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UHF P25 System Desense due to Environmental PIM

Background:

60 watt UHF P25 repeater on mountain top site shared with TV and FM broadcast. Rx sensitivity with Tx
off good. When Twas on, the Rx sensitivity reduced 17 dB. Users were unable to key up the repeater
with a3-watt portable radio from 5 miles away.

The Tx antenna was located just 3 feet from a barbe
wire fence.

The duplex filtering on the repeater was carefully
measured and verified to be operating properly.

fence topped with barbed wire

We did a spectrum survey at the location of the P25 repeater antenna. We used the spectrum analyzer
modein an Anritsu S412 with a UHF mobile whip antenna at the end of a test port cable. We wanted
to see the spectrum with the P25 repeater keyed on, so we needed to be sure the analyzer was not
overloaded. A 10 dB attenuator was used before the analyzer and the attenedtiogsn the analyzer

was 20 dB. There was no indication of overload. The whip antenna was held near the barbed wire
fence.
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Looking at the DC to 1 GHz spectrum, highestlevelsignals were the P25

repeater Txand the numerous FM stations on the site. There were TV ~QRSN !
stations nearby, but their levels were 10 dB below the FM stations and aaaa
ignored. Accounting for 10 dB external attenuator the many of the FM .a:a
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Using a portable spectrum analyzer an
UHF antenna to characterize the
spectrum levels at the Tx antenna
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We looked in more detail at the FM Broadcast frequency range. Wene 11l FM broadcast stations.
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The P25 Tx frequency and the 11 FM broadcast frequencies were entered into the Commsitope on
PIM Calculator; http://www.commscope.com/calculators/gimdcalculator.aspx

COMMSCOPE

Commscope websitbased PIM Calculator



http://www.commscope.com/calculators/qimdcalculator.aspx
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Discrete frequency PIM calculator

Transmit Frequencies(MHz): 448.6 92.1 92.8 93.6 94.1 104.1 105.3 106.3 107.3 107.1 101.6 101.7
Receive Frequencies(MHz): 443.6
Tolerance: .2

Fifth Order

IM = 448.6492.1+104.1-94.1-107.3 = 443.4__|FRX = 443.8near hit
IM = 448.6+92.1+104.1-94.1-107.1 = 443.6  |[FRX = 443,6direct hitje®
IM = 448.6+92.1+106.3-101.6-101.6 = 443.8 |[FRX = 443.6near hit
[IM = 448.6+92.1+106.3-101.6-101.7 = 443.7 |FRX = 443.gnear hit
IM = 448.6+92.1+106.3-101.7-101.7 = 443.6 |FRX = 443.6direct hit|ey
IM = 448.6+92.1+101.6-93.6-105.3 = 443.4 _[FRX = 443.6near hit
IM = 448.6+92.1+101.7-93.6-105.3 = 443.5 [FRX = 443.6near hit
IM = 448.6+92.8+105.3-101.6-101.6 = 443.5 [FRX = 443.6near hit
IM = 448.6492.8+101.6-92.1-107.3 = 443.6 _[FRX = 443.6direct hit| e
IM = 448.6+92.8+101.6-92.1-107.1 = 443.8 _[FRX = 443.§near hit
IM = 428.6+92.8+101.6-94.1-105.3 = 443.6 _|FRX = 443.Gdirect hit| @
IM = 448.6+92.8+101.7-92.1-107.3 = 443.7 _[FRX = 443.6near hit
IM = 448.6492.8+101.7-94.1-105.3 = 443.7 _|[FRX = 443.6jnear hit
IM = 448.6+93.6+107.3-104.1-101.6 = 443.8 [FRX = 443.6near hit
IM = 448.6+93.6+107.3-104.1-101.7 = 443.7 |FRX = 443.6near hit
IM = 448.6+93.6+107.1-104.1-101.6 = 443.6 |FRX = 443.G direct hit| @
[IM = 448.6+93.6+107.1-104.1-101.7 = 443.5 |FRX = 443.§near hit

Third Order

Enter TX Frequencies(MHz)

448.6

104.1

105.3

106.3

107.3

107.1

101.6

101.7

IM = 448.6+93.6+101.6-92.8-107.3 = 443.7

FRX = 443.6|near hit

IM = 448.6+93.6+101.6-94.1-106.3 = 443.4

FRX = 443.6|near hit

IM = 448.6+93.6+101.7-94.1-106.3 = 443.5
IM = 448.6+94.1+104.1-101.6-101.6 = 443.6

FRX = 443.6|near hit
FRX = 443.6|

direct hit| ey

IM = 448.6+94.1+104.1-101.6-101.7 = 443.5

FRX = 443.6|near hit

IM = 448.6+94.1+104.1-101.7-101.7 = 443.4

FRX = 443.6)near hit

IM = 448.6+94.1+101.6-93.6-107.3 = 443.4

FRX = 443.6|near hit

IM = 448.6+94.1+101.6-93.6-107.1 = 443.6

FRX = 443.6|direct hit| =

IM = 448.6+94.1+101.7-93.6-107.3 = 443.5
IM = 448.6+94.1+101.7-93.6-107.1 = 443.7

FRX = 443.6|near hit
FRX = 443.6|near hit

IM = 448.6+104.1+104.1-106.3-107.1 = 443.4|

FRX = 443.6|near hit

IM = 448.6+104.1+105.3-107.3-107.3 = 443.4|

FRX = 443.6|near hit

IM = 448.6+104.1+105.3-107.3-107.1 = 443.6

FRX = 443.6|

direct hit| @

IM = 448.6+104.1+105.3-107.1-107.1 = 443.8

FRX = 443.6|near hit

IM = 448.6+104.1+101.6-105.3-105.3 = 443.7
IM = 448.6+107.1+101.6-106.3-107.3 = 443.7

FRX = 443.6/near hit
FRX = 443.6|near hit

IM = 448.6+101.6+101.6-104.1-104.1 = 443.6

FRX = 442.9

direct hit

IM = 448.6+101.6+101.7-104.1-104.1 = 443.7

FRX = 443.6|near hit

443.6

the P25 repeater Rx frequency.

There were five direct8order hits and four 8 order hits

Enter RX Frequencies(MHz)

Select Order:

[w[Third Order
[Z[Fifth Order

[[]seventh Order

Tolerance (MHz):
2

Clear Frequencies | Calculate
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We concluded that at the P25 repeater antenna location FM stations were strong enough and on
frequencies that could mix with the P25 Tx signal and result in interference (desense) to the P25
repeater Rx.

Wewere suspicious that the barbed wire fence
was the source of the environmental PIM.

We used a 700 MHz Anritsu PIM Master with a
low PIM 700 MHz yagi (8 dB gain) to radiate the §

for the returning IM3 levelWe aimed the
antenna up, down and then towards the fence.

(The Anritsu PIM Master is in the plastic
wheelbarrow.)

Using the Anritsu PIM Master and low PIM Yagi to radi :
the chain link fence and measure reflected PIM levels
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The PIM Master indated-125 dBc level with the yagi antenna aimed straight up towards the sky. See
the PIM v.s. time display below. When the antenna was pointed towards the barbed wire fence, 3 ft
away, the level jumped +20 dB-1®3 dBc indicating a the barbed wirenetal support rod junction was

a source of environmental PIM.
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While the 700 MHz PIM Master waset able directly measure the PIM from td&0 MHZTx antenna we
did use the 700 low PIM Yagi to radiate the antenna in isolation (on a wood pole) and look for reflected
PIM.The PIMseen was much lower than from the chain link fence.

Using the AnritstiPIM Master and low PIM Yagi
to radiate the Tx antenna in isolation
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There was a pile of rebar on the site.

Pointing the yagi up in the air then at
the rebar showed over a 50 dB
difference in the PIM reading.

Anritsu PIM Master display of PIM vs. Time showing PIM levels
high when the Yagi was pointed towards the rusty rebar.




