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Introduction

¢ Important that when the transmission system Is
placed In service It meets FCC compliance

— Transmission system up te the antenna

¢ Important as new: transmitters are added to the
site that all new systems meet ECC compliance

o With' [DIIV- mere stations; can| be packed Into a
given; amoeunt ol spectrum-
— Corlecated adjacent channel situations mere commen

¢ Emission Characteristics
— Power measuremenit
— Ereguency/vieasurement
— Emission mask

¢ DISCUSS test equipment needs, and featles




Introduction

o STL
¢ Main Transmitter

Microwave or

|-< UHF Link T




DTV TRANSMISSION SYSTEM

¢ What do | have to measure and how often
do | have to/should | measure 1t??

o What are typical preblems?
— Unstanle RE pewer
— Ereguency, stability/
— IRpUt Signal stapility

» No Impact en emission URless a heterodyne
transiater Is used




DTV Transmitter

When was the last time It was
checked for power, freguency, and
emission mask?




DTV Transmitter
Emission Mask Compliance

¢ FCC Rules 74.796 (a) (2) & (3) and
73.622 (h) (1) & (2)

¢ FCC Public Notice DA 05-1321 issued
on Viay: 10, 2005

v |EEE Emission Viaski Complicance
Recomimended Practice: (InPrecess)




Emission Mask Compliance
¢ VHF or UHF Channel--6 MHz authorized BW

8-VSB Stringent Mask Emission Limits

The reference amplitude is
the total transmitter output
power, including the pilot
signal.

The flat portion or "head" of

an ideal 8-VSB signal is

-10.63 dB ., in amplitude The mask commences
1/2 Resolution
Bandwidth from the
Band Edge

Lower Frequency Band Edge Emission Upper Frequency Band Edge
F oo~ 309-441 kHz amplitudes are F_. +5.690 559 MHz

Pilot
referenced to a

500 kHz noise
bandwidth and
shall be less than
the limit lines

6.000 000 MHz
F.. -3.309 441 MHz F_. +8.690,559 MHz

Pilot Pilot

Next Lower Adjacent  Lower Adjacent Upper Adjacent  Next Upper Adjacent
Band Band Band Band




DTV Transmitter
Emission Mask Compliance

Areas of Interest

Band Edge

/ Adjacent Channel
Anonic & Spurious

l
i
——




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Design the test
— Operate xmtr Inte a load If possible

¢ Need to have

— Spectrum Analyzer—modest
PErfermance

— RE sample
— Band-Step filter




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Design the test--Need to knew.
— Analyzer Noise Eloor In specific RBW
— [is RE sample the “right* size

— Amplitude versus Ereguency Response
off Band-Step filter eVver S channels
¢ Chiaracterize beiore measuring Xximibs




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Block diagram of emission mask
compliance test

MASK
XMTR > FILTER

SPECTRUM [«
ANALYZER




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Determine If RE sample Is the “right™ size
— Joo LLarge--damages the spectrum analyzer
— o0 small—cannoet measure toe mask limits

¢ lypical signal’ levels reguired
— Eullf Service. +27 dBm
— Stringent -7 dBm
— Simple -2 dBm




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Most spectrum analyzers don’t have enough dynamic range

to measure entire adjacent channel

Amplitudes Amplitudes Amplitudes
Full (6 MHZ) 500 kHz 10 kHz
Bandwidth| Bandwidth| Bandwidth

Total Signal
-7.0dBm

-17.6 dBn -34.6 dBm

| Instrumentjs
‘/ Noise Floor
AV

. Amplitude

O
=

Frequency




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Determine minimum RF sample necessary.
— Noise Floor off SA + 76 dB (Stringent) or 71 dB (Simple)

¢ Measure desired channel power for reference

Number off data peints may. limit yeur spectrum analyzer
Span (Span = max number off data poeints X RB)

Use 10 kiHz RBW--"Wider RBWWSs addl pewer firem the
desired channel and contribuite errors

Use RIVIS Detection mede specified by manufacturer

Video BW set te SX (IMin) eif RBWW: and averaging set for
2 ConVERIent: trade! ol hetween| sweep! reilrfeshing and
Variauen Inrthe measured value




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Apply the DTV signal to the spectrum
analyzer

¢ Optimize the spectrum analyzer dynamic
range

— Determining spectrum analy/zer “sweet spot” IS
the trick

¢ Vieasure first 4: subbands in each adjacent
channelfor URtiNyeu Rit the neISe ook
afiter “sweet spot™ Is| eund

9 RemoeVve neIse loer effects) i necessary

—picallyAimeastifed signalis v disraleve
NEISE ek, NO COMPERSALION IS NECESSANRY




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ How to optimize the spectrum analyzer attenuator setting

Adjust the amplitude
at the mixer's input to
maximize the
measurement's
dynamic,range.

... the analyzer's
intermod products
As the mixer's input suddenly become
amplitude increases, prominent here
the signal rises out of towards the far
the analyzer's noise edge of the
until ... adjacent channel.

Note the two different spectral slopes. The shallow
slope at the left is created by the input mixer's
intermod. The steep slope at the right is caused by
the emissions from the transmitter's power amplifier
being shaped by the steep slopes of the channel
filter.

©




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Now Insert band-stop filter to
attenuate the desired channel signal
o) prevent analyzer everliead




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Effect of the stop-band filter

0dB

-10 dB

20 dB FCCFRull—

Service Mask Transmitter's Actual

-30dB Response (Without

Filter)
-40 dB

-47 dBpyry 1

-50 dB

Measured Response

-60 dB| After the Filter

-70 dB

Analyzer's

-80dBT Noise Floor

“90dB T Analyzer's

Spurious—~_  :
-100 dB - Intermodulation’
Products

-110 dB

Lower Upper
Band Edge Band Edge




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Remove attenuation (Increase sensitivity) and
continue with the measuring each 500 kHz
segment In the adjacent channel

& Factor In step-hand filter less and noise floer
¢ Sultract result from tetal average pPower
¢ Result must lbe less thamn FCC mask




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Example

¢ Design the test

— Assume that our expected RF sample power Is -6 dBm
and the spectrum analyzer maximum input level s +30
dBm and the 10 kHz RBW. noeise floor Is -103' dBm

— Minimum RE sample level needs to) e
¢ Analyzer noise floor scaled for 500 kHz +76 dB
¢ =103 dBm +17 dB + 76 dB = -10 dBm
— Characterized the amplittde versus: freguUeERCY. FEspense
Ol banad-step filter

< IS sheuld ke dene each time the procedure s execuited to
rake nte acceunit any. shiiit dbe 1o temperattie: or
mechanical umps




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Assume we have measured the first 4 subbands
on either side of the channel and have corrected
those values for the noise floor.

New: we' Insert the band-stop filter and remoeve all
the remaining RE attenuation and seme |E
attenuation off the spectium analyzer andhwe
measure the A7 subland usingl 500 kiHz channel
POWER MEasUemeEnt moede as -62 dBmand that
the vand-step filter at: the “7 subland irequency,
masianiess ol 1.0/ dB




IEEE Recommended Practice Adjacent
Channel Measurement Method

¢ Now we subtract the power ofi the noise floor and
add the insertion loss of the filter.

-82 dBm — 86 dBm = 6.31X10° — 2.51X10° = 3.8X10:° or
-84.2 dBm

-84.2 dBm + 1.0 dB = -83.2 dBm

» Noew we' compare this withl the channel pewer;
reference o ohbtain a dBy., Value and compare
Withl thie: emission mask requirement

-6 dBm — (-83.2 dBm) = 77.2 dBy,
EmISsion mask at #7 subland must be 76 dB5,

¢ Conclusion---This meets the emission mask.




Practical Measurement Method
Harmonics

Question-What do | measure and what do I compare It to
and what bandwidth do I use??

Start with channel poewer again as the reference

Insert HPE and Iincrease sensitivity to ensure If signal of
FECC limit was present, It would be en screen.

Pick worst case 500 kiHz channel segment at eachi harmonic
Or spurious and compare to total transmitter power.

Ensure measurement capability of 219, 3¢ maybe 4.

Unless your coupler s calibrated at each harmoenic, your
readings willFnoet e acecurate.

Vieasure e 161" GHZ (GPS hands) or ter 10th Rarmmenic off
mid-channel fifequeney/ Whlchever Is; greater

IEEE RE Standards commitiee s puttiing tegether a
precedure that sheuldiaddress Pari v4 and Parit: 7S
measuremeniissues;and willtlveradded 16 the
Recommended Practice o Emissien Viask Compliance




Practical Measurement Method
[Harmonics & Spurious

¢ Block diagram of measurement

MASK
> FILTER

POWER
METER

SPECTRUM [«
ANALYZER




Practical Measurement Method
[Harmonics & Spurious

Setup spectrum analyzer
— Set Reference on SA at +30 dBm,, 10 kHz RBW
— RE sample = +7 dBm (measured in 6 MiHz channel)

Insert HPE with at least 50 dB attenuation
Decrease RE attenuation 50 dB (Imax amoeunt)

New SA Retference Is at -20 dBm

Eind neise floor at -1.05 dBm By, removing| RE
sample

ASSUME We seel 2% harmoenic energy. at =95 dBm

ERgage chanpel pewer mede: ek SO0NIHZ
— Pick the' largest signailarea

Vieasurerchanpel pewer el =80 dBn
IHarmeRIc pOWER =7~ (F80)F = -G dBi




Test Equipment

& Spectrum Analyzer
— Channel Power Measuremenit Mode

— Bullt-1n| freg counter te get freg
measurement

— Neise fieer —100 dBm (10! kiHz RB\)
— 5 diBf attenuater Step or use external

diERUatoens

-Needed e optimize SWeet Spoi for
EMmISSIen Mask  compliance




STL Emission Mask Compliance

& NTSC was essentially an eccupied
pandwidth measurement with a given
Waveform

¢ Digital-——No change in bandwidth with
INPUT 6r Ao Input signail

¢ Displayed signal is a “Noeise-Like* signal se
amplittce appears te cliange wWith BB,

» QAN S=\/SBj, @EDBNV

9 Vieasurenwithrspectrtim analy/zerusing
channel pewer meastiremeni mede




STL Emission Mask Compliance

» See FCC rule 74.637
¢ Microwave Analeg

43 + 10 log Po

35dB

Total Power

25 dB

ond Ad
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25 dB
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¢ Vieasure in 100 kHz B\,

|
Fo
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STL Emission Mask Compliance

¢ Digital Microwave--25 MiHz authorized BW,
for Fo< 15 GHz

Total Power

51dB 50 dB 50 dB

43 + 10 log Po 43 + 10 log Po

2nd Adj| Adj. Adj. | 2 Adj

Fo

¢ 45 1009 By or 80 d5fmaximum heyond
2NCEAd JacCEnt:

@ VieasurediinT 4 ki z BV,




STL Emission Mask Compliance

¢ UHF Channel--6 MHz authorized BW
¢ Same emission mask as LPTV

8-VSB Stringent Mask Emission Limits

The reference amplitude is
the total transmitter output
power, including the pilot
signal.

The flat portion or *head" of

an ideal 8-VSB signal is

-10.63 dByy,, in amplitude The mask commences
1/2 Resolution
Bandwidth from the

0.5 MHz Band Edge

Lower Frequency Band Edae /J Emission L\ Upper Frequency Band Edge
Foior 309.441 kHz amplitudes are Feiiort 5-690 559 MHz
referenced to a
500 kHz noise
bandwidth and
shall be less than
the limit lines

6.000 000 MHz
Foior 3-309 441 MHz F

Pilot

+8.690,559 MHz

Pilot

Next Lower Adjacent Lower Adjacent In-Band Upper Adjacent Next Upper Adjacent
Band Band Band Band




DTV Transmission
System Measurements

TThe End—Thank You Very Much




