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What we will cover

How you can determine key IM specifications
« [IP3& OIP3

e 1 dB compression point

Symbolic method for evaluating

* |M

* Desense from strong signals and external noise

How to tradeoff sensitivity for less desense in a
multicoupler configuration

How to make measurements to determine |IM
sources from cellular base stations
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Base Interference Sources

Inter site interference
* Transmitter Noise
* Receiver Desense
Intermodulation
* Specification
e Strong Signals

= Blocking

External Noise
 Static Discharge

Source of Interference to mobiles
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Receiver Characteristics

Receiver IF Filter(s), wide enough II’\I/IaOVdeelrirr]nIi.teeCdelverS

to pass modulated signal and access to see into

channel protection.

Y narrow enough to provide adjacent these stages

Additional

Filtering &
/ RF Amp —@— —{IFAmp >— 4@_ Detoste:
Preselector

I IF Filter I IF Filter _|
AGC

/Lfl\l\ o /Llc‘)z\
Local Oscillator to mix the

Preselector, passes the entire desired down to the
band of interest. Older radios appropriate frequency for .
had narrow preselectors. further amplification and RECEIVER Specifications
Newer radios have very wide filtering. Sensitivity, 12 dB SINAD-5% BER
preselectors. Sites often use eIntermodulation 60 — 85 dB
a multicoupler with its own -Selectivity Method
preselector. .

*Spurious Responses
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Example

Traditional IM Chart Analog FM Wide Band

Response of an 80 dB IMR Amplifier, -119 dBm sensitivity, Cs/N = 4 dB, 20 dB Gain

d | /
— Fyndamental | d(m-1) | //
= Jndesired (3rd) /
== = Compression Slope=m[3 -
[siope — /
¢ hd
— | Slope=1 /
llll‘{ lllll
N ! y 4 h 1
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n-1
IMR Slope = 2/3 dB/dB for 3 Order IM |,

80 I \ \ \
i In this region the receiver's thermal noise requires that the IM source m
i below the thermal noise floor which then forces the IM sources to be much
: weaker. This is why the TIA method uses reference sensitivity, with a 3 dB

75 boost.

The 3 dB boost causes thermal noise and IM source noise to be the same.
However the reference is to the specified reference sensitivity rather than the
boosted signal, resulting in a 3 dB loss of IM performance relative to the

‘ required desired signal

70 A ~ o
——80dB
1 75 dB

o5 | NG \ —— 70 dB

] \ \ 65 dB ]

— 60 dB

----- 80 straight line

60 4~ 75 straight line |

RO D W D U N NG R R CRE 70 straight line
65 straight line

i} 1 \ \ \ ----- 60 straight line

IM sources - Desired (dB)

50

0 5 10 15 20 25 30 35 40 45 50

Required Power Level Relative to Power Level for Reference Sensitivity (dB)
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Receiver |M

Theoritical* 3rd and 5th Order IM Performance

0.00 - - —
L e, - [In the region, 3 dB below reference sensitivity, the
| R / constant receiver thermal noise requires that the IM
P o source noise be considerably below the thermal noise
. floor to regain the C/N for reference sensitivity. This
o | heavily influences the measured reference sensitivity.
S -5.00 — Y ty
2 This is why the TIA methodology boosts the desired by 3
g dB, causing the thermal noise and IM source noise to be
3 equal. However the IMR value is referenced to the
§ specified reference sensitivity rather than the boosted
& -10.00 3rd Order IM signal, resulting in a 3 dB enhancement in the reported
= - = = 3rd order slope IMR value . Once the power level is >> than the power
5, 5th Order IM \\ Ie\{el _for re_ference sensitivity, the measured values will
= 5th order Slope \\ coincide with the IMR slope.
. -15.00 - g jg ~
o - N
= | | N \ 5th Order Slope
§+LE) * Theoritical Assumptions: \ = 4/5 dB per dB
3 » Same intercept point for both 3rd and 5th order IM \\\
(% + * Intercept point is constant N
= -20.00 * Actual 5th order IMR is > 3rd order IMR depending s 3rd Order Slope |—
- on the actual IP value N = 2/3 dB per dB
- Slope =(IM Order - 1)/IM Order \\/ P
N\,
N
N\, \
N,
-25.00::‘:;;:::::::;:;“““‘:\7‘:::;:;‘
0 5 10 15 20 25 30 35 40
Desired Power Level Relative to Power Level Required for Reference Sensitivity (dB)
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IMR Approach via TSB-88

What are the common types of IM interference?

How does the method of measurement affect the
values?

How do you handle different interfering power levels?

How does the amount of reserve gainin a TTA or
multicoupler system effect sensitivity and |M
performance?

How can I find out the IP3?
How can | determine what is causing my interference?

©2015 CSI Telecommunications, Inc.



TIA IMR Test

RF SIGNAL

GENERATOR
Bit Detector
B Qutput

A RF

X RECEIVER BER
1 COMEINING P e P 2
u ST CTOR
NETWORK NDER TE DETECTOR

A

C
5 RF SIGNAL

GENERATOR

MODULATION
SOURCE

RF SIGNAL
GENERATOR

MODULATION
SOURCE

* At A inject desired signal for reference sensitivity. Then boost by 3 dB
* At B inject unmodulated signal 50 kHz above reference frequency

* At Cinject a modulated signal 100 kHz above reference frequency

* Simultaneously increase unwanted signals until reference performance
reoccurs

* Do again with unwanted signals below reference frequency

* The smallest difference between the original signal power and
unwanted signals power is the IMR

So what does this all mean and how can it be used?
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4/8/2015

Example for NPSPAC Analog

IP" = +1.9 dBm yY Y
2 Ci signals, each @ power indicated
producing a
2A-B product = Thermal Noise Floor. .
P =IP3 — (Thermal Noise) 85/2dB 1
3
} ' b
x x Ci =-40.6 dBm 7'y
IMR Spec
=80dB
77 dB : 3
IM (noise 2 signals) — 3Ci-2IP 85 dB
i 3 2
IM (noise 3signals) — 3Ci-2IP° + 6dB
v Desired Signal = Ref Sens +3 dB =-117.6 dBm
'3 dB degradation f
A 4 CIN=5dB
f Ref Sens =-120.6 dBm
C/IN=5dB
3 dB degradation

IM forl=N

noise

Thermal Noise Floor = N = -125.6 dBm

CSI TELECOMMUNICATIONS, Inc.
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Handling unequal IM signals

Assume P, =-30 dBm

P, = -42 dBm
IIP® = +9 dBm
. 2
Reference Ci= (

Increase Pa by 1 dB

Increase Pb by 1 dB

a

)+ P, _2(-30) +(-42) _

3

3 =-34.00 dBm
_2A=29)+(42) _ 3333 g
3
_ 280 +(AD | 2367 gam

3

Reference

T +9 dBm

2 (-43 dB)
-86 dB

l

-120.0 dBm

Increase Pa by 1 dB

T +9 dBm

-42.33 dB

-33.33 dBm

2 (-42.33 dB)
-84.67 dB

|J——| -118.0 dBm

Increase Pb by 1 dB

T +9 dBm

-42.67 dB

-33.67 dBm

2 (-42.67 dB)
-85.33 dB

|—l——| -119.0 dBm

P, is the stronger signal

~ 2(Pa)+Pb
3

Ci
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Example

Traditional IM Chart Analog FM Wide Band

Response of an 80 dB IMR Amplifier, -119 dBm sensitivity, Cs/N = 4 dB, 20 dB Gain

i/ 1 dB Compression [
~ 10 dB below IIP3 —_—
o] /
m— Fundamental | d(m-1) | //
= Jndesired (3rd) /
== = Compression Slope=m[3 -
[stope — /
¢ Y
— | Slope=1 /
ass IIII;/ assees
¢ _dm1) | V4 * Ld ]
— [csin / [
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5th Order example

T 3 T IP"=+1.9dBm — *Due to measurement and
phase noise considerations

7814 | 1 IP° —IM Noise .
% this is done at 30 dB above
v ¥ reference sensitivity
-17.6 dB —*—.¥ . .
7 S Iy " 2 Ci signals, each @ power *The thermal noise floor is
indicated producing a
no longer a concern.
3A-2B = desired — C/N. e .
* IM Reference sensitivity
4 . - =-90.6 dBm
78 dB IM,__ee pscnats) = BCi —41P
(nofse2signats) * Add 4/5 dB per dB above
reference sensitivity = 24 dB
73+ 24 =97 dB IMR
IM Ref
=73dB
Y 7y Desired = -90.6 dBm (Ref Sensitivity + 30 dB)
CIN=5dB
\ 4 \ 4

IM noise = N =-95.6 dBm
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Effective Noise Figure

Friis equation
" NF s o
— i1 plitter ————— ) 45 Cable Loss — | NE=9.2dB
NFe =NF +) — " /
i=2
Gj
j=1 NF;= 4dB=251 Gl= 25dB =316
NF, =17 dB = 50 G2=-17 dB = 0.02

NFs; = 9.2dB =8.32

(50-1)  (832-1)
316  (316)(0.02)

NFc=251+016+116=383=583dB
NFimp = 92 - 583 = 3.3! dB

convert dB to Numeric
N:].OdB/lO NFc=251+

convert Numeric to dB
dB=10*Log (N)

NFc = NFq1 + [NFo -1]/Gq + [NF3-1])/[G1 * Go]

©2015 CSI Telecommunications, Inc.



Multiple steps involved

Convert noise figure to noise factor
* Confusing as they both abbreviate the same

Convert dB gain to numeric Gain
Create the sequences
Only calculates the noise figure, no IM.

Works well but there are alternative
methods



Symbolic Method

* Advantages * Disadvantages

— Logical following signal
flow in dB or dBm

— Allows IM effect to be
calculated along entire
chain

— Requires adding dB
values (complex)
multiple times

— Allows external noise
to be added or
estimated based on
measurements

©2015 CSI Telecommunications, Inc.



Same example using symbolic method

11P° = +9 dBm OIP® = +34 dBm

Ci —— Ci & nie

-1 'dB Cable Loss RCVR
2E

N1E =-133.2 N2E =-133.2 IIP® = +3.5 dBm
+4.0 _+9.2 12 dBS =-119 dBm
+25.0 -124.0 dBm ENBW = 12 kHz
-17.0 CJ/N@ 12dBS =5dB
-121.2 dBm NFss = 9.2 dB
$(N1E + N2E) = —119.37dBm kTob =-133.2dBm
Ci=-119.37-1-16+25=-127.37dBm
Fora5 dB C/N, Ci=-122.37dBm
Performance Improvement = -119/0-(-122.37)=3.37 dB

©2015 CSI Telecommunications, Inc.



Noise Temperature Method

* Advantages * Disadvantages
— Used by some — Doesn’t address IM
consultants — Still requires all the
— Allows external conversions
noise to be
calculated
— Once the

conversions are
made the math is
essentially division

4/8/2015 CSITELECOMMUNICATIONS, Inc. Page 18
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Fo-Fy+(F1-45) = Fp45 = FA2

F1-Fo+(F-45) = F1-45 = FA1

2N

IM Lockup

FA1& FA;

Ty

T2

t

Revr Multicoupler

R’

R,

AF =Fy-Fo=45MHz

Subscribers T Low

* Originally seen at UHF with
station at a Police HQ.

* When two strong mobile signals
were present their IM signals
satisfy both receive frequencies

* When one de-keyed the delayed
dropout kept the IM present until
the 2" one de-keyed.

* Cross talk occurred during this
period

This type problem is a common occurrence on systems using
receiver multi-couplers with large reserve gain, wide pre-selectors
and receiving strong signals from mobiles or control stations in close
proximity . Eliminate delayed dropout or use transmission trunking
for trunked systems to minimize this problem.

©2015 CSI Telecommunications, Inc.



Control Station Example

Free Space Loss Calculator

Frequency (MHz) 799
Xmtr Power 12 W 40.8 dBm
Antenna gain at source| 6.0dBd
Antenna gain at site| 10.0dBd
Total Power (dBm)| 56.79 dBm
Distance in Miles 1
Loss| 90.25dB
Signal at output of ant| -33.46 dBm

Control stations should use only the power
necessary for reliable communications.
Hitting the site at greater than -55 dBm
isn’t necessary for system performance or

reliability

* Problem is frequently

caused by control stations in

close proximity to the site.

* Mobiles in close proximity

are also problematic.

* Interferers don’t necessarily

have be using that site.
Common problem with
our terrain with high
sites and multiple sites
along a ridge.

©2015 CSI Telecommunications, Inc.



Excel Tools, Goal Seek Iterations

Popular
“Formulas
Proofing
Save
Advanced
Customize
Add-Ins
Trust Center

Resources

o —
Lij!-! Change options related to formula calculation, performance, and error handling,

Calculation options

Workbook Calculation’!
@ Automatic

[¥] Enable iterative calculation

Maximum Iterations: 1000

Automatic except for data tables ; :
Maximum Change:  0,00001
) Manual

Recalculate workbook before saving
Working with formulas

[7] R1Ct reference style

[¥] Formula AutoComplete |

[¥] Use table names in formulas

[¥] Use GetPivotData functions for PivotTable references

Error Checking

[¥] Enable background error checking

: Reset Ignored Errors
Indicate grrors using this color |2 Y 4

Error checking rules

& Cells containing formulas that result in an error i [¥] Formulas which omit cells in a region |

[« Inconsistent calculated column formula in tables ] Unlocked cells containing formulas
[¥] Cells containing years represented as 2 digits | [7] Formulas referring to empty cells @
[7] Numbers formatted as text or preceded by an apostrophe i [¥] Data entered in atable is invalid

[¥] Formulas inconsistent with other formulas in the region !

4/8/2015

][ Cancel J
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* Goal seek iterates your
spreadsheet to achieve a
value for a specific cell. The
precision should be better
than the normal Excel
default values.

* For the multicoupler sheet
this process is how you
model a receiver
multicoupler or TTA-MCPLR.
* Data, “What If”

Set Cell
To Value
By Changing Cell

1
I
—

21
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Add-Ins for Goal Seek & Solver

1
Popular -— ! . - .
¥ : é«}; View and manage Microsoft Office add-ins,
Formulas

Proofing Add-ins

Save Name - - Tocation , I -
at PDFMaker Office COM Addin C\...\PDFMaken\Office\PDFMOfficeAddin.dll COM Add-in —

Advanced — Analysis ToolPak C\..\Office1 2\Library\Analysis\ANALYS32.XLL  Excel Add-in
N Solver Add-in C\..ice\Officel 2\Librany\SOLVER\solver.xlam Excel Add-in
 —
Addam i er 9,0 Sprint Excel COM Add-In T
Publisher:  ABBYY SOLUTIONS LIMITED
Trust Center Location: C\Program Files\Common Files\ABBYY\FineReaderSprint\2.00\Integration\Sprintintegration.dll

Customize

Resources Description: ABBYY FineReader 9.0 Sprint Excel COM Add-In

Manage: iExcelAdd-ins [ZI

OK ] [ Cancel ]

4/8/2015 CSI TELECOMMUNICATIONS, Inc. 22
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GTR8000 Configuration, 2 or more 6 packs
Default Attenuator values
1dB & 10 dB

@ ant base Jump 1 Filter 1 spec  AMP 1 Amp out cable 1 Attn  Splitter-Line  spec  AMP 2 Amp out  Split/attn Cable Input to Base Rcvr Rec
Value ---> -124.4dBm 0.0dB 1.0dB NF 1.80dB 0.2dB | 1.0dB 8.5dB NF 1.8dB " 18.0dB 1.0dB ENBW 5.8 kHz
GTR8000 Calculator Gain  21.0dB Gain 21.0dB  split 8.0dB NF  10.77dB
To eliminate source, IP3 14.0dBm 9.7dB 1IP3 14.0dBm  att 10dB Cs/N Ref 7.60 dB
enter -999 OIP3 35.0dBm gain 11.3dB 25.3dBm OIP3 35.0dBm 17.0dBm Cf/N for CPC 15.20 dB
Only Blue numbers should be changed 30  Directional Coupler Loss (dB) RefSens  -118.00 dBm
Values estimated from manual 0.5 Cable loss to Test port Filter IM1 0.0dB kTB -136.37 dBm
30.5 Filter IM2 0.0dB IM spec 85.00 dB
-94.9 Input(dBm) for Desired at output to Filter1 Noise Floor  -125.60 dBm
-93.9 Input(dBm) for Desired at output of antenna OIP3  17.0dBm Calc 1IP3 13.30dBm
Desired >>> -124.37dBm| -124.37 -1254 -104.4 -1046 -105.6 -114.1 -93.1 -111.1 -112.1 -112.07 dBm
StrongestIM = -999.0 dBm -999 -1000 -979 -979.2 | -980.2 -988.7 -967.7 -985.7 -986.7
Weaker IM " -999.0 dBm -999 -1000 -979 -979.2 | -980.2 -988.7 -967.7 -985.7 -986.7
Eq IM Signal Level -1000 " -988.7 -986.7
IM 1 Noise Eq -3007  -3007.2 -3008.2 -3016.7 -2995.7 -3013.7 -3014.7 M 1 Noise Eq -3014.7
IM 2 Noise Eq -2973.1  -2991.1 -2992.1  IM 2 Noise Eq -2992.1
IM 3 Noise Eq IM 3 Noise Eq -2986.7
External Noise -999.0 dBm -999 -1000.0 -979 979.2  -980.2 -988.7 -967.7 -985.7 -986.7 External Noise (dBm) -986.7
KTB (dBm) -136.37 dBm -136.37 -136.37 -136.37
Noise 1 (dBm) -134.57 -113.6 -113.8  -114.8 -123.3 -102.3 -120.3 -121.27  Noise 1 (dBm) -121.27
Noise 2 (dBm) -134.57 -113.57  -131.57 -132.57  Noise 2 (dBm) -132.57
Noise 3 (dBm) -125.60  Noise 3 (dBm) -125.60
Sum Noise 4.4E-12 6.4E-11  1.0E-12 Sum Noise (Pwr) 1.1E-12
Sum of Noises (dBm) -113.57 -101.96  -119.96 Sum of Noises (dBm) -119.67
Cs/N  7.60dB 9.19 8.88 8.88 Cs/IN 7.60
Margin for CPC CfIN  -7.60 dB Configuration spec -6.01 -6.32 -7.60
Reserve Gain  12.30dB 13.0dB 20.00 31.30 13.30
Base only NF  10.77 dB
Equivalent NF 4.39dB <:I 47dB  03dB 2.80 311 439
Improvement  6.37 dB
Site RMC Gain 11.3dB Cabinet RMC  Gain 3.0dB Receiver
OIP3 25.3dBm OIP3  17.0dBm
4/8/2015 CSITELECOMMUNICATIONS, Inc. 23
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RMC Attenuator Settings

The required attenuation dB values are also displayed on the Receive Multicoupler (RMC) Configuration tab in
Configuration/Service Software (CSS), which must be used to set up system gain according to yvour GTR 3000
Expandable Site Subsystem configuration.

Table 4-2 RMC Attenuator Settings for Site with Two or More Cabinets (700/800/900 MHz)

Sy_stem Noise System Input RFDS Gain Astitt:nﬁgil:gr CREZ‘:& ;:‘I\)Ilrc
Figure (dB) Intercept (dBm) (dB) Setting (dB)  Setting (dB)

3.4 6.5 24 0 0
4.1 0.9 16 1 7
4.7% 3.4 13 1 10 Initial
5.0 4.4 12 2 10
6.0 6.3 10 4 10
7.1 8.2 8 6 10 First Attempt
8.0 9.3 7 8 9 Second Attempt
9.2 11.0 5 9 10
10.0 11.9 4 10 10
10.9 1Y 3 11 10
12.0 13.7 2 13 9
12.9 14.5 1 14 9
13.8 15.2 0 15 9

Cabinet RMC Settings must be the same in each cabinet. These settings provide maximum
possible system dynamic range.

* = Default: Recommended setting as shipped from the factory.

4/8/2015
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Estimate of GTRS8000

Used only as an example to show tradeoffs

@ antbase Jump 1 Filter 1 spec  AMP 1 Amp out cable 1 Attn  Splitter-Line = spec AMP 2 Amp out  Split/attn Cable
Value ---> -124.4dBm 0.0dB 1.0dB NF 1.80dB 0.2dB | 1.0dB 8.5dB NF 1.8dB " 18.0dB 1.0dB
GTR8000 Calculator Gain 21.0dB Gain 21.0dB  split 8.0 dB
To eliminate source, IIP3 14.0dBm 9.7dB IIP3 14.0dBm  att 10dB
enter -999 OIP3 35.0dBm gain 11.3dB 25.3dBm OIP3 35.0dBm 17.0dBm
Only Blue numbers should be changed 30 Directional Coupler Loss (dB)
Values estimated from manual 0.5 Cable loss to Test port Filter IM1 0.0dB
30.5 Filter IM2 0.0dB
-94.9 Input(dBm) for Desired at output to Filter1
-93.9 Input(dBm) for Desired at output of antenna OIP3  17.0dBm
Desired >>> -124.37 dBm| -124.37 -1254 -1044 | -1046 -105.6 -114.1 -93.1 -111.1 -112.1
Strongest IM = -999.0dBm | -999 -1000 -979 -979.2  -980.2 -988.7 -967.7  -985.7 -986.7
Weaker IM " -999.0dBm | -999 -1000 -979 -979.2  -980.2 -988.7 -967.7  -985.7 -986.7
Eq IM Signal Level -1000 " -988.7 -986.7
IM 1 Noise Eq -3007  -3007.2 -3008.2 -3016.7 -2995.7 -3013.7 -3014.7
IM 2 Noise Eq -2973.1  -2991.1 -2992.1
IM 3 Noise Eq
External Noise -999.0 dBm -999 -1000.0 -979 -979.2 -980.2 -988.7 -967.7 -985.7 -986.7
kTB (dBm) -136.37 dBm -136.37 -136.37 -136.37
Noise 1 (dBm) -134.57 -113.6 -113.8  -114.8 -123.3 -102.3 -120.3 -121.27
Noise 2 (dBm) -134.57 -113.57 -131.57 -132.57
Noise 3 (dBm) -125.60
Sum Noise 4.4E-12 6.4E-11  1.0E-12
Sum of Noises (dBm) -113.57 -101.96  -119.96
Cs/N 7.60dB 9.19 8.88 8.88
Margin for CPC Cf/N  -7.60 dB Configuration spec -6.01 -6.32
Reserve Gain  12.30dB 13.0dB 20.00 31.30 13.30
Baseonly NF  10.77dB
EquivalentNF  4.39dB <:I 47dB  03dB 2.80 311
Improvement  6.37 dB
4/8/2015 CSI TELECOMMUNICATIONS, Inc. 25
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Desense due to -35 dBm Interferers

Desired >>> -98.28dBm | -98.283 -99.3
StrongestIM  -35.0 dBm -35 -36
Weaker IM " -35.0dBm | -35 -36
Eq IM Signal Level -36
IM 1 Noise Eq
IM 2 Noise Eq
IM 3 Noise Eq
External Noise -999.0 dBm -999 -1000.0
KTB (dBm) -136.37 dBm -136.37
Noise 1 (dBm) -134.57
Noise 2 (dBm)
Noise 3 (dBm)
Sum Noise
Sum of Noises (dBm)
Cs/IN  7.60dB
Margin for CPC Cf/IN  -7.60 dB Configuration spec
Reserve Gain  12.30 dB <:| 13.0dB
Base only NF  10.77 dB
Equivalent NF 30.48 dB <:I 47dB -25.8dB
Improvement -19.72dB

-98.3 dBm - (-124.4 dBm)
= 26.1 dB Desense

What can you do?

1. Reduce the interfering
signal power

2. Reduce the Reserve Gain
to reduce sensitivity and
reduce the desense.

3. A combination of both if
possible.

Tradeoffs: Some loss of reference sensitivity vs. Reduction in Desensitization

4/8/2015
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First Attempt.
Overall protection against -35 dBm Interfering signals.
Increase the SRMC 1 dB attenuationto 6 dB

This essentially increases the Noise Figure

Value —-> -1222dBm 00dB 1.0dB  NF 180dB 0.2dB | 6.0dB | 85dB Value —> -108.1dBm 0.0dB 1.0dB  NF 1.80dB 02dB | 6.0dB | 85dB
GTR8000 Calculator Gain 21.0dB GTR8000 Calculator Gain 21.0dB
To eliminate source, 1IP3 14.0dBm 14.7 dB To eliminate source, 1P3 14.0dBm 14.7 dB
enter -999 OIP3___ 35.0dBm gain 63dB __ 20.3dBm enter -999 OIP3  35.0dBm gain 6.3dB  20.3dBm
Only Blue numbers should be changed 30  Directional Coupler Loss (dB) Only Blue numbers should be changed 30 Directional Coupler Loss (dB)
Values estimated from manual 0.5  Cableloss to Test port Values estimated from manual 0.5 Cable loss to Test port
30.5 305
-92.7  Input(dBm) for Desired at output to Filter1 -78.6  Input(dBm) for Desired at output to Filter1
-91.7 Input(dBm) for Desired at output of antenna -77.6  Input(dBm) for Desired at output of antenna
Desired >>> -122.16 dBm| -122.16 -123.2 -102.2 -1024 -108.4 -116.9 Desired >>> -108.07 dBm | -108.07 -109.1 -88.1 -88.3 943 -102.8
Strongest M -999.0dBm | -999 -1000 -979 -979.2  -985.2 -993.7 StrongestIM  -35.0dBm .35 .36 SRMU 15 -15.2 212 -29.7
Weaker IM ” -999.0 dBm -999 -1000 -979 -979.2  -985.2 -993.7 Weaker IM " -35.0dBm 35 -36 15 -15.2 212 297
Eq IM Signal Level -1000 " 9937 Eq IM Signal Level 36 297
IM 1 Noise Eq -3007 -3007.2 -3013.2  -3021.7 IM 1 Noise Eq 115 1152 -121.2 -129.7
IM2 Noise Eq IM 2 Noise Eq
IM 3 Noise Eq IM 3 Noise Eq
External Noise -999.0dBm -999 -1000.0 -979 -979.2 -985.2 -993.7 External Noise -999.0dBm -999 -1000.0 979 -979.2 -985.2 -993.7
kTB (dBm) -136.37 dBm -136.37 KTB (dBm) -136.37 dBm -136.37
Noise 1 (dBm) -134.57 -113.6 -113.8  -119.8 -128.3 Noise 1 (dBm) 13457 136 138 -1198 1283
Noise 2 (dBm) Noise 2 (dBm)
Noise 3 (dBm) Noise 3 (dBm)
Sum Noise 4.4E-12 Sum Noise 7.6E-12
Sum of Noises (dBm) -113.67 Sum of Noises (dBm) -111.21
Cs/IN  7.60dB 11.40 Cs/N  7.60dB 23.14
Margin for CPC Cf/N  -7.60 dB Configuration spec -3.80 Margin for CPC Cf/IN  -7.60 dB Configuration spec 7.94
Reserve Gain 7.30dB <:| 13.0dB 20.00 Reserve Gain 7.30dB 13.0dB 20.00
Baseonly NF  10.77 dB Baseonly NF 10.77 dB
Equivalent NF  6.60dB <:| 47dB  -19dB 2.80 Equivalent NF  20.69 dB <:I 47dB -16.0dB 515
Improvement  4.16 dB Improvement  -9.93dB
L] L L]
Loss of sensitivity =-122.16 dBm - (-124.37) = 2.2 dB
Desense =-108.07 dBm-(-122.16 dBm) = 14.1 dB
L] .
Comparison of desense = 26.1 —14.1 = 12 dB reduction
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Second attempt
Reduce sensitivity and allow -40 dBm Interferers

@ ant base Jump 1 Filter 1 spec  AMP 1 Amp out cable 1 Attn  Splitter-Line = spec  AMP 2 Amp out  Split/attn H
Value -—-> -121.4dBm 0.0dB 1.0dB NF 1.80dB 0.2dB | 8.0dB 8.5dB NF 1.8dB " 17.0dB DeSIred >>> 12002 dBm
GTR8000 Calculator Gain  21.0dB Gain  21.0dB  split 8.0 dB StrongestIM  -40.0 dBm
To eliminate source, IP3 14.0dBm . 16.7dB IIP3 14.0dBm  att 9dB Weaker IM r -40.0dBm
enter -999 OIP3 35.0dBm gain 4.3dB 18.3dBm OIP3 35.0dBm
Only Blue numbers should be changed 30  Directional Coupler Loss (dB) Eq IM Signal Level
Values estimated from manual 0.5 Cable loss to Test port Filter IM1 A
30.5 Filter IM2 IM1 Noise Eq
-91.9 Input(dBm) for Desired at output to Filter1 IM 2 Noise Eq
-90.9 Input(dBm) for Desired at output of antenna OIP3  18.0dBm IM 3 Noise Eq
Desired >>> -121.43dBm| -121.43 -122.4 -101.4 -101.6  -109.6 -118.1 -97.1 -114.1 i
StrongestIM  -999.0dBm | -999  -1000 979 | -9792 -9872  -995.7 9747  -9917 External Noise -999.0dBm
Weaker IM " -999.0dBm | -999  -1000 979 | 9792 9872 -9957 9747 -991.7 KTB (dBm) -136.37 dBm
Eq IM Signal Level -1000 -995.7 .
IM 1 Noise Eq 3007 -3007.2 -30152  -3023.7 30027 -3019.7 Noise 1 (dBm)
IM 2 Noise Eq 29941 -3011.1 Noise 2 (dBm)
IM 3 Noise Eq .
External Noise -999.0dBm [ -999  -1000.0 979 -979.2  -987.2 -995.7 9747 -991.7 Noise 3 (dBm)
KTB (dBm) -136.37 dBm -136.37 -136.37 Sum Noise
Noise 1 (dBm) -134.57 -113.6 -113.8  -1218 -130.3 -109.3 1263 .
Noise 2 (dBm) 134.57 1357 -130.57 Sum of Noises (dBm)
Noise 3 (dBm) Cs/IN  7.60dB
Sum Noise 4.4E-12 1.6E-11  3.2E-13 .
Sum of Noises (dBm) 113.57 107.89  -124.89 Margin for CPC Cf/N -7.60 dB
Cs/N 7.60 dB 12.13 10.76 10.76 Reserve Galn 630 dB
Margin for CPC Cf/N  -7.60 dB Configuration spec -3.07 -4.44
Reserve Gain  6.30dB <:| 13.0dB 20.00 24.30 7.30 Base only NF  10.77dB
Base only NF  10.77 dB H
Equivalent NF 7.33dB <:I 47dB  -26dB 2.80 417 Equivalent NF 8.75dB
Improvement  3.43dB Improvement 2.02dB

Increased SRMC attenuator from 6 to 8 dB, decreased CRMC from 10 to 9 dB
Loss of sensitivity from Initial case =-121.43 dBm - (-124.37) = 2.94 dB
Reduction in Desense = 98.28 dBm -(-121.43 dBm) = 23.15 dB

Desense for 2" attempt =-120.02 dBm -(-121.43 dBm) = 1.41 dB
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RMC Attenuator Settings

The required attenuation dB values are also displayed on the Receive Multicoupler (RMC) Configuration tab in
Configuration/Service Software (CSS), which must be used to set up system gain according to yvour GTR 3000
Expandable Site Subsystem configuration.

Table 4-2 RMC Attenuator Settings for Site with Two or More Cabinets (700/800/900 MHz)

Sy_stem Noise System Input RFDS Gain Astitt:nﬁgil:gr CREZ‘:& ;:‘I\)Ilrc
Figure (dB) Intercept (dBm) (dB) Setting (dB)  Setting (dB)

3.4 6.5 24 0 0
4.1 0.9 16 1 7
4.7% 3.4 13 1 10 Initial
5.0 4.4 12 2 10
6.0 6.3 10 4 10
7.1 8.2 8 6 10 First Attempt
8.0 9.3 7 8 9 Second Attempt
9.2 11.0 5 9 10
10.0 11.9 4 10 10
10.9 1Y 3 11 10
12.0 13.7 2 13 9
12.9 14.5 1 14 9
13.8 15.2 0 15 9

Cabinet RMC Settings must be the same in each cabinet. These settings provide maximum
possible system dynamic range.

* = Default: Recommended setting as shipped from the factory.
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Tradeoff Summary

Tradeoffs Sensitivity Desense
w/o IM w/IM
Initial -124.37 dBm | 26.1 dB w/ -35 dBm

1*' attempt | -122.16 dBm| 14.1 dB w/ -35 dBm
2" attempt |-121.43 dBm| 1.41 dB w/ -40 dBm

Note: To allow -35 dBm, the sensitivity would have to be reduced to
approximately -116 dBm and still have approximately 1 dB of
desense.

Control on strong signal powers into multi-coupler systems
necessitates careful control of inter system interfering power levels.
Intra system interfering power levels are more problematic and are
generally only controlled by everyone using best practice guidelines.

©2015 CSI Telecommunications, Inc.



Interference to mobiles

* Nextel Swiss Cheese effect
* Near Far problem

e Cellular Systems Interference
e Similar to Nextel cases

* White paper circa 2000 for solutions
* Available on our web site
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Interference Analysis Tool (Excel)

* Provided in release TSB-88.1-D
* Requires calibration of directional coupler
* Requires C/N for reference sensitivity (T5B-88)

 Determine power required of reestablish reference
sensitivity with 2 dB steps of attenuation added

* Uses “Solver” to determine a least square curve fit to
determine the power levels of the 1%, 3" & 5t order
power levels the receiver is receiving

* Reduces the number of calculated IM combinations to
consider.

* Originally developed to determine IM to mobile units
from Nextel Sites

* Useful for interference from cellular systems at 700/800 MHz.
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Calibrate Directional Coupler
Example is for NPSPAC analog case

-122.0 dBm |Ref Direct
-102.0 dBm |Ref SG Cplr
-121.8 dBm |Ref Ant Cplr

C/N for Ref Sens] 5.0 dB

SG Coupler Loss:] 20.0dB | 0.2dB |Ant Cplr Loss
—_— -121.8 dBm -122.0 dBm
Iso-tee or
directional coupler

% iver
et e

0.2dB __—
20dB
-102.0dBm | —— 4
/\
/N SINAD Meter
& 1kHz Osc. [~
RF Signal 6dB |~
Generator
-
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Calibrate Directional Coupler, add Attenuator

-122.0 dBm |Ref Direct
-102.0 dBm |Ref SG Cplr
-121.8 dBm |Ref Ant Cplr
C/N for Ref Sens| 5.0 dB
SG Coupler Loss:] 20.0dB | 0.2dB |Ant Cplr Loss

v/ Test Antenna

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

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

Variable ;| Directional Receiver

Attenuator | Coupler

e — : [

: High Loss Input i =

eeeeenneeenesssnssssesssnnnssssasand _ SINAD or
Signal BER Detector
Generator
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Measure Effect of Added Attenuation

Measured Value to re-
achieve Reference
Sensitivity

110 dB

0dB
2 dB

Test Antenna

£ Low Loss Input

Variable

Directional

,| Receiver

Attenuator | Coupler

Signal
Generator

l

SINAD or
BER Detector

[

4 dB
6 dB
8 dB
10 dB
12 dB
14 dB
16 dB
18 dB
20 dB
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—224dR
24 dB

-102.0 dBm
-62.0 dBm
-73.5 dBm
-79.0 dBm
-85.0 dBm
-89.0 dBm
-92.5 dBm
-95.0 dBm
-99.0 dBm
-99.5 dBm
-100.5 dBm
-101.0 dBm
-102.0 dBm
-102.0 dBm
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xcel Solver to determine signal power
of the different IM powers

40 = R ference analysis tool4 wp [Compatibility Made] SMicrosoft Bxcell .
"2/ & Home  nsert Page Layout View  Acrobat @ - ™ x |
5 | 2y Solver
Y Data Analysis
Connections Data Tools Dutline Analysiz
I
J L 1] N o P a R
Direct Signal - b
ptenson| SEendth eites |
22 coupler loss) Set Target Cell: 3 Salve |
23 0B -82.0 dBm EqualTo: (I Max (Mo © Valeof: |0 ’
24| 24dB -93.5dBm 8y Changing Cels: Close
25 4dB -99.0 dBm —
25| 698 -105.0 dBm || srsezsisaz =] [ Guess
27 8db -109.0 dBm : e .
58 1048 1125 dBm iR T Coshant: Options
29| 1248 -115.0 dBm A Add
30| 1448 -119.0 dBm — S —
31| 16 d8 1195 dBm Change | |
32| 18 dB -120.5 dBm Reset Al : |
33 2008 -121.0 dBm 4 Delete L
34 2248 1220 dBm [ b | e |
£ 2448 -122.0 dBm s
34 | \‘v |
Edl T Max Atenuation 0 2 4 6 8 10 iz 14 % 18 20 22 24
38 0de -122.0 dBm o
EC 24 dB -122.0 dBm Test System Attenuator Sefting (dB)
40 = =
. X 4 Least Squares Required Power
4 Attenuator 5:1 Slope  3:1 Siope 1:1 Slope Model at Attenuator Input
42 08 [90.0225] 83.355083] -111.347474] -83.34300477 ~83.1dBm
43 1dB 050005 06355083 -112347474 -87.57094343 -86.4 dBm
4| 2dB  -100023 -09.355083 -113.347474 -0156050328 3, -89.4 dBm
45 . 3dB | -105023 -102.35508 -114347474 -9529300144 921 dBm
46| (e | TestAutema Test Setup 40B 110023 -10535508 115347474 -9374614751 006444 945 dBm
47| - S 5d8 115023 -108.35508 -116.347474  -101.931707 -96.7 dBm
48 B Lo | 608 -120023 -11135508 -117.347474 -104.8481341 0.02306 336 dBm
49 [ t— 7dB  -125023 -114.35508 -118347474 1074828429 -100.3 dBm
50 | ; it - 8dB  -130.023 -117.35508 -119347474 -100.815187 066453 -101.6 dBm
51 Varizble ' [ Disectional Rk 9dB  -135023 -12035508 -120.347474 -111,8285931 1026 dBm
52 Attenuator Coupler 1008 140023 123385508 -121347474  -11352458 104976 -103.3 dBm
B3 V] e = i 11 dR -14R 123 12/ 3RANR 122 347474 -114 02287741 N3 7 dBm
W 4 b M| Enlarged Chart | IM Analysis - %0 [ L
Point h} [Eze i |
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Least Square Curve Fit

H I J M
Least Squares
Attenuator 5:1 Slope  3:1 Slope 1:1 Slope Model
0dB [ -90.02252] -93.35508349] -111.3474741]  -83.34399477 1.806322| 11.62577

1dB  -95.02252 -96.35508349 -112.3474741 -87.57994343

2dB  -100.0225 -99.35508349 -113.3474741 -91.56950328 3.726818
3dB  -105.0225 -102.3550835 -114.3474741 -95.29300144

4dB  -110.0225 -105.3550835 -115.3474741 -98.74614751 0.064441
5dB  -115.0225 -108.3550835 -116.3474741 -101.931707

= 6dB  -120.0225 -111.3550835 -117.3474741 -104.8481341 0.023063
am 7dB  -125.0225 -114.3550835 -118.3474741 -107.4828429

Setiab el X soe || 8dB  -130.0225 -117.3550835 -119.3474741 -109.815187  0.66453
EualTo:  Coax Cg  Cysbeot [0 Gose || 9dB  -135.0225 -120.3550835 -120.3474741  -111.8285931

Y e ok 10dB  -140.0225 -123.3550835 -121.3474741 -113.52458 1.049764
Jsrisa2:s1542 3 e | 11dB  -145.0225 -126.3550835 -122.3474741 -114.9285741

-Subject to the Constraints: ootens || 12dB  -150.0225 -129.3550835 -123.3474741 -116.0836216 1.174236
= | add | 13dB  -155.0225 -132.3550835 -124.3474741 -117.0378725

charge_| 14dB  -160.0225 -135.3550835 -125.3474741 -117.8343053 1.358844
: gesetal || 150dB  -165.0225 -138.3550835 -126.3474741 -118.5062946

o [ b | 16 dB  -170.0225 -141.3550835 -127.3474741 -119.0777865 0.178264
17dB  -175.0225 -144.3550835 -128.3474741 -119.5655196

18dB  -180.0225 -147.3550835 -129.3474741 -119.9814921  0.26885
19dB  -185.0225 -150.3550835 -130.3474741 -120.3348996

20dB  -190.0225 -153.3550835 -131.3474741 -120.633393 0.134401
21dB  -195.0225 -156.3550835 -132.3474741 -120.8837706

22dB  -200.0225 -159.3550835 -133.3474741 -121.0922866 0.823944
23dB  -205.0225 -162.3550835 -134.3474741 -121.2647384

24dB  -210.0225 -165.3550835 -135.3474741 -121.4064532 0.352298
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IM Results Graphic

Signal Level Required forReference Sensitivity (dBm)

-100

-105

-110

-115

-120

-125

-130

Direct Signal Strength Required
(compensated for coupler loss)
- - - ‘Max Attenuation

— 5:1 Slope

—— 3:1 Slope

1:1 Slope

Least Squares Model

8 10 12 14 16 18 20
Test System Attenuator Setting (dB)

22

24
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What have we covered?

How you can determine key IM specifications
o |P3

* 1 dB compression

Symbolic method for evaluating

* [M

* Desense from strong signals and external noise

How to tradeoff sensitivity for less desense in a
multicoupler configuration

How to make measurements to determine |IM
sources
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What can you do proactively

Use PIM antennas and components
Keep area around antennas clear of “diodes”.
Use quality components and keep them tightened.

Control reserve gain of TTA and multi-couplers.
e Last gain stages primarily to cover their own losses

Control “control stations” on own system

Best Practices guide “Technical Appendix to Best
Practices guide circa 2000, v1.42a1l

e Available on our web site
Best Practices TSB-88 series of documents
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Are there any questions?
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Contact Information

Bernie Olson
CSI TELECOMMUNICATIONS, Inc.
~ /50 Battery St
fﬁMﬁ&, Suite 350
San Francisco, CA 94111
bolson@csitele.com
415-751-8845
www.csitele.com
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