “Channel”

19.39 MB/s Digital Bandwidth (Payload)

Overhead Primary HD Service SD-1 SD-2 SD-3

SD-4 SD-5 SD-6 SD-7

Off loaded from 3.0 Host to this 1.0 Host



Current 1.0 Max Loading 
• 8 SD 
• 1 HD + 7 SD 
• 2 HD + 3 SD 
• 3 HD ? (Testing in progress…) 

 
• Language: 

• TOV- Threshold of Viewing 
• TOP- Threshold of Pain 
• JND- Just Noticeable Difference 
• Premier Quality 
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Ethnic - Specialty 
Most TV 

Sports, National Geo, Theater 



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 ~15.5dB AWGN. 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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VHF 

• 1.0 Host 
• STL 

• Serious Sinclair Patents 
• Feed 6 SFNs 

• For a very long way 
• Until Sporadic E hits 

• Cheap Wireless Mics 
• Garage Doors 
• Remote Thermometers 

 



NextGen TV 

• I.  Sinclair – ONEMedia 
• II. Spectrum 
• III. Standard 
• IV. Transmission 
• V. Platform (s) 
• VI. Business 
• VII. Media 
• VIII. Significant and Useful 

Tangents 
 

• Extensible 
• Paths 

• ATSC 3.0 Stack 
• IP OTT Stack 
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PHY Layer Architecture 

Return 
Channel 

Link 
Layer 

downlink 

uplink 

Control Info 

Data 

Data 

Waveform 
Generator 

Structure Coded 
Modulation 

Input 
Formatting 
 

Signaling 
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“Transport” (Management and Protocol) Layer Stack 

signaling DASH

Media Processing Unit 
(MPU)

MPU mode payload

ROUTE (ALC/LCT)MPEG Media Transport Protocol (MMTP)

IP

Physical Layer (e.g. ATSC 3.0)

SignalingNRT

HTTP

TCP

Physical Layer

UDP

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

Broadcast Broadband

Data Link Layer

IPIP

UDP

SLT

signaling NRT

IP

UDP
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Structure and Waveform 

45 



PHY 

PHY Layer Components 

Scrambler FEC Bit Int’l Mapper Time Int’l Freq Int’l OFDM 
Framer / 
Preamble 

IFFT GI Bootstrap/ 
Spectrum 
Shaping 

D/A 
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Tone 
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Output 
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Gen 

Framer DFT BICM Scrambler Framer 

User Data 

Control 
Scrambler Framer Access Ch Gen 

Output  
(SISO) 

Output 
(Broadcast) 

User Data 

(IP as of Requirement #51) 
(IP is desired) 

MIMO 

Output  
(MIXO 
/ TFS) 

1. Timestamp to measure Time 
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2. Reserved timeslot in real time 
PLP for interactivity in a frame with 
unfixed length 
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SFN Interface (STL) 
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What That Means 
• Send different chunks of data at different rates and robustness 
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NextGen TV 

• I.  Sinclair – ONEMedia 
• II. Spectrum 
• III. Standard 
• IV. Transmission 
• V. Platform (s) 
• VI. Business 
• VII. Media 
• VIII. Significant and Useful 

Tangents 
 

• Propagation 
• TV 

• Dongle 
• 3.0 ready 
• MVPD Receivers 
• Chip 

• Use case –  
• Gateway 
• Mobile/portable  

• Hybrid 
• NextGen doesn’t require ATSC 3.0 

• SFN 
• Boomers/Boosters/DAS 
• Seamless – State Wise 
• Shadows 
• Regulations 
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Longley Rice 



10/25/2018 51 

CRC 
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24 Mb/s Home 
Gateway with 
Outdoor 
Antenna 
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24 Mb/s 
Home 
Gateway 
With Window 
Antenna 
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10 Mb/s 
Mobile 
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What is the Next Media Distribution? 
5G? -- ATSC 3.0? -- Both? 
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1.0/1.2 
Protocol 
Stack 



Improved TV 
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IP Off Ramp 
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Boomers Boosters & DAS 

• Boomer 1 MW – 1000 ft + • Boosters – Any size 
• Sparse – 100 kW 300 Feet 

 
 
 

• Dense 

10/25/2018 62 



DAS 
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Station

Station

OTA Coverage is Round 
DMAs are Not 
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Western DMA

Western DMA Eastern DMA



OTA Coverage is Round 
DMAs are Not 

MVPD’s role is major in ATSC 1.0 

 
Station

MVPD 
AREA



Add SFN Support 

Good for pumping up intensity 

 

Doesn’t help with extending coverage 

Station

Booster

Booster

Booster



Station

Booster

Booster

Booster

Booster

BoosterBooster
Booster

Booster

Booster

Booster

Booster
Booster

Booster

If the rules were 
updated… 
SFN to Cover DMA 
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• OTT/OTA 
• Home Gateway 
• UX/UI 
• Ecosystem 
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Big Things 

• Not Backward Compatible 
• Feeds a Router, not a TV 

• Or a Device 
• Or a “Granny TV” Dongle 
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IP Payload is Multimedia Capable 
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Multimedia Experience 

72 



Platform 
• One Facet – New Product – New Platform 
• Platforms are inclusive, transactional, and highly integrated 

• Example – Number of viewers drives programming and bit allocation 
• Example – The ad you need is played for you 
• Example -- Recommendations 

• We own less of the Ecosystem than others 
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Ecosystem – OTT 

ISP
MNO

UplinkUplink

Video

Fixed Mobile



Ecosystem – “Hybrid” OTT-OTA 

ISP
MNO

Uplink

Uplink

Broadcast
Next Gen Broadcast

Next Gen

Video

Video
Next Gen

Next Gen

Fixed Mobile



Ecosystem – “Hybrid” OTT-OTA 

ISP
MNO

Uplink

Uplink

Broadcast
Next Gen Broadcast

Next Gen

Video

Video
Next Gen

Next Gen

Fixed Mobile

NextGen 
LastGen 



One Facet 

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

• Viewers can receive Either or BOTH. 
• “Hybrid” 

• SHEVC 
• Server Side DAI 

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

• Incentives for 3.0 receivers/gateways 
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3.0 versus Internet Reach 

Broadband 
•Wireless – 68% 

• Expensive 
• Delicate 
• 5G rolling out  

•Wired – 75% 
• Expensive 
• Delicate 
• Work in Progress 

 

Broadcast 
• Once 98%, eroding to 96% 



“Home” Gateway 

• 3.0 Receivers (lots of them) 
• ISP – WAN/LAN Router Functions 
• DVR 
• 2nd Screen (handheld the new “remote”) 
• Video/CAS/AEA/etc. 
• “Universal Translator” 
• Remotely upgradable  
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Virtualized? 

• Closer the Edge Server, the better… Physical Gateway is closest 
• Purchase price vs. Continuing payments 
• Bring back Internet Issues? 

• Our advantage is we bypass the Internet 
• Peak capacity issues 
• Throttle -- ABR Quality 
• Walled Gardens 

• Differing Business Models for Virtualized Home Gateway 
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1.0 Home Gateways 
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Everything is a Subset of “Home Gateway” 

Mobile 
• In Home 

• Extension of Gateway 
• Becomes the Remote Control 

• Out of Home 
• OTA direct 
• Internet to Gateway at Home 

 

Granny TV 
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User Interface (UX) 
• How many? 
• Who does it? 
• Who owns it? 



Ecosystem 

Internet

TV Station

DAI
Engine

Customer
Information

CIS

BaaS
(CDN)

OTA

Car Gateway

Home Gateway

Edge Server

Radio Access Network

IOT

AUTO

Origin Distribution Network Destination

OTT

Ad Tech



Possible NextGen TV Station 



Changes to Our Stations? 

• More OTT like 
• Triggers 
• More HTML 5.0 like production 
• Super Sales Department 
• Bigger “Digital” presence 
• Less “Video” presence 
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Ecosystem 

Internet

TV Station

DAI
Engine

Customer
Information

CIS

BaaS
(CDN)

OTA

Car Gateway

Home Gateway

Edge Server

Radio Access Network

IOT

AUTO

Origin Distribution Network Destination

OTT

Ad Tech

In satellite 
and cable - 
they own 
most of the 
ecosystem 



Ecosystem – “TV” 

Internet

TV Station

DAI
Engine

Customer
Information

CIS

BaaS
(CDN)

OTA

Car Gateway

Home Gateway

Edge Server

Radio Access Network

IOT

AUTO

Origin Distribution Network Destination
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Ad Tech

Internet
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DAI
Engine

Customer
Information

CIS
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(CDN)

OTA

Car Gateway

Edge Server

Radio Access Network

IOT

AUTO

Origin Distribution Network Destination

OTT

Ad Tech

1. FCC requires one of these in 
the clear. 

2. The dongle or STB can have 
few or many features 
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Ecosystem – “Hybrid” OTT-OTA 
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Ecosystem – Mobile OoH 
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Ecosystem – Mobile in Home 

Internet
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DAI
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Smart phones and 
Tablets can be 2nd 
Screen – essentially a 
remote control for 
everything 
 
Car in garage can be 
loaded at high speed 
from gateway w/storage 
 
 



Ecosystem – NextGen TV w/o Gateway 
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Ecosystem – NextGen TV w/Gateway 

Internet

TV Station

DAI
Engine

Customer
Information

CIS

BaaS
(CDN)

OTA

Car Gateway

Home Gateway

Edge Server

Radio Access Network

IOT

AUTO

Origin Distribution Network Destination

OTT

Ad Tech

Internet

TV Station

DAI
Engine

Customer
Information

CIS

BaaS
(CDN)

OTA

Car Gateway

Home Gateway

Edge Server

Radio Access Network

IOT

AUTO

Origin Distribution Network Destination

OTT

Ad Tech

Advanced



NextGen TV 

• I.  Sinclair – ONEMedia 
• II. Spectrum 
• III. Standard 
• IV. Transmission 
• V. Platform (s) 
• VI. Business 
• VII. Media 
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Tangents 
 

• Big Three 
• DAI 
• Mobile 
• CDN 

• Questionable Business Plan 
• IOT 
• Digital Signage 
• Etc. 
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Business Case Views 

Broadcast 
• Better Quality 

• Immersive Sound 
• High Dynamic Range 
• More Pixels More Frames 

• Public Service 
• More information (AEA) 
• Bullet Proof Delivery 

 

Internet Overlay 
• Business that benefit from 

universally available, fatter, 
cheaper “fast lane” 

• Big Distribution 
• Live OTT  
• Computer Based Learning 
• Ya Da Ya Da Ya…. 

 



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



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



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

Live 
Mass Distribution 
 
Mobile Enabled 
Fixed Home Gateway 
NextGen “TV” receivers 
 
Selling More of More 

Non Real Time 
Individualized 
Specialized 
 
Selling More of Less 



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



By 2019, 80% of the World’s Internet Traffic Will 
Be Video [Cisco Study] 
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Where Advertising Dollars Go 
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The Pie 
Over Time 
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Generation Gap 
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Older folks average 40 hours of 
live TV and 21 Hours on line 
each week? 
-- Per Nielsen 
 
 
 



ATSC 3.0 enables potential revenue upside from 
advanced advertising, data casting, new services 

and core upgrades 

106 

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 (1)  

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



Digital Ad Insertion 
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$100 Spot

$75 Spots

$150 Revenue

OR

Simple Boy-Girl Ad Split 

1.5 X 
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$1
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$1
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$1
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$1
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$1
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$1
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$1
Campaign

$1
Campaign

Advanced Advertising Campaign 

2-10X? 
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Sales Traffic Playout Recon
Contract Billing

DAI Workflow Add On 

Sales Campaign

Playout

BillingInsertion Receipt

Trigger & Opportunity
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Tangents 
 

• Audio 
• Video 
• HTML-5ish 
• Trends – Move to OTT 

 

10/25/2018 112 



Video 
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Scalable High Efficiency Video Coding 

114 



ATSC 3.0 Audio Attributes (1) 
• Immersive (“3D Audio”) Capabilities 

• 7.1+4 support mandatory 
• 22.2 and HOA (high order Ambisonics) support optional 
• Channels only and Channels + Objects mandatory 
• Enables flexible rendering (including headphones) 

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



ATSC 3.0 
Minimum 
Immersive 

Configuration 



ATSC 3.0 Audio Attributes (2) 
• 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 



  Per MPEG N13411 / ITU-R BS.2051 Layout 

No. Position Label Az.° Az. Tol. El.° El. Tol. 2.0 5.1 7.1+4 22.2 
1 M+000 0 ±2 0 ±2 C C X 
2 M+030 30 ±2 0 ±2 L LF LF X 
3 M-030 -30 ±2 0 ±2 R RF RF X 
4 M+060 60 ±2 0 ±2 X 
5 M-060 -60 ±2 0 ±2 X 
6 M+090 90 ±5 0 ±2 LS X 
7 M-090 -90 ±5 0 ±2 RS X 
8 M+110 110 ±5 0 ±2 LSur   
9 M-110 -110 ±5 0 ±2 RSur   

10 M+135 135 ±5 0 ±2 LR X 
11 M-135 -135 ±5 0 ±2 RR X 
12 M+180 180 ±5 0 ±2 X 
13 U+000 0 ±2 35 ±10 X 
14 U+045 45 ±5 35 ±10 ULF X 
15 U-045 -45 ±5 35 ±10 URF X 
 16 U+030 30 ±5 35 ±10     
 17 U-030 -30 ±5 35 ±10     
18 U+090 90 ±5 35 ±10 X 
19 U-090 -90 ±5 35 ±10 X 
20 U+110 110 ±5 35 ±10   
21 U-110 -110 ±5 35 ±10   
22 U+135 135 ±5 35 ±10 ULR X 
23 U-135 -135 ±5 35 ±10 URR X 
24 U+180 180 ±5 35 ±10 X 
25 T+000 0 ±2 90 ±10 X 
26 L+000 0 ±2 -15 +5, -25 X 
27 L+045 45 ±5 -15 +5, -25 X 
28 L-045 -45 ±5 -15 +5, -25 X 
29 LFE1  45 ±15 -15 ±15 LFE LFE  X 
30 LFE2 -45 ±15 -15 ±15  X 

30-channel 
Canonical 
 Speaker 

Positioning 
Table 



30-ch Listening 
Lab at McGill 

University 



ATSC 3.0 Formats/Bit Rates Tested 
TEST MODE MANDATORY / 

OPTIONAL CODED BIT RATES REFERENCE COMMENT 

Codec 
Performance 

Stereo Mandatory 32, 64, 96 kbps Original Stereo Channels only 

5.1 Mandatory 80, 144, 208 kbps Original 5.1 Channels only 

7.1+4 Mandatory 144, 256, 384 kbps Original 7.1+4 Channels only 

22.2 Optional 288, 512, 768 kbps Original 22.2 C only or C+O 

HOA+LFE 
[ch=(N+1)2] Optional 10, 20, 30 kbps/ch, 

+4, 8, 16 kbps/LFE 
Original HOA 
rendered to 22.2 

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

Immersive 
Headphone 

7.1+4 Mandatory 256 kbps 
Orig. content 
convolved through 
BRIR of BS.1116-
compliant room 

BRIR provided to 
proponents with 
source content 
(N=HOA Order) 

22.2 Optional 512 kbps 

HOA Optional 20(N+1)2 + 8 kbps 
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• Historical 
• Standard 

• Shannon 

• OFDM 
• GI 

• LDM 
• Crest Factor 
• Antenna 
• AEA 
• Radio on NextGen 
• NextGen TV Station 
• What’s Available to Receive 3.0? 
• Adoption 
• Dallas Test SFN 
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Unlike the DTV Transition, many broadcasters 
are on-board for ATSC 3.0 

• Networks / O&Os 
 

 
 

• Major Owners – 11 of them in Pearl 
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$3,000,000,000.00 
RIP 
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1st Mobile TV 
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ATSC 3.0 Document Structure 
List of Standards 

SECTIONS 

PHY 

Scheduler/ALP 

Delivery 

Watermarking & Fingerprinting 

Essence (A/V/Captions) 

Apps 

Personalization 

Companion Devices 

Security 

EAS  



State of NextGen 

Foundation 
• Regulation – FCC Approval 
• Standards – Last Mile 
• Irritants – Need FCC forms 

(OMB) 

Trials 
• Phoenix – Pearl 
• Cleveland – NAB 
• WRAL  
• Baltimore – ONEMedia 

• SFN 
• Lab 

• Dallas 
• Production SFN 
• Spectrum Clearing 

 
 



3/5/2018 we have FCC Rules 
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Bootstrap A321 

• System Discovery and Signaling 
• Describes the modulation waveform 
• Everything else can be changed 
• -15 dB below noise is OK 
• Emergency warnings go here 
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Mark Aitken 



Extensible 

10/25/2018 133 



NextGen TV 

• I.  Sinclair – ONEMedia 
• II. Spectrum 
• III. Standard 
• IV. Transmission 
• V. Platform (s) 
• VI. Business 
• VII. Media 
• VIII. Significant and Useful Tangents 

 

• Historical 
• Standard 

• Shannon 

• OFDM 
• GI 

• LDM 
• Crest Factor 
• Antenna 
• AEA 
• Radio on NextGen 
• NextGen TV Station 
• What’s Available to Receive 3.0? 
• Adoption 
• Dallas Test SFN 
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OFDM 
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OFDM Signal – Very High Level – Frequency Domain 

Q Channel

I
Channel

D−

0001

11 10

D

D− D

01ss

Each modulated carrier carries QPSK 
modulation for two bits per symbol 



OFDM Signal – Very High Level – Frequency Domain 

Q Channel

I Channel

00000011

1000

0001

0110

0010

010001010111

1100110111111110

100110111010

–3A –A 3AA

–3A

–A

3A

A

3 2 1 0s s s s

A = 1 10

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



Shannon 
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Shannon 
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Mobile = Single Frequency Networks 

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

• New ATSC 3.0 
• Really good at mobile 
• VERY different distribution network 

• Boomers 
• Boosters 
• DAS 
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RF Distribution Design 



Guard Interval 



Guard Interval 

Good 



Guard Interval 

Good 

Bad 



OFDM Loves Multipath 

• Power and More Transmitters Fixes Everything 
• Classes of Transmitters 

• Boomers 
• Boosters 
• Distributed Antenna Systems 
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Layered Division Multiplexing 
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LDM Decoding 
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• Historical 
• Standard 

• Shannon 
• OFDM 

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

CF=1  CF=1.5  



Crest Factor / Peak to Average Power Ratio 
• 8 VSB is 6.5 – 8.1 dB 
• OFDM is ~ 12 dB 

• 1 or 2 dB headroom 
needed 

• Doherty Amplification 
for Efficiency 

• PAPR Reduction 
• Clipping 
• Processing 

• Partial Transmit Sequence 
• Selective Mapping 

• Tone Reservation 
 



Single Frequency Network SFN BOM Bill of Materials 

Sweet Spot = 6 X 100 kW ERP 

• 6 x 5 kW 3.0 Transmitters 
• Combiner 
• Wide Band Antenna 
• Adequate STL 
• Monitoring 
• Networking – KVM – Console  
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Crest Factor 
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Performance Parameters 

• Proof of Performance 
• Work in Progress 
• Can always do a 1.0 proof 
• Usual 

• Power 
• Out of band emission 

• Does linear correction matter? 

• Fidelity 
• Phase Noise 
• MER – Modulation Error Ratio 

• Appears as SNR 
• Same as: 

• EVM = error vector magnitude 
• RCE = relative constellation error 
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Home Gateway Antennas 
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• 6-inch line 
• Wide Band 

Antenna 
• Reasonably Omni 

Cardioid 
• Side mount can 

“fit” more towers 
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Boomer-Booster Antennas 

•25% V-pol 
•Null Fill 

• Almost always for SFN Boosters 
• Unless highly directional 

• When Tower is in Town 
• Not when in the Mountains 
• Not when Rim Shot 
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AEA – Per Dr. Chernock & ATSC 
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AEA High Points 

• AWARN 
• ATSC AEA I-team 
• NAB – Pilot 
• Alert is different than Informing 
• Vendors – Monroe, Triveni… 
• Points 

• Targeting 
• Auto Turn On 

• Rich Content 
• WEA 
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ATSC 3.0 AEA Messaging Delivery Architecture 
 
Including HDMI Access to Rich Services 
 

Emergency 
Information

IPAWS, EAS,
NWS, NAAD, etc.

Embedded
Alert
Content

A/V 
Encoder

AEA Message
System

Emergency Content 
Aggregation & 

Filtering

Master 
Control

A/V 
Encoder

Live Content

Local Content

Emergency Message Origination & 
Aggregation

Remote Content

Media
Link

Resolver

Program
Message

Generator

AEA 
Generator

Media Links

Station
Policies

OTT

OTA

A/336 Recovery Services

Other 
SignalingAEAT RDT

Watermark
Embedder

A/334

Internet 

 

  

  

 

STB

  
  

  

 

MVPD
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ATSC 3.0 is Multimedia 

…and 
That 
Means 
Radio 
Too 
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TV Without Pictures 

• TV Radio 
• (TV radio or TV band radio or TV audio Radio) 

• Last known is Sony Analog 
• Most VHF only 
• Few Car Versions 
• No DTV Version 

• 8 VSB has mobile issues 
• Displays are cheap 
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“Radio” Bands 

• MW (aka AM)  
• Great for 1925 
• Lots of Radios out there 
• Most of them don’t work well 

• Electronic cars have too much EMI 
• Link Budget 

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

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

 
 

• VHF (FM) 
• Link Budget 

• Huge Power Density 
• 100 kW in 200 kHz = .5 W/Hz 

• 316 kW in 6 MHz = .052 W/Hz 
• 1MW in 6 MHz = .16 W/Hz 

• Antennas are as big as a man 
• Phones 

• Needs the earbud wire for antenna 
• Multipath kills FM 
• RANs and 3.0 kicks OTA FM 
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Radio With Pictures 
Video On HD Radio 

• Clear Channel’s -- Artist Experience in (June 2010) 
• iBiquity’s -- Advanced Application Services over HD Radio (1999) 
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Radio is already going to IP 
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Smart Speakers 
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Changes to Our Stations? 

• More OTT like 
• Triggers 
• More HTML 5.0 like production 
• Super Sales Department 
• Bigger “Digital” presence 
• Less “Video” presence 
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Video Stream: HD-
SDI Baseband 

Video Stream: 
UDP/TCP - IP 

Video Encoder – Ateme 
Titan Live (Linux Debian OS) 

Statistical Multiplexer – Titan 
Live Mux (Linux Debian OS) 

vm 
Video Encoder – Harmonic 

X2S (Linux Granite OS) 
Statistical Multiplexer – 

Harmonic Prostream (Linux) 

Controller – Harmonic NMX 
(Windows 2012) 

Video Encoder 
(Hardware) DS-Broadcast 

BG4100 

Digicap-Transport Stream 
– MMT Packager 

(Windows 2012 OS) 

Trivini – Mpeg Dash – 
MMT Packager (Linux OS) 

Digicap – Signaler  (Linux 
CentOS OS) 

Digicap – Mux  (Linux 
CentOS OS) 

Digicap – Conditional 
Acccess  (Linux CentOS 

OS) 

Trivini – Guidebuilder 
(Linux OS) 

Digicap – Gateway 
(Linux CentOS OS) 

Enensys – Gateway 
(Hardware) 

RF Exciter 

ST2L 
Modulator 

Video from Studios 

Video Encoder 

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 

MMT – Multicast UDP IP 

TS – Multicast UDP IP MMT – Multicast UDP IP 

Packagers 

Digicap – Route Server 
ESG (Linux CentOS OS) 

OPTIONS 
1. Digicap/Kai Media – Transport Stream to MMT 

converter 
2. Trivini – Dash to MMT converter 

MMT/Route Signaling 

OPTIONS 
1. Digicap Stack 
2. Trivini Guidebuilder 

Scheduler Gateways 

Multicast UDP IP 

ST
L 

– 
M

ul
tic

as
t U

DP
 IP

 

OPTIONS 
1. Digicap Stack 
2. Enensys Hardware 

Enensys Atsc caster 
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Where Do I Buy A 3.0 Receiver? 

• Chips 
• Dongles 
• Receivers 
• Mobile 
• Home Gateway 
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ONEMedia Chip 

• Seed the transisiton 
• One for Mobile – One for STBs, TVs… 
• First users… India… 

• Unlocked Phones to the US? 

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



Chip 



Chip 

• SL300X 
• Samples in December 
• Advanced DTV Demodulator 

• Full feature set takes space and power 
• SDR 
• SOC 

• Tuner – DTV Demod – FEC decode – Memory   de-interleaver ADC 
 

 

 



Chip 

• SL400X 
• Samples in December 
• Highly Integrated Mobile DTV Receiver 

• Power Saving 
• SOC 
• SDR 

 



Dongle 

• A $49 dongle is a game changer 
• Easier to give away dongles than set up 1.0 Hosts (light houses). 

• Chips are hard to come by 
• Sinclair – 2 Years 
• 1,000,000 free to each product developer 
• IPR (Intellectual Property Rights) TBD 

 
 



Two Dongles Available 
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Korean and Airwavz 
$800.00/ea 
Neither has a SOC – Need software stack 



Big TVs 
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Pro Receivers 
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Mobile 

• Handheld Devices – 2yrs? 
• Korea 
• India 

• Unlocked Imports 
• Automotive 

• Add on to Console 
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Measurement Equipment 

• Patch Bay 
• Amplifier 
• Gain Set 
• Channel Filters (14-36,46,48…) 
• “Off Air” Receivers 
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Measurement Equipment 

• Antennas 
• FCC Calibrated Reference Dipoles (V&H) on mast 
• Rooftop Omni 
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Measurement Equipment 

• Vehicle 
• Comfortable, Agile, Flexible 
• 2016 Ram ProMaster 1500 modified by Accelerated Media 

Technologies -- Auburn, MA 
• Generator, Heat, Air, Seats two 
• All the safety gear required/desired 

• Mast alarms 
• Fall Protection 
• Equipment Restraints 
• Lojack 
• Lighting 
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Measurement Equipment 

• TV Monitors 
• Video Recorders 
• Stream Recorders 
• I/Q Recorders 
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Measurement Equipment 

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

• IMAS software Suite 
• GPS location 

• Enensys Lab Module 
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IMAS 
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IMAS 
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IMAS 

10/25/201
8 194 



10/25/201
8 195 

Sum of all Power 
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Layer in Population 
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Incentivization 

Organic Growth 



10/25/2018 200 



10/25/2018 201 



10/25/2018 202 



10/25/2018 203 



NextGen TV 

• I.  Sinclair – ONEMedia 
• II. Spectrum 
• III. Standard 
• IV. Transmission 
• V. Platform (s) 
• VI. Business 
• VII. Media 
• VIII. Significant and Useful Tangents 

 

• Historical 
• Standard 

• Shannon 

• OFDM 
• GI 

• LDM 
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Why Dallas First? 

• Relatively Flat 
• ATC is Here 
• More UHF Slots 
• Major Market 
• High Tech 
• Corridor to Austin 
• Social Factors -- BBQ 
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Dallas 
• Potential Partners 

• American Tower 
• Univision 
• Tribune 
• Cunningham Broadcast 
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1.0 Host -- 12e and 12f 

KTXD
Cunningham

Ch46 (47)

SD-Stadium 480i

SD-TBD 480i

SD-Comet 480i

HD-Unimas 1080

SD-GRIT 480i

KSTR-DT
CH48 (49)
Univision

SD-GetTV 480i

HD-Univision 
1080

SD-Escape 480i

KUVN-DT
Univision
Ch2 3 (23)

SD-Bounce 480i

SD-Laff 480i

HD-Univision 720P

SD-Bounce 480i

KUVN-DT
Univision
Ch23 (23)

SD-Escape 480i

SD-Laff 480i

KSTR/KUVN Studios
Univision Building 

2323 Bryan St.  Dallas 75201

KTXD Studios 
15455 Dallas Pkwy Ste 100 Addison, TX

NEW CURRENT

CURRENT

NEW

CURRENT

HD-Unimas 720P

KSTR Transmitter
Bldg A South Cedar

KTXD Transmitter
Bldg B South Cedar

(NextGen Hub)

V12e

HD-CW 1080i

SD-ThisTV 480i

KDAF
Tribune

Ch3 2 (33)

SD-AntTV 480i

SD-Charge 480i

KDAF Studios
8001 John W. Carpenter Fwy

Dallas, TX 75247 HD-CW 720p

SD-ThisTV 480i

KDAF
Tribune

Ch32 (33)

SD-AntTV 480i

SD-Charge 480i

SD-GRIT 480i

SD-GetTV 480i

SD-Stadium 480i

SD- Comet 480i

SD-TBD 480i

KTXD
Cunningham

Ch46 (47)

SD-Stadium 480i

SD-TBD 480i

SD-Comet 480i

HD-Unimas 1080

SD-GRIT 480i

KSTR-DT
CH48 (49)
Univision

SD-GetTV 480i

HD-Univision 
1080

SD-Escape 480i

KUVN-DT
Univision
Ch2 3 (23)

SD-Bounce 480i

SD-Laff 480i

HD-Univision 720P

SD-Bounce 480i

KUVN-DT
Univision
Ch23 (23)

SD-Escape 480i

SD-Laff 480i

KSTR/KUVN Studios
Univision Building 

2323 Bryan St.  Dallas 75201

KTXD Studios 
15455 Dallas Pkwy Ste 100 Addison, TX

NEW CURRENT

CURRENT

NEW

CURRENT

HD-Unimas 720P

KSTR Transmitter
Bldg A South Cedar

KTXD Transmitter
Bldg B South Cedar

(NextGen Hub)

V12f

HD-CW 1080i

SD-ThisTV 480i

KDAF
Tribune

Ch3 2 (33)

SD-AntTV 480i

SD-Charge 480i

KDAF Studios
8001 John W. Carpenter Fwy

Dallas, TX 75247 HD-CW 720p

SD-ThisTV 480i

KDAF
Tribune

Ch32 (33)

SD-AntTV 480i

SD-Charge 480i

SD-GRIT 480i

SD-GetTV 480i

SD-Stadium 480i

SD- Comet 480i

SD-TBD 480i
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Spectrum 

• 3.0 SFN Limits 
• Existing Station’s 41 dBuV/M (50,90) 
• Table of Distances (TOD) 
• Largest Station in Market 
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SFN Sites 

Garland Denton Fort Worth 
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Garland 
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WBAP – Fort Worth 
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WBAP – Fort Worth 
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Denton 



Comark Parallax UHF GTD Rev P2 
Dielectric UWB & Combiners 
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STL 

•  Adequate bandwidth 
• ~ 25 Mb/s for 3.0 STL 

• Modulators & Exciters at Transmitter 
• ~ 150 Mb/s for ST2L (I/Q) 

• Exciters at Transmitter, Modulator at hub 

• Protocol 
• IP Multicast 

• Room for Internet & M&C 
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Planning 
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Permits 

• Structural Analysis 
• Building 
• Electrical 
• Site 
• FAA 
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Nationwide Community Cloud Architecture using “BaaS”  

See NAB Vision paper more details 

 

NOC
BMX 
Cloud
(BSS)

Central Cloud
(OSS)

Broadcast 
SFN’s 

VHF/UHF

BaaS 
Tenant Dash Board

Baseband I/Q

Control Plane (SDN)

Data Plane 

Remote Radio Heads 
(Universal Exciters)

Front Haul 

Regional Cloud
NGBP 

IP Core/RAN

(1 of N)

Regional Cloud
NGBP 

IP Core/RAN

(1 of N)

Regional Cloud
NGBP “BaaS”

IP Core/C-RAN
ATSC 3.0 (A/321)
(Network Slicing)

BaaS 
Tenants

(Broadcasters)BaaS 
Tenants

(Broadcasters)

BSS, SLA, Charging Spectrum 
Management, Visibility how 

BaaS tenant spectrum resources 
being utilized, business model 

execution $$

OSS, wide services spanning 
regions, Media Management, 
FCAPS, System Services, Fault, 

Logging, EMS, NMS

Global monitoring, alert/alarm 
generation and automation  

integrated with the OSS function 
and the NOC dashboards

Regional Content Providers
National Content Providers

MNO/MSO Interwork, IoT, TBD

SLA Provisioning, Monitoring, 
Analytics, Reports

Charging $$, Independent 
Business Models Under BMX

Part of C-RAN Accepts I/Q,
DAC , all Analog Processing

Capable Multiple Waveforms 
TDM via A/321

Under BMX Orchestration 
spectrum released per SLA, real-

time scheduler coordination 
with BMX IP Flows to 

Waveforms (Network Slicing)

IP Data enters Here 

Waveforms Built Here 

BMX Entity is Master  

Sharing Spectrum Business Models 

Waveforms Emitted Here 



BMX 
Business 
Function 

Software-defined 
Spectrum Controller 

Regional  
Data-center 

(NFV/SDN based) 

ATSC 3.0 
Broadcast 5.0 

 

Managemen
t 

Services 
(OSS/BSS, 
Analytics, 

Dashboards) 

Broadcaster/Content 
Providers/CDN 

Tenants 

Service requests Data 

BMX: Broadcast Market Exchange 
NFV: Network Function Virtualization 
SDN: Software-defined Networking 
OSS: Operations Support Systems 
BSS: Business Support Systems 

New Broadcast Community Cloud System Architecture (SDN/NFV)   

BMX Entity is Master (see next slide) 

Waveforms Built Here 

Licensed Spectrum Business Models 

IP Data enters Here 

Channels (2-36) USA 

ATSC 3.0 ATSC 3.0 5.0 ATSC 3.0 ATSC 3.0

Battery Powered Devices

Bootstrap

Waveforms Emitted Here 

See NAB Vision paper more details 



Fred Baumgartner 
ONEMedia 

fmb@ONEMediaLLC.com 
 



FAQ 
(Last Slide) 

• How long do we get access to Broadcast Spectrum? 
• As long as it is a good use 

• What happens to Big Sticks? 
• They stay… until EOL or maybe Refresh 

• Do I need a new TV? 
• No, you need a new (gateway) router or smart phone 
• Or a converter box/dongle 

• What about IPR costs? 
• No party with key IPR seems motivated to hold-up adoption 

• How much signal is enough? 
• 62-73 dB ʯV/m?? 

• What about VHF? 
• 1.0 Hosts, wireless mics, STLs 
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Some 3.0 SFN physics 

• VHF is not UHF 
• Low V antennas are BIG 
• UHF does Mobile 
• VHF does rural homes 



11 April 1917 – Railroads work together 
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