Part 3: Techniques to trouble-shoot Interference in the Field

1. Review radio interference classifications and
spectrum use

2. Describe key interference classifications and
explain their importance

3. Discuss equipment and antenna requirements

4. Demonstrate spectrum analyzer best practices
for identifying radio interference

5. Conclusions
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Licensed and Unlicensed Spectrum

800
815

830

845
860

‘N 875
T

é 890

905
915
920
935
950

965

Fixed, Mobile, Broadcasting

Land Mobile

Fixed, Land Mobile
including Public Mobile and
Private Land Mobile

Aeronautical Mobile

Land Mobile incl. Public Safety

Fixed, Land Mobile
including Public Mobile and
Private Land Mobile

Fixed, Land/Aeronautical Mobile

Radiolocation
including ISM equipment, Private
Land Mobile, Amateur Radio

Fixed, Mobile

Fixed incl. Fixed Microwave

Fixed, Land Mobile, Mobile
incl. Fixed Microwave, Aural
Broadcast Aux., Low Power Aux.

Aeronautical Radionavigation
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Licensed

Ref -50.00 dBm

’ Llcensed
(Downllnk)9

. Protected against harmful interference
Unlicensed : Expected amount of interference

(Part 15 Rules)

#atten 0 dB

-1']6.4 dBm
117.9 dBm
118.2 dBm

YBEW 3,000 kHz
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Intentional, Unintentional, Incidental Radiators

Active transmitters —~

Intentional radiators

» Cellular

» Satellite

* Radar

* Mobile radio
* WLAN

Use RF but not for
radio transmission

—_—

Do not use RF —
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— e+ Cordless phones

Unintentional radiators
* Microwave ovens
* Radio receiver
* Industrial heaters

__ * MRI equipment

Incidental radiators

—  » Switching power supplies
* Clock and control signals
* Ignition motors
* Fluorescent lighting

— e+ Broadcast radio and television

Agilent Technologies
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Measurement Configurations

System
Directional Antenna System or
Coupler External
Radnq Antenna
Transceiver N /~
Transmit Receive
Monitor Monitor

N993xA
FieldFox

N993xA spectrum analyzer
N991xA spec/VNA combo
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3GHz to 20GHz Spectrum Analyzers — Industry’s Best Value

Automated measurements
via TaskPlanner, coverage
test, interference analysis,
band clearance, and

: spectrum monitoring record
AR Agiant Tockmstagies O e s & playback

instrument + 3-year
standard warranty

No fans or vents for a
completely sealed .\.

Bright, auto-adjusting anti-
reflective display and backilit
keys for easy viewing in
darkness or direct sunlight

One-button measurements for
AM/FM/ASK/FSK modulation
. : analysis and time-gated

" v— -+ 2 measurements

Dentis Trow W0 SUNODS W

Built-in tracking generator
and one-button
measurements of channel
power, OBW, ACHP, and
spectrum emission mask

Li-lon battery <4 hours with
stand-by mode

Agllent16:37:12 2011.08.24 Channel Scanner| Display

Ref -—

FREQ BN CHP
(Hz)  (dBm)

Unit
At

G 100,000k
G 100.000k -5
G 100.000k
G 100.000k -8

9996 100,000k
0. 000k
0.000k -5
G 100.000k
5996 100.000k -7

Index: 20

Selectable 20 channels channel scanner Time Chart Built-in GPS + coverage mapping Measurement dbase

Anticipate __Accelerate __Achieve

- Agilent Technologies © 2012 Agilent Technologies




Interference Classifications

* In-band interference

» Co-channel interference

» Qut-of-band interference

» Adjacent channel interference
 Uplink interference

* Downlink interference

Channel Channel
1 2

Frequency

Out-of-band Adjacent

Harmonic Channel
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In-Band and Co-Channel Interference

Channel

i

Agilent Technologies: N9938A, SN: US52110038

SA Ref-20.00 dBm #Atten 0 dB

|
{

™
AT Iy
\"! “‘h.«‘

|
In-band
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®P  Center 24,12500 GHz
#Res BW 300.0 kHz #VBW 100.0 kHz Swp 200.0 ms (401 pts)
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Demo = In-band interference measurements
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Adjacent Channel Interference

Channel Channel
2

1
Frequency

Adjacent
Channel

Channel power Adjacent channel power

Ref -20.00 dBm #atten 0 dB CHP A - - 27 Q7 ARm Ref 0.00 dBm #atten 0 dB

23,26 dBC ....=23.52.dBc..... R :
......=33.43.dBc.. ' o n3413.dBC

-:46:71 dBC — " —_— L S— ceee45.94-dBe

-20.00 MHz -10.00 MHz

W S0.0

Adjacent Channel Power
Upper

dBm / 10.00 MHz dém

P spectral Density dBm fHz
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Downlink and Uplink Interference

Interference

Downlink spectrogram
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Near-Far Conditions

Analyzer display
AN

Potential overload of
analyzer’s front-end

All signals enter analyzer’s front-end
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Techniques to Avoid Analyzer Overload

Avoid saturation and overload of the
handheld analyzer

— Connect with bandpass filter to filter out

I : | —> strong signals
_ — Do not point the directional antenna
Filter towards the transmitter

— Turn off preamplifier and increase
attenuation (if the sensitivity allows)

5 Aghot kg MOC_m e

DRERE N
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Key Analyzer Specifications

Ref -20.00 dBm #athen 0 db

Displayed Average  |SEELTE. ENI_S_ ST
Noise Level (DANL) o ,~J ------------ R

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

H e R """"""""""""" l """"" ] """ 4 J“,"b """" :"J """"" ; """"" I| """""" '
.................................. .r | T S 1 1 ik 1R P2 O N S R
_ 'u Ilmﬁ,'llr " 'ﬁ‘l,l. i ||"t J'J IJ H Il.’Jl ! ‘J b }? | i H’ I il

---------------------------------------------------------------------------------------------------------------------------------------

Also, v ___________
« RBW filter '

FFT |Center oMHz . 5pan 4000000

* Preamplifier #Res B 3,000 ke VB 3,000 Kbz Swp 1427 5 (401 pis)
* Third order intercept

* Phase noise

e Spurious
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RBW and Preamplifier

Lower RBW improves DANL Preamp ON

Ref -85.00 dBm #Atten 0 dB " , Ref -85.00 dBrm #Atten 0 dB

Preamp@N

Reducing RBW:
Narrow-band signals (BW < RBW) ‘ Same signal level, lower DANL (improve SNR)

Wide-band signals (BW > RBW) ‘ Lower signal level, lower DANL (same SNR)
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FieldFox InstAlign

Total amplitude accuracy across frequency and temperature

Frequency (23°C+5°C) (=10 to +55 °C)
range

100 kHz to + 0.35dB + 0.50 dB
18 GHz

>18 GHz to + 0.50 dB + 0.60 dB
26.5 GHz

e Accurate across -10 to +55 °
« No warm-up required
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Antenna Configurations A
ntenna patterns

Antenna connected directly  Antenna cabled to analyzer Horizontal plane

Omni O

Vertical plane

GO

Horizontal plane

High gain S D

'

- . .
N

Omnidirectional

High gain#:

Vertical plane

T
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High Gain versus Omnidirectional Antenna Types

Ref -80.00 dBm #atten 0 dB M1: 919448 MHz -95.74 dBm

-g5

-90

-95

-100

-105

-110

-115

204

A

-125

Start 917.0000 MHz Stop 22,5000 MHz
#Res B 1.000 kHz VEWY 1,000 kHz Swp 305.0 ms (401 pt=)
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Amplitude Correction and Field Strength

Antenna
Gain
Test Cable

p \ Field strength units
dBm 4==) dBuV/m

Amplitude correction = antenna gain - cable loss
Corrections .csv

Correction factors editor

A B
Use knob. Press [Edit] to make changes. Press [Done] to exit. 1 Amplitude Correction
Setting value 2 |N9311-504
Header 3
Description Correction Factors for 11966P 4 |N9912A MY50492472
- - 5 |Freguency Unit MHZ

Caorrection Units ;
Anterna Unit dBuv /m ~ 5 |Antenna Unit dBuv/m
Freq Interpclaton LIMN 7 Frequency Interpolation  LIN
Setting Yalue 8

9 [DATA]
26000000 M 20,000 T 2 =

) Z

11 30 17.5
30,000000 MHz 17.500
40.000000 MHz 13.500 =2 40 13.5
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Clear/Write and Max Hold Display Modes

=T Ref -35.00 dBm

#Fatten 0 dB

Max hold : trace

Step | Center 915 EIEIEIEI f‘--"IHz
#Fes B\ 300.0 kHz
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_;;h'ﬁ'i&M"h__'

kHz

YEWY 300.0

'.'} Agilent Technologies

Span 26.00000 MHz
Swip 66,00 ms {601 pts)
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Conclusions

- Reviewed radio interference classifications and spectrum use
* Discussed why interference analysis is important

* Discussed equipment and antenna requirements

* Reviewed spectrum analyzer settings for high accuracy

* Reviewed FieldFox display modes for identifying radio interference
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Additional Information

ma WWw.agilent.com/find/FieldFox or /find/HSA

« Application note series

* Interference analysis, cable and antenna rortanes e
analysis, calibration and alignment, time e
domain, power measurements, and data
correlation

 Product literature

« Family brochure, technical overviews, data
sheet, configuration guide, tri-fold photo card

 Product introduction and demo videos

Agilent webcasts and YouTube training videos

* Interference analysis, cable and antenna
analysis, power measurements and more...
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End of part 3
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