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TEST RESULT

The requirements of the tests performed as shown in the overview (clause 4) were fulfilled by
the equipment under test.
The complete test results are presented in the following.
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This test report is only valid in its original form.

Any reproduction of its contents in extracts without written permission of the accredited test laboratory
PHOENIX TESTLAB GmbH is prohibited.

The test results herein refer only to the tested sample. PHOENIX TESTLAB GmbH is not responsible for
any generalisations or conclusions drawn from these test results concerning further samples. Any
modification of the tested samples is prohibited and leads to the invalidity of this test report. Each page
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The tests were carried out at:
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FCC Test Firm Registration Number 469623.
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1.4 EUT (Equipment Under Test)

Test object: * Track&Trace - Marker for indoor localization
Model name: * Track&Trace - Marker Mat. No. 2564360
Serial number: * 204579377

FCCID: * 2AVYV-2564360-01

PCB identifier: * 1901154A001032B8

Hardware version: * Rev D

Software version: * 2.17.9

'f‘r‘;‘(’;j;é ;:i%heSt internal 32.768 kHz / 4500 MHz

*: Declared by the applicant.

Note: PHOENIX TESTLAB GmbH does not take samples. The samples used for tests are
provided exclusively by the applicant.

1.5 Technical data of equipment

Channel 1 fc = 3.575 GHz, 500 MHz bandwidth

Channel 4 fc = 4.000 GHz, 500 MHz bandwidth

Channel 3 fc = 4.500 GHz, 500 MHz bandwidth

Channel 4 fc = 4.000 GHz, 1000 MHz bandwidth

Rated rf-output power: * -41.3 dBm (e.i.r.p.)

Antenna type: * Internal PCB antenna only

Antenna connector: * None

Supply voltage EUT: * Unom=| Vbc Umin=| Vbc Umax=| Vbc
Temperature range: * -10°Cto 39°

Ancillary used for test: Samsung S9 mobile phone with the app nRF Connect V4.24.1,

wireless charger.
* declared by the applicant.
Identification Connector Length *
EUT Ancillary
- No lines connectable to the EUT - -
I I

*. Length during the test if not otherwise specified.

1.6 Dates
Date of receipt of test sample: 07.05.2020
Start of test: 17.06.2020
End of test: 29.06.2020
Test engineer: Thomas KUHN Report Number: F191168E2
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2 Operational states

The EUT is a mobile UWB transceiver device, which is intended to be used as indoor locating device.
All measurements were carried out with an unmodified test sample mounted with a test software.

The UWB operation mode could be selected via a Bluetooth connection to a mobile phone with the app
nRF Connect V4.24.1. After the operation mode is selected, the Bluetooth operation of the EUT was
switched off with placing it on a charging station. Placing the device on the charger again will switch on
the Bluetooth operation of the EUT.

During all measurements the EUT was supplied by a fully charged internal battery, which could be
charged with wireless power transfer.

Because the EUT has no connector, all measurements were carried out radiated.

The transmit power level could be adjusted with the test software on the mobile phone. The following
power levels were used to reach the documented results:

Channel No. Power setting
1 0
2 -1
3 -2
4 0

3 Additional information

It was agreed between the applicant and the laboratory to test the EUT as handheld device according to
FCC 47 CFR Part 15.519. After testing was completed it was clarified by the FCC, that the device can be
certified as indoor device according to FCC 47 CFR Part 15.517. The limits in the final test results were
changed accordingly but the limits shown in the plots at the more stringent limits of the FCC 47 CFR Part
15.519.

The EUT was not labeled as required by FCC.

4 Qverview

C Frequency range : Refer
Application [MHz] FCC 47 CFR Part 15 section [2] Status page
10 dB bandwidth 3100 - 10600 15.517 (b) Passed 7 et seq.
Peak level of 3100 - 10600 15.517 (e) Passed | 11 et seq.
transmission
15.517 (c)
Radiated emissions 15.517 (d)
(transmitter) 0.009 - 40000 15.205 (a) Passed 14 et seq.
15.209 (a)
Conducted emissions 0.15 - 30 15.207 (a) _Not )
on supply line applicable *!
Antenna requirement - 15.517 (2) Passed *? -

*1:  Battery supplied device without any connector, the battery will be charged wireless.

*2: As declared by the applicant, the EUT is intended to be used with the internal PCB antenna only. No
external antennas should be connected to the EUT. The internal UFL-connector is intended for test
purposes only. Therefore, the antenna requirement could be regarded as fulfilled.

Test engineer: Thomas KUHN Report Number: F191168E2
Date of issue: 07.07.2020 Order Number: 19-111168 page 6 of 45
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5 Test results

5.1 10dB bandwidth

5.1.1 Method of measurement (10 dB bandwidth)

The calibration of the spectrum analyser has to be checked with the help of a known signal from a signal
generator. The EUT has to be connected to the spectrum analyser via a low loss cable. If the EUT is not
equipped with an antenna connector, a temporary antenna connector has to be installed. The EUT has to
be switched on and the hopping function has to be disabled, the transmitter shall work with its maximum
data rate.

The following spectrum analyser settings according to [1] shall be used:
- Span: App. 2 to 5 times the 10 dB bandwidth.
- Resolution bandwidth: 1 MHz.
- Video bandwidth: = the RBW.
- Set the reference level of the instrument as required, keeping the signal from exceeding the
maximum input mixer level for linear operation.
- Sweep time: 1 ms / sweep point.
- Detector function: Peak.
- Trace mode: Max hold.

After trace stabilization the marker shall be set on the signal peak. The first display line has to be set on
this value. The second display line has to be set 10 dB below the first line (or the peak marker). The
frequency lines shall be set on the intersection points between the second display line and the measured

curve.
Test set-up:

EUT D:’7 Spectrum analyser
Test engineer: Thomas KUHN Report Number: F191168E2

Date of issue: 07.07.2020 Order Number: 19-111168 page 7 of 45



5.1.2 Test results (10 dB bandwidth)

22°C

Ambient temperature

191168 1.png: 10 dB bandwidth on channel 1:
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191168_3.png: 10 dB bandwidth on channel 2:
Spectrum Receiver i
Ref Level -20 0U dem & RBW 1 IVHz
= Att DdC & SWT Z.0- 5 ® YBW 3z Mode ALto Sweep Frequency 4.0569900 GHz
Input 1AaZ PS Of  Notch  Off
“DF InoLtl "5115A HORIZONTAL S 3508 PREAVE"
(3 M211) | -42.50 dBm.
-42 dBT LM“WWM“W rm‘"'%u 71'298410 Sz
:33.5‘50 dBm il MITLIT N U:r]g;E;)i?Hm
4 W z
Sl o "M_wl MW”MM&M
frwsnd® .
h%ﬂdw gt 41
-53 der
73 40T
-33 B
=< der
-130 42
110 ddn
-120 daw
Ck 4.0569Y9 GHz SUU1 pts 150.0 MHz/ Span 1.5 GHz
2 Marker Table
Typc \ Ret Trc \ X Valuc | YV Yaluc Function Function Result \
M1 1 4.05699 GHz -33.17 dBm
Mz 1 3.7131 GHz -43.77 dBm
M 1 4.29841 GHz -43.50 dBm
Test engineer: Thomas KUHN Report Number: F191168E2
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191168 5.png: 10 dB bandwidth on channel 3:
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191168 7.png: 10 dB bandwidth on channel 4:
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Higher Lower 10 dB Center
Channel frequency frequency bandwidth frequency Fractional
number fu fL fu-fL (fu+fL)/2 bandwidth
[MHZz] [MHZz] [GHZ] [MHZz]
1 3823.830 3317.500 0.50633 3570.665 0.142
2 4298.410 3713.100 0.58531 4005.755 0.146
3 4737.990 4117.690 0.62030 4427.840 0.140
4 4554.910 3537.430 1.01748 4046.170 0.251
Measurement uncertainty +0.66 dB /-0.72 dB
Test: Passed

Test equipment used (refer clause 6):
11-13,17,19, 26

Test engineer: Thomas KUHN Report Number: F191168E2
Date of issue: 07.07.2020 Order Number: 19-111168 page 10 of 45
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5.2 Peak level of transmission

5.2.1 Method of measurement (peak level of transmission)

Because the EUT has no antenna connector, which presents the power delivered to the antenna, the
peak value of the field strength was measured. The method of measurement is described under clause
5.3.1 (final measurement (1 GHz to 26.5 GHZz)) of this test report with the exception that a peak detector
and a resolution bandwidth of 50 MHz within a 50 MHz span centered at highest detected average
emission level.

5.2.2 Test results (peak level of transmission)

Ambient temperature 22 °C Relative humidity 60 %

191168 2.png: Peak level of transmission on channel 1:
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191168 4.png: Peak level of transmission on channel 2:
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191168 6.png: Peak level of transmission on channel 3:
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191168 8.png: Peak level of transmission on channel 4:
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Test engineer: Thomas KUHN Report Number: F191168E2
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5.3 Radiated emissions

5.3.1 Method of measurement (radiated emissions)

The radiated emission measurement is subdivided into five stages.

A preliminary measurement carried out inside a semi anechoic chamber with various antenna
heights in the frequency range 9 kHz to 1 GHz.

A final measurement carried out on an outdoor test site without reflecting ground plane and
fixed antenna height in the frequency range 9 kHz to 30 MHz.

A final measurement carried out inside a semi anechoic chamber with reflecting ground plane
and various antenna height in the frequency range 30 MHz to 1 GHz.

A preliminary measurement carried out in a fully anechoic chamber with fixed antenna
distance and height in the frequency range above 1 GHz.

A final measurement carried out in a fully anechoic chamber with a fixed antenna height in
the frequency range above 1 GHz.

The frequency range 9 kHz to 30 MHz will be monitored with a spectrum analyser while the system and
its cables will be manipulated to find out the configuration with the maximum emission levels if applicable.
The EMI Receiver will be set to MAX Hold mode. The EUT and the measuring antenna will be rotated
around their vertical axis to find the maximum emissions.

The resolution bandwidth of the spectrum analyser will be set to the following values:

Frequency range Resolution bandwidth
9 kHz to 150 kHz 300 Hz
150 kHz to 30 MHz 10 kHz

VWY

3m

Turn Device

ut
-/

El

Metal Ground plane

EMI
receiver

Test engineer: Thomas KUHN Report Number: F191168E2
Date of issue: 07.07.2020 Order Number: 19-111168 page 14 of 45
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Preliminary measurement procedure:

Prescans were performed in the frequency range 9 kHz to 30 MHz.

The following procedure will be used:
1) Monitor the frequency range at horizontal polarisation and a EUT azimuth of O °.
2) Manipulate the system cables within the range to produce the maximum level of emission.
3) Rotate the EUT by 360 ° to maximize the detected signals.
4) Make a hardcopy of the spectrum.
5) Measure the frequencies of highest detected emission with a lower span and resolution
bandwidth to increase the accuracy and note the frequency value.
6) Repeat steps 1) to 5) with the other orthogonal axes of the EUT.
7) Rotate the measuring antenna and repeat steps 1) to 5).

Final measurement (9 kHz to 30 MHz):

In the second stage a final measurement will be performed on an open area test site with no conducting
ground plane in a measuring distances of 3 m, 10 m and 30 m whichever is appropriate. In the case
where larger measuring distances were required the results will be extrapolated based on the values
measured on the closer distances according to [2]. The final measurement will be performed with a EMI
Receiver set to Quasi Peak.

On the during the preliminary measurement detected frequencies the final measurement will be
performed while rotating the EUT and the measuring antenna in the range of 0 ° to 360 ° around their
vertical axis until the maximum value is found.

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
9 kHz to 150 kHz 200 Hz
150 kHz to 30 MHz 9 kHz

Measuring distance

A
v

EUT

1im
0.8m

EMI
receiver

Test engineer: Thomas KUHN Report Number: F191168E2
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Final measurement procedure:

The following procedure will be used:

Monitor the frequency range with the measuring antenna at vertical orientation parallel to the EUT
at an azimuth of 0 °.

Rotate the EUT by 360 ° to maximize the detected signals and note the azimuth and orientation.
Rotate the measuring antenna to find the maximum and note the value.

Rotate the measuring antenna and repeat steps 1) to 3) until the maximum value is found.
Repeat steps 1) to 4) with the other orthogonal axes of the EUT (only if the EUT is a module or is
used in a handheld application).

Preliminary and final measurement (30 MHz to 1 GHz)

The EUT is measured in the frequency range from 30 MHz to 1 GHz inside a semi anechoic chamber
with a metal ground plane, which has been validated to the requirements of [1]. It is placed on a 3D-
positioner to allow different positions at a distance of 3 meters from the receiving antenna. Both
polarizations (vertical and horizontal) have been evaluated and the turn table has been turned to 360° to
maximize the emissions. The receiving antenna is raised from 1 to 4 m.

Procedure preliminary measurement:

The following procedure is used:

arwONE

o

Set the measurement antenna to 1 m height.

Monitor the frequency range at vertical polarization and a EUT azimuth of O °.

Rotate the EUT by 360° to maximize the detected signals in two axes.

Repeat 1) to 2) with the horizontal polarization of the measuring antenna.

Increase the height of the antenna for 0.5 m and repeat steps 2 — 4 until the final height of 4 m is
reached (30 MHz to 1 GHz only).

The highest values for each frequency will be saved by the software, including the antenna
height, measurement antenna polarization and turntable azimuth for that value.

Procedure final measurement:

The following procedure is used:

1.
2.

3.

Select the highest frequency peaks to the limit for the final measurement.

The software will determine the exact peak frequencies by doing a partial scan with reduced
RBW with +/- 10 times the RBW of the pre-scan of the selected peaks.

If the EUT is portable or ceiling mounted, find the worst case EUT position (x, y, z) for the final
test.

The worst measurement antenna height is found by the measurement software by varying the
measurement antenna height by +/- 0.5 m from the value obtained in the preliminary
measurement, and to monitor the emission level.

The worst azimuth turntable position is found by varying the turntable azimuth by +/- 25° from the
value obtained in the preliminary measurement, and to monitor the emission level.

The final measurement is performed at the worst-case antenna height and the worst case
turntable azimuth

Steps 2 — 6 will be repeated for each frequency peak selected in step 1.

For frequencies above 960 MHz the measured field strength is converted to an EIRP value

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
30 MHz to 1 GHz 100 kHz
Test engineer: Thomas KUHN Report Number: F191168E2
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Test setup for measurements below 1 GHz

Preliminary and final measurement (1 GHz to 26.5 GHz)

This measurement will be performed in a fully anechoic chamber. Table top devices will set up on a non-
conducting turn device at a height of 1.5 m. The set-up of the Equipment under test will be in accordance

with [1].

Procedure preliminary measurement:

The frequency range will be divided into different sub ranges depending of the frequency range of the
used horn antenna. The measurement will be performed in horizontal and vertical polarisation of the
measuring antenna and while rotating the EUT in its vertical axis in the range of 0 ° to 360 °. This
measurement is repeated after raising the EUT in 30 ° steps according 6.6.5.4 in [1].

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
1 GHz to 4 GHz 1 MHz
4 GHz to 12 GHz 1 MHz
12 GHz to 18 GHz 1 MHz
18 GHz to 26.5 GHz 1 MHz

Test engineer: Thomas KUHN Report Number:
Date of issue: 07.07.2020 Order Number:

F191168E2
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Prescans were performed in the frequency range 1 to 26.5 GHz.

The following procedure will be used:

1.

arwN

S

Monitor the frequency range at horizontal polarisation and a EUT azimuth of O ° with peak or
RMS detector of the spectrum analyser (depending of the noise floor and the applicable limit).
Rotate the EUT by 360° to maximize the detected signals.

Repeat 1) to 2) with the vertical polarisation of the measuring antenna.

Make a hardcopy of the spectrum.

Repeat 1) to 4) with the EUT raised by an angle of 30° (60°, 90°, 120° and 150°) according to
6.6.5.4 in [1].

Measure the frequency of the detected emissions with a lower span and resolution bandwidth to
increase the accuracy and note the frequency value.

The measurement antenna polarisation, with the according EUT position (Turntable and Turn
device) which produces the highest emission for each frequency will be used for the final
measurement. The six closest values to the applicable limit will be used for the final
measurement.

Procedure final measurement:

The measurements were performed in the frequency range 1 GHz to 26.5 GHz.
The following procedure will be used:

1)
2)

3)
4)
5)
6)
7
8)
9)

Set the turntable and the turn device to obtain the worst-case emission for the first frequency
identified in the preliminary measurements.

Set the measurement antenna polarisation to the orientation with the highest emission for the first
frequency identified in the preliminary measurements.

Set the spectrum analyser to EMI mode with peak and RMS average detector activated.
Rotate the turntable from 0° to 360° to find the EUT angle that produces the highest emissions.
Note the highest displayed peak and average values

Repeat the steps 1) to 5) for each frequency detected during the preliminary measurements.
Replace the EUT by a substitution antenna, which is fed by a signal generator.

Carry out a substitution for each frequency detected during the steps 5) to 6).

Calculate the EIRP values with the help of the final measurement and the substitution results.

VWWAWWWWWAVWWWWWY

measuring distance

A
v

Turn device

antenna 15m
hight

EMI
receiver

A RATATATAATATATATATATATATANATATATATAVATATATAVAVATATA

Test setup for measurements from 1 GHz to 26.5 GHz
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Preliminary and final measurement (26.5 GHz to 40 GHz)

The measurement will be performed in horizontal and vertical polarisation of the measuring antenna, the
antenna close to the EUT and while moving the antenna over all sides of the EUT.

The resolution bandwidth of the EMI Receiver will be set to the following values:

Frequency range Resolution bandwidth
26.5 GHz to 40 GHz 1 MHz

Procedure of measurement:

The following procedure will be used:

1)

8)
9)

Monitor the frequency range at horizontal polarisation and move the antenna over all sides of the
EUT (if necessary, move the EUT to another orthogonal axis).

Change the antenna polarisation and repeat 1) with vertical polarisation.

Make a hardcopy of the spectrum.

Measure the frequency of the detected emissions with a lower span and resolution bandwidth to
increase the accuracy and note the frequency value.

Change the analyser mode to Clear / Write and found the cone of emission.

Rotate and move the EUT, so that the measuring distance can be enlarged to 3 m and the
antenna will be still inside the cone of emission.

Measure the level of the detected frequency with the correct resolution bandwidth, with the
antenna polarisation and azimuth and the peak and RMS average detector, which causes the
maximum emission.

Repeat steps 1) to 7) for the next antenna spot if the EUT is larger than the antenna beamwidth.
Replace the EUT by a substitution antenna, which is fed by a signal generator.

10) Carry out a substitution for each frequency detected during the steps 5) to 6).
11) Calculate the EIRP values with the help of the final measurement and the substitution results.

Step 1) to 6) are defined as preliminary measurement.

Q EUT
EMI
receiver

Test setup for measurements from 26.5 GHz to 40 GHz
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5.3.2 Test results (radiated emissions)

5.3.2.1 Preliminary radiated emission measurement (9 kHz to 10 GHz)

Ambient temperature 21°C Relative humidity 55 %

Position of EUT: The EUT was set-up on a turn device of a height of 1.5 m. The distance
between EUT and antenna was 3 m (9 kHz to 1 GHz),
1 m (1 GHzto 26.5 GHz) and 0.3 m (26.5 GHz to 40 GHz).

Cable guide: For detail information of test set-up refer to the pictures in annex A of this test
report.

Test record: All results are shown in the following.

Supply voltage: During all measurements the EUT was supplied by a fully charged battery.

Frequency range: The preliminary measurement was carried out in the frequency range 9 kHz to

40 GHz according to [2].

Remark: As the measurements have shown, no emissions above the noise floor of the
measurement system were emitted by the EUT below 1 GHz.

It was agreed between the applicant and the laboratory to test the EUT as
handheld device according to FCC 47 CFR Part 15.519. After testing was
completed it was clarified by the FCC, that the device can be certified as
indoor device according to FCC 47 CFR Part 15.517. So, the limits in the plots
on the following pages showing the more stringent limits of the FCC 47 CFR
Part 15.519.

Transmitter independent emissions below 1 GHz:

191168 11 mag: Spurious emissions from 9 kHz to 30 MHz (operation mode 1):

Remark: In the shown plot a distance correction factor was added to the measurement results to
account for the different measuring distances according to standard (9 kHz to 490 kHz @ 300
m; 490 kHz to 30 MHz @ 30 m).
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All emissions are more the 20 dB from the limit, so no final measurement was performed.
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191168 11 SAC: Spurious emissions from 30 MHz to 1 GHz (operation mode 1):
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The emissions in this frequency range were caused by the camera system of the semi anechoic chamber
and not by the EUT.

The following frequency was found in the frequency range 960 MHz to 1 GHz:
- 962.975 MHz (highest peak, noise floor of the measuring system).
On this frequency a final measurement has to be carried out. The result is presented in the following.

Transmitter operates on channel 1 (operation mode 1):

191168 13.png: Transmitter spurious emissions from 1 GHz to 1.61 GHz (operation mode 1):
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All emissions were below -82.7 dBm. This peak value is already below the rms AV-limit of -75.3 dBm.
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191168 14.png: Transmitter spurious emissions from 1.61 GHz to 1.99 GHz (operation mode 1):
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All emissions were below -70.1 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -53.3 dBm.

191168 15.png: Transmitter spurious emissions from 1.99 GHz to 3.1 GHz (operation mode 1):
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The following frequencies were found:
- 1996.799 MHz and 3009.011 MHz.
On these frequencies a final measurement has to be carried out. The result is presented in the following.

All other emissions were below -68.1 dBm (measured with peak detector). This peak value is already
below the rms AV-limit of -51.3 dBm.
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191168 9.png: Transmitter spurious emissions from 3.1 GHz to 10.6 GHz (operation mode 1):
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The following frequencies were found:
- 3633.890MHz (wanted signal) and 4139.870 MHz .

On this frequency a final measurement has to be carried out. The result is presented in the following. All
other emissions were below -49.8 dBm (measured with peak detector). This peak value is already below
the rms AV-limit of -41.3 dBm.

191168 33.png: Transmitter spurious emissions from 10.6 GHz to 12 GHz (operation mode 1):
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All emissions were below -65.4 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 37.png: Transmitter spurious emissions from 12 GHz to 18 GHz (operation mode 1):
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All emissions were below -62.4 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

191168 38.png: Transmitter spurious emissions from 18 GHz to 26.5 GHz (operation mode 1):
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All emissions were below -62.8 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 45.png: Transmitter spurious emissions from 26.5 GHz to 40 GHz (operation mode 1):
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All emissions were below -66.9 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

191168 16.png: Transmitter spurious emissions from 1.164 GHz to 1.240 GHz (operation mode 1):
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All emissions were below -92.9 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -85.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 17.png: Transmitter spurious emissions from 1.559 GHz to 1.610 GHz (operation mode 1):
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All emissions were below -95.1 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -85.3 dBm. Therefore, no final measurement was carried out in this frequency range.

Transmitter operates on channel 2 (operation mode 2):

191168 18.png: Transmitter spurious emissions from 1 GHz to 1.61 GHz (operation mode 2):
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All emissions were below -82.6 dBm. This peak value is already below the rms AV-limit of -75.3 dBm.
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191168 19.png: Transmitter spurious emissions from 1.61 GHz to 1.99 GHz (operation mode 2):
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All emissions were below -70.3 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -53.3 dBm.

191168 20.png: Transmitter spurious emissions from 1.99 GHz to 3.1 GHz (operation mode 2):
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The following frequency was found:
- 1996.799 MHz.
On this frequency a final measurement has to be carried out. The result is presented in the following. All

other emissions were below -66.3 dBm (measured with peak detector). This peak value is already below
the rms AV-limit of -51.3 dBm.

Test engineer: Thomas KUHN Report Number: F191168E2
Date of issue: 07.07.2020 Order Number: 19-111168 page 27 of 45



A

TESTLAB

191168 10.png: Transmitter spurious emissions from 3.1 GHz to 10.6 GHz (operation mode 2):
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The following frequency was found:
- 4055.990 MHz (wanted signal).
On this frequency a final measurement has to be carried out. The result is presented in the following. All

other emissions were below -47.4 dBm (measured with peak detector). This peak value is already below
the rms AV-limit of -41.3 dBm.

191168 34.png: Transmitter spurious emissions from 10.6 GHz to 12 GHz (operation mode 2):
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All emissions were below -65.7 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 40.png: Transmitter spurious emissions from 12 GHz to 18 GHz (operation mode 2):
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All emissions were below -63.2 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

191168 39.png: Transmitter spurious emissions from 18 GHz to 26.5 GHz (operation mode 2):
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All emissions were below -63.1 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

Test engineer: Thomas KUHN Report Number: F191168E2
Date of issue: 07.07.2020 Order Number: 19-111168 page 29 of 45



A

TESTLAB

191168 46.png: Transmitter spurious emissions from 26.5 GHz to 40 GHz (operation mode 2):
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All emissions were below -67.3 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

191168 21.png: Transmitter spurious emissions from 1.164 GHz to 1.240 GHz (operation mode 2):
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All emissions were below -93.5 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -85.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 22.png: Transmitter spurious emissions from 1.559 GHz to 1.610 GHz (operation mode 2):
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All emissions were below -94.9 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -85.3 dBm. Therefore, no final measurement was carried out in this frequency range.

Transmitter operates on channel 3 (operation mode 3):

191168 25.png: Transmitter spurious emissions from 1 GHz to 1.61 GHz (operation mode 3):
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All emissions were below -82.7 dBm. This peak value is already below the rms AV-limit of -75.3 dBm.
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191168 26.png: Transmitter spurious emissions from 1.61 GHz to 1.99 GHz (operation mode 3):
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All emissions were below -69.9 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -53.3 dBm.

19116 27.png: Transmitter spurious emissions from 1.99 GHz to 3.1 GHz (operation mode 3):
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The following frequency was found:
- 1996.799 MHz.
On this frequency a final measurement has to be carried out. The result is presented in the following. All

other emissions were below -66.8 dBm (measured with peak detector). This peak value is already below
the rms AV-limit of -51.3 dBm.
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191168 11.png: Transmitter spurious emissions from 3.1 GHz to 10.6 GHz (operation mode 3):
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The following frequencies were found:
- 4423.600 MHz (wanted signal) and 5027.120 MHz.

On these frequencies a final measurement has to be carried out. The results are presented in the
following. All other emissions were below -50.3 dBm (measured with peak detector). This peak value is
already below the rms AV-limit of -41.3 dBm.

191168 35.png: Transmitter spurious emissions from 10.6 GHz to 12 GHz (operation mode 3):
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All emissions were below -65.1 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 41.png: Transmitter spurious emissions from 12 GHz to 18 GHz (operation mode 3):

MultiView | Spectrum -
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All emissions were below -62.9 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

191168 42.png: Transmitter spurious emissions from 18 GHz to 26.5 GHz (operation mode 3):
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All emissions were below -62.4 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 47.png: Transmitter spurious emissions from 26.5 GHz to 40 GHz (operation mode 3):
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All emissions were below -67.1 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

191168 24.png: Transmitter spurious emissions from 1.164 GHz to 1.240 GHz (operation mode 3):
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All emissions were below -93.2 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -85.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 23.png: Transmitter spurious emissions from 1.559 GHz to 1.610 GHz (operation mode 3):
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All emissions were below -95.0 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -85.3 dBm. Therefore, no final measurement was carried out in this frequency range.

Transmitter operates on channel 4 (operation mode 4):

191168 30.png: Transmitter spurious emissions from 1 GHz to 1.61 GHz (operation mode 4):
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All emissions were below -82.7 dBm. This peak value is already below the rms AV-limit of -75.3 dBm.
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191168 29.png: Transmitter spurious emissions from 1.61 GHz to 1.99 GHz (operation mode 4):

MultiView | Spectrum -
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All emissions were below -69.1 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -53.3 dBm.

19116 28.png: Transmitter spurious emissions from 1.99 GHz to 3.1 GHz (operation mode 4):

MultiView | Spectrum -
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The following frequency was found:
- 1996.799 MHz.
On this frequency a final measurement has to be carried out. The result is presented in the following. All

other emissions were below -66.4 dBm (measured with peak detector). This peak value is already below
the rms AV-limit of -51.3 dBm.
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19116 12.png: Transmitter spurious emissions from 3.1 GHz to 10.6 GHz (operation mode 4):

MultiView | Spectrum -
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The following frequency was found:
- 4171.380 MHz (wanted signal).

On this frequency a final measurement has to be carried out. The result is presented in the following. All
other emissions were below -49.7 dBm (measured with peak detector). This peak value is already below
the rms AV-limit of -41.3 dBm.

191168 36.png: Transmitter spurious emissions from 10.6 GHz to 12 GHz (operation mode 4):
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All emissions were below -65.6 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 44.png: Transmitter spurious emissions from 12 GHz to 18 GHz (operation mode 4):
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All emissions were below -62.7 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

191168 43.png: Transmitter spurious emissions from 18 GHz to 26.5 GHz (operation mode 4):

MultiView | Spectrum -

Ref Level -0 0O d2m & REW | MHZ

o Att DJE SWT 34ms @ VOW 3 MHz Mode Tweep Frequency 22.2500000 GHz
Input 147 PS on Notch o
“DF Inoutl "202<0"

TFrEqUERcY SWEep

471 daT
53 dor

7513 dj:u; L i- 76'.':7‘00.0“2 ™ P — TR TFPR AT FYPTETT WY Lt il

bR ki i

73

-33 dbr

-33 dar

130 dam

-110 d3

-120 d3

18.0Gl Iz 17001 pts 850.0MIIz/ 26.5GlIz

All emissions were below -62.4 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 48.png: Transmitter spurious emissions from 26.5 GHz to 40 GHz (operation mode 4):
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All emissions were below -66.9 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -51.3 dBm. Therefore, no final measurement was carried out in this frequency range.

191168 32.png: Transmitter spurious emissions from 1.164 GHz to 1.240 GHz (operation mode 4):
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All emissions were below -96.6 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -85.3 dBm. Therefore, no final measurement was carried out in this frequency range.
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191168 31.png: Transmitter spurious emissions from 1.559 GHz to 1.610 GHz (operation mode 4):
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All emissions were below -95.0 dBm (measured with peak detector). This peak value is already below the
rms AV-limit of -85.3 dBm. Therefore, no final measurement was carried out in this frequency range.

Test equipment used (refer clause 6):

1-31
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5.3.2.2 Final radiated emission measurement (30 MHz to 1 GHz)

Ambient temperature 22 °C Relative humidity 42 %

Position of EUT: The EUT was set-up on a turn device of a height of 1.5 m. The distance
between EUT and antenna was 3 m.

Cable guide: For detail information of test set-up refer to the pictures in annex A of this test
report.

Test record: All results are shown in the following.

Supply voltage: During all measurements the EUT was supplied by a fully charged battery.

Test results: The test results from above 960 MHz and below 1 GHz were calculated with

the following formula:

Result [dBuV/m] = reading [dBuV] + correction [dB] (cable loss antenna factor)
+ 6 dB (used attenuator) — 95.2 dB (according to 15.503 (k) [2])

The results of the standard subsequent measurement inside a semi anechoic chamber are indicated in the
table below. The limits as well as the measured results (levels) refer to the above-mentioned standard while
taking account of the specified requirements for a 3 m measuring distance.

The measurement time with the final detector is 1 second.

Result measured with the RMS detector above 960 MHz and below 1 GHz:

Frequency Result Limit Margin | Readings | Correction Conversion from Height | Azimuth Pol.
[MHz] @Bm] | [@Bm] | [dB] | [dBuv] [dB] dBuvimtodBm | ron | [deg]
962.975 * -76.9 -75.3 1.6 -21.7 34.0 95.2 263 157 Hor.
Measurement uncertainty +5.5dB

*. Highest peak (noise floor of the measuring system) with in the frequency range 960 MHz to 1 GHz.

Test: Passed

Test equipment used (refer clause 6):
1-10
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5.3.2.3 Final radiated emission measurement (1 GHz to 40 GHz)

Ambient temperature

22 °C

Position of EUT:

Cable guide:

Test record:

(26.5 GHz to 40 GHz).

PHOENIX

TESTLAB

Relative humidity

57 %

The EUT was set-up on a turn device of a height of 1.5 m. The distance
between EUT and antennawas 1 m (1 GHz to 26.5 GHz) and 0.3 m

For detail information of test set-up refer to the pictures in annex A of this test

report.

All results are shown in the following.

Supply voltage: During all measurements the EUT was supplied by a fully charged battery.
Transmit on channel 1
Frequency | RMS average Limit Margin Bandwidth * Pol. Azimuth Elevation
[MHZ] [dBm] [dBm] [dB] [kHZz] [deq] [deq]
1996.799 -74.1 -51.3 22.8 1000 Hor. 181 30
3009.011 -71.3 -51.3 20.0 1000 Hor. 88
3633.890 -41.7 -41.3 0.4 1000 Hor. 88
4139.870 -52.2 -41.3 10.9 1000 Hor. 88
Transmit on channel 2
Frequency | RMS average Limit Margin Bandwidth * Pol. Azimuth Elevation
[MHZ] [dBm] [dBm] [dB] [kHZz] [deq] [deq]
1996.799 -74.1 -51.3 22.8 1000 Hor. 181 30
4055.990 -41.5 -41.3 0.2 1000 Hor. 89 8
Transmit on channel 3
Frequency | RMS average Limit Margin Bandwidth * Pol. Azimuth Elevation
[MHZz] [dBm] [dBm] [dB] [kHZz] [deg] [deg]
1996.799 -74.1 -51.3 22.8 1000 Hor. 181 30
4423.600 -42.0 -41.3 0.7 1000 Hor. 89 10
5027.120 -54.0 -41.3 12.9 1000 Hor. 89 10
Transmit on channel 4
Frequency | RMS average Limit Margin Bandwidth * Pol. Azimuth Elevation
[MHZ] [dBm] [dBm] [dB] [kHZz] [deq] [deq]
1996.799 -74.1 -51.3 22.8 1000 Hor. 181 30
4171.380 -45.3 -41.3 4.0 1000 Hor. 84 15
Measurement uncertainty +4.7 dB
*. The measuring receiver bandwidth
Test: Passed
Test equipment used (refer clause 6):
11-13,15-19,21-31
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6 Test equipment and ancillaries used for tests

No. Test equipment Type Manufacturer Serial No. PM. No. | Cal. Date ‘ Cal. due
Semi anechoic . C62128-A540-A138- I
1 chamber M276 SAC5-2 Albatross Projects 10-0006 483227 | Calibration not necessary
2 RF Switch Matrix 0OSP220 Rohde & Schwarz 482976 | Calibration not necessary
3 Turntable TT3.0-3t Maturo 825/2612/.01 483224 | Calibration not necessary
4 Controller NCD Maturo 474/2612.01 483226 | Calibration not necessary
5 Positioner TG1.5-10kg Maturo 110/2648.01 483042 | Calibration not necessary
6 Antenna support BAM 4.5-P-10kg Maturo 222/2612.01 483225 | Calibration not necessary
System software S
7 EMC32 M276 EMC32 Rohde & Schwarz 100970 482972 | Calibration not necessary
8 Ultralog Antenna HL562E Rohde & Schwarz 101079 482978 | 07.08.2019 08.2022
g | EMiTestreceiver ESW44 Rohde & Schwarz 101828 482979 | 12.04.2019 | 04.2021
10 Cable C417 Sucoflex 118 Huber+Suhner 500654/118 - Calibration not necessary
Fully anechoic B83117-E2439- . L
11 chamber M20 T232 Albatross Projects 103 480303 | Calibration not necessary
12 EMI Receiver / FSW43 Rohde & Schwarz | 100586 & 100926 | 481720 | 04.03.2020 | 03.2022
Spectrum Analyser
13 Antenna (Horn) 3115 EMCO 9609-4918 480183 | 05.02.2018 02.2021
14 Antenna (Horn) 3115 EMCO 6761 480368 | 06.02.2020 | 02.2023
15 Antenna support BAM 4.5-P-10kg Maturo 222/2612.01 483225 | Calibration not necessary
16 | Swept CW generator 83650L Agilent 3844A00554 480333 | 18.02.2020 | 02.2021
17 RF-cable No.3 Sucoflex 106B Suhner 0563/6B 480670 | Calibration not necessary
18 RF-cable No.36 Sucoflex 106B Suhner 0587/6B 480865 | Calibration not necessary
19 RF-cable 40 Sucoflex 106B Suhner 0708/6B 481330 | Calibration not necessary
oo | Standard gain horn 14240-20 Flann 209388 481596 | Calibration not necessary
antenna
p1 | Standard gain horn 16240-20 Flann 135671 480513 | Calibration not necessary
antenna
9o | Standard gain horn 18240-20 Flann 483 480294 | Calibration not necessary
antenna
o3 | Standard gain horn 18240-20 Flann 482 480295 | Calibration not necessary
antenna
24 | Standard gain horn 20240-20 Flann 411 480297 | Calibration not necessary
antenna
o5 | Standard gain horn 22240-20 Flann 469 480299 | Calibration not necessary
antenna
Preamplifier AFSE-
26 100 MHz - 16 GHz 00101600-23- MITEQ 2011215 482333 | 13.02.2020 | 02.2022
10P-6-R
Preamplifier JS3-12001800-
27 12 GHz - 18 GHz 16-5A MITEQ 571667 480343 | 13.02.2020 | 02.2022
Preamplifier JS4-18002600-
28 18 GHz - 26 GHz 20-5A MITEQ 658697 480342 | 13.02.2020 | 02.2022
Preamplifier JDM2-
29 26 GHz - 40 GHz 2600;,8(;0—25— MITEQ 128746 482806 | 17.02.2020 | 02.2022

Test engineer: Thomas KUHN
Date of issue: 07.07.2020

Report Number:
Order Number:

F191168E2
19-111168
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No. Test equipment Type Manufacturer Serial No. PM. No. | Cal. Date ‘ Cal. due
30 RF-cable 1 m '”S“'e}tnid Wire | |nsulated Wire | KPS-1533-400-KPS | 480300 | Calibration not necessary
31 RF-cable 2m '”S“'e}tnid Wire | |hsulated Wire | KPS-1533-800-KPS | 480302 | Calibration not necessary

7 Test site Validation

. PM. Frequency Type of .
Test equipment No. range validation According to Val. Date Val Due
Semi anechoic chamber M276 | 483227 | 30 — 1000 MHz NSA ANSI C63.4-2014 19.09.2019 | 18.09.2021
Fully anechoic chamber M20 480303 1-18 GHz SVSWR CISPR 16-1-4 Amd. 1 | 13.07.2018 | 12.07.2021
8 Report history
Report Number Date Comment
F191168E2 07.07.2020 Document created
9 List of annexes
Annex A Test setup photos 6 pages

Test engineer: Thomas KUHN
Date of issue: 07.07.2020

Report Number:
Order Number:
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