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The State of the Transition (so far)

 Bonanza for Equipment Manufacturers. ©
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 New Subscribers for Cable/Satellite. &
e Return on DTV Investment. &

« Used and Unused Free TV Spectrum Is
Threatened.

Reliable reception Indoors is key to regaining lost
viewers, adding new ones, and to protect free,
OTA, TV




Solid Reception of OTA DTV

Why many consumers don’t have It
How to significantly improve reception reliability

Future threats
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In the Beginning...

Lo-VHF Hi-VHF  UHF
Broadcasters were

promised that HDTV

Analog kW 100 316 5000

_ Relative
would replicate the Power 316 50

. Expected .
analog service to at 6 20 315
least their Grade B
analog contour with Only roof-top antennas.
only 6.3% (-12dB) of &)
analog power! Indoor reception did not
It was Irresistible. need replication of service.

* Later increased to 1000kW and Rx NF lowered by 3dB



Grade B “Replication” was Successful ©
On Paper @

 First by ignoring multipath--a major killer
of DTV reception (but not analog TV).

e Second...
e Third...

Discussions of these were published between
1999 and 2004




Multipath: Undesired delayed signals
acting as invisible dynamic ghosts that create inter-
symbol interference and impede carrier recovery

Desired

Reflection

Indoor Multipath Is worse!




Grade B “Replication” was Successful ©
On Paper &

e First....
e Second by assuming a nonexistent ideal
receiver.

e Third....




Keeping the Signal Artery Open: Actual vs. Ideal Rx

Measured DTV power =

Signal + Dynamic Multipath
+ All “Noise”

External Interference
(WSD, DTS, CCI, ACI)

15 dB Min

Signal

{ Recovery &
Equalization

Artery

Residual Multipath
(Echoes)

The Cholesterol
Ignored in FCC
Planning

< Tx Noise+
VHF “Man-Made”
Noise

Rx
\ Intermods

Rx Noise floor
Depends on Rx antenna 8




Grade B “Replication” was Successful ©
On Paper @

 Third by using unvalidated path loss
software that over-predicted signal and

Interference availability beyond the Radio
Horizon!

Discussions of the three flaws were published
between 1999 and 2004.




Two (why?) Over-predicting Propagation Models - |

Figure 2: Longley-Rice DTY Coverage in Flat Terrain
UHF-MTSC to UHF DT @ 200 kit

Radio Horizon @ &4 km

& Longley-Rice Fringe @ 110 km

Contours of F(50,90) DTY and F(30,50) NTSC Cverlap [

Flat Terrain iR
NTSC: 5000kW
DTV: 200kW -
White: RH i 2
Circles: F(50,90)
Green: LR(50,90)
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Over-predicting Coverage & Interference Means Less Power

Where Needed!!
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Two (why?) Over-predicting Propagation Models - 11
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Figure 4! Longley-Rice Coverage in Hilly Terrain
UHF-MTSC to UHF-DTY

Radio Horizon @ 60-80 km
Longley-Rice Coverage Fringe @ 100-125 km
Contours of F{50,90% DTV and F{50,50) NTSC Overlap

UHF

Mountainous
Terrain

NTSC: 5000kW
DTV: 200kW
White: RH
Circles: F(50,90)
Green: LR(50,90)
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Published in 2001
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Over-predicting Coverage & Interference Means Less Power
Where Needed!!




Real-world Signal for Reliable Service
Real Rx With Rooftop Antenna

Minimum Field Strength (dBu)

Lo-V Hi-V UHF
FCC 28 36 =
(No Cholestrol)
Real World*
(with Multipath 40 A4 52
and man-made
noise)
Over FCC (dB) 12 8 9
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* Published in 2004. Peer Reviewed.




What to Do Now -I

YOUR STATION

e Raise Tx SN Ratio; Go CP; Increase antenna
pattern’s null-fill; Use DTS only for gap-fill w/o
overlap.




Raise Tx SN Ratio to 32dB!
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Make sure equalizer of monitor is OFF
while optimizing Tx SN ratio



Careful About Being First to Jump Into the
Distributed Transmitters Bandwagon

e Claimed success i
based on biased g o
tests and faulty =
(singlle static echo,
no TX nOISe) ﬁg“r?ﬁ;'inﬂ!ninii A”I‘ el heightand are fically seperated
analysis o L oss of
e Reception problem . Signal
likely where useful =~ and SN
signals overlap Ratio
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What to Do Now - ||

INDUSRY-WIDE

» Change parameters and validate LR interference
prediction software.

e Agree to more interference in the fringe in lieu of
higher power elsewhere.

e Develop new technology Hi-V/UHF indoor
antennas
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Change Parameters and Validate LR
Interference Prediction Software

e Add Ground Clutter

« Tighten Required % of Time and Locations
Avallability
o 77

The goal Is a single, terrain-based software,
that does not predict reliable reception
beyond the Radio Horizon
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Develop New Technology Hi-V/UHF
Indoor and Mobile Antennas: Smart and
Active Arrays

« Paid by DTV equipment manufacturers

 Electronically adjustable pattern that discriminate
against multipath

 Electronically adjustable pattern that discriminate
against undesired polarization

« Antenna-tuner impedance matched electronically

 All control parameters determined and memorized
during channel scan.
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Temporarily Converting UHF into Passive, Dumb,
UHF/VHF Antenna ($20)

UHF/VHF
UVSJ Combiner
.5db Loss

r
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Future Threats to OTA DTV Reception

e Interference from Invisible, Unlicensed,
Consumer Devices on Unused TV Channels
and In Close Proximity to DTV sets

e Certain to Increase Man-made Noise
e Too valuable for few OTA viewers

All the more reasons why more Tx power and
better Rx antenna technology are needed.

Growth of OTA DTV Would Eliminate the Threats
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The OTA market is low-priority for set
manufacturers. Therefore,

Two industry-wide actions must be taken to
provide solid DTV reception:

* More power after prediction software update
followed by cochannel negotiations for
additional power

 Introduction of smart, active array antenna
Integrated (not physically) with the DTV set




Some Good News!-Really

e The Rx of the future will resemble a super
computer.

e The RF will be digitized (digitized Lo-IF is
already In product development)

 Digital Signal Processors will suppress or
eliminate many reception problems.

TV broadcasters cannot wait for the future!
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Slide 1
I started 42 yrs ago at RCA and retired from Dielectric in 2003. In the late 80’s my boss
at Dielectric told me to participate in the proceedings that led to the selection of the D-T-V or
DTV std.

I had had no experience with digital links and I was not alone. I studied hard. I asked
questions that were politely ignored, but not because they were stupid. We were there to endorse
a US standard and any technical issues that could not be immediately ironed out were not going
to slow the process.

So starting in 1999, I, sometimes with others, published papers on the critical DTV issues
that we felt needed a second look.

Those papers were ignored until very recently. This year, even the FCC contacted me to
ask what [ meant...
Slide 2
Except for L-P-T-V, Analog TV is history.

Broadcasters have invested in DTV. Manufacturers have made handsome profits
from the transition. But a positive R-O-I for DTV broadcasters is in the future.

Those who feel that only few viewers benefit from valuable TV spectrum now threaten
the future of free, O-T-A, DTV.

Some of you may be counting on mobile DTV to change the ROI curve. We’ll see.
Technically, Qualcomm’s MediaFlo has the edge on mobile service.

So today I’ll lay out for you what I believe it will take to revive and grow O-T-A DTV—

It’s all about Reliable Reception Indoors
Slide 3
I’1l address what each station could do to improve it’s service.

I’1l also address what actions must be taken industry-wide to implement reliable DTV
reception.

But first I must build the background to make sense of my recommendations. So please
bear with me.

To those of you who are technical and find my presentation to be less that 100% accurate,
I extend my apology. I’m trading a little accuracy for more clarity.
Slide 4
Early on the broadcasters insisted on replication of their analog service, known as Grade
B, with HDTV.

The HDTV equipment manufacturers promised replication and more. They promised
replication with only 6% of the analog power.

Later on it became clear that VHF stations moving into UHF could not show paper
replication.



So the FCC raised the allowable UHF power to IMW and simultaneously lowered the
noise figure of the Rx model by 3dB. Also the word “replication” was changed to “comparable.”

More assumptions had to be made and eventually the replication/comparable service goal
was accomplished — on paper.

Oh, one item was left behind. That was the more difficult issue of indoor reception,
especially at VHF.
Slide 5
So how was comparable service achieved on paper? In the next few slides I’ll show how,
starting with premise #1 of 3.

That premise was that all multipath would be eliminated by the equalizer without
affecting the Rx performance.

So what is multipath and why is it so destructive to DTV ?
Slide 6
Because the transmitting antenna fires at angles above and below the horizontal there’s
always multipath present at the Rx.

In analog television it’s manifested as annoying ghosts. So the picture quality suffers, but
the audio is not lost.

If the DTV equalizer in the Rx were perfect the dreaded “No Signal” flyer on the screen
of a DTV set would hardly even show except when there’s truly no signal.

But the equalizer cannot suppress all multipath, especially not multiple and strong
dynamic echoes. Attenuated or not, multipath is destructive to reception. And the mere
processing of multipath by the equalizer adds noise that reduces the receiver’s capability.

I’1l show how in a moment.
Slide 7
The second premise needed to demonstrate comparable DTV service at very low
transmitter power was an ideal receiver.

The ideal receiver is immune to man-made noise, sky noise and multipath and its tuner is
perfectly matched, impedance-wise, with the antenna.

Naturally, to reliably decode the picture and sound the ideal receiver would need less
signal power than a consumer product at home.

So the second premise was adopted and the objective of showing comparable service was
almost at hand.

But not quite yet.
Slide 8
Here’s a simplified diagram of the factors that affect reception; the multipath is dynamic and it
causes the signal power, the top line, to fade. But that is not all the damage done by multipath.

The width of the signal artery would ideally be between the received signal power at the
top and the thermal noise floor at the bottom. But in real receivers the signal artery is clogged by
unavoidable RF cholesterol.



In the ideal Rx model adopted for planning DTV service the natural rise in the noise floor
due to impedance mismatch between the antenna and tuner was ignored.

The added noise generated by multipath processing was ignored as well. Ditto for the
other factors that are shown to narrow the signal artery.

The bottom line is that in many homes the artery width, above the 15dB threshold, is not
enough for reliable reception under dynamic multipath and weather conditions.

That is true even with rooftop antennas and it is worse when trying indoor reception of
VHF channels with UHF antennas or with UHF/VHF rabbit ears or monopoles.

Two actions must be taken in order to open the signal artery.
First, the received power must be increased.

That can be accomplished by raising the transmitter power and also by raising the gain of
indoor antennas without significant change in their size. For example, the antenna gain can be
increased through better impedance match between the antenna and the tuner. Adding an
amplifier would be counter-productive.

Second, the level of multipath entering the Rx must be reduced.

All of these objectives could be accomplished by new antenna technology, which I will
describe shortly.
Slide 9
The third premise that facilitated the assertion of comparable service was the adoption of
new software, known as LR. That new software predicted DTV reception well beyond the RH.
The RH, as you know, extends to well beyond the LOS.

If you have any experience in this area you know that even analog VHF results in an
essentially snowy screen within a mile beyond the RH. It turned out that the new software and
the suppositions of ideal Rx, no multipath and no external noise resulted in showing DTV
reception well beyond RH and well beyond that needed for replication of analog reception.

So the LR software had to be abandoned for service prediction but it was retained for
interference prediction. You can guess why.

So how serious is that over-prediction of interference? We don’t really know, but based
on simple calculations we can reasonably assert that the actual level of interference is well below
the predicted level.

Slide 10

First look at a SMW UHF analog station in flat terrain being assigned 200kW for their

UHF DTV channel.

In flat terrain, the RH, which is the maximum distance for reliable reception, is the radius
of the white circular area.

The blue circle is the Grade-B analog contour, and the red circle underneath it is the DTV
contour, both calculated using the traditional FCC software.






