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Understanding PIM and PIP
O The rollout of Digital Modulation schemes like TETRA and P25

Phase 1 (and 2), coincides with a change in Radio Users
expectations.

O User expectations have risen Sharply to the point where any
sign of Interference or broken audio prompts a Complaint.

O The background Noise/Static etc that was acceptable in Anal
days, is not longer considered acceptable.

O Therefore Digital Networks need to deliver the promised
Performance improvement, so PIM and PIP need to be better
Understood to Help achieve that.
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Intermodulation - IM

O IM is simply Mixing that occurs on Comms sites in a
variety of Locations

O Active IM typically occurs in:
O Transmit Power Amplifiers

~

O Receiver Preamplifiers

O Active IMis controlled by:
O Transmit Combiner Design using Isolators
O High 34 Order Intercept Point Recei(80IP) Preamplifiers
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Passive Intermodulation PIM

O PIM is Mixing that occurs anywhere in the complete
Antenna system

SN

NS

O Feeder Cables %‘
O Connectors (
O Lightning Arrestors - o
O Antennas ;'
i

,
TR

O As well as Tower Metalwork, Brackets, nearby Fencing etc.
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PIM - General

O Intermodulation products ar&eneratedwhen two or
more RF carriers enterMonlinearRF conductor. The
Nonlinearconductor can be, for example, a metal to
metal Junctionwithin anAntenna.

O Typically, when applying tw8ignalswvith powers of +43
dBm to these devicesntermodulationlevels can range
from -70to -120dBm.

O Passivdntermodulation(PIM) product€seneratedn a
base statiomrAntennaappear adnterferingsignals, which
maydegrade thePerformanceof basestation Receivers.
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Measuring PIM in a Controlled Environment

O PIM tests are undertaken using 2 x 20 wEtinsmitters
measuring theResultant3' order IM level (ie -150dBc).

O Test beds andlethodsare TIA329-Ccompliant.

O Hardware generated'8order PIM figures increase
relative to thelncreasan power levels @ approx a 2:1
ratio (3dB increase in power resulis/es approxdB
Increasan the PIM figuré.

O The5th order PIM figure is typically 15 dB lowan 3¢
order, and T order is 15db lower again.
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Real World PIM Example usinfjl0dBc Tx Antenna

O 2x +47dBnTransmitterson antennaB
O 493.000Mhz + 494.000Mhz

Rx Ant A

O Antenna B PIM ratingl10dBc ( Old style Antenna)

Tx Ant B

O Resultant PIM Values
O 349 Order (+47minus 110-63dbm)
O 5 Order (47minus110 minus 15=-78dbm)
O 7 Order(+47minus125minus 15 =93dbm)

O Antennaisolation of 35dBo Rx Antenna A

O Will there be a problem??
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+40 dBm
+30 dBm
+20 dBm
+10 dBm
0 dBm
-10 dBm
-20 dBm AUST TX BLOCK AUST RX BLOCK
-30 dBm
-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
-90 dBm
-100 dBm
-110 dBm
-120 dBm

490.000 MHz i 494.800 MHz 495.200 MHz 7 500.000 MHz

o
To)
o
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Real World PIM Example usinfjl0dBc Tx Antenna (Continued)

O 2x +47dBnilransmitterson antennaB (110dBc)
O 493.000Mhz + 494.000Mhz

Rx Ant A

O Only 3" and 7" Order Mixes fall in Aust Rx Band | [
O 496.000Mhz + 497.000Mhz T

Tx Ant B

~

O Antenna isolation of 35dB to Rx Antenna A

O Resultant Rx Interference levels
O 5 Order (-78dbm minus 35db =13dBn)
O 7 Order(-93dbm minus 35db =128dBm)

O Therefore the % order mixwill cause a 8.0db Rx
Desense problem
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Real World PIM Example usinfj50dBc High Spec Tx Antenna

O 2x +47dBnilransmitterson antennaB (150dBc)
O 493.000Mhz + 494.000Mhz

Rx Ant A

O Only 3" and 7" Order Mixes fall in Aust Rx Band | [
O 496.000Mhz + 497.000Mhz T

Tx Ant B

~

O Antenna isolation of 35dB to Rx Antenna A

O Resultant Rx Interference levels
O 5t Order
(+47minus 150 minus 15 minus 35153dBn)

O Therefore the % order mixwill NOTcause a Rx
Desense problem as is way below Squelch Point
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PIM in Analog &
Digital Networks

System Design Considerations




PIM in Analog & Digital Networks

O The effects of PIM oAnaloguenetworks areGenerallywell
Understoodand Documented.

O However there has been mucbebatesurrounding the effects of PIM
on Digital networks.

O General consensus is thatgitalwill perform Betterin the presence of
Noise/ Interferencedue toError Correction Technigues etc, BUT this
mostly Basedon Opinionrather thanEmpirical testing.

O Given theongoing ProgressiotowardsDigitalnetworks, the impact of
PIM on systemfnfrastructuredesign needed to bbetter evaluated.
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UHF Analog and Digital Modified PIM Test Setup
g

Analog

S0W Transmitter
Analogue TkiHz mod
415100 MHz

S0V Transmitter
Analogue 1kHz mod
413 050 MHzZ

Spectrum Analyser

Diqgital G

Hadch
a17m0(]

S0WY Transrmitter

P25 std dev mod “’ﬁ"
415100 MHz . .
50wy Transmitter
Moten P25 std dev mod
415100, 413,050 413.050 MHz

Winikalis aflenusbos

Spactrum Analyser

|
\ leajusog ™~

Analog Rptr

Rx S0W Rapeaer
A7 150 MHz ()
407 700 MHz {Tx)

RF prsierd ithar
P25 Rptr
S0 Repeater Sen
Communications Fix 417 150 MHz {Rx) Communications P
test cat Gen 407 700 MHz {Tx) test sat
1kHz tone, 100Hz lBEF?rmaasurcd IJ?II'IIg RF P25 1011Hz tone
CTCSS, 1.5kHz dev nterface monitor functicen

SINAD measurement
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PIM Test Process

O After Calibration, Tests were then conducted as follows

O Analog mode
O With Rx RF Modulated signal levels frei@4 to-54dbm in 2db steps

O PIM level was then applied frora25 to-70dbm in 5db steps
O Repeater Analog Unsquelch Point vidsted

O Digital mode
O With Rx RF Modulated signal levels frei@4 to-54dbm in 2db steps

O PIM level was then applied frora25 to-70dbm in 5db steps
O Repeater Digital Unsquelch Point was Noted
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O The spectral distribution ddnmodulated Analoguemodulated and
DigitatmodulatedPIM varies substantiallyefer next slides.

TheDigitalmodulation produces a wid€pectrabandwidth in the
PIM signaldueto the nonlinear C4FM modulatio®chemeadopted
for P25.

TheBandwidthis wideEnoughto spill into adjacent 12.5kHz
channels, whicilmay mean Rassessing IM study Criteria for Digita
networks.

Notethat 5" order PIM products will have even greatepectral
spread.




