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((((m)))) Subjects To Discuss
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< WHY 3.07

< ON AIR

¢ LIGHTHOUSING

¢ MODCOD VARIABLES
¢ COVERAGE

< DATACASTING

¢ CORNVERSION

¢ RECEIVERS

< DIRIW
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© Why 3.0?

Consulting LLC

¢ [mproved Videe Codecs recduce bit rates and increase channel capacity
¢ Updated error correction improves receivalility

¢ [P base flles allow off the shelf hardware usage and simplified use case

development
¢ App interface provides new multimedia experiences
% Mobile recepltion at high speeds possible
¢ Single Frequency Networks can expand coverage

¢ Best in the weorld ceding and RF perfformance
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Over The Air

@@) Lighthousing
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¢ LIGHTHOUSING ON ATSC 1.0 OF PRIMARY STREAM REQUIRED

&
&

MUST COVER 95% OF AREA COVERED

< MOST STATIONS NOW HAVE MANY PARTNERS TO ALLOW
LIGHTROUSING OF ALL STREAMS

< VERY FEW HAVE “EXCESS” 3.0 CAPACITY AVAILABLE

< LIMITED ABILITY TO EXPERIMENT
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(@D}) Modcod Variables: Modulation Rate
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¢ Number of pessible symbel chelces @ach time period

¢ QPSK (4 symbels) = mest rebust, lowest capacity, -6 te 11 dE SNR, 1.5 te
10 MB

¢ 16QAM = very robust, limited capaecity, -2 to 17 dB snr, 3 te 21 mlE

¢ GAQAM = fairly robust, mederate capacity, 1 te 22 dBE sar, S te 31 mE
¢ 256QAM = goed rebustness, geod capacity, 3 to 27 dB shr, 6 te 41 MB
¢ 1024QAM = poer rebusthness, high capacity,  to 32 dBE SNR, 8 te 52 ME

¢ 4096 QUAM = very high signal needed, RUCE capacity, 7 to 37 dB shr, 9
te 62 ME

¢ Nu = nen uniferm constellations eptimize perfermance

¢ 1024 and 4096 net currently recommended for OTA use
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Modcod Variables: Code Rate & Length

Defines amoeount of redundant data sent te ensure delivery
Rate defined as payload bits/total bits transmitted
¢ 2/1% means 2 units of payload eut of tetal & 13% payleoad, very robusf

¢ 13/1% means 13 units of paylead eut ef tetal 8 87% paylead, net
robust

Mere coding (lower fraction) increases recelvability In noise and channel
variation = lower shr BUT reduces capacity = lower mlbd

Code length = long for better snr periormance but Increased overhead,
shoert for less power consumption, lower latenecy, mebile periormance

Interleaving reduces errors, through time diversity
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(@) Modcod Variables: FFT Length
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% Determines the maximum humber of OFDM carriers
¢ 8k FFT =2 A Fe = 843Hz = 6913 carriers
¢ 16k FFT = A Fe = 422Hz = 13,825 carriers

32k FFT = A Fe = 211Hz s 27,649 carriers

<
<&

¢ Influences capacity, delay, and mebility telerance
¢ Smaller FFT = better mebile periormance, lower efficiency

¢ [Larger FFT = beltter fixed reception, effficlency and delay telerance
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Moadecoa Variables: PILOT PATTERNS

Pilots estimate OTA channel periermance

O

¢ Meore pilots increase periformance but decrease capacity

O

¢ Less pllots decrease periormance but increase capacity
¢ Pilot spacing defines mobile speed tolerance
Numbers relate to how many data cells are skipped in twe directions
% D, = pilot separation
¢ Values = 2, 3, 4,6,8,12,16,32
¢ [Migher # = less of them and therefore lower overhead
¢ Dy, =& of symbels In seguence
¢ Values = 2 or 4
¢ Selection has a big effect on capacity

SP3 2 = 16.7% overhead, sp32 4 = 0.8% overhead
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(@) Modcod Variables: GUARD INTERVAL
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¢ Prevents intersymbel Interference from reflections/multipath/ether TXs
¢ Slgnificant beneft of OFDNM medulation
¢ Longer intervals prevent Interference over long eche distances
¢ Waves travel at 5.4 u/mile
¢  Interval measured in samples from 192 e 4864, some examples
¢ 192 = dhoriest = 28 u, = appreax. 5 nilles, least pllots, least overhead 046 - 2.3%
¢ 512 = short = 74 u_ = approx. 14 miles, pillets, low overhead 1.5 -5.9%

% 768 = ghort = 111 v, = apprac. 21 miles, mederaite pllots, mederaie overhead 2.3 =
86%

% 2048 = long = 296 U, = apprax. 59 milles, many pllcts, higher overead 5.9 = 200%
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(((U)) Many Cholces For Similar Bit Rates
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¢ For 19 MB (ATSC 1.0 Bit Rate) these are possibles

¢ SNR = 11.8dB, Med = 256QAM, Code = 9/15 long, FFT = 32k, SP =8 2, G/l =
1836, 222us A good fixed service replacement ready for SFN’s

¢ SNR = 11.8dB, Med = 64QAMNM, Code = 9/1%5 shert, FFT = 16k, SP = 12 2, G/l =
512, 74us Better mobile performance

¢ SNR 2 12.1dB, Med = 256QAM, Code & 7/15 long, FFT = 32k, SP = 16 2, G/l =
768, 111us Amnether replacement; good errer correction

¢ We used to spend to increase ERP a few tenths of a dB and now we
have a way te opltimize aned increase coverage quickily

¢ ATSC 1.0 te 3.0 conversion at same bit rate is like deoubling TX pewer
% 1.0 dB difference = 23% power difference

¢ 0.6 dB difference 2 15% power difference
¢ 0.3 dB difference 2 7% power difference
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<((<<>>))> Sighal Te Nolse Ratio Versus Capacity
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<(<<<RF>>))> Sighal Te Nolse Ratlo Versus Goverage
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SNR=25.0dB

% Slgnal levels Signal
decrease by Level
distance
squaree from
the transmitter

SNR=15.0dB

/ SNR=10.0dB
Noise

SNR Level

—

Field strength

¢ [For digital
signals,
reception
eoccurs only
abeve a given - "

0 : :
S/N ratio (SNR) ™ Distunele




(((«)) Coverage

We cdeon’t know signal levels (cdEBu) needed for particular
combination ef receliver/antenna/location

9
&

Outcoor/Car wi short antenna

9
&

Outicdlecr hancdheld w/ integratee antenna

9
&

Incoor Wi @xternal antenna

9
&

Deep Indoor w/ integrated antenna

We neecd GASSERSs = Generally Accepted Signal Strength
Requirements
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<((<<RF:J)>> Coverage
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GASSERs = Generally Accepted Signal Strength Recuirements

¢ [Industry gulcelines for predicting real world coverage to different cevices
and locations

¢ Assume certaln real worled environmental losses, recelve antenna gains,
anel hoise concditions

&

More testing with real recelvers s needed o agree on dhem

Not established for 1.0

&

% More important for 3.0 and predicting receivability
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(<<<RF>>)}> Reference Station: Wumni Dt 27 Univision
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Some Inteormeatiomns & 3.0 host for wgbh, wbz, wevb, whis,
_ WARKG, W@y amne wWumni

¢ [RF Channel = 27
¢ ERP = 400kw

¢ AMSL = 1434 {it
¢ MHaat = 1168

ggggg

¢ Cardiocld azimuth pattern facing
Northeast

Litchfield

Middlesex

b

BOSTON TV DMA 2 #9 univision
BOSTON




Reference Station: WUNI Sighal Strength

ATSC 1.0

¢ Designed ¢
cdeliver

¢ 19.2 Mb

¢ @19.2 dB
SNIR

® @44 dBu
moinimwn
signal
strength

® o {xed
antennas
@ 10m

A Yo i A

] WUNI-D
b |9 Scale 1:2,000,000

0000204508

Latitude: 42-23-02.70 M
Longitude: 071-29-35.30 W
ERP: 400.00 kW

Channel: 27

Frequency: 331.0 MHz
AMSL Height: 437.1 m
Elevation: 63.4 m

Horiz. Pattern: Directional
Vert. Pattern: Yes

Elec Tilt: 0.7

Prop Model: Longley-Rice
Climate: Cont ternperate
Conductivity: 0.0050
Dielec Const: 15.0
Refractivity: 311.0
Receiver Ht 4G: 10.0 m
Recever Gain: 0 dB

Tirne Variability: 90.0%
Sit. Variability: 30.0%

[T Mode: Broadcast
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3.0 Replication of 1.0 Bit Rate @WURII

Data Rate =
19 Mb

SNR £ 11.5 dB
EWGM

Med 5 G4Q@AaM

Code = 9/19
leng

FFT = 32k
SP=8 2

@/l = 1536,
222us
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A Scale 1:1,300,000
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WUNI-D

0000204508

Latitude: 42-23-02.70 M
Longitude: 071-29-35.30'W
ERP: 400.00 kW

Channel: 27

Frequency: 551.0 MHz
AMSL Height: 437.1 m
Elevation: 63.4 m

Horiz. Pattern: Directional
Vert. Pattern: Yes

Elec Tilt: 0.7

Prop Model: Longley-Rice
Clirate: Cont temperate
Conductivity: 0,.0030
Dielec Const: 15.0
Refractivity: 311.0
Receiver Ht AG: 10.0 m
Receiver Gain: 0 dB

Tirne Variability: 90.0%
Sit. Variability: 50.0%

TP Mode: Broadcast
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3.0 Replication of 1.0 SKNIR @WURNI
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Scale 1:1,800,000
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Actual WUNI Gontiguration For ® RD <+ 1 SD

Data Rate =
28.6 Mb

SNR 2 1471 dB
EWGN

Moc = 256QANM

Code = 10/19
leng)

FFT = 32k
SP =24 2

@/l = 1024,
148us
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0000204508

Latitude: 42-23-02.70 M
Longitude: 071-29-35.30'W
ERP: 400.00 kKW

Channel: 27

Frequency: 531.0 MHz
AMSL Height: 437.1 m
Elevation: 83.4 m
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B Teominste 40 oLy Coe Refractivity: 311.0
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- aa 42.3dBu minimum
i ] i

Owver The Alr

)

Consulting LLC




Potential 2 FD + 1 SD CONFIGURATION

VSRR
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Potential Datacasting PLP Example

Data Rate =
3.4 Mo

SNR & 1.3 d3
EWGM

Mod 8 QPSIK

Code 2 5/15
short

FFT = 8k

SP=6 2
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74w
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24.5 dBu minimum

WUNI-D

0000204508

Latitude: 42-23-02.70 N
Longitude: 071-29-35.30 W
ERP: 400.00 kW

Channel: 27

Frequency: 331.0 MHz
AMSL Height: 437.1 m
Elevation: 63.4 m

Hariz, Pattern: Directional
Vert, Pattern: Yes

Elec Tilt: 0.7

Prop Model: Longley-Rice
Climate: Cont temperate
Conductivity: 0,0050
Dielec Const: 15.0
Refractivity: 311.0
Recerver HEt AG: 10.0 m
Receiver Gain: 0 dB

Time Variability: 90.0%
Sit, Variability: 50.0%

ITM Mode: Broadcast
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@@) Datacasting
¢ Uses excess 3.0 capacity for other business cases
¢ Publie safety
< BPS Broadeast Positioning Systemn
% Car firmware/seftware updates

¢ Road sign upcates
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< Encoding

upcate
% Gateway
% Scheduler
% Exciter

ofe -

Camera

Video Server

Conve

% Transmitter

lssues
< [Flilter lssues

% Antenna

Issues

...... [ - 2
Guide Data l l EAS Receiver
I leas
DASH i IAEA
=M 1080p 88 Mbps ¢ v

rsion

Data for PLPO Input | | oo Ll 2
(Core PLP) Formatting £
I
Input -
Data for PLP1 npu >
- BICM
(Enhanced PLP) — | Formatting N N =
Framing gnd | | Waveform | |
Interleaving Generation
Data for PLP2 Input | BICM
(TDM or FDM) Formatting
Data for PLP3 Input | | BICM

(MM or FDM) — | Formatting

Figure 4.1 High level ATSC 3.0 physical layer protocol diagram enabling an
example of multiple-PLP architecture.
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<<<<<)>>>> Recelvers
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% Meore than 100 medels now available
¢ Reported that mere than 10,000 seld per cday
¢ Total installed now mere than 10 millicn
¢ Many different types
< 5TV Sets”
¢ Dongles
¢ RDMI Recelvers
< Wifl Gateways

¢ Mobile and Portable
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<<<<<RF)>>>> DRM
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O
&

Digital rights management

O
&

Meant to primarily protect content from spoeiing amnde

interruption

O
&

Requires a key to unleck similar te moest welbsites

O
&

Neot implemented in eriginal recelvers

O
&

Has caused serious delays in recelver roll-outs



THANK YOU FOR ATTENDING!

JIM STENBERG
OVER THE AIR RF CONSULTING
JIM@OTARF.COM
207-221-7677 X 1001
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