HAC REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.49.24.22 BES.A

4.1 RETURN LOSS REQUIREMENTS

The dipole used for HAC system validation measurements and checks must have a return loss of -10
dB or better. The return loss measurement shall be performed in free space. A direct method is used
with a network analyser and its calibration kit, both with a valid ISO17025 calibration.

4.1 REFERENCE DIPOLE CALIBRATION

The IEEE ANSI C63-19 standard states that the dipole used for validation measurements and checks
must be scanned with the E field probe, with the dipole 10 mm below the probe. The E field strength
plots are compared to the simulation results obtained by MVG.

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Gain

400-6000MHz 0.08 LIN

5.2 VALIDATION MEASUREMENT

The guideline outlined in the IEEE ANSI C63.19 standard was followed to generate the
measurement uncertainty for validation measurements.

6 CALIBRATION MEASUREMENT RESULTS

Uncertainty analysis of the probe calibration in waveguide

Uncertainty Probability .. Uncertainty Standard
ERROR SOURCES value (%) Distribution Divisor (dB) Uncertainty (%)
Expanded uncertainty 11 14
95 % confidence level k = 2 )
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6.1 RETURN LOSS

Frequency, MHz
1700 1725 1750 1775 1800 1825 1850 1875 1900 1925 1950 1975 2000

511,dB

Frequency (MHz) Worst Case Return Loss (dB) Requirement (dB)
1700-2000 MHz -16.23 -10

6.2 VALIDATION MEASUREMENT

The IEEE ANSI C63.19 standard states that the system validation measurements must be performed
using a reference dipole meeting the fore mentioned return loss requirements. The system
validations measurement results are then compared to MVG’s simulated results.

Measurement Condition

Software Version OpenHAC V2
HAC positioning ruler SN 42/09 TABH12
E-Field probe SN 26/11 EPH32
Distance between dipole and sensor center 10 mm
E-field scan size X=150mm/Y=20mm
H-field scan size X=40mm/Y=20mm
Scan resolution dx=5mm/dy=5mm
Frequency 1900 MHz
Input power 20 dBm
Lab Temperature 20 +/- 1°C
Lab Humidity 30-70%
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Measurement Result

Measured Internal Requirement

E field (V/m) 147.01 146.1

E-Field measurement
Zoom In/Out '

Radiated Intensity
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Ref: ACR.49.24.22. BES.A

7 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
HAC positioning ruler MVG TABH12 SN 42/09 |/alidated. Nocal —Validated.  No call
required. required.
COMOHAC Test Bench Version 2 NA Valid.ated. No cal Valid_ated. No cal|
required. required.
Network Analyzer | Ronde & Schwarz 100203 08/2021 08/2024
Network Analyzer Agilent 8753ES MY40003210 10/2021 10/2024
Network Analyzer — | Rohde & Schwarz
Calibration kit 2V-7235 101223 05/2021 05/2024
Network Analyzer — HP 85033D 3423A08186 06/2021 06/2027
Calibration kit
Reference Probe MVG EPH32 SN 26/11 02/2021 02/2024
Multimeter Keithley 2000 1160271 02/2021 02/2024
Signal Generator | 098 Sohwarz 106589 04/2021 04/2024
Amplifier MVG MODU-023-C-0002 Characterized pripr to |Characterized pripr to
test. No cal required. test. No cal required.
Power Meter NI-USB 5680 170100013 06/2021 06/2024
Power Meter Rohde & Schwarz | g35839.056 11/2021 11/2024
NRVD
Directional Coupler Krytar 158020 131467 Characterized pri_or to|Characterized pri_or to
test. No cal required. [test. No cal required.
Temperature and Testo 184 H1 44225320 06/2021 06/2024
Humidity Sensor
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