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RF Harmonics

O/P Power Measurement
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Transmitter Signal Measurements

- Contentsl
resmier - Pilot Carrier Phase Noise and Jitter
Measurements
ransmier | OPECIfication: The level of (pilot) carrier phase noise
Monil)grinnag should be no greater than —104 dBc/Hz @ 20 kHz offset
from the carrier frequency.
Latest P_re-
Té:f:)r::ﬁ;ﬂgg Cause: Encoder multiplexer clock stability, phase lock
loop stability, Oscillator oven stability
Live M/H
demonstration ] ] )
Method: Typical test equipment Tektronix® RFA-300
Live pre-
emeree ot Comment: Best SNR/MER with a noise level less than
I >100dB across the entire band from 1Kkz to 100kHz.
Conclusion‘




Transmitter Signal Measurements
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1 ]

Transmitter }“3'

Signal | | Integrated Phase Jitter 2.1 mrad
Measurements

Fhaze MNoise Mask Test Paszs

Transmitter

Signal
Monitoring
Better
Latest Pre- . e
correction : Lkl Good

Techniques

| Moise Pwr Freq Cursors

Live M/H (dBcHz) (KHz)
demonstration §—|——114.DB 376 - -

-116.13 10.07 A -

lesr FANALL -6.31

correction
demonstration

Conclusion
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Pilot Carrier Freqguency

Transmitter
Signal
easurements

Specification: +/- 1kHz
Transmitter . .
signal. Cause: Exciter/Modulator phase lock loop and master oscillator
Monitorirg instability
Method: R&S® ETL or Tektronix® RFA300
Latest Pre-
correction
Techniques
CEMTER FEER CHAMMEL | ATTEW : LOW+P
635 .00 HMH=z 41 —26 .6 dBm
SET CEHTEE FRER B35, 0000000 MH=z COMSTELL
SET FPILOT FRE® 632 .3034406 MH=z OIAGRAM. . .
i CALC PILOT FEER E32.3094513 MH
Live M/H FILOT FRE@ OFFSET 0.7 He | rreguency
demonstraﬂon SYMEOL RATE OQFFSET 7.2 Hz DOMAIH. . .
MODOULATION aYsE
MER (REAL,RMS) 39.3 db TIME
MER (REAL, RMS 1.07 x DOMAIH. . .
. BEER BEFORE RS 0.0E-8 «<28~-100> WSE PARA-
lee pl’e- BERE AFTER RS 0.0E=F 231007 METERS. . .
- SEG ERE RATIO 0.0E-S5 231000
correction SEG ERR ~ = 00000
demonstration RESET BER
TS BIT RATE 19.3383 Mbit-s
ADOO. HOISE
SAl:2 . OMHz CoH= 535.0 doB
I Conclusion‘
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Signal
easurements

1 ____ Symbol Clock Frequency

Specification: The symbol clock frequency should remain within +
2.79 ppm

Transmitter

: 684
Signal _ ]
Monitoring f-ﬁ}m = 45 21R6

MH= + 30 Hz = 10.762.2378 Hz (+ 2.79 ppm)

*

Method: R&S® ETL or Tektronix® RFA300

Latest Pre-
correction

hni '
SIS cause:  Corrupted MPEG TS packets- result in loss of, or

incorrectly timed, sync and clock signals.
Live M/H
demonstration

Comment: In such cases, the receiver will go out of lock and
v thereby prolong the disruption of service.
e pre-

correction Solution - a null MPEG transport packet should be

demonstration

inserted prior to the VSB by the exciter.

Conclusion ‘
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Transmitter Power Output Calibration

Specification: +/- 5%

Cause: Unstable Exciter, IPA, PA, HPA modules, varying
attenuation of the Mask filter

12.14 kW

Method: - See next page

Comment: The average power is constant for digital television,
and not dependent on the picture contents, like it is in analog
television.

A good idea is to monitor and record both before and after the
mask filter. It is not necessary to calibrate the power before the
filter, but to monitor it to check for changes over daily or
monthly periods. This will determine the loss in the output
Mask filter and determine if is stable.




Transmitter Signal Measurements

B ontents | : . -
" Transmitter Power Output Calibration
Signal
}vreasuremgnts e Calorimetric

— Into Dummy load — good match — min VSWR, Transmitter is out
Transmitter of service

Signal — Flow rate (gpm) x (t2 — t1) x coolant specific gravity factor (keep
Monitoring flow rate low enough that t2 — t1 is at least 1degree > 1kW)

— Accuracy ~ 4% or 0.18dB
Latestpre-. ®  Power Meter
correction — Accurate directional coupler
jchnioug — High Quality Power meter

— Calibrated cables
LvewH ¢ Calibrated Spectrum Analyzer
Jonstratio — Accurate directional coupler

— Calibrated cables and attenuators - don't overload the front end of the SA
I Live pre-

correction
demonstration

Conclusion |
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— RF Harmonics
Transmitter
Signal

}vreasurements Speciﬁca’[ion: >110dB

Transmitter . .
signal. Method: RF Spectrum Analyzer and directional coupler
Monitoring

Laestpre.. Cause: Related to mistuned RF components, parasitical
correction frequencies within RF system, and poorly suppressed

fechnique up-converter carrier frequencies.

to prevent overloading the spectrum analyzer. The
’ notch should provide at least 30 dB of attenuation.
ive pre-

L orrectidl Coupler correction is 6 dB per octave.
demonstration

Live M/H . . . .
Idemon;"tfat,on Comments: A notch filter is required, tuned to reduce the carrier

Conclusion |
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Transmitter Signal Monitoring
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mansmiter. 1 NE FOUr “Figures of Merit”

Signal
Monitoring

Latest Pre-
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Live M/H SO I I
emonstration

Power Output  Inter-modulation CCDF MER/SNR/EVM
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Transmitter Sighal Monitoring

Contents I

[ —
l ____ Output Power Monitoring

Signal

easurements ;
1000 Watt

A fluctuation of the power does not necessarily make a much of a
difference in coverage.

Transmitter
Signal
Monitoring

Example a fluctuation of -1dB (-20%) will cause the DTV threshold to
change from 15dB to 16dB, or (in UHF) equivalent of 1mile.

Latest Pre-
correction
Techniques

I I However, the same drop could cause a SNR change of up to 6dB,
Live M/H

reducing the coverage by dramatically more than 1mile.

demonstration

The change in performance is due to the AM/AM and AM/PM

Lvepre.| Characteristics of the transmitter.

correction
demonstration

Conclusion




Transmitter Signal Monitoring

Contents l

E .
l _—_ Inter-modulation

signal OQut of channel emission or “Shoulders” or “Shelves”

easurements

TX Compliance Spectrum

Transmitter
Signal
Monitoring

36.4 dB 36.4 dB

Latest Pre-
correction
Techniques

Live M/H
demonstration

Non-linear Linear Non-linea

Distortion Distortion Distortion
(3rd & 5th Order IM) (Amplitude & GD) (3rd & 5th Order IM)

Live pre-
correction
demonstration

Conclusion




Transmitter Sighal Monitoring

Contents

Peak to Average Power Ratio

Transmitter
Signal
Measurements

Complimentary Cumulative Distribution Factor

Transmitter
Signal
Monitoring

i i
} |Represents the probability (vertical axis) of the Instantaneous
I st prd) | Power in dB above the average power, where the in the horizontal

axis is the transmitter output power and Zero = 100% TPO.

correction
Techniques

PAPR: Stands for Peak to Average Power Ratio and represents the
ratio between the maximum peak power and the average power.
Quoted in dB.

Live M/H
demonstration

Live pre-
correction
demonstration

Conclusion




Transmitter Sighal Monitoring

Contents |

J Linear, Industries Inc.

Transmitter File

Signal
d Measurement Software g

Measurements X . ST .
Complimentary Cumulative Distribution Function (CCDF)

Complermentary Cumulative Distribution Function

2
— Sigral Selection—loo% 10 3
%) Input o

) . (%) Feedback Before Fitter
Monitoring () Feedhack Atter Fiter

Transmitter
Signal

q— — Input
3] — - — Feedback

——————————————————————————————————————————————————————————————————————————————————

10% ' .

— Measurements ——— L--e --- --- "&g_" : S
Latest P_re- [¥] Awerage 1% ' ' ' ' ; ' ' '
CorreCtlon mD fans : Elr::::::::fﬂlf:: T i: : i
; |CCDF vl : i:3 : FEEEE SiiiEl: i i
Techniques B oo o IRk R s i REEL
: e BEERaST : am IlflJ,er' b . i : g
I A% [T VT B P """"" v \"\\ """ o v tncrease"

robahbility [%]

P
=]

o
e
=
&

Live M/H
demonstration

.....................................................

0.01% it et HiON)

Probability —=———

Live pre- Measure
correction

demonstration Instantaneous Power / Average Power Ratio [dB]
Power Output above 100% ===

Input PARR: 7 .37 [dB], Feedback PAPR: 6.54 [dE].

Conclusion




Transmitter Signal Monitoring

B contentsll . :
Signal Quality
Transmitter | err of 2.25% and Q err of
Signal 2.25% gives an EVM of 3%
easurements

EVM (in %)
100 * SQRT ((1/N) * SUM (lerr*2 + Qerr*2))/ S max

Transmitter
Signal
Monitoring

| err = 4.45% and gives a SNR

SNR (in dB) of 27dB
10 * LOG10 ((SUM(SI2 [ lerr™2))

Latest Pre-
correction

Techniques | err of 4.45% and Qerr of

4.45% gives an MER of 27dB

Live M/H

MER (in dB)
B onstratiof 10 * LOG10 (SUM (Si"2 + Sg™2) / (lerr*2 + Qerr2))

Si and Sq are ideal Signal values of the | and Q channels

| err and Q err are deviations in received signals from the ideal (i.e.
noise)

Live pre-
correction
demonstration

Conclusion




Transmitter Signal Monitoring

- Contentsl . .
Signal Qualit
Transmitter g Q y
easure?r:gﬂflsl o . = The “Eye” Diagram- Individual
— = demodulated signals overlaid

== demonstrating the “decision point” eye.
—=— From this the MER can be determined.

Transmitter
Signal
Monitoring

Latest Pre-
correction
Techniques

The constellation diagram — the Lo
Live M/H

thinner the lines the better the S RANEREERINE
signal. Can indicate phase jitter, = ¢
group delay (phase response) and
also amplifier compression. |
From this the MER can be
determined.

demonstration

Vi e g e g wL
ek b e D

P R T R LT

TR ¥ S
R e g TEETRY

Live pre-
correction
demonstration

S T T L R

Conclusion




Transmitter Sighal Monitoring

Contents I

i Transmitter Slgnal Quallty

Signal
easurements

Transmitter
Signal
Monitoring

Frequency Response Group Delay

In analog televisions as well as in ATSC, amplitude frequency
response and group delay are important parameters for a

I e M/H| transmission path between the transmitter output and the

Latest Pre-
correction
Techniques

demonstration receiver input.

The mask filter and antenna combiners cause the linear

Live pre- . .
distortions.

correction
demonstration

Therefore, amplitude frequency response and group delay are

conclusion” - measured at a test port in the antenna combiner.
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What is Non-Linear Distortion?

Transmitter

easurements

Transmitter

Monitoring

Latest Pre-
correction
Techniques

demonstration

correction
demonstration

. _ |
Conclusion No mechanism to correct these errors at the receive r!

In NTSC same as “LF linearity” and ICPM

Manifested by non-linear in-band and out of band
inter-modulation products

Non-linearity is created when the amplifier’s gain
and/or phase response changes because of
changing input signal amplitude

The presence of non-linear distortion will reduce
the receiver’s ability to automatically correct for
linear distortion
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Latest Pre-Correction Techniques

- Contentsl
E High Power Bandpass Filters: Stopband Magnitude
ransmitter
Signal
Measurements Magnitude Ripple < 0.1 dB,pp
0 -
Transmitter
Signal =10 -
Monitoring
=20 -
Latest Pre- 230 -
correction
Techniques dB -40 - ' .
50 -
Live M/H | | '
demonstration 60 - - ' .
: ! : N=7 Cheb
SRS SETITPITE SERRIRE [EPEPPEPRE EEEPEPLES SCEREYE TELPER . y
Live pre- : : : : : .
correction -80 i i '| | | |'
demonstration 9 6 3 0 3 6 9
I Conclusion‘ Frequency (MHI}
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Latest Pre-Correction Techniques

File

Measurement Software

Power Spectral Densﬂy

— Signal Selection I I ! !
) Input : : : : :
(71 Feedback Before Filter 0 E E J"Hllﬂ[\" E E E
- e |__________ _:rI _:_________:_________: __________________________ ]
@) Feedback After Fiter : : : . . .
______________________________________________ |
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=
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] E ' ______________________________________________
Power Spectrum Density - ‘:E‘— H
] E |
w i
— |
= \
L]
|
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Measure
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Contents |

Sources of SNR/MER Degradation

i

L\ B B B

Echoes Ext. to Tx: [multipath]

Interferers ext. to Tx: [ad]j. co. channel]

IQ errors ampl. and : [decoder, encoder, modulator]
Phase jitter: [oscillator stability, encoder decoder errors]

Non-linear amplitude distortion: [ampl and F/B etc..]

® Third harmonic distortion; Side-band re-insertion [Insufficient
shoulder attenuation through non-linear correction and mask
filter attenuation]

Linear phase distortion or frequency magnitude response
error and Frequency group delay error

» Typically caused by filters, combiners, transmit antennas
and receive antennas
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Why is SNR important?

15 dB is considered the DTV threshold of reception (which has been
determined to cause a 3 x 10- 6 bit error rate which corresponds to 1.9 x
10- 4 packet error rate)

The better SNR at the tx system the greater noise margin at the receiver

SNR is a critical issue determining coverage margin - Particularly related to
older generation receivers —

The better the SNR the higher probability of good coverage

DTV receivers have Adaptive Equalization to correct uncontrollable
linear and multipath propagation effects - HOWEVER --- receivers
margin is wasted if it is improving controllable SNR at the transmission
system output.

The best service margin will result from the best pre-equalized
transmission system SNR
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Transmitter
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Transmitter
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Latest Pre-
correction
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Live M/H
demonstration

Live pre-
correction
demonstration
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The “Cliff Effect” — “all or nothing!”

Quality

None

~15dB SNR

Distance

Grade Grade
T
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®» Threshold SNR of ideal ATSC demodulator (receiver) ~ 15dB

Transmitter

enenrednal - % 27dB SNR/MER assumed level for maximum coverage
® But based on Rx being connected directly Tx!

mransmitter . #  Real world SNR degraded by:
Signal . . .
Monitoring % Filter, antenna, co-channel and adjacent interference, echoes, Rx

equalizer white noise (dependant on echoes), Rx inter-modulation

Techniques . .
‘ ®» Unlicensed devices can also degrade SNR

_ ® Improving SNR to better than 32dB could improve coverage by
Live M/H
demonstration 1.6dB
® Broadcasters who maximize Tx SNR will enjoy better coverage in
tvepil noisy and interference prone links

correctiol ®» Significantimprovement in DTV service availability
demonstration

and cross-modulation,.
Latest Pre- _ _
correction =» Also Rx input antenna miss-match

Conclusion ‘




Latest Pre-Correction Techniques

Class A Class A/B Class A/B

» Modulator [ Up Converter

| }

Input —— Input —»

How does non-linear_ pre-correction work?




=

Class A Class A/B Class A/B

\

» Modulator [ Up Converter

4 h

\

Frequency —— Frequency

How does linear pre-correction work?

Group Delay —

Group Delay —
—
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____~What s linear distortion?
ransmitter
Signal
easurements Gioup Doty
®» Linear distortion can be created
Transmitter | throughout the DTV transmission
el : _
Monﬁ;??nz path from the transmitter to the
| receiver
- g | | | ® Inside the transmitter it is created
Techniques | ° by frequency response errors and
/ | group delay variations
Live M/ | » Main offender inside the transmitter
demonstration . .
IS the mask filter
Fw&::IH'EJ 1
Live pre-
correction
demonstration
I Conclusionl




Latest Pre-Correction Techniques

Contents

What is linear distortion?

®» Receivers do correct for linear distortion and

®» Linear distortion in the mask filter is small
compared to transmission path linear distortions;
multipath / frequency selective fading

However, linear distortion can have a profound
effect on measured SNR.

Transmitter
Signal
easurements

Transmitter
Signal
Monitoring

B i
Latest Pre-
correction

Techniques
+If linear distortion components are not minimized,
then the more harmful non-linear distortion

components may go unnoticed because the linear
distortion tends to dominate in the SNR

Live M/H
emonstration

Live pre-
correction
emonstration

Conclusion
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Latest Pre-Correction Techniques
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MER = 28dB
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» Three key digital performance
enhancements that significantly
benefit coverage and cost of operating
a digital transmitter:

1. Adaptive pre- correction

- Linear and Non-linear
2. Memory Error Correction (MEC)
3. Crest Factor reduction (CFR)
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®» Adaptive Correction

.

¥

Key issues: Fast enough that it captures the errors
over a short period and can include Memory Error
correction

Includes sophisticated algorithms that can be
adapted specifically for “Tube” or “Solid State”

Manual as well as automatic operation

®» Manual recommended in most circumstances

®» Automatic should be no more than 4 times a day

®» With notification of errors before action

Separate Linear and Non-linear
Correction On/Off switch

Can be activated during operation

®» Does not effect power or performance
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» PA“Memoryless” or Static Characteristic
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» PA“Memoryless” or Static Characteristic and PA
Memory or Dynamic characteristics
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» Reducing the peak envelope level

» Without distorting the signal and consequently
increasing 3'4 Harmonic distortion
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» \Without CFR » With CFR



» \Without CFR » With CFR
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mansmiter ™ Regular Measurement and Monitoring of the transmitter system
will confirm optimum coverage

» A complete and accurate but inexpensive set of RF transmitter
monitoring tools is now available.

®» Recent correction algorithms enhancements can significantly
benefit coverage and cost of operating a digital transmitter:

Signal
Measurements

Transmitter
Signal
Monitoring

Latest Pre-
correction
Techniques

Live M/H
demonstration

Live pre-
correction
demonstration

Conclusion

A R B BB

Improved Signal to noise
Improved shoulder (shelf) level
Improved transmitter efficiency 14 -> 19%

If converting an analog transmitter from analog to digital will
provide a higher power output

» 1.9dB (or 65% of peak sync power)



Thank you for your time and attention
For more information contact:

Perry Priestley— LINEAR INDUSTRIES

Perry.priestley@linear—tv.com
410 750 2165




