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2 General information

2.1 Notes and disclaimer

The test results of this test report relate exclusively to the test item specified in this test report. CTC advanced
GmbH does not assume responsibility for any conclusions and generalisations drawn from the test results with
regard to other specimens or samples of the type of the equipment represented by the test item. The test
report may only be reproduced or published in full. Reproduction or publication of extracts from the report
requires the prior written approval of CTC advanced GmbH.

This test report is electronically signed and valid without handwriting signature. For verification of the electronic
signatures, the public keys can be requested at the testing laboratory.

The testing service provided by CTC advanced GmbH has been rendered under the current "General Terms
and Conditions for CTC advanced GmbH".

CTC advanced GmbH will not be liable for any loss or damage resulting from false, inaccurate, inappropriate
or incomplete product information provided by the customer.

Under no circumstances does the CTC advanced GmbH test report include any endorsement or warranty
regarding the functionality, quality or performance of any other product or service provided.

Under no circumstances does the CTC advanced GmbH test report include or imply any product or service
warranties from CTC advanced GmbH, including, without limitation, any implied warranties of merchantability,
fitness for purpose, or non-infringement, all of which are expressly disclaimed by CTC advanced GmbH.

All rights and remedies regarding vendor's products and services for which CTC advanced GmbH has
prepared this test report shall be provided by the party offering such products or services and not by CTC
advanced GmbH.

In no case this test report can be considered as a Letter of Approval.

2.2 Application details

Date of receipt of order: 2017-07-20
Date of receipt of test item: 2017-10-20
Start of test: 2017-10-20
End of test: 2017-10-20

Person(s) present during the test:

2.3 Statement of compliance

The EMF values found for the SNT Base Station Transceiver Unit are below the maximum allowed levels
according to the standards listed in section 3.
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3 Test standard/s:

Test Standard

RSS - 102 Issue 5

47 CFR Subpart I,

Version

March 2015

Test Standard Description

Radio Frequency (RF) Exposure Compliance of

Radiocommunication Apparatus (All Frequency Bands)

06,2016

3.1 RF exposure limits

§1.1310 Radiofrequency radiation exposure limits

Reference levels for general public (uncontrolled environment) exposure to time-varying electric and

magnetic fields

According to: RSS 102-ISSUE 05

Frequency Range Electric Field Magnetic Field
(MHz) (V/m rms) (A/m rms)

0.003-1021 83 90
0.1-10 - 0.73/ f
1.1-10 87/ f°5 -
10-20 27.46 0.0728
20-48 58.07/ f 25 0.1540/ f 025
48-300 22.06 0.05852
300-6000 3.142 f 03417 0.008335 f 03417
6000-15000 61.4 0.163
15000-150000 61.4 0.163
150000-300000 0.158 f 0.5 4.21x10-4 f0.5

According to: CFR47, Subpart | - 81.1310 Radiofrequency radiation exposure limits

Frequency Range Electric Field Magnetic Field Power density Averaging time
(MHz) (V/m) (A/m) (mW/cm?) (minutes)
Occupational / Controlled Exposure
0.3-3.0 614 1.63 *100 6
3.0-30 1842/f 4.89/ f *900/f2 6
30-300 61.4 0.163 1.0 6
300-1500 - - /300 6
1500-100000 - -- 5 6
General Population / Uncontrolled Exposure

0.3-1.34 614 1.63 *100 30
1.34-30 824/f 2.19/f *180/f? 30
30-300 27.5 0.073 0.2 30
300-1500 - -- /1500 30
1500-100000 - - 1.0 30

© CTC advanced GmbH
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4  Summary of Measurement Results

X No deviations from the technical specifications ascertained

] Deviations from the technical specifications ascertained

For a safety distance of 20 cm the field strengths of the device are at least 30% below the applied exposure
limits.

5 Test Environment

Ambient temperature: 20-24°C

Relative humidity content: 40 — 50 %

Air pressure: not relevant for this kind of testing
Power supply: 230 V /50 Hz
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6 Test Set-up
6.1 Measurement system

6.1.1 Broadband Electromagnetic Field Test system

For performing EMF measurements the Schmid & Partner DASY52 dosimetric assessment system is used
which is described below. Instead of dosimetric probes E-field and H-field probes for measurement in air are
in use.

Ropot
Warning Lamp N

. ) DAE
e N HAC Test Arch

Device under Test

Deviceholder

Robot Controler

The DASYS5 system for performing compliance tests consists of the following items:

e A standard high precision 6-axis robot (Staubli RX family) with controller and software. An arm
extension for accommodating the data acquisition electronics (DAE).

e A dosimetric probe, i.e. an isotropic E-field probe optimized and calibrated for usage in tissue
simulating liquid. The probe is equipped with an optical surface detector system.

e A data acquisition electronic (DAE) which performs the signal amplification, signal multiplexing, AD-
conversion, offset measurements, mechanical surface detection, collision detection, etc. The unit is
battery powered with standard or rechargeable batteries. The signal is optically transmitted to the
EOC.

e A unit to operate the optical surface detector which is connected to the EOC.

e The Electro-Optical Coupler (EOC) performs the conversion from the optical into a digital electric
signal of the DAE. The EOC is connected to the DASY5 measurement server.

e The DASY5 measurement server, which performs all real-time data evaluation for field

measurements and surface detection, controls robot movements and handles safety operation. A

computer operating Windows 7

DASYS5 software and SEMCAD data evaluation software.

Remote control with teach panel and additional circuitry for robot safety such as warning lamps, etc.

The generic twin phantom enabling the testing of left-hand and right-hand usage.

The device holder for handheld mobile phones.

Tissue simulating liquid mixed according to the given recipes.

System validation dipoles allowing to validate the proper functioning of the system.
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6.1.2 Probe description

E-Field Probe ER3DV6

(Technical data according to manufacturer information)

Construction One dipole parallel and two dipoles normal to probe axis
Built-in shielding against static charges
Calibration In air from 100 MHz to 3 GHz
(absolute accuracy + 6.0%; k=2)
Frequency 100 MHz to >6 GHz; Linearity: = 0.2 dB (100MHz to 3 GHz)
Directivity + 0.2 dB in air (rotation around probe axis)

+ 0.4 dB in air (rotation normal to probe axis)

Dynamic range

2 V/m to > 1000 V/m
(M3/M4 device readings fall well below diode compression point)

Dimensions

Overall length: 330 mm; Tip length: 16 mm
Body diameter: 12 mm; Tip diameter: 8 mm
Distance from probe tip to dipole centers: 2.5mm

H-Field Probe H3DV6

(Technical data according to manufacturer information)

Construction Three concentric loop sensors with 3.8 mm loop diameters.
Resistively loaded detector diodes for linear response
Built-in shielding against static charges

Calibration In air from 100 MHz to 3 GHz
(absolute accuracy + 6.0%; k=2)

Frequency 200 MHz to 3 GHz; Linearity: + 0.2 dB (100MHz to 3 GHz)

Directivity + 0.25 dB (spherical isotropy error)

Dynamic range

10 mA/m to 2 A/m at 1 GHz
(M3/M4 device readings fall well below diode compression point)

Dimensions

Overall length: 330 mm; Tip length: 40 mm
Body diameter: 12 mm; Tip diameter: 6 mm
Distance from probe tip to loop centers: 3 mm

E-Field Interference

<10% at 3 GHz (for plane wave)

© CTC advanced GmbH
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6.1.3 HAC test arch description

The HAC test arch is especially designed for performing measurements according to the requirements of ANSI
C63.19. It allows centring the wireless device inside a 5 x 5 cm control area marked with 4 points for position
adjustment. Plastic bridges allow an exact adjustment of the measurement distance to 1 cm from the DUT,
which also includes the distance of the dipole center to the probe tip.

The HAC test arch is only used to perform the validation of the system with a validation dipole that could be
exactly positioned inside the HAC test arch (see picture).
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6.1.4 Scanning procedure

The DASY52 system is used to perform a highly reproducible and accurate EMF measurement in different

steps:

- System check same as described in ANSI C63.19 to verify the functionality and
accuracy of the E and H field measurement.

- Performance of different measurement steps to locate maximum field positions and
values for a defined distance towards the DUT.

System check procedure:

1.
2.

The HAC test setup is placed at the pre-defined position on top of the SAR phantom cover.

A phantom adjustment and verification is performed, which allows checking the borders and centre
position of the 5 x 5 cmz2 control area. The probe tip touches down on the 4 points at the corners of the
control area

The system check measurement is performed to check if the read out of the DASY52 system works
accurate in a range of +/- 10% for E and H field measurements.

Measurement procedure:

1.

The DUT is placed on the cover of the DASY5 SAM phantom oriented in its intended test position (see
photo documentation). A reference point above the DUT is defined. This Point is the centre of the area
scan, multimeter and all other following measurements and is placed with the corresponding distance.
The DUT is set to transmit at maximum output power at the desired test channel(s).

The ,area scan“ measures the electrical or magnetic field strength above the DUT on a parallel plane
to cover of the DASY5 SAM phantom. It is used to locate the approximate location of the peak field
strength with 2D spline interpolation. The robot performs a stepped movement along one grid axis
while the local electrical or magnetic field strength is measured by the probe. The probe is moving at
the defined distance above the DUT during acquisition of measurement values. The grid spacing is
quite large as it is only a pre-measurement step to locate the area with the greatest E or H field.

At the maximum interpolated position of the “area scan” a “fine scan” with a size of 200 x 200 mm and
a fine grid that uses a step size of 10 mm is used to measure and interpolate the absolute maximum
of the E/H field and find its precise position.

© CTC advanced GmbH Page 9 of 21
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6.1.5 Data Storage and Evaluation

Data Storage

The DASY5 software stores the acquired data from the data acquisition electronics as raw data (in microvolt
readings from the probe sensors), together with all necessary software parameters for the data evaluation
(probe calibration data, liquid parameters and device frequency and modulation data) in measurement files
with the extension ".DA52". The software evaluates the desired unit and format for output each time the data
is visualized or exported. This allows verification of the complete software setup even after the measurement
and allows correction of incorrect parameter settings. For example, if a measurement has been performed with
a wrong crest factor parameter in the device setup, the parameter can be corrected afterwards and the data
can be re-evaluated.

The measured data can be visualized or exported in different units or formats, depending on the selected
probe type ([V/Im], [A/m], [°C], [MW/g], [MW/cm?], [dBrel], etc.). Some of these units are not available in certain
situations or show meaningless results, e.g., a SAR output in a lossless media will always be zero. Raw data
can also be exported to perform the evaluation with other software packages.

Data Evaluation by SEMCAD

The SEMCAD software automatically executes the following procedures to calculate the field units from the
microvolt readings at the probe connector. The parameters used in the evaluation are stored in the
configuration modules of the software:

Probe parameters: - Sensitivity Normi, aio, ai1, aiz
- Conversion factor ConvF;
- Diode compression point Dcpi
Device parameters: - Frequency f
- Crest factor cf
Media parameters: - Conductivity o
- Density P

These parameters must be set correctly in the software. They can be found in the component documents or
they can be imported into the software from the configuration files issued for the DASY5 components. In the
direct measuring mode of the multimeter option, the parameters of the actual system setup are used. In the
scan visualization and export modes, the parameters stored in the corresponding document files are used.

The first step of the evaluation is a linearization of the filtered input signal to account for the compression
characteristics of the detector diode. The compensation depends on the input signal, the diode type and the
DC-transmission factor from the diode to the evaluation electronics.

© CTC advanced GmbH Page 10 of 21
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If the exciting field is pulsed, the crest factor of the signal must be known to correctly compensate for peak
power. The formula for each channel can be given as:

Vi = Ui + Ui?- cf/dcp

with Vi = compensated signal of channel i (i=x,Y, 2)
Ui = input signal of channel i (i=x,Yy, 2)
cf = crest factor of exciting field (DASY parameter)
dcpi = diode compression point (DASY parameter)

From the compensated input signals the primary field data for each channel can be
evaluated:

E-field probes: Ei = (Vi/ Norm; - ConvF)/?
H-field probes: Hi = (Vi)ll2 . (aio + ainf + ai2f2)/f
with Vi = compensated signal of channel i i=x,Yy, 2)
Normi = sensor sensitivity of channel i (i=x,,2)
[mV/(V/m)?] for E-field Probes
ConvF = sensitivity enhancement in solution
aj = sensor sensitivity factors for H-field probes
f = carrier frequency [GHZz]
Ei = electric field strength of channel i in V/m
Hi = magnetic field strength of channel i in A/m

The RSS value of the field components gives the total field strength (Hermitian magnitude):

Eiot = (EXZ + EYZ + E22)1/2

with Powe = equivalent power density of a plane wave in mW/cm?
Ewt = total electric field strength in V/m
Hwt = total magnetic field strength in A/m
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6.1.6 System check

The system check is performed for verifying the accuracy of the complete measurement system and
performance of the software. The following table shows system check results for all frequency bands and both
for E- and H-fields. (graphic plot(s) see annex A).

6.1.7 System check procedure

According to the requirements of ANSI C63.19 chapter 4.3.2.1.1 the system check is performed by using a
validation dipole which is positioned parallel to the nylon fibre of the HAC test arch. The dipole is connected to
the signal source consisting of signal generator and amplifier via a directional coupler, N-connector cable and
adaption to SMA. It is fed with a power of 100 mW (20 dBm). To adjust this power a power meter is used. The
power sensor is connected to the cable before the system check to measure the power at this point and do
adjustments at the signal generator. At the outputs of the directional coupler both return loss as well as forward
power are controlled during the system check to make sure that emitted power at the dipole is kept constant.
This can also be checked by the power drift measurement after the test (result on plot).

During the system check the measurement system scans a grid along the length of the dipole and the
maximum value is recorded.

This system check is performed periodically both with E and H field probes on the center frequencies of the
frequency bands used by the DUT.

System check results have to be equal or near the values determined during dipole calibration (target HAC in
table below) with the same test system set-up.

dir.
. 3dB
Lo ble
St O S —= (3
Att3
® @
Attl
&) —=

Dipole

. Distance | Peak output [ Target field strength Measured field
Freg(ilnm) | Sige Bpe (mm) power (dBm) (+/- 10%) strength
835 CW 10 20 165.6 V/m 157.9 ViIm
835 CW 10 20 0.462 A/m 0.422 A/m

Table 1: Results system check
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6.2 Test results

Ch 44 /915.1 MHz
distance
measured limit* field type | margin (%)
(cm)
20 22.5 VIm [ 32.30 VIm E -30.34
0.059 A/m|0.086 A/m H -31.40

Table 2: Test results

*) Limit according RSS 102-ISSUE 05

Ch 44 /915.1 MHz
distance calculated limit** . :
[)
) measured (mWicm?) | (mwicm?) calculation | margin (%)
22.5 V/m
20 0.13 0.61 ExH -78.24
0.059 A/m *

Table 3: Test results
**) Limit according CFR47, Subpart | - §1.1310 Radiofrequency radiation exposure limits.

6.3 Final verdict

For a safety distance of 20 cm the field strengths of the device are at least 30% below the applied exposure
limits.
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Annex A: System performance check

Date/Time: 20.10.2017 15:37:46

SystemCheck

DUT: HAC-Dipole 835 MHz; Type: D835V3; Serial: 1027

Communication System: UID 0, CW; Communication System Band: CD835 (835.0 MHz); Frequency: 835
MHz; Communication System PAR: 0 dB; PMF: 1

Medium parameters used: 0 =0 S/m, & = 1; p = 0 kg/m?

Phantom section: TCoil Section

Measurement Standard: DASY5

DASY5 Configuration:

- Probe: ER3DV6 - SN2262; ConvF(1, 1, 1); Calibrated: 16.01.2017;

- Sensor-Surface: Omm (Fix Surface), z = 4.7

- Electronics: DAE3 Sn477; Calibrated: 12.05.2017

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA, Serial: 1007+1022
- DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole E-Field 835 measurement/E Scan - measurement distance from the

probe sensor center to CD835/Test at 10mm distance (41x361x1): interpolated
grid: dx=0.5000 mm, dy=0.5000 mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 95.63 V/m; Power Drift = 0.05 dB

PMR not calibrated. PMF = 1.000 is applied.

Maximum value of Total (interpolated) = 157.9 V/im

dbB

-2.00

-4.00

-6.00

-8.00

-10.00

0dB =157.9 V/m = 43.97 dBV/m

© CTC advanced GmbH Page 14 of 21



Test report no.: 1-4545/17-01-06 CTC I|| advanced

member of RWTUV group

Date/Time: 20.10.2017 16:08:22

SystemCheck

DUT: HAC-Dipole 835 MHz; Type: D835V3; Serial: 1027

Communication System: UID 0, CW; Communication System Band: CD835 (835.0 MHz); Frequency: 835
MHz; Communication System PAR: 0 dB; PMF: 1

Medium parameters used: 0 =0 S/m, & = 1; p = 0 kg/m?

Phantom section: TCoil Section

Measurement Standard: DASY5

DASY5 Configuration:

- Probe: H3DV6 - SN6086; ; Calibrated: 16.01.2017

- Sensor-Surface: Omm (Fix Surface), z = 5.2

- Electronics: DAE3 Sn477; Calibrated: 12.05.2017

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA; Serial: 1007+1022
- DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole H-Field 835 measurement/H Scan - measurement distance from the
probe sensor center to CD835/Hearing Aid Compatibility Test at 10mm

distance (41x361x1): Interpolated grid: dx=0.5000 mm, dy=0.5000 mm
Device Reference Point: 0, 0, -6.3 mm

Reference Value = 0.3630 V/m; Power Drift = 0.02 dB

PMR not calibrated. PMF = 1.000 is applied.

Maximum value of Total (interpolated) = 0.4219 A/m

dB

-4.00

-8.00

-12.00

-16.00

-20.00

0 dB = 0.4219 A/m = -7.50 dBA/m
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Annex B: DASY5 measurement results

Date/Time: 20.10.2017 12:16:56

EF

DUT: SIGFOX; Type: SBS-T3-902; Serial: 00005F21-K2
Communication System: UID 0, CW (0); Communication System Band: 910; Frequency: 915.1 MHz;
Communication System PAR: 0 dB; PMF: 1.12202e-005

Medium parameters used: 0 =0 S/m, & = 1; p = 0 kg/m?

Phantom section: Table Section

Measurement Standard: DASY5

DASY5 Configuration:

- Probe: ER3DV6 - SN2262; ConvF(1, 1, 1); Calibrated: 16.01.2017;
- Sensor-Surface: Omm (Fix Surface), z = 2.5

- Electronics: DAE3 Sn477; Calibrated: 12.05.2017

- Phantom: Cover; Type: SPEAG Phantom Cover

- DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

E-Field/Ch44/Generic Scan (17x31x1): Measurement grid: dx=10mm, dy=10mm, dz=10mm
Maximum value of Total (measured) = 22.50 V/m
dB

-1.00
-2.00
-3.00

-4.00

-5.00

0dB =22.50 V/m = 27.04 dBV/m

Additional information:
distance of DUT to the probe: 200 mm
ambient temperature: 23.4°C
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Date/Time: 20.10.2017 13:15:15

MF

DUT: SIGFOX; Type: SBS-T3-902; Serial: 00005F21-K2
Communication System: UID 0, CW (0); Communication System Band: 910; Frequency: 915.1 MHz;
Communication System PAR: 0 dB; PMF: 1.12202e-005
Medium parameters used: 0 =0 S/m, & = 1; p = 0 kg/m?
Phantom section: Table Section

Measurement Standard: DASY5

DASY5 Configuration:

- Probe: H3DV6 - SN6086; ; Calibrated: 16.01.2017

- Sensor-Surface: Omm (Fix Surface), z = 3.0

- Electronics: DAE3 Sn477; Calibrated: 12.05.2017

- Phantom: Cover; Type: SPEAG Phantom Cover

- DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

H-Field/Ch44/Generic Scan (17x31x1): Measurement grid: dx=10mm, dy=10mm, dz=10mm
Maximum value of Total (measured) = 0.05949 A/m

dB

-0.60

-1.20

-1.80

-2.40

-3.00

0 dB = 0.05949 A/m = -24.51 dBA/m

Additional information:
distance of DUT to the probe: 200 mm
ambient temperature: 23.4°C
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Antenna rotation:
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Annex C: Photo documentation

Photo documentation is described in the additional document:

Appendix to test report no. 1-4545/17-01-06 Photo documentation

Annex D: Calibration parameters

Calibration parameters are described in the additional document:

Appendix to test report no. 1-4545/17-01-06
Calibration data, Phantom certificate
and detail information of the DASY5 System
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Annex E: Document History

Version Applied Changes Date of Release
Initial Release 2017-10-23

Annex F: Further Information
Glossary

DUT Device under Test

EUT Equipment under Test

FCC Federal Communication Commission

FCCID Company Identifier at FCC

HW Hardware

IC Industry Canada

Inv. No. Inventory number

N/A not applicable

PCE Personal Consumption Expenditure

OET Office of Engineering and Technology

S/IN Serial Number

SW Software
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