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9 CALCULATIONS: [l COLLOCATION INTERFERENCE

9.1 INTRODUCTION

The Collocation Interference tool as specified in detail in [A24] performs calculations of
interference situations in sites (locations) with many transmitters and receivers, as
opposed to the Interference tool that calculates only far-field interference. In particular
the tool is used for multiple user, multiple service sites where several independent radio
networks “meet” under severe, high level interference conditions. Output data is useful
to provide guidance on changes in frequency assignments and changes in site configu-
ration of antennas.

Input is taken from the current project, after search and editing to give a relevant list of
stations for the site to be analysed. Input to the Collocation tool can also be a list of
frequencies. The frequencies can be other manually entered or taken from an allotment.
The output comprises a list of frequency coincidences that may cause interference to
reception at the site. The list includes information on how each coincidence was
generated. If only stations are involved in a potential interference, a margin in dB that
indicates the level of the interference related to the defined reception threshold is also
presented in the list. This list gives valuable guidance on how to solve a potential
interference problem, by for instance excluding the most contributing transmitter,
changing frequencies, adding external filtering etc and making a new analysis.

The Collocation Interference tool also includes a function to generate a list of
interference free frequencies. The term interference free means that the frequencies
within in the list shall not interfere with (or be interfered by) each other or with the
frequencies set to prioritised.

The ability to define Groups (sites) is particularly useful for the analysis of collocation
interference. By defining the closely located stations to belong to a site it is easy to
define their relative positions with very high accuracy, down to metres, in a local
coordinate system around the site position. This allows the calculation of the
transmission loss between the antennas with the special methods in WRAP for very
small distances. The in-site propagation model is used for antenna separations of less
than 100 metres. The free-space propagation model is used for antenna separations
larger than 100 metres and in addition the antenna patterns are taken into account.

Filters can be selected in the Edit Station window for the interfering transmitter and/or
the interfered receiver, and a new calculation can be performed to see if this resolves the
interference conditions. Any number of filters can be cascaded. The distance between
the involved antennas can also be changed by editing the coordinates for the station
within the site. Increasing the distance gives a higher transmission loss (less coupling
between the antennas) that may be sufficient to indicate non-interference condition.

A specific type of interferer that can be defined is wideband electro-magnetic interfer-
ence emitters as defined by various EMC standards, such as MIL-STD-461 and others.
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An installation can thus be subjected to interference from both normal transmitters and
such EMI emitters. Refer to [A29] for the details on how these are handled. A set of
emitters is included in WRAP, defined from various EMC standards. Equivalent emit-

ters from other standards can be entered by the user with the methods described in
[A29].

The following sources of interference are calculated:

e Intermodulation. Up to 13th odd-order of intermodulation (highest order user select-
able). 2™ order intermodulation can also be calculated. All combinations of
transmitters at the site are accounted for, with up to 13 transmitting simultaneously.
The 2™ and 3™ order intermodulation attenuation is specified for both receivers and
transmitters. The levels of higher odd-order IM products are calculated based on the
3" order value.

The intermodulation frequency domain can be set to a specified percentage of the
receiver frequency. This means that only transmitters with frequencies falling within
this range are considered for the intermodulation calculations.

Transmitter intermodulation is re-radiated from the transmitter output and may thus
interfere in receivers at some distance away.

e IF breakthrough. 1* IF breakthrough is included, based on a specified value of
attenuation.

e Image frequency. Receiver image frequency is considered, based on a specified
value of attenuation.

e Harmonics. Up to 13th order transmitter harmonics (highest order user selectable),
with the individual harmonic attenuation as a specified value

e Receiver blocking. The maximum receiver input level at which the receiver saturates
or the sensitivity rapidly degrades is specified and accounted for.

e Antenna illumination. Highly directional antennas may produce very high interfering
signal levels. Antenna illumination is present if either of the transmitter or receiver
antennas is directional and is pointing towards the other antenna within its 3-dB lobe
horizontal width. The calculation is performed for all pairs of transmitter-receiver
antennas.

e Adjacent channel interference is calculated based upon the transmitter spectrum
mask and the receiver selectivity. The calculation is performed out to a very large
frequency offset from the carrier frequency. For receivers with multiple assigned
frequencies where several of the frequencies experience interference the result is
only displayed for the smallest frequency separation between the transmitter and
receiver. Note: The transmitter spectrum mask is defined in a bandwidth equal to the
entered value for the occupied bandwidth of the transmitter. Values that may be
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available as for instance dB/Hz or absolute values dBm/Hz have to be converted
using the occupied bandwidth (and transmitter output power for dBm/Hz) before
entry in WRAP.

The threshold for indicating interference in the result table is for all cases except
receiver blocking and antenna illumination based on the required S/I ratio, the receiver
sensitivity and a required protection margin specified by the operator. The threshold for
receiver blocking is set to the receiver saturation level adjusted with the protection mar-
gin. The antenna illumination is a geometrical condition and no level is calculated.

Stations can be defined to have filters with definable characteristics. These filters are
connected between the antenna and the transmitter or receiver, respectively. The selec-
tivity of the filters is accounted for when calculating the resulting interference. Any
number of filters can be cascaded. The reference frequency of a filter can be selected as
either the assigned frequency of the transmitter/receiver or as an absolute frequency. A
set of filters can thus be added to account for any frequency-dependent loss between the
stations in an installation, such as diplexers, band-pass/high-pass/low-pass/notch filters,
cable loss etc. A note on frequency selective properties of antennas should be made: All
antennas are assumed to exhibit the specified gain irrespective of frequency. Their fre-
quency selective characteristics should be modelled by including them in an external
filter.

Spectral widening of intermodulation and harmonic signals is considered. Individual
transmitter duty cycle is included, and the probability in time for each potentially inter-
fering signal is calculated. An interference occurrence will be displayed when the prob-
ability in time for a particular interference type is larger than the Max blocking value.

If the transmitter or receiver involved in the interference generation has several antennas
the interference power is calculated by adding the interference power from all
transmitter — receiver antenna pairs. The antenna isolation (path loss) for each pair is
calculated and the minimum value is presented in the user interface. For details refer to
[A24].

One or more stations can be selected to be included in the calculation. The main window
consists of three tables, refer to Figure 9.1. Note that stations that have more than one
frequency assigned are treated as if they operate on all frequencies simultaneously. Such
stations will appear several times in the station list, once for each frequency. However
there 1s one exception. If the transmitter — receiver frequencies of a station are the same,
the station is treated as a simplex station. This means that only one frequency can be
transmitting at a time. It also means that the receiver cannot be interfered with the
transmitter of the same station.

Note also that stations belonging to the same network are treated so as not to interfere
with each other.

© WRAP International 9.3 WRAP 0377T



. ’® WRAP WIN 4.5 USER’S MANUAL
PART 1 — INTRODUCTION AND TUTORIAL

File Edit Wiew Settings Freguencies Calculate

Receiver f [kHz] B [kHz]  Maw block [%] Tatal Codid 1] Harmonicz . Rec Blocking #
4 GHZ, 1458, 4023.00... 14500 0o 226 1] 226 i} i}
4GHZ, 14.5M... 4037 ,50.. 14500 0.0 197 0 197 0 0
4 GHZ, 1458, 4062.00... 14500 0o 183 1] 185 i} [
4 GHZ. 14.5M... 406650, 14500 0.0 159 0 159 0 0
4 GHZ, 1458, 4081.00... 14500 0.0 154 1] 154 i} i}
4GHZ. 14.5M... 409550, 14500 0. 128 0 128 0 0
4GHZ. 14658, 411000... 14500 0o 122 1] 122 i 0 &8
Lo | A
= 4:GHZ, 14.5 MHz, 213 MHz [4081.0000 ~ Tranzmitter f[MHz] B [kHz]  EIRP[dE™]  Margin [dE]
= IM Interference [154) = > 4 GHZ, 14.5 MH... 396950 14500 00 2

= TwIM, Order: 3, f0: 4085,5000 b 4 GHZ, 14.5MH... 385350.. 14500 0.0

. 4GHZ. 145 MHz, 213 MHz

. 4GHZ. 145 MHz, 213 MHz

-- Te M, Order: 3, (0 40355000 b

- T IM, Order: 3, 0 40855000 b

-- Te Ib, Order: 3, 10 4085 5000 b

-- T Ik, Order: 3, f0: 40855000 b,
L) | . L) | .

Frequencies added - recalculate Total: 12, Selected: 1

Figure 9.1: Collocation Interference tool, main window.

Several settings can be made for the calculations. Refer to Figure 9.2. These settings are
adjusted to give a reasonable calculation time and amount of output data, mainly when
working with very large sites with a large number of stations.
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Figure 9.2: Settings for the Collocation Interference tool.
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The <File> menu contains functions for printing, exporting and generation of
allotments and frequency lists. The <View> menu contains alternatives for show either
the input data or the puput of the calculations, The <Frequencies> menu contains
alternatives to add frequencies or allotments to the input data. The <Calculate>
menu contains alternatives to start to different calculations, either interference analysis
or generation of interference free frequencies.

Using the alternative <Calculate>-<Calculate Interference> initiates the
calculation. All coincidences, which may cause a dangerous interference situation, are
then listed in the main window. When the calculation is finished two different modes are
available, <View>-<Result Interference Rx> or <View>-<Result
Interference Tx>. One station can be selected at a time for a detailed result
presentation.

When <Result Interference Rx> is selected the following receivers are listed:
e The marked receiver if it is affected by any interfering signals.

e All affected receivers where the transmitter in the marked station is involved in
the interfering signal.

When <Result Interference Tx> is selected the following transmitters are
listed:

e The transmitter of the marked station if it is involved in any interfering signals.

e All transmitters involved in any interfering signals affecting the receiving part of
the marked station.

A complete printout of all interference occurrences, or just limited to a specific station,
can be made.

9.1.1 Example 1: Performing a collocation interference calculation

A project CollocationLevels.WPR has been prepared to demonstrate many of the fea-
tures of the Collocation Interference tool. Equipment and station characteristics were
selected carefully to result in interference cases where the levels can be traced back to
the details of the specific scenario. The equipment data and site configuration are thus
not very realistic and should not be taken to represent a true case. All stations belong to
a site, which is convenient to define the physical separation between the station accu-
rately.

Perform the following to learn about most of the commands described above:

e Open the project file CollocationLevels.WPR. Show all
stations on the map. Refer to Figure 9.3.
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Figure 9.3: Site geometry for CollocationLevels. WPR. Stations are placed in a 10 m grid,
all at the same height above ground.

e Mark all stations and select <Tools>-<Collocation

Interference...> or press the ﬁﬁ button.

e Select <Settings>-<Interference Calculations> and make

the following changes to the default settings:

- Harmonic orders:

- Receiver blocking and IM Domain:

- IM Max order: 5
- Incl 2™ order

Max 7
Other,

200%

See Figure 9.4. Press [OK] to accept the settings and

close the window.
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Figure 9.4: Settings for the Collocation Interference calculation

e <Calculate>-<Calculate Interference> in the main
window of Collocation Interference.

e When the calculation is finished, the top list box
shows a summary of the receiver interference cases.
See Figure 9.5. This list shows the number of
interference occurrences for each of the receivers.

Note that Test RX4 appears twice, which is due to
having two receiver frequencies.

30, 000e-+000 |
3 0.000e+000
0 0.000e+000
0 0.000e+000
0 0.000e+000
3 0.000e+000
0 0.000e+000

1002000 ]
100,3000 10 0.0
2000000 10 0.0

Test RxG
Test RXE 300.0000 10 0o
Test RX7 78,6000 10 0o
Test B8 2001000 10 0o
Test B9 700.0000 10 0o

(RN RNy
(RN ER -]
oo = oo ol

Figure 9.5: Summary of interference cases for the receivers in CollocationLevels. WPR

Each column can be sorted by clicking on the column header. This is very helpful when
a large site with many interference cases is analysed. It is easy to find the receiver with
the most “hits” this way. Double-clicking on a station name in the Receiver column will
open the Edit Station window, where specific station data can be viewed and edited.

e The details of the interference situation for a par-
ticular receiver can be studied by marking the desired
receiver in the top listbox. Mark Test RX4 (100.2).
This will fill the lower left listbox with results for
this receiver. Click once on each + - sign to open the
information below. The listbox will appear as in
Figure 9.6 (the second of the TxIM products not
opened) .
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Figure 9.6: Summary of interference cases for receiver Test RX4

This receiver is this subject to interference at IF (intermediate frequency) of 10.7 MHz
from transmitter Test TX3, receiver blocking from transmitters TX1/TX2/TX3,
co/adjacent channel interference also from all three transmitters and 3™ order transmitter
IM (intermodulation) interference from transmitters TX1/TX2 and 3™ order receiver IM
from TX1/TX2. Proceed as follows to present details for each interference case, first the
receiver intermodulation.

e Click once on the RXx IM, Order 3 line. This displays
the details of this interference case in the lower
right listbox. See Figure 9.7.

Tranemitter | F[MHz]| B [kHz] | EIRP [dBw] | Margin [48]] Pih ]| Distim] | Lo (98] | Duty cycle | PIM [dBw] | Coef |
TestTeel  100,0000 10 20,0 036 o 323 1000 - A
TestTw2  100,1000 10 20,0 036 14 353 1000 2

Figure 9.7: Details of receiver intermodulation for Test RX4

The most important result in Figure 9.7 is the Margin, indicated to be —103.6 dB. This
means that the interference product is 103.6 dB above the acceptable reception thresh-
old, which is given by

Receiver Sensitivity (dBm) - Required S/I (dB) - Protection Margin (dB).

The protection margin was set as a parameter for the collocation interference calculation,
see Figure 9.4. The other two values are taken from the WRAPdB database for the par-

ticular receiver. In this case the receiver sensitivity is -100 dBm and the required S/I is 0
dB.
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Other results that are given are the distance in metres between the antennas of the inter-
fering transmitter and the receiver and the calculated transmission loss between the

antennas. The duty cycle is the relative transmission time of the transmitter as given in
the WRAPdB database.

Double-clicking on the station name in the Transmitter column will open the Edit Sta-
tion window, where details of the station data can be viewed and edited.

Continue now to display some more detailed results:

e Click once on the first Tx IM, Order 3 line. This dis-
plays the details of this interference case in the
lower right listbox. See Figure 9.8. This is the
intermodulation product created in Test TX1l, as indi-
cated by the arrow.

Transmitter | £ [MHz] | B [kHz] | EIRP [dBw] | Margin [d8]] Pik (]| Dist [m] | Lo [dB] | Duty cycle | PIM [dBvwe] | Coest |
> Test TX1 100,0000 10 200 295 10 323 100,0 547 K
Test T2 100,1000 10 20,0 10 323 100,0 2

Figure 9.8: Details of transmitter intermodulation for Test RX4, generated in Test TX1

The item P IM (dBW) is the calculated power of the transmitter IM product at the
transmitter antenna. Note that it is important to observe that the EIRP value of the sta-
tion data really corresponds to the transmitter power output as specified for the particu-
lar equipment in the database. This is ensured by using the Calculate function for the
EIRP in the Transmitter tab of the Edit Station window. Neglecting to do this may
introduce an error in the calculation of the levels of transmitter intermodulation prod-
ucts.

e Now click once on the second TX IM, Order 3 line. This
displays the details of this interference case in the
lower right listbox. See Figure 9.9. This is the
intermodulation product created in Test TX2, as indi-
cated by the arrow.

Transmitter | F[MHz]| B [kHz] | EIRP [devw] | Margin (48] ] Pk | Distim)] Lb[dE]] Duty cucle | PIM [dBw] | Coeif |
> Test T%2 1001000 10 20.0 28,3 14 @3 100.0 623 ]
Test Tx1 100,0000 10 200 10 323 100.0 -

Figure 9.9: Details of transmitter intermodulation for Test RX4, generated in Test TX2

You can continue to click on various items to display summaries of all interference cases
or details of a particular one. Clicking on Transmitters in the result window will
instead of the receivers display all transmitters in the top listbox. Details of the interfer-
ence cases where a particular transmitter is involved can be display in a similar way. The
Margin value is calculated for all interference cases (Note: Only if the selection Use
power level calculations was made in the settings window). This value indicates the
severity of the interference and implicitly gives advice on the amount of improvement in
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performance that is necessary to remedy the interference case. Actions to take could be
additional filtering, separation of antennas, increasing the frequency separation, selec-
tion of slightly different frequencies to avoid IM and harmonic problems etc.

It is very easy to edit station and equipment parameters to analyse the result through a
new calculation. This is done by double-clicking on the station name in the upper or
lower right listbox. Doing this will open the Edit Station window, where station data
can be changed and where the equipment data is available for editing after clicking on
the Edit button for the equipment to be edited. Station data will only be changed in the
project, not in the database. Equipment data will be changed in the database (if the
change is made by the equipment owner).

Printouts of all interference cases or those for a selected receiver or transmitter can be
made.

9.1.2 Example 2: Another project and editing the site location

Another project illustrates functions that are available when a Site has been defined. Per-
form the following to learn about this:

e Open the project file LinkopingMegaSiteTwoMaps.WPR.

e Show all stations on the map. Note that the site will
be displayed in detail in one of the maps.

Now you will see that there are four stations at the same centre location and two that are
some distance away. You can measure the exact distance by using the Select area/Line
command in the Map Viewer. The link stations and a GSM base station are at the centre.

Double-clicking on the Sites in project folder will show the folder Linkoping Mega Site and
the name of this site appears in the list of sites. You may wish to move this site to
another location that you have marked in the map. Perform the following:

e Set the Tx position to the desired location in the map

(right-click in the map at the desired position,
select Tx position).

e Right-click on the site name in the list. Select Move
to Tx position.

You will see that all the stations within the site move to the new position. The lines that
connect the links with their opposite stations, that are located outside the site, still con-
nect each link pair. Their antennas were thus automatically re-directed.

Editing station locations within the site is performed in one of the following ways:
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e Double-click on the site name in the site list and go
to the Stations tab. Mark a station to be edited and
click [Edit...]

or

e Double-click in the map on the station that you want
to edit

e The Edit Station window opens. There you can edit the
station coordinates that are defined in an X/Y/Z grid
around the site position. X is east-west, Y is north-
south and Z is the height relative to the site height
above sea level. Close the Edit Station window.

e Now double-click on the site name in the site 1list.
Select the Maln tab. Note that you can change the
azimuth of the site here. This means that it can be
rotated.

Edit Group E

Main  Stations |Grnups| Networksl

Station

wOffset |

v-Offset |

Z-Offset |

C: Linkoping Mega Mix

C: City 51

C:L1A

C:L2a

CL3a

C: Linkoping Mega Movie

1000 m
00m
00m
0.0m
00m

-100.0 m

100.0 m
00m
00m
0.0m
00m

-200.0m

00m
00m
00m
0.0m
00m
00m

New..

Add

Duplicate

Edit...

e il

Delete

Co ]

Cancel | Apml | Help |

Figure 9.10: Edit Group, Stations tab, showing the local coordinates for stations within this site.

By changing the local coordinates for the stations it is possible to study the effect of in-
creasing or decreasing the distance between stations, thus in effect increasing or
decreasing the interference levels. This is a powerful function to allow analysis of how a
re-location of some stations would improve the interference situation.

You can continue to perform a Collocation Interference calculation on all or a few
selected stations in this project. In order to get certain indications of interference you
may want to change the settings to for instance widen the IM domain.
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9.1.3 Example 3: Generating interference free frequencies

This example demonstrates how to extract a number of interference free frequencies
from an allotment. The function can also be used with station frequencies. The
interference is calculated according to the settings. The term interference free means that
the frequencies within in the list shall not interfere with each other or with the prioritised
frequencies. Stations are set as prioritesed as default.

In this example we shall generate some frequencies to be included in a site which
already contains same stations.

e Open the project file CollocationLevels.WPR.

e Mark all stations and start the Collocation tool by
selecting <Tools>-<Collocation Interference...> or

press the button.

e Add frequencies to work with the menu alternative
<Frequencies>-<Add Allotment>. Select the Broadcast FM
allotment from the demo database.

e Look at the settings (<Settings>-<Interference
calculations>. Note that since frequencies from an
allotment is involved all calculations can not be
performed. Use the following values: Harmonic order
min 2 and max 5, Receiver Blocking and IM domain 10 %,
IM max order 5 including 2 order.

e Select <Calculate>-<Minimise Interference>. Change the

settings according to window below. Press OK to start
the calculation

x|

Mumber of interference free frequendies needed;:

—Maximum calculation time (use 0 if no limit is to be used)

Hours IU Minutes |1 Seconds ID

Ok I Cancel |

Figure 9.11: Defining the Minimise Interference calculation.
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e The result 1is shown. Note that there 1is a random
process involved in the algorithm. Different solutions
may be presented at different calculations even if the
input data is unchanged.

e The result shows 3 frequencies which can be added to
the site without generating any interference
(according to the settings. The result can be saved in
a new allotment or exported using the <File> menu.

e Note that using a large domain will result in that no
interference free frequencies can be found. Selecting
a large number interference free frequencies will
result in an increased calculation time.

9.1.4 Example 3: Electromagnetic interference emitters

This example demonstrates how to use the Collocation Interference tool to analyse the
effects of radiated interference coming from for instance computers and other electronic
equipment with their radiation limits defined by EMC standards. The prepared project
includes emitters with radiation limits defined by

e MIL-STD-461D, RE102, Ground, Navy mobile and Army service
e EN 55022, EN 55022/A1 (Computer systems etc), Class A

These standards do not handle broadband emissions and narrowband emissions sepa-
rately. Modelling the limits in WRAP thus requires each limit to be implemented as one
emitter assuming broadband emissions and one emitter assuming narrowband emissions.
The interference from both cases needs to be analysed, and the worst interference will
constitute the limiting condition. See [A29] for a complete discussion and explanation
how this works.

When creating and using EMI emitters as WRAP stations the following should be ob-
served:

e Equivalent transmitters need to be created to model the limits in the EMC standard.
There are in total 28 such emitters in the standard WRAPdB, based on radiated
emission limits defined in the standards listed below. Read [A29] to understand how
to enter new emitters, if none of the standard ones match.

e MIL-STD-461D, RE102
e DEF-STAN 59-41, Part 3, Supplement F/Issue 5, DRE03

e EN 55 022 with amendment EN 55 022/A1:1995. Radio interference

© WRAP International 9.13 WRAP 0377T



' P® WRAP WIN 4.5 USER’S MANUAL

b PART 1 — INTRODUCTION AND TUTORIAL
=2 il
a

ALL YOU NEED FOR SPECTRUM MANAGEMENT

— Limits and methods of measurement of radio disturbance charac-
teristics of information technology equipment

e EN 55011 with amendment EN 55011/A1:1997. Limits and methods
of measurement of electromagnetic disturbance characteristics of in-
dustrial, scientific and medical (ISM) radio-frequency equipment

Define the Class of Station as EMI Narrowband or EMI Broadband. Select the corre-
sponding transmitter (Narrowband or Broadband).

Set the frequency to 0.001 MHz.
The antenna shall be the standard 0 dBi omni-directional with mixed polarisation.

Do not forget to press Calculate to get the correct EIRP for the emitter whenever the
transmitter (or antenna) has been changed!

Create a site and enter all emitters and receivers into the site. Otherwise the separa-
tion distances may not be calculated correctly.

The transmission loss for distances less than 0.1 wavelength is set in the calculation
to a minimum value of 8.4 dB.

The Collocation Interference tool only calculates the Co/Adjacent channel type of
interference for EMI emitters as this is the only relevant type. EMI emitters and
normal stations can be mixed within the same project, and for the normal stations all
interference types are calculated.

Perform the following;:

© WRAP International 9.14 WRAP 0377T

e Open the project file EMIDemo.WPR.

e Depending on which specific WRAPdAB database that is
used, you may get a warning message informing that
some stations miss equipment. Click [OK] to open the
project anyway in that case and make the following
selections of equipment (transmitters and antennas) :

All antennas: Wrap ND, 0/ Mixed

e Station e Transmitter

e RE102 Gnd, N mob & A |e Wrap EMI RE102 Ground, Navy
NB Mobile&Army, NB

e RE102 Gnd, N mob & A |e Wrap EMI RE102 Ground, Navy
BB Mobile&Army, BB
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e 55022 A NB e Wrap EMI EN 55 022 Class A,
NB
e 55022 A BB e Wrap EMI EN 55 022 Class A,
BB

e Show all stations in the list view and on the map. The
two receivers on 60 MHz and 400 MHz are at the centre,
with each EMI emitter at 5 m distance.

i

RE102 Gnd, M mob & A NB

I R

56022 A BB 2 400 MESS022 A NE

‘

RE102 Gnd, M mob & A BB

Figure 9.12: Locations of emitters in EMIDemo. WPR

e Double-click on RX1 60 MHz to study its characteris-
tics. The station is created with standard WRAP equip-
ment: An analogue FM receiver with 16 kHz bandwidth, -
110 dBm sensitivity, 10 dB required S/I ratio and a 0
dBi antenna.

e Double-click on RE102 Gnd, N mob & A NB. Notice that
the frequency is set to 1 kHz. Select Transmitter:Edit
and have a look at its properties, in particular the

spectrum appearance. Compare this with the spectrum
and power for RE102 Gnd, N mob & A BB

Notice that the Narrowband transmitter has a smooth shape to its spectrum and that the
Broadband transmitter has steps. These abrupt steps are due to the change in meas-
urement bandwidth of the EMC standard. For the broadband case WRAP uses the power
spectral density in its calculations of the interfering power within the receiver band-
width, and this makes it necessary to store the emitter data in that form.

e Mark all stations and start the Collocation Interfer-
ence tool. No particular settings need to be made.
Select <Calculate>-<Calculate Interference> Notice
that the following results appear for receiver RX1 60
MHz when marking RX1 in the top list and double-
clicking on the Co/Adjacent Channel Interference line:
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- Fir1 60 MHz (60,0000 MHz) Transmitter |_fimHz] | B (kHz) |_EIRP (dBw) [ Margin (dB) | Dist (m) | Lb(d6) | Duty cycle | Type |
[=- Codtudjacent Channel Interference [4) RE102 Gnd, M mob & A NE 00010 1,7998=+007 658 7.2 [ 220 1.00  Co channel
RE102 Grd, M mob & & ME [0,0010 RE102 Grnd, M mob &4 BB 00010 1,7333e+007 -28.0 8.7 5 220 1.00  Co channel
- BE102 Gnd, M mab & & BB {0,0010 BE022 4 NE 0.0ma S70000 -B7.8 A2 5 220 1.00  Co channel
) 220 1.00  Co channel

- 65022 4 NB (0.0010 MHz] 55022 4 BB 0.0010 gra000 235 -44.10
- 55022 A BB (0.0010 MHz)

Figure 9.13: Interference occurrences for receiver RX1 in EMIDemo.WPR
All four EMI emitters give interference.

Note that the margin for the RE102 narrowband emitter is —17.2 dB and for the broad-
band emitter the margin is —8.7 dB, i. e. significantly lower. The reason for this is that
the measurement bandwidth for RE102 at 60 MHz is 100 kHz, but the receiver band-
width of RX1 is only about 16 kHz. This means a difference of about 10log(100/16),
i. e. about 8 dB. In this case the narrowband definition will constitute the limiting condi-
tion. The broadband definition would have set the limit if the RX1 receiver bandwidth
had been larger than the measurement bandwidth.

Likewise, the measurement bandwidth for the EN 55022 standard is 120 kHz, giving a
similar difference between the narrowband and the broadband cases.

e Study the interference in RX4 400 MHz in the same way.
The result is as follows:

= RX2 400 MHz [400.0000 MHz) Transritter | #iMHz) B (kHz) [ EIRP (dBW) | Margin (dB) | Dist (m)[ Lb (d8) ] Dutycy... | Type |
= Codédiacent Channel Interference (4] RE102Grd, M mob & A NB 00000 1.7998=+007 5.8 130 5 383 1.00  Ca channel
i RE102 Gnd. N mob & A NE (0,001 RE102 Grd, W mob &4 BB 00010 1,7998e+007 -28.0 -4.4 5 3|3 100 Co channel
~RE102 Grd, M mob & A BE (0,001 BB0Z2 & MB 0,000 Q70000 BT R 439 5 383 1.00  Co channel
L BRO22 A NE (0.0010 MHz] 55022 & BE 0.0010 370000 2395 -34.7 5 383 1.00 Co channel

e 55022 & BB [0.0010 MHz)

Figure 9.14: Interference occurrences for receiver RX4 in EMIDemo.WPR

The interference levels are lower at 400 MHz than at 60 MHz due to the higher trans-
mission loss at the higher frequency.

9.2 SPECIFIC METHODS FOR SPREAD SPECTRUM SYSTEMS

WRAP handles the following types of spread spectrum systems in collocation interfer-
ence calculations:

e  Frequency hopping, with table-defined frequency utilisation (each frequency in the
hopping sequence is defined in a table of frequencies)

e Frequency hopping, with band-defined frequency utilisation (the frequencies are
defined by one or several bands, each described by its lower and upper frequency
limit, and the frequency channel separation)

e Direct sequence (and similar systems, such as those using an error correction code

for the spreading sequence, and those using the spreading code for multiple access)
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e  Hybrid systems using both frequency hopping and direct sequence spreading.
A complete description of this function can be found in [BO4].

The basic principle of interference level calculations in direct sequence receivers is that
the interfering signals are considered to be independent of the wanted signal, thus
allowing the signal-to-interference ratio after de-spreading to be determined by adding
the processing gain to the calculated signal-to-interference ratio before de-spreading.
Allowance for assumptions of correlation between the wanted and the interfering signals
can be made by setting an appropriate processing gain to account for the amount of cor-
relation.

The interference from frequency hopping transmitters to fixed frequency receivers or to
frequency hopping receivers is expressed as a percentage (and similarly for fixed fre-
quency transmitters interfering with frequency hopping receivers). The percentage value
Py, Tot [%] gives the fraction of time (fraction of frequency hops) during which the sig-
nal-to-interference ratio is less than the required S/I that is defined as a receiver para-
meter. This value (Duty cycle [%] in the Edit Station/Transmitter window) accounts for
the active transmission time on each frequency for the frequency hopping transmitters,
which is normally less than the time between frequency changes.

The Py, Tot value can be used to calculate the approximate average number of interfer-
ence pulses per second that the receiver is subjected to, under the assumption that all
frequency hopping stations use the same hop rate, f;, and that the resulting value of
Py, Tot is less than 10-20% or so.

Pthot

Rate — Jr

n is the duty cycle expressed in %. All transmitters have the same duty cycle.
Irae 1s expressed as pulses per second.

The following limitations and simplifications apply for calculations that are performed
for the combinations of frequency hopping (FH) and fixed frequency (FF) stations.

Table 9.1: Collocation interference calculations performed (Yes/No) for combinations of frequency hopping
(FH) and fixed frequency (FF) stations.

X RX |Harmonics IF Blocking |Intermod| Image | Co/Adj
FH FF Yes Yes Yes No Yes Yes
FH FH No Yes Yes No No Yes
FF FH No Yes Yes No No Yes
FF FF Yes Yes Yes Yes Yes Yes
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The IF (Intermediate frequency) is considered as a fixed frequency “receiver” in all
cases.

Note that the “Blocking” type of interference also will have a probability-of-interference
type of presentation. This is due to the fact that the effective blocking level is defined
after selective filters that may be defined between the antenna and the receiver input.
This is to allow for such filters to modify the levels of frequency-hopping interfering
signals across their hop bands (hopping frequencies), thus potentially resulting in some
frequencies being above and some frequencies below the blocking level.

The image frequency interference is only calculated for FF receivers, thus being consid-
ered a fixed frequency.

The frequency limits for the “hopping bands” of harmonics are determined by the multi-
plication of the defined frequency limits for the hopping bands, using the harmonic coef-
ficient. Note also that the channel separation and the spectral width at the harmonic band
are multiplied by the same coefficient.

9.2.1 Example: Collocation interference for a frequency hopping system

This example illustrates the calculations of interference in a collocated situation where
there are both frequency hopping stations and fixed frequency stations.

Perform the following;:

e Open the project FHCollocationlnterference.wpe. Show
the stations in the Map Viewer and in the project list
view. Have a look at the station data to see that the
frequency hopping stations are band-defined to use 30
- 87.475 MHz with 25 kHz frequency separation, thus
giving a total of 2300 frequencies in the hop band.
The minimum distance between the stations is 10 m.

e Mark all stations and start the Collocation
Interference tool. Go to Settings and set the Harmonic
orders to Max 5. Otherwise use the default settings
and select <Calculate>-<Calculate Interference>

e Maximise the window when the calculation has finished
and mark FF Test 2, which operates on 37.5 MHz. Mark
the various interference types in the lower left
listbox to see their individual contributions as
displayed in the lower right listbox. See Figure 9.15
for results.
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~lalx|

Bl Crliscation Interference Result
Fle Edt wiew Settings Frequences Calculste

Recsives i) [ ez Mabock[x)]  Towl Comdl IM] Haimorszs | Flec Blocking [ IF]inage | Antihun] Pih Tt ]
FH Test1 50,0000 13 oo [ 4 [] 0 2 0 0 0 46,050
FH st 2 50,0000 18 on E 4 o o 2 o n n 43,289
FH et 3 WU 000U 16 o L3 1 U 0 2 0 [} o 4B.NY
FH Testd 50,0000 16 oo 5 4 o 0 1 0 0 0 44,000
FF Test 1 1500000 18 on 17 o 1] 17 n 0 0 ] 0633
FF Tl 2 37 5000 16 o 1z 1 o ] 4 [} 4 [} ST

50,0000 17 160 BT 1" mna M
WU.000U 17 160 1358 F-3 1000 Maemd
50,0000 17 160 14174 20 1000 Mioed

[Total: &, Sehected:

For b, press FL

Figure 9.15: Result for Collocation Interference calculation with frequency hopping stations. The fixed
frequency station FF Test 2 on 37.500 MHz is marked to display its detailed results as being interfered.

The results specific for frequency hopping are interpreted as follows:

e Pfh Tot[%]: Shows that FF Test 2 is subjected to an interference intensity of about
52% of the pulse-type of interference from the FH transmitters. This is defined at
the interference level equal to that required for non-interfered condition, i. e. the
level given by the receiver sensitivity minus the required signal-to-interference
ratio. In this case: Sensitivity —110 dBm, Required S/I 5 dB, so about 52% of the
time the receiver is subjected to an interference level higher than —115 dBm.

e  Pfh [%]: Shows the individual contribution from each interferer and interference
type.

You may also look at the results for the other receivers and transmitters. FF Test 1 on
150.000 MHz is for instance subject to many cases of harmonic interference, since each
of the FH transmitters gives a contribution of 2“d, 3rd, 4™ and 5™ order harmonics that are

summed together to an aggregate Py, Tot of 0.693%.

The transmitters all have a duty cycle of 100%. Assuming the same hop rate of say
150 hops/s this gives a rate of interference pulses of 150x0.693/100 = 1.04 pulses per
second in receiver FF Test 1 due to harmonics.
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