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2450MHz

Date: 2018-5-16

Electronics: DAE4 Sn786

Medium: Head 2450 MHz

Medium parameters used: f = 2450 MHz; 0 = 1.842 S/m; ¢, = 38.743; p = 1000 kg/m3
Ambient Temperature: 22.0°C Liquid Temperature: 21.6°C

Communication System: CW Frequency: 2450 MHz Duty Cycle: 1:1

Probe: EX3DV4 — SN3633 ConvF (7.42, 7.42, 7.42);

System Validation /Area Scan (61x81x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 90.544 V/m; Power Drift = 0.08 dB

SAR(1 g) =13.5 W/kg; SAR(10 g) = 6.13 W/kg

Maximum value of SAR (interpolated) = 15.2 W/kg

System Validation /Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 90.544 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 25.5 W/kg

SAR(1 g) =13.6 W/kg; SAR(10 g) = 6.18 W/kg

Maximum value of SAR (measured) = 15.6 W/kg

dB
0

— -4.42

-8.83

-13.25

-17.67

-22.08

0 dB = 15.6 W/kg = 11.93 dB W/kg

Fig.B.9. Validation 2450MHz 250mW
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2450MHz

Date: 2018-5-16

Electronics: DAE4 Sn786

Medium: Body 2450 MHz

Medium parameters used: f = 2450 MHz; o = 1.928 S/m; ¢, = 53.526; p = 1000 kg/m3
Ambient Temperature: 22.0°C Liquid Temperature: 21.6°C

Communication System: CW Frequency: 2450 MHz Duty Cycle: 1:1

Probe: EX3DV4 — SN3633 ConvF (7.47, 7.47, 7.47);

System Validation/Area Scan (81x101x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 86.785 V/m; Power Drift = -0.02 dB

SAR(1 g) =12.9 W/kg; SAR(10 g) = 6.07 W/kg

Maximum value of SAR (interpolated) = 14.8 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 86.785 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 23.9 W/kg

SAR(1 g) =12.7 W/kg; SAR(10 g) = 6.02 W/kg

Maximum value of SAR (measured) = 14.4 W/kg

dB
— 0

—-4.47

-8.94

-13.40

-17.87

-22.34

0 dB = 14.4 W/kg = 11.58 dB W/kg

Fig.B.10. Validation 2450MHz 250mW
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2550MHz

Date: 2018-5-5

Electronics: DAE4 Sn786

Medium: Head 2550 MHz

Medium parameters used: f = 2550 MHz; 0 = 1.971 S/m; ¢, = 38.36; p = 1000 kg/m3
Ambient Temperature: 22.0°C Liquid Temperature: 21.6°C

Communication System: CW Frequency: 2550 MHz Duty Cycle: 1:1

Probe: EX3DV4 — SN3633 ConvF (7.28, 7.28, 7.28);

System Validation/Area Scan (81x101x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 93.242 V/m; Power Drift = 0.02 dB

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.55 W/kg

Maximum value of SAR (interpolated) = 16.1 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 93.242 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 28.8 W/kg

SAR(1 g) = 14.5 W/kg; SAR(10 g) = 6.58 W/kg

Maximum value of SAR (measured) = 16.6 W/kg

dB
— 0

—-6.42

-12.83

-19.25

-2h.67

-32.08

0 dB = 16.6 W/kg = 12.20 dB W/kg

Fig.B.11. Validation 2550MHz 250mW
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2550MHz

Date: 2018-5-5

Electronics: DAE4 Sn786

Medium: Body 2550 MHz

Medium parameters used: f = 2550 MHz; o = 2.052 S/m; ¢, = 53.214; p = 1000 kg/m3
Ambient Temperature: 22.0°C Liquid Temperature: 21.6°C

Communication System: CW Frequency: 2550 MHz Duty Cycle: 1:1

Probe: EX3DV4 — SN3633 ConvF (7.31, 7.31, 7.31);

System Validation/Area Scan (81x101x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 86.296 V/m; Power Drift = -0.08 dB

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.25 W/kg

Maximum value of SAR (interpolated) = 15.0 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 86.296 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 26.0 W/kg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.20 W/kg

Maximum value of SAR (measured) = 14.8 W/kg

dB
— 0

—-4.70

-9.41

-14.11

-18.82

-23.52

0 dB = 14.8 W/kg = 11.70 dB W/kg

Fig.B.12. Validation 2550MHz 250mW
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5300MHz

Date: 2018-5-18

Electronics: DAE4 Sn786

Medium: Head 5300 MHz

Medium parameters used: f = 5300 MHz; o = 4.847 S/m; ¢, = 35.382; p = 1000 kg/m3
Ambient Temperature: 23.0°C Liquid Temperature: 22.5°C

Communication System: CW Frequency: 5300 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN3633 ConvF (5.61, 5.61, 5.61);

System Validation /Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 58.774 V/m; Power Drift = 0.05 dB

SAR(1 g) = 8.50 W/kg; SAR(10 g) = 2.39 W/kg

Maximum value of SAR (interpolated) =10.2 W/kg

System Validation/Zoom Scan (8x8x8)/Cube0: Measurement grid: dx=4mm, dy=4mm, dz=4mm
Reference Value = 58.774 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 30.3 W/kg

SAR(1 g) =8.52 W/kg; SAR(10 g) = 2.41 W/kg

Maximum value of SAR (measured) =10.5 W/kg

dB
— 0

—-10.00

-20.00

-30.00

-40.00

-

-h0.00

0 dB = 10.5 W/kg = 10.21 dB W/kg

Fig.B.13. validation 5300MHz 100mW
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5300MHz

Date: 2018-5-18

Electronics: DAE4 Sn786

Medium: Body 5300 MHz

Medium parameters used: f = 5300 MHz; o = 5.379 S/m; ¢, = 50.224; p = 1000 kg/m3
Ambient Temperature: 23.0°C Liquid Temperature: 22.5°C

Communication System: CW Frequency: 5300 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN3633 ConvF (5.15, 5.15, 5.15);

System Validation /Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 58.178 V/m; Power Drift = -0.12 dB

SAR(1 g) = 7.47 W/kg; SAR(10 g) = 2.13 W/kg

Maximum value of SAR (interpolated) = 9.92 W/kg

System Validation/Zoom Scan (8x8x8)/Cube0: Measurement grid: dx=4mm, dy=4mm, dz=4mm
Reference Value = 58.178 V/m; Power Drift = -0.12 dB

Peak SAR (extrapolated) = 27.9 W/kg

SAR(1 g) = 7.45 W/kg; SAR(10 g) = 2.11 Wikg

Maximum value of SAR (measured) = 9.88 W/kg

dB
— 0

—-10.00

-20.00

-30.00

-40.00

-

-h0.00

0 dB = 9.88 W/kg = 9.95 dB W/kg

Fig.B.14. validation 5300MHz 100mW
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5600MHz

Date: 2018-5-18

Electronics: DAE4 Sn786

Medium: Head 5600 MHz

Medium parameters used: f = 5600 MHz; o = 5.212 S/m; ¢, =34.848; p = 1000 kg/m3
Ambient Temperature: 23.0°C Liquid Temperature: 22.5°C

Communication System: CW Frequency: 5600 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN3633 ConvF (4.86, 4.86, 4.86);

System Validation /Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 63.892 V/m; Power Drift = 0.07 dB

SAR(1 g) = 8.42 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (interpolated) =9.98 W/kg

System Validation/Zoom Scan (8x8x8)/Cube0: Measurement grid: dx=4mm, dy=4mm, dz=4mm
Reference Value = 63.892 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 32.8 W/kg

SAR(1 g) = 8.45 W/kg; SAR(10 g) = 2.35 W/kg

Maximum value of SAR (measured) = 10.2 W/kg

dB
— 0

—-10.00

-20.00

-30.00

-40.00

-

-h0.00

0 dB = 10.2 W/kg = 10.09 dB W/kg

Fig.B.15. validation 5600MHz 100mW
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5600MHz

Date: 2018-5-18

Electronics: DAE4 Sn786

Medium: Body 5600 MHz

Medium parameters used: f = 5600 MHz; o = 5.654 S/m; ¢, = 48.971; p = 1000 kg/m3
Ambient Temperature: 23.0°C Liquid Temperature: 22.5°C

Communication System: CW Frequency: 5600 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN3633 ConvF (4.33, 4.33, 4.33);

System Validation /Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 60.464 V/m; Power Drift = -0.02 dB

SAR(1 g) =7.74 W/kg; SAR(10 g) = 2.18 W/kg

Maximum value of SAR (interpolated) =9.84 W/kg

System Validation/Zoom Scan (8x8x8)/Cube0: Measurement grid: dx=4mm, dy=4mm, dz=4mm
Reference Value = 60.464 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 28. 7 W/kg

SAR(1 g) =7.72 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 9.77 W/kg

dB
— 0

—-10.00

-20.00

-30.00

-40.00

-

-h0.00

0 dB = 9.77 W/kg = 9.90 dB W/kg

Fig.B.16. validation 5600MHz 100mW
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5800MHz

Date: 2018-5-18

Electronics: DAE4 Sn786

Medium: Head 5800 MHz

Medium parameters used: f = 5800 MHz; o = 5.408 S/m; ¢, = 34.59; p = 1000 kg/m3
Ambient Temperature: 23.0°C Liquid Temperature: 22.5°C

Communication System: CW Frequency: 5800 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN3633 ConvF (4.81, 4.81, 4.81);

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 60.255 V/m; Power Drift = 0.10 dB

SAR(1 g) = 8.08 W/kg; SAR(10 g) = 2.23 W/kg

Maximum value of SAR (interpolated) =10.1W/kg

System Validation/Zoom Scan (8x8x8)/Cube0: Measurement grid: dx=4mm, dy=4mm, dz=4mm
Reference Value = 60.255 V/m; Power Drift = 0.10 dB

Peak SAR (extrapolated) = 34.2 W/kg

SAR(1 g) =8.11 W/kg; SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measured) = 10.3 W/kg

dB
— 0

—-10.00

-20.00

-30.00

-40.00

R

-h0.00

0 dB = 10.3 W/kg = 10.13 dB W/kg

Fig.B.17. Validation 5800MHz 100mW
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5800MHz

Date: 2018-5-18

Electronics: DAE4 Sn786

Medium: Body 5800 MHz

Medium parameters used: f = 5800 MHz; o = 6.193 S/m; ¢, = 47.516; p = 1000 kg/m3
Ambient Temperature: 23.0°C Liquid Temperature: 22.5°C

Communication System: CW Frequency: 5800 MHz Duty Cycle: 1:1

Probe: EX3DV4 - SN3633 ConvF (4.48, 4.48, 4.48);

System Validation/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 60.478 V/m; Power Drift = 0.11 dB

SAR(1 g) =7.79 W/kg; SAR(10 g) = 2.14 W/kg

Maximum value of SAR (interpolated) =9.89 W/kg

System Validation/Zoom Scan (8x8x8)/Cube0: Measurement grid: dx=4mm, dy=4mm, dz=4mm
Reference Value = 60.478 V/m; Power Drift = 0.11 dB

Peak SAR (extrapolated) = 32.5 W/kg

SAR(1 g) = 7.85 W/kg; SAR(10 g) = 2.16 W/kg

Maximum value of SAR (measured) = 10.1 W/kg

dB
— 0

—-10.00

-20.00

-30.00

-40.00

-

-h0.00

0 dB = 10.1 W/kg = 10.04 dB W/kg

Fig.B.18. Validation 5800MHz 100mW
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The SAR system verification must be required that the area scan estimated 1-g SAR is within 3% of
the zoom scan 1-g SAR.
Table B.1 Comparison between area scan and zoom scan for system verification

Band (MHz) Position Area scan (19) Zoom scan (1g) | Drift (%)
750 Head 2.15 2.13 -0.93
750 Body 2.18 221 1.38
835 Head 2.28 2.24 -1.75
835 Body 2.42 2.46 1.65
1800 Head 9.87 9.92 0.51
1800 Body 9.60 9.55 -0.52
1900 Head 10.3 10.5 1.94
1900 Body 10.5 10.7 1.90
2450 Head 135 13.6 0.74
2450 Body 12.9 12.7 -1.55
2550 Head 14.4 14.5 0.69
2550 Body 13.3 13.2 -0.75
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ANNEX C SAR Measurement Setup

C.1 Measurement Set-up

DASY5 system for performing compliance tests is illustrated above graphically. This system
consists of the following items:

.....

Picture C.1 SAR Lab Test Measurement Set-up

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

® An isotropic field probe optimized and calibrated for the targeted measurement.

® Adata acquisition electronics (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.

® The Electro-optical converter (EOC) performs the conversion from optical to electrical signals
for the digital communication to the DAE. To use optical surface detection, a special version of
the EOC is required. The EOC signal is transmitted to the measurement server.

® The function of the measurement server is to perform the time critical tasks such as signal

filtering, control of the robot operation and fast movement interrupts.

The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the

probe positioning.

A computer running WinXP and the DASY5 software.

Remote control and teach pendant as well as additional circuitry for robot safety such as

warning lamps, etc.

The phantom, the device holder and other accessories according to the targeted measurement.
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C.2 DASY5 E-field Probe System

The SAR measurements were conducted with the dosimetric probe designed in the classical
triangular configuration and optimized for dosimetric evaluation. The probe is constructed using the
thick film technique; with printed resistive lines on ceramic substrates. The probe is equipped with
an optical multifiber line ending at the front of the probe tip. It is connected to the EOC box on the
robot arm and provides an automatic detection of the phantom surface. Half of the fibers are
connected to a pulsed infrared transmitter, the other half to a synchronized receiver. As the probe
approaches the surface, the reflection from the surface produces a coupling from the transmitting to
the receiving fibers. This reflection increases first during the approach, reaches maximum and then
decreases. If the probe is flatly touching the surface, the coupling is zero. The distance of the
coupling maximum to the surface is independent of the surface reflectivity and largely independent
of the surface to probe angle. The DASY5 software reads the reflection durning a software
approach and looks for the maximum using 2"%rd curve fitting. The approach is stopped at
reaching the maximum.

Probe Specifications:

Model: ES3DV3, EX3DV4
Frequency 10MHz — 6.0GHz(EX3DV4)
Range: 10MHz — 4GHz(ES3DV?3)
Calibration: In head and body simulating tissue at
Frequencies from 835 up to 5800MHz
Linearity: + 0.2 dB(30 MHz to 6 GHz) for EX3DV4 Picture C.2 Near-field Probe

+ 0.2 dB(30 MHz to 4 GHz) for ES3DV3
Dynamic Range: 10 mW/kg — 100W/kg
Probe Length: 330 mm
Probe Tip
Length: 20 mm
Body Diameter: 12 mm
Tip Diameter: 2.5 mm (3.9 mm for ES3DV3)
Tip-Center: 1 mm (2.0mm for ES3DV3)
Application: SAR Dosimetry Testing
Compliance tests of mobile phones
Dosimetry in strong gradient fields

Picture C.3 E-field Probe

C.3 E-field Probe Calibration

Each E-Probe/Probe Amplifier combination has unique calibration parameters. A TEM cell
calibration procedure is conducted to determine the proper amplifier settings to enter in the probe
parameters. The amplifier settings are determined for a given frequency by subjecting the probe to
a known E-field density (1 mW/cm?) using an RF Signal generator, TEM cell, and RF Power Meter.

The free space E-field from amplified probe outputs is determined in a test chamber. This
calibration can be performed in a TEM cell if the frequency is below 1 GHz and inn a waveguide or
other methodologies above 1 GHz for free space. For the free space calibration, the probe is placed
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in the volumetric center of the cavity and at the proper orientation with the field. The probe is then
rotated 360 degrees until the three channels show the maximum reading. The power density
readings equates to 1 mW/ cm?.

E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate
simulated brain tissue. The E-field in the medium correlates with the temperature rise in the
dielectric medium. For temperature correlation calibration a RF transparent thermistor-based
temperature probe is used in conjunction with the E-field probe.

sAR=C2L
At

Where:

At = Exposure time (30 seconds),

C = Heat capacity of tissue (brain or muscle),
AT = Temperature increase due to RF exposure.

2
sar—EL-@
P

Where:
o = Simulated tissue conductivity,
p = Tissue density (kg/m®).

C.4 Other Test Equipment

C.4.1 Data Acquisition Electronics (DAE)

The data acquisition electronics consist of a highly sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a fast 16 bit AD-converter and a command
decoder with a control logic unit. Transmission to the measurement server is accomplished through
an optical downlink for data and status information, as well as an optical uplink for commands and
the clock.

The mechanical probe mounting device includes two different sensor systems for frontal and
sideways probe contacts. They are used for mechanical surface detection and probe collision
detection.

The input impedance of the DAE is 200 MOhm; the inputs are symmetrical and floating. Common
mode rejection is above 80 dB.

PictureC.4: DAE
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C.4.2 Robot

The SPEAG DASY system uses the high precision robots (DASY5: RX160L) type from Staubli SA
(France). For the 6-axis controller system, the robot controller version from Staubli is used. The
Staubli robot series have many features that are important for our application:

»  High precision (repeatability 0.02mm)

High reliability (industrial design)

Low maintenance costs (virtually maintenance free due to direct drive gears; no belt drives)
Jerk-free straight movements (brushless synchron motors; no stepper motors)

Low ELF interference (motor control fields shielded via the closed metallic construction shields)

vV V V V

Picture C.5 DASY 5
C.4.3 Measurement Server

The Measurement server is based on a PC/104 CPU broad with CPU (DASY5: 400 MHz, Intel
Celeron), chipdisk (DASY5:128MB), RAM (DASY5:128MB). The necessary circuits for
communication with the DAE electronic box, as well as the 16 bit AD converter system for optical
detection and digital I/O interface are contained on the DASY I/O broad, which is directly connected
to the PC/104 bus of the CPU broad.

The measurement server performs all real-time data evaluation of field measurements and surface
detection, controls robot movements and handles safety operation. The PC operating system
cannot interfere with these time critical processes. All connections are supervised by a watchdog,
and disconnection of any of the cables to the measurement server will automatically disarm the
robot and disable all program-controlled robot movements. Furthermore, the measurement server is
equipped with an expansion port which is reserved for future applications. Please note that this
expansion port does not have a standardized pinout, and therefore only devices provided by
SPEAG can be connected. Devices from any other supplier could seriously damage the
measurement server.

Picture C.6 Server for DASY 5
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C.4.4 Device Holder for Phantom

The SAR in the phantom is approximately inversely proportional to the square of the distance
between the source and the liquid surface. For a source at 5mm distance, a positioning uncertainty
of £0.5mm would produce a SAR uncertainty of £20%. Accurate device positioning is therefore
crucial for accurate and repeatable measurements. The positions in which the devices must be
measured are defined by the standards.

The DASY device holder is designed to cope with the different positions given in the standard. It has
two scales for device rotation (with respect to the body axis) and device inclination (with respect to
the line between the ear reference points). The rotation centers for both scales is the ear reference
point (ERP). Thus the device needs no repositioning when changing the angles.

The DASY device holder is constructed of low-loss

POM material having the following dielectric

parameters: relative permittivity & =3 and loss tangent 0 =0.02. The amount of dielectric material

has been reduced in the closest vicinity of the device, since measurements have suggested that the
influence of the clamp on the test results could thus be lowered.

<Laptop Extension Kit>

The extension is lightweight and made of POM, acrylic glass and foam. It fits easily on the upper
part of the Mounting Device in place of the phone positioner. The extension is fully compatible with
the Twin-SAM and ELI phantoms.

Picture C.7-1: Device Holder Picture C.7-2: Laptop Extension Kit

C.4.5 Phantom

The SAM Twin Phantom V4.0 is constructed of a fiberglass shell integrated in a table. The shape of
the shell is based on data from an anatomical study designed to

Represent the 90" percentile of the population. The phantom enables the dissymmetric evaluation
of SAR for both left and right handed handset usage, as well as body-worn usage using the flat
phantom region. Reference markings on the Phantom allow the complete setup of all predefined
phantom positions and measurement grids by manually teaching three points in the robot. The shell
phantom has a 2mm shell thickness (except the ear region where shell thickness increases to 6
mm).
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Shell Thickness: 2+ 0.2 mm
Filling Volume:  Approx. 25 liters
Dimensions: 810 x 1000 x 500 mm (H x L x W)

Available: Special

Picture C.8: SAM Twin Phantom

No0.B18N00783-SAR
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ANNEX D Position of the wireless device in relation to the phantom

D.1 General considerations

This standard specifies two handset test positions against the head phantom — the “cheek” position
and the “tilt” position.

Vertical Vertical
Center Line Center Line

| wy2 w2
Hox‘ngoxlta] —s
Line !

/ Line A \Acon»'-nc

wy'2

il

A Output
.‘\FOIIsllc B Bottom of
Output ‘ Handset B
Bottom of
/ Handset
-~
\l|'l|, 2 Wy 2
Wy s
W, Width of the handset at the level of the acoustic
W, Width of the bottom of the handset
A Midpoint of the width W, of the handset at the level of the acoustic output
B Midpoint of the width W, of the bottom of the handset

Picture D.1-a Typical “fixed” case handset Picture D.1-b Typical “clam-shell” case handset
e RE

- —

Picture D.2 Cheek position of the wireless device on the left side of SAM
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Picture D.3 Tilt position of the wireless device on the left side of SAM

D.2 Body-worn device

A typical example of a body-worn device is a mobile phone, wireless enabled PDA or other battery
operated wireless device with the ability to transmit while mounted on a person’s body using a carry
accessory approved by the wireless device manufacturer.

=
=
= &
§) bs_“
Yoy "‘*».% ®
= e,

Picture D.4 Test positions for body-worn devices

D.3 Desktop device

A typical example of a desktop device is a wireless enabled desktop computer placed on a table or
desk when used.

The DUT shall be positioned at the distance and in the orientation to the phantom that corresponds
to the intended use as specified by the manufacturer in the user instructions. For devices that
employ an external antenna with variable positions, tests shall be performed for all antenna
positions specified. Picture 8.5 show positions for desktop device SAR tests. If the intended use is
not specified, the device shall be tested directly against the flat phantom.
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Picture D.5 Test positions for desktop devices

D.4 DUT Setup Photos

Picture D.6
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ANNEX E Equivalent Media Recipes

The liquid used for the frequency range of 700-6000 MHz consisted of water, sugar, salt, preventol,
glycol monobutyl and Cellulose. The liquid has been previously proven to be suited for worst-case.
The Table E.1 shows the detail solution. It's satisfying the latest tissue dielectric parameters
requirements proposed by the IEEE 1528 and IEC 62209.

Table E.1: Composition of the Tissue Equivalent Matter

Frequency 835 835 1900 1900 2450 2450 5800 5800
(MH2z) Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Water 41.45 525 | 55.242 | 69.91 58.79 72.60 65.53 65.53
Sugar 56.0 45.0 \ \ \ \ \ \
Salt 1.45 14 0.306 0.13 0.06 0.18 \ \
Preventol 0.1 0.1 \ \ \ \ \ \
Cellulose 1.0 1.0 \ \ \ \ \ \
Glycol
\ \ 44.452 | 29.96 41.15 27.22
Monobutyl \ \
Diethylenglycol
eyienglyco \ \ \ \ \ \
monohexylether 17.24 17.24
Triton X-100 \ \ \ \ \ \ 17.24 17.24
Dielectric
€=41.5 | €=55.2 | €=40.0 | ¢=53.3 | €=39.2 €=52.7
Parameters €=35.3 €=48.2
0=0.90 | 0=0.97 | 0=1.40 | 0=1.52 | 0=1.80 | 0=1.95
Target Value 0=5.27 | 0=6.00

Note: There is a little adjustment respectively for 750, 1800, 2600, 5200, 5300, and 5600,
based on the recipe of closest frequency in table E.1
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ANNEX F System Validation

The SAR system must be validated against its performance specifications before it is deployed.
When SAR probes, system components or software are changed, upgraded or recalibrated, these
must be validated with the SAR system(s) that operates with such components.

No.B18N00783-SAR
Page 142 of 224

Table F.1: System Validation

Probe SN. Liquid name Validation date Frequency point | Status (OK or Not)
3633 Head 750MHz 2018-02-06 750 MHz OK
3633 Head 835MHz 2018-02-06 835 MHz OK
3633 Head 1800MHz 2018-02-06 1800 MHz OK
3633 Head 1900MHz 2018-02-08 1900 MHz OK
3633 Head 2450MHz 2018-02-08 2450 MHz OK
3633 Head 2550MHz 2018-02-08 2550 MHz OK
3633 Head 5200MHz 2018-02-07 5200 MHz OK
3633 Head 5300MHz 2018-02-07 5300 MHz OK
3633 Head 5600MHz 2018-02-07 5600 MHz OK
3633 Head 5800MHz 2018-02-07 5800 MHz OK
3633 Body 750MHz 2018-02-06 750 MHz OK
3633 Body 835MHz 2018-02-06 835 MHz OK
3633 Body 1800MHz 2018-02-06 1800 MHz OK
3633 Body 1900MHz 2018-02-08 1900 MHz OK
3633 Body 2450MHz 2018-02-08 2450 MHz OK
3633 Body 2550MHz 2018-02-08 5200 MHz OK
3633 Body 5200MHz 2018-02-07 5200 MHz OK
3633 Body 5300MHz 2018-02-07 5300 MHz OK
3633 Body 5600MHz 2018-02-07 5600 MHz OK
3633 Body 5800MHz 2018-02-07 5800 MHz OK
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ANNEX G DAE Calibration Certificate
DAE4 SN: 786 Calibration Certificate
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Add: N $1 Xueysm Road, Haidian Districr, Beijing, 160191, Ch '/-/-?3" |mm
* NO.S1 Xoeyuan ian Disert, Berping, | 1, China

Tel: +86-10-62304633-2218  Foe: +86-10-62304633.2209 gn Csuen
E-mail: cit) dchinsnl com Hupiwww.chinanl ey

Clvent WLMM) Certificate No: 217-97239

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date November 22, 2017

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Si), The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate

All calibrations have been conducted in the closed laboratory facility. environment temperature(22:3)°c and
humidity<70%

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date(Catibrated by, Certificate No ) Scheduled Calibration
Process Cslibrator 763 | 1871018 27-Jun-17 (CTTL. No.J17X05858) June-18
Name Function Signature
Galvated by: YuZongying  SAR Test Engineer o L
Reviewed by Lin Hao SAR Test Engineer ' ’-ﬁF.%

Approved by QiDianyusn AR Project Leader R

Issued: November 25, 2017
Thig calibration certificate shall not be reproduced axcept in full without written approval of the laboratory

Certificate No: 21797239 Page 1 of 3
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CALIBRATION LABORATORY
Add: No ST Xueyuan Road, Haidian Districe, Beijing, 100191, China
Tel: +86-10-62304633-221% Fax: +80<10-62304633-2209
E-mall: cttl@chinatil com Hitpwww. chinant! cn
Glossary:
DAE data acquisition electronics

Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement: Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

« Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

« The report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate No: Z17-97239 Page 2 of 3
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Add: No.51 Xueyuan Road, Haidlan District, Begjing, 100191, Chine
Tel +86-10-62304633-2218 Fax: +86:10-62304633-2200
F-mail- ont)@chinmtl com Http:/'www chinmtl.cn

DC Voltage Measurement
AID - Converter Resolution nominal
High Range: LS8 = 814V, full range = -100...+300 mV
Low Range: 1LSB = 810V, full range = 1 +3mV
DASY measurement parameters: Aulo Zero Time: 3 sec. Measunng time- 3 sec

Calibration Factors X Y Z

High Range | 404.138 = 0.15% (k=2) | 404.330  0.15% (k=2) | 404714 = 0.15% (k=2)

Low Range 397217 £ 0.7% (k=2) | 397384 £ 0.7% (k=2) | 3.95842 + 0.7% (k=2)
Connector Angle

Connector Angle 1o be used in DASY system 2206°+1°¢

Certificate No: Z17-97239 Page 3 of 3
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ANNEX H Probe Calibration Certificate
Probe EX3DV4-SN: 3633 Calibration Certificate

, ™ W SEUT
WEEWL
ITL W CNAS:=
A No S Xuersoe Noad Hasdes Do, Dessng, 100191, (Chins fovbe an
Ted R0 1042308815 2218 P M0 MG 22
Eqmall athichinat | som LSS T
Client CTTL(South Branch) Certificate No: Z18-97014
CALIBRATION CERTIFICATE |
Obyect EX30V4 - 6N.3833
Calieation Procedure]s) FF-211-004.01

Calvration Procedures for Dosimetric E-fleld Probes

Calibration date Febauary 01, 2018

‘ This cakraton Cartificate dosuments the recesbiity 1o natanal standards, wheh feaize the physical umis of
measuwremants(Sl) The measuramants and the uncerainties with confidance probabity sre grven on the followng
Pages and are part of the cerlificas

All calbrations have bean conducted in the ciosed (sboralory factity environmant temperature22:3yC and
Rumsdity<70%

Calbration Equpment used (MATE crical for calibmation)

pm-ary Sandwas ow 7«.« L)alr Catirata by L.rrtvhcau- No . X Savo'!ut«n t.a ur:'cn '
Power Msle  NRP2 101919 AT (CTTL. Ne 17 XOS'\‘a'l Jun-18
Power sensor  NRP-ZRY | 101547 7 nAT ICTTL No JITXDSEST) Jun-18
Power sefsar  NRP-Z81 | 101848 ZTunA17 (CTTL, Na HTXD5857) Jun-18
Reference10aBAttenustar | 1BNSOW-1048 13- Mar-18(CTTL No J16X01547) Mar-18
Reference20dBAtienuatar | 1BNSOV-204B  13-Mar-10(CTTL No J18X01548) Mar-18
Reforance Frobe EX3OV4 | 5N 7464 12-Sep-1T(SPEAG N0 EX3.7484_Sep17) Sop-18
DAE4 SN 1524 13-Sep17(SPEAG No DAES-1524 Sep1?) Sep-18
Secondaty Stancards O Cal Date(Calbrated by Certificate No | Schaduled Calbration
S:aralGenreratorMG3T00A | 6201082608  27-Jun-17 (CTTL, No J17X0S858) Jun-1@
Network Aaatyzer ESO7IC | MY48110673  14-Jan-18 (CTTL, No J18X00561) Jan 18
| Name Function mqr.;[um
Calibeated by Yu Zongying SAR Test Enginesr 4 ;‘/b
Reviewed by
Lin Hao SAR Test Engineer ﬁ f)&o
Approvea by Ql Dianyuan SAR Project Leader —f—,(&:f’:__ :
issuad February 02 2018

This calibration cenfcate shall hot be reproduced except in full without wiittan approval of the Iabaratory

Cectificate No: ZI1897014 Pagetof 1)
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CALIBRATION LARORATORY
Adid: No 81 Xucywas Mond Hastian Dvrict, Beijug, 100191, Chane
Tt +Bh JORDIOMIZINE Py + K- 10A2TMO3-2200
v w chinattl

Camul ettt gchmaricom "
Glossary:
TSL tissue simulating hiquikd
NORMx.y.z sensitivity in free space
ComvF sensitivity In TSL / NORMx v,z
DCP diode Compression point
CF crast factor (1/duty_cycle) of the R¥ signal
ABCD modulation dependent lineasization paramoters

Polanization @ © rotation around probe aus

Polarization @ 0 rotation around an axis that s i the plane normal to probe axis (at measurement center), |

=0 Is normal to probe axis

Cannector Angle  information used in DASY system 10 align prabe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2013, "[EEE Recommended Practice for Determining the Pesk Spatial-Averaged
Specific Absorption Rate (SAR) In the Human Mead from Wisless Communications Devices
Measuremant Techniques™. June 2013

b) IEC 62208-1, "Measurement procedure for the asseasment of Specific Absorption Rate (SAR) from
hand-held and body-mounted devices used next 1o the ear (frequency range of 300 MMz to 6 GMz)"
July 2016

€) IEC §2208-2. "Procedure to determine the Spacific Absorption Rate (SAR) for wireless communication
Oevices used in ciose proximity lo the human body (frequency range of 30 Mz to 8 GHz)®. March
2010

d) KDE 865664, "SAR Measurement Requirements for 100 MHz o 6 GHz2"

Methods Applied and Interpretation of Parameters:

*  NORMx yz Assessed for E-field polarization 8=0 (fsS00MHz in TEM-call: F> 1800MHz; waveguide;
NORMx y,2 are onfy intermediats values, | ., the uncertainties of NORMx.v.z doss not effact the
£ heid uncertainty inside TSL (see below GonvF)

¢ NORM(Nx,y.z = NORMx.y.2* frequency_response (see Frequency Response Chart), This
Inearnzation is implemented m DASY4 software versions later than 4.2 The uncertainty of the
fraquancy response s included i the stated unceriainty of CanyF

* DCPx.y.2 DCP are numecical linsarization parameters assessed based on tha data of power sweep
(no uncertainty required). DCP dous not depend on frequency nor media,

« PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
chavactenstics,

o Axyz Boyr CryzVRxyzAB.C are numerical linearization parameters sssessed basad on the
data of power sweep for specific modulation signal. The parameters do not depand an frequancy nor
madia VR is the maximum calibration rango expressed in RMS voltage across the dode.

»  ConvF and Boundary Effect Parameters. Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fSBOOMHz) and inside waveguide using analytical fiekd distributions tasad on
power maasurements for f >B00MMz. The same setups are usad for assessment of the parameters
apphed for boundary compensation (alpha, depth) of which typical uncertainty vaiued are given
These perameters are Used in DASY4 software to improve probe accuracy close to the boundary,
The sensitvity in TSL comesponds 1o NORMx yz* ConvF whereby the uncertainty corresponds to
that given for Conv. A frequency dependent ConvF is used m DASY version 4 4 and higher which
allows extending the validity from:50MHz tox100MHz,

»  Sphancal isciropy (30 deviation from isotropy). in a fieid of kw gradients realized using a fiat
phantom exposed by & patch antenna.

« Sansor Offset: The sensor ofset corresponds to the offset of vinuat measurement center fram the
probe tip {on probe axs), No tolerance required.

«  Connector Angle. The angle is assessed using the information gained by determining the NORMx
(no uncertainty requirad)

Cenificate No: Z18-97014 Prgetof 11
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CALIBRATION LABORATORY
AUS N X Xoeyuan Roul. Phaides Deitiet, Deting, 100191, Ching
Pel: « M- 1002 VM3 2-220K Fan o 010062 30481322
Lzt cobd chiisamn! vom LA Wy ihiatl s

Probe EX3DV4

SN: 3633

Calibrated: February 01, 2018
Calibrated for DASY/EASY Systems

(Note: nan-compatbie with DASY2 systam|)

Certificate No. Z18470)4 Page Sof 11
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In Colatxmaton was
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CALERATION LABORATORY
Add: No 31 Xucynsn Rosd Hadian Divtoa, Heyeg, 100191 Chans
Teh 801062 MMR15. 2218 Faw 801230001 32200

Eanul ottt 2chiess] com Lo oo chunatil s

DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3633

Basic Calibration Parameters

P ——

____ |semsorx  SensorY  [Sensorz | Unc(ke2)
Norm(pVi(Vim)’)* 039 0.37 0.38 | #100%
L BCPmV)* 86.8 985 88.2 |

Modulation Calibration Parameters

T

uip Communication | A 8 c D | VR Unc® |
System Name | d8 d8.uv a8 - mv (k=2)
0 cw ix o0 |oo 1.0 000 [1458 |124%
iy oo oo 10 1454
[ iz oo oo 10 145.7

The reported uncenainty of measurement is siated as the standard uncertainty ol‘
Measurement multiplied by the coversge factor k=2, which for 2 normal distribution |
Carresponds to a caverage probability of approximately 85%

* The uncartaintes of Norm X, Y. 2 do not afect the E*-fiskd uncensnty Inside TSL. (soe Page 5 ana Page 6)
* Numarical linearization parameter uncertainty not requred

« Uncartainty is determined using the max deviation from lin2ar response apolying reciangular distributon
and = sxpresaed for the square of the field value

Cernificate No. 21897014 Pagedof 1)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3633

Calibration Parameter Determined in Head Tissue Simulating Media

i - , g Y

roarage | e " “":"y‘m"","’ ConvF X | ConvF ¥ | ConvF Z | Alpha® | 2" :‘,‘;‘?‘ll_..'
750 419 089 933 | 933 | 033 | 025 | 080 | +121%
800 415 097 925 | 926 | 025 | 014 | 127 | z121%

| 1450 405 120 843 | 843 | B43 | 012 | 132 | tt21%

| 1750 401 1.37 812 | 812 | 812 | 022 | 108 | +121%
1900 400 140 781 | 781 781 | 025 | 088 | 2121%
2000 40.0 140 782 | 782 | 7R [ 023 | 101 [+129%
2300 35 167 787 | 787 | 7&7 | 048 | 078 | t121%
2450 382 180 742 | 742 | 742 | 048 | 077 | t121%
2600 38.0 1.86 728 | 728 728 | 061 | 070 | f121%
3500 379 251 6.82 6.82 882 | 057 | 087 | +133%
5250 359 4T 561 | 561 | 881 | 040 | 140 | =133%
5800 356 507 488 480 | 488 | 040 | 135 [+133%
5750 | 354 522 | 481 | 481 | 481 | 045 | 160 | =133%

© Frequency validity above 300 MHz of +100MHz only spiies for DASY v4,4 and highar (Page 2). else & in restricted to
250MHz The uncerninty is the RSS of ConvF uncenainty at calibration fréquency and the uncarmnty for the Indicated
frequancy tana Frequency valdty below 300 MMz i £ 10, 25, 40, 50 and 70 MHz for Com# assesaments at 30, 64, 128
150 and 220 MHz respectively. Above 5 GHz trequency validity can be extended 1o 2 110 MHz

" At frequency below 3 GHz, the validiy of issue parameters (¢ and o) can be reiaxed 1o £10% # lquid compansation
farmuia |s appied ta measured SAR values. Al frequencias above 3 GHz, the vaidity of tissue paramatens (¢ and o) &
restricted o 25%. The uncenainty is the RSS of the CoavF Lacertainty for indicated target tissue parameters

“ AlphaDesth are determined during callbration. SPEAG warrants that the remaning devanicn due o e boundary
effect uhar compansalicn is aiways less than £ 1% for frequencies below 3 GHz and below £ 2% for the fraquencies
vetwsen 345 GHz at any distance lacger than half the probe tp diameter from the boundary,

Certilicate No: 21897014 Page sof 1
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TTL n Codatoranon mmm
CAUBRATION LABORATORY

AL No 31 Xueyuan Road. Flardss Dutras, Bl fing, 100191, Chiina
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3633

Calibration Parameter Determined in Body Tissue Simulating Media

onductivi @

f [MHz)® m“m'"' 1™ Wm)?’ ConvE X | ConvFY | ConvE Z | Alpha® m |::;“
750 855 058 %69 049 960 | 040 | 060 | £121% |
900 55,0 1.08 933 933 933 | 024 | 114 | £121%
1450 540 130 BAT 847 847 | 043 | 130 | +12%

[ 175 514 1.49 808 805 | 805 | 020 | 114 | +121%
| 1800 533 1.52 1.75 7.75 7.75 012 | 180 | £12.1%
[ 2000 533 152 7.73 7.73 773 | 018 | 124 | =121%
2300 828 181 [ 1N 771 771 | 055 | 081 | +121%
| 2450 827 195 147 747 747 | 032 | 124 [+12.1% |
2600 525 2.16 731 | 731 | 731 | 038 | 101 | £121%
3500 513 331 643 | 843 643 | 060 | 006 | +133%
5250 488 5.36 §15 | 515 5§15 | 045 | 160 | £133%
| 5500 485 577 433 433 433 | 050 | 170 | =133%
5750 | 483 564 448 448 448 | 050 | 170 | +133%

© Fraguency validity sbove 300 MHz of $100MM2 anly anphies for DASY vd & and higher (Page 2), sise I Is restricted 1o
250MHz. The uncartainty i the RSS of Com uncedanty at calbration fraquency and the uncestanty for the indicated
fraquency band. Fraquancy validity below 300 Mtz s £ 10, 25, 40, 50 and 70 Mz for ConvF assessments ot 30, 54, 128,
150 and 220 MMz respectively. Above § GHz frequency validity can be extended 1o £ 110 MHz

" At frequancy below 3 GHz. the valdty of tssue parameters (¢ and o] can be relaxad % +10% 4 bquid compensatan
formuta s applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parsmaters (£ and o) 1s
resiricied 1o £5°% The uncertanty is the RSS of the ConvF uncenainty for indicated targel tissue parametars

“ Apha/Dapth are deserminad during calibration. SPEAG warrants that ihe ramanng deviation due to the boundary
effect ahier compansation s always less than £ 1% loc frequencies below 3 GHz and below £ 2% lor the froguonces
between 3-5 GHz at any distance larger than haf the probe bp diameter from the boundary.

Cenificate No: Zi8-970 14 Pagesal 11
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

164
144
13.:
124
114
1.0 ’ ‘v : e .
08+
08
0.7 4

0.8 +

Frequaency response (normalized)
e

05

T T T ¥ T ¥ M
0 500 1000 1500 2000 2500 3000

. f [MHz
TEM Lo ok

Uncertainty of Frequency Response of E-field: £7.4% (k=2)

Cernificase No: 21897014 PageTof 11
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CALIBSATION LABORATORY

Add No: 31 Xucs e Nowd, Haidian Dvericr, Rosmg, 180191, Ching
Ted M- 1002 5006032210 Fas A0 62 )00 132200
Foomil ovtashmantl oom LUV TN T T ey

Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)

Centificate No. 21897014 Pegevol 1
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CALIRATION LABORATORY

A N 31 Nwey v Ruossl. Flaadian Diatrict. Siesjrg, 100191, (hins
Tet 406 10A2 3034352210 Vi 90 RS2 HATI- MM
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Dynamic Range f(SAR}.q)
(TEM cell, f = 900 MHz)

10 gtginnis

Input Signal[uV]
5
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- T T T T e
1[4 10 1w 18 0 "
e _____SAR[mWicm] e
[~®  not compensated s 4 compensated
Uncertainty of Linearity Assessment: £0.9% (k=2)
Certificute No: Z1KN1 14 Pagevef 11
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CALIBRATION LASORATORY
Addl Mo 41 Xoosuan Road, Hades Divings, Phetfing. 100091, China
Ted oM JOST0MRTA 2010 Fon +306- 10623090 152200
Eotnad). el g o] oo 1B won chaatilae

Conversion Factor Assessment
=800 MHz, WGLS RS(H_convF) f=1750 MHz, WGLS R22(H_convF)

400 0 AN ¥ UM 00 LM um

0 '
Uncertainty of Spherical Isotropy Assessment: £3,2% (K=2)

Cenificate No: 21597014 Page 100f 11
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Al N $1 Xy wmrt R, Haidhase Disinet. tisiimg, 100191, Clins
Fot g
DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3633
Other Probe Parameters . o
;mot Arrangement Triangular
 Connector Angle (*) 718
Mechanical Surface Detection Mode enabled
' Optical Surface Detection Mode disable |
-Tr;be Overali Length 337mm -‘
Probe Body Diameter 10mm |
?p Length Smm |
Tip Diameter 2.5mm
Probae Tip to Sensor X Calibration Point N imm
Probe Tip to Sensor Y Cafibration Point imm |

Probe Tip to Sensor Z Calibration Point ‘

Recommended Measurement Distance from Surface ‘

Certificate No: 21897014 Pagetiof )
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ANNEX | Dipole Calibration Certificate

750 MHz Dipole Calibration Certificate

Calibration Laboratory of S0 S Schwelzsrischer Kafibrierdienst
Schmid & Partner % G Servies suisso détalonnage
Engineering AG T Servizio svizzero di taraturs

Zeughausstrasse 43, 8004 Zurich, Switzerland % :.ﬁ.\-‘"} S swiss Calibrstion Service
Aceredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilsteral Agreement for the recognition of calibration certificates

client  TMC-SZ (Auden) Certificate No: D750V3-1163_Sep16
CALIBRATION CERTIFICATE

Ovjact D750V3 - SN:1163

Catbration peecatiurafs) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calbration date: September 19, 2016

This calibration cetfoate do tha abity to r | standards, which realize the physical units of measurements (SI).
Tha sments and tha un ias with confidence probability are given on the following peges ard are part of the cerificate.
Al cadtrations have bean canducted in the closed lab y facility; arrd Wl tamp ire (22 + 3)°C and humdity < 70%.

Calibration Equipment used (MATE criticat for calibeation)

Primary Standurds DV Cal Date (Certificate No,) Scheduled Calbration

Powar motar NRP SN 104776 08-Apt-18 (No. 2170228812289} Aprt?

Power sansor NRP-Z81 SN: 103244 06-Apr-16 (No. 21702288) Apr17

Power sansor NAP-Z51 SN 103245 06-Apr-16 (No. 21702289) Ape-17

Redecence 20 9B Aneruator SN: 5058 (20K) 05-Apr16 (No. 217-02262) Apr-17

Type-N mismaich combination SN; 5(47,2 7 06327 0&-Apr-18 (No. 217-02265) Apr-17

Reterence Probe EX30V4 SN: 7349 15-Jun-16 (No. EX3-7348_Jun16) Juna7

DAE4 SN 601 30-Dec-15 (No. DAE4-6801_Dects) Oec 16

Secondary Stardards D Check Date (in housa) Scheduled Check

Power mater EPM-4424 SN: GB37480704 07-0ct-15 {No. 217-02222) In housa chack: Oct-16

Power sansar HP B481A SN: US37282783 07-Oct-15 (No, 217-02222) In housa chack: Oct-18

Power sensar HP BaB1A SN; MY41082317 07-0c1-15 (No, 217-02223) In house check: Oct-16

RF generator RAS SMT-06 SN: 100872 15-Jun=15 (in house check Jun-15) n house chack: Oct-16

Network Anaiyzer HP B753E SN: US37300585 1800101 {in housa check Oct-15) 0 house chack: Ocl-16
Name Function Synature R

Calibrated by, Jotan Kastrati Labeentory Techrician — -
A oy Katja Pokovic Yecheiical Manager % g

Issued: September 18, 2016

This calibrasion carificate shall not be epeoduced aecapt in full without weilten sppeoval of the tlaborstory.
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Calibration Laboratory of A, Schwelzerischer Kalibrierdienst

Schmid & Partner — 8 Service suisse d'étalonnage
Engineering AG e C  Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland TN S Swiss Calibration Service

Accreditad by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA

Muttilateral Agr for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) |IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D750V3-1163_Sepit Page 2of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220 +0.2)°C 41028% 0.91 mho/m £ 6 %
Head TSL temperature change during test <05°C - —
SAR resuit with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW Input power 211 Whkg
SAR for nominal Head TSL parameters normalized to 1W 8.26 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.38 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.43 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220"'C 555 0.66 mho/m
Measured Body TSL parameters (22.0+0.2)°C 549:6% 0.99 mho/m + 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW Input power 2.20 Whkg
SAR for nominal Body TSL parameters normalized to 1W B.58 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW Input power 1.44 W/kag
SAR for nominal Body TSL paramaters normalized to 1W 5.64 W/kg = 16.5 % (k=2)

Certificate No: D750V3-1163_Sep16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5450Q-181Q
Return Loss -26.8dB
Antenna Parameters with Body TSL
Impedance, transformed to teed point 4380Q-3510
Return Loss -29.0d8
General Antenna Parameters and Design
| Esectrical Delay (one direction) | 1.032 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

June 23, 2016

Certificate No: D750V3-1163_Sep16
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DASYS5 Validation Report for Head TSL

Date: 19.09.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: D750V3 - SN1163; Type: D750V3; Serial: SN1163

Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: f = 750 MHz; 6 = 0.91 S/m; & = 41; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 15.06.2016;
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
« DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 58.31 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.16 W/kg

SAR(1 g) = 2.11 W/kg; SAR(10 g) = 1.38 W/kg

Maximum value of SAR (measured) = 2,79 W/kg

-2.00
-4.00
-6.00

-10.00

0dB =279 W/kg =446 dBW/kg

Certificate No: D750V3-1163_Sep18 Page 50l B
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Impedance Measurement Plot for Head TSL

19 Sep 2016 12:00:36
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DASYS5 Validation Report for Body TSL

Date: 19.09.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: D750V3 - SN1163; Type: D750V3; Serial: SN1163

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; o = 0.99 S/m; & = 54.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 15.06.2016;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA,; Serial: 1001

DASY52 52.8.8(1258), SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 57.12 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.33 W/kg

SAR(1 g) = 2.2 W/kg; SAR(10 g) = 1.44 W/kg

Maximum value of SAR (measured) = 2.94 W/kg

-2.20

-4.40

-6.60

-8.80

0dB = 2.94 W/kg = 4.68 dBW/kg

Centificate No: D750V3-1163_Sep16 Page 7 of 8
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Impedance Measurement Plot for Body TSL

19 Sep 2016 08:97:18
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835 MHz Dipole Calibration Certificate

‘/ \“
“ -

Add: No.5T Xueyuan Road, Haidiss Districs, Betfleg, 100191, China 4, r\ W CALIBRATION
Tel: +86-10-62304633-2079 Fax: “N6-10-623M633-2504 UG No. L0570
E-mail: enthigchinat] com Litpatwww.uhimesi on
Client CTTL{South Branch) Certificate No: 21597173
5 y B i i e e o 3 r— ]
e — & -
Object D835V2 - SN: 4d057
Calibration Procedure(s) FD-211-2-003-01
Calibration Procedures for dipole validation kits
Calibration date: October 22, 2015

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measuraments and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been canductad in the closed laboratory facility: environment temperaturei22+3)C and
humidity<70%

Caiibration Equipment used (M&TE critical for caiibration)

Primary Standards 1D # Cal Date(Callbrated by, Cerfificate No.) Scheduled Calibration
Power Meter NRP2 101818 01-Jui-15 (CTTL, No.J15X042586) Jun-18
Power sensor NRP-281 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Reference Probe EX3DV4 | SN 3617 26-Aug-15(SPEAG No.EX3-3617_Aug15) Aug -16
DAE4 SN 777 26-Aug-15(SPEAG No. DAE4-777_Aug15) Aug -16
Secondary Standards ID# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signai Generator E4438C | MY49071430  02-Feb-15 (CTTL, No.J18X00728) Feb-18
Network Analyzer E5071C | MY48110673  03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signature
Cafioruted by: Zhao Jing SAR Test Engineer é f
Redemed by: Qi Dianyuan SAR Project Leader
Approved by. Lu Bingsang Deputy Director of the laboratory Ep.
Issued: October 2015

This cafibration certificate shall not be reproduced except In full without written approval of the iaboratory.

Certificate No: Z15-97173 Page 1 of &
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AGE No 31 Xueyuan Roadd, Tsidian Distriet, Beifing, 100191, Ching
Tel + B6-10.623(4633-2079 Faoc «86-10-62304633-2504

E-mail: ctel@chinatd com Hntp/'wwiw chinanl cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

c) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation;
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.

= Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated s transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

» SAR measured: SAR measured at the stated antenna input power.

¢ SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z15-97173 Page 2 of §
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E-mail- ctt @ehinate] com Hitpiwww chimatt].cn
Measurement Conditions
DASY system configuration. s far as not given on page 1.
DASY Vorsion ] DASYS2 52881222 ]
Extrapotation Advanced Extrapolation
Phantom Triple Fiat Phantom 5.1C
Distance Dipoke Centar - TSL 15 mm with Spacer
Zoom Scan Resolution dx dy, dz=5mm
Frequency 835 MHz = 1 MMz
Head TSL parameters
The following parametars and calculations were applied
Temperature Pormittivity Conductivity
Nominal Head TSL parametars 20°C 445 0.80 mha/m
Measured Head TSL parameters (220202)°C 422:8% 0.91 mha/m =6 %
Head TSL temperature change during test <10°C — —_
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Candition ==
SAR measured 250 mW input power 231mwWig
SAR for nominal Head TSL paramsters normalized 1o TW 9.22 mW /g £ 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW Input power 151mW/ig
SAR for nominal Head TSL panametors nommatized to 1W 6.03 mW /g £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL paramaeters (220£02)°C 55.126% 0.98 mho/m £ 6 %
Body TSL temperature change during test <10*C e —_
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 234mW/g
SAR for nominal Body TSL parameters normalized to W 9.44 mW /g 2 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g} of Body TSL Caondition
SAR measured 250 mW input power 154mWig
SAR for nominal Bady TSL parameters normalized to 1W 6.20 mW /g £ 20.4 % (k=2)

Certificate No: Z15-97173 Page 3 of 8
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Add: No.51 Xusyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62308633-2079 Fax: *B6-10-62304633-2904
Femall: eetli@chimatt!.com Hitp:'www chinattl on

Appendix
Antenna Parameters with Head TSL

Impedance, ransformed to feed point 4920-3.1210
Retum Loss -26.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4810- 5380
Retum Loss -24.748 I

General Antenna Parameters and Design

IEWWW(&!M) ] 1.500 ns ]

After long term use with 100W radisted power, only a slight waming of the dipole near the feedpoint can
be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connectad to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, wdlmammaddedbﬂndmamsmmwimmmwhlngmnbaded
according to the position as explained In the "Measurement Conditions™ paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard

No excessive force must be applied to the dipole armns, because they might bend or the soidered
connections near the feedpoint may be damaged.

Additional EUT Data

Manufacturad by SPEAG

Certificate No: 21597173 Page dof 8
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Add: No.51 Xeeyuan Road, Haidian Disirict, Bejing, 100191, Chine
fek +86-10-623(M633-2079 Fux +86-10-62304633-25(0M
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DASYS Validation Report for Head TSL Date: 10.22.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serinl: D835V2 - SN: 4d057
Communication System: UID 0, CW; Frequency: §35 MHz:Duty Cycle: 1]
Medium parameters used: f= 835 MHz; o = 0.907 S/m; ¢, =42.15; p = 1000 kgr‘m'
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(9.56, 9.56, 9.56); Calibrated: 8/26/2015;

« Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn777; Calibested: 826/2015

= Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

»  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

Dipale Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=Smm.
dy=5mm, dz=5mm

Reference Value = 57.74 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.47 Wikg

SAR(1 g) =2.31 W/kg; SAR(10 g) = 1.51 W/kg

Maximum value of SAR (measured) = 2.94 Wikg

dB
0

21|

-4.21

$.32

-8.42

-10.53

0dB =294 W/kg = 4.68 dBW/kg

Certificate No: Z15-97173 Puge S of §
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Add; Nu.51 Xueyuan Road, Huidisn District, Beijing, 100191, China
Tek +86-10-62304633-2079 Fax: +B6-10-62304633.2504
Evmail: ctel@chinmtl com Hitgr: ' wwwe ehinatlcn

Impedance Measurement Plot for Head TSL
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. In Collaboration with
T n’ CALSRATION LABORATORY
Add: No. 31 Xueyuan Road, Hadian District, Beging, 100091, Chins
Tel: +80-10-62304633-2079 Fax. =R6- 116230463 32504
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DASYS Validation Report for Body TSL Date: 10.222015

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 44057
Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used: f = 835 MHz; o = 0,958 S/m; &, = 55.11; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS5 Configuration:

o Probe: EX3DV4 - SN3617; ConvF(9.71,9.71, 9.71); Calibrated: 8/26/2015:

* Sensor-Surface: Zmm (Mechanical Surface Detection)

« Electronics: DAE4 Sn777; Calibrated: 8/26/2015%

» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 PS| CA; Serial: 1161/1

«  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=Smm, dz=5Smm

Reference Value = 56.68 V/m; Power Drift=-0.01 dB

Peak SAR (extrapolated) = 3.46 W/kg

SAR(1 g) = 2.34 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (messured) = 2.95 Wikg

6.21

8.28

1035 - —

0dB =295 W/kg = 4.70 dBW/kg

Certificate No: Z15-97173 Page 7ol 8
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In Collatboranon with

Add: No 51 Xueyuan Rosd, Haidian District. Begjing, 100191, China
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Impedance Measurement Plot for Body TSL
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In Coliaborneion with SN,
SN~
CALERATION LABORATORY S an
<
Adit: No.51 Xueyuan Road, Haidian District, Beijing. 100191, Chisa *, ,.ﬁ_\..\" CALIBRATION
Teb: +86-10-62304633-2079 Fux: 486-10-62304613-2504 s No. L0570

E-mail: otti@chinan|. com

HugSwawadinatthon

Certificate No: 21597178

Client

ww

Object
Calibration Procedure(s)

Calibration date:

pages and are part of the certificate.

humidity<70%.

D1800V2 - SN: 2d147

FD-Z11-2-003-01
Calibration Procedures for dipole validation kits

November 3, 2015

Calibration Equipment used (MBTE critical for calibration)

This callbration Certificate documents the traceability to national standards, which reasfize the physical units of
measurements{Si). The measurements and the uncertainties with confidence probability are given on the following

All calibrations have been conducted in the closed laboratory facility. environment temperature(22:3)C and

Issued: November 8, 2015
This calibration certificate shail not be reproduced except in full without written approval of the laboratory,

Primary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor  NRP-Z81 | 101547 01-Jul-15 (CTTL, No.J15X04258) Jun-18
Reference Probe EX3DV4 | SN 3817 26-Aug-15(SPEAG No.EX3-3617_Aug15) Aug -16
DAE4 SN 777 26-Aug-15(SPEAG No DAE4-777_Aug15) Aug -18
Secondary Standarda ID# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signa! Generator E4438C | MY46071430 02-Feb-15 (CTTL, No.J16X00729) Feb-16
Network Analyzer ESQ71C | MY46110673 03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signatura
Coorated by: Zhao Jing SAR Test Engineer .‘{/
Rantennd by; Qi Dianyuan SAR Project Leader 5
Aeproved by Lu Bingsong Deputy Director of the laboratory "v’b@

Certificate No: Z15-97178
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |[EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

b) IEC 62209-1, "Pracedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

c) KDB865664, SAR Measurement Requirements for 100 MHz to 8 GHz

Additlonal Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions. Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement al the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

= Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power,
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

* SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result,

The reported uncertainty of measurement Is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 85%.

Certificate No: Z15-97178 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not gven on page 1
DASY Version DASYS2 52881222
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Canter - TSL omm with Spacer
Zoom Scan Resolution dx. dy, dz =5 mm
Frequency 1600 MMz £ 1 MHz
Head TSL parameters
The following parametars and caiculations were applied.
Temperature Pormittivity Conductivity
Nominal Head TSL parameters 20°C 400 1.40 mho/m
Measured Head TSL parameters (220402)*C 89:6% 1.38 mhoim £ 6 %
Head TSL temperature change during test «<10°C — —
SAR result with Head TSL
SAR averaged over 1 i1 (1 g) of Head TSL Condition
SAR measured 250 mW input power 870mMW/g
SAR for nomenal Head TSL paramoters normalized to W 38.8 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Hoad TSL Condition
SAR measured 250 mW nput power 514mWig
SAR for nominal Head TSL parametars normalized to 1W 20.6 mW fg £ 20.4 % (k=2)
Body TSL parameters
Temparature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.62 mho/m
Measured Body TSL parametors (220202 'C 5426 % 1,61 mhoim £ 8 %
Body TSL temperature change during test <10°C — — |
SAR resuit with Body TSL ‘
SAR averaged over1 cm' (1 g) of Body TSL Condition
SAR measurad 250 mW input power 98ImW/g
SAR for nominal Body TSL parameters narmalized to 1W 39,6 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Body TSL Condition
SAR measured 250 mW Input powear 524mWig
SAR for nominal Body TSL parameters normalized to 1W 21,1 mW /g £ 20.4 % (k=2)

Certificate No: Z1597178 Page 5 of 8
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 47 60)- 3.68)0
Ratun Loss - 26 648

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4.40.8.1710
Retum Loss -21.1dB

General Antenna Parameters and Design

[emmu Delay (one diwection) | 1221 ns |

After long term use with 100W radiated power, only a siight warming of the dipole near the feedpoint can
be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected 1o the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipole arms in order o improve matching when loaded
according to the position as explained in the "Measurement Conditions™ paragraph. The SAR dats are not
affected by this change. The overail dipole length is still according to the Standard
Noexouﬂwfommustbeappliedwmcmms.becawetheynigMbendormesoldorod
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG H

Certificate No: Z15-97178 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 11.032015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1800 MHz; Type: DI800V2; Serinl: D1800V2 - SN: 2d147
Communication System: UID 0, CW; Frequency: 1800 MHz; Duty Cycle; |:1
Medium parumeters used: = 1800 MHz; 6 = 1.388 S/m; gr = 38.94; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe: EX3DVA4 - SN3617; ConvF(8.13, 8.13, 8,13); Calibrated: 8/26/2015;

» Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn777; Calibrated: 8726/2015

» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

«  Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=3mm, dy=3mm, dz~Smm

Reference Value = 100.6 V/m; Power Drift = -0,06 dB

Peak SAR (extrapolated) = 17.7W/kg

SAR(1 g) = 9.7 W/kg; SAR(10 g) =5.14 W/kg

Maximum value of SAR (measured) = 13.9 Wikg

-3.39
-6.79
-10.18

-13.58

-16.97 -

0dB=13.9 Wkg= 1143 dBW/kg

Certificate No: Z15-97178 Page § of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.032015
T'est Laboratory: CTTL, Beijing, China
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: D1800V2 - SN: 2d147
Communication System: UID 0, CW; Frequency: 1800 MHz; Duty Cycle: 1:1
Medium parsmeters used: f= 1800 MHz: o = 1.512 $/m; & = 54.19; p= 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63,19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(7.88, 7.88, 7.88); Calibrated: 8/26/2015:

»  Sensor-Surface: 2mm (Mechanical Surface Detection)

+ Electronics: DAE4 Sn777; Calibrated: 8/26/201 5

* Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

o  Measuroment SW: DASY 32, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=Smm, dz=5mm

Reference Value = 96.79 V/m; Power Drift = <0.01 dB

Peak SAR (extrapolated) = 17.4 Wikg

SAR(1 g) = 9.83 W/kg; SAR(10 g) =5.24 W/kg

Maximum value of SAR (measured)=13.9 Wikg

-3.30

4.9

-13.22

L
-16.52 L ]

0 dB=13.9 Wikg = 11.43 dBW/kg

Certificate No: Z15-97178 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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1900 MHz Dipole Calibration Certificate
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Client CTTL(South Branch) Cortificate No: Z15-97179
\ -3 4- N _,A- & = “ nv " ..
Object D1900V2 - SN: 54088
P
Calibration Procedure(s) FD-211-2 "

Calibration Procedures for dipole validation kits

Calibration date: November 4, 2015

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(SI). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed Isboratory facility: environment lemperature(22:3)C and
humidity<70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101918 01-Jui-15 (CTTL, No.J15X04258) Jun-16
Power sensor  NRP-Z81 | 101547 01-Jul-15 (CTTL, No.J15X04258) Jun-18
Referance Probe EX3DV4 | SN 3617 26-Aug-15(SPEAG No EX3-3617_Aug15) Aug -16
DAE4 SN 777 26-Aug-15(SPEAG No DAE4-777_Aug15) Aug -16
Secondary Standards D# Cal Date{Cafibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 02-Feb-15 (CTTL. No.J15X00728) Feb-18
Network Analyzer ES071C | MY46110673 03-Feb-15 {CTTL. No.J15X00728) Feb-16

Name Function Signature

Cafibrated by: Zhao Jing SAR Test Engineer &{J

A by Qi Dianyuan SAR Project Leader

Approved by Lu Bingsong Deputy Director of the laboratory

Issued: Noves 8, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z15-97179 Page 1 of 8
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CALERATION LABORATORY
Add: No ST Xeeyuan Road, Haidian District, Befjing, 100191, Chins
Tel +86-10-62304633-2079 Fax: B0 10-62 3046332504
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

c) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further details are avaitable from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.

« Feed Point Impedance and Return Loss These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required,

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

« SAR measured' SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nommal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z15-97179 Page 2 of
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Certificate No: Z15-97179

Measurement Conditions
m&;&mm,m%dﬂnmup1
DASY Version DASYS2 52881222
Extrapolation Advanced Extrapolation
Phantom Triple Fiat Phantom 5,1C
Distance Dipole Center - TSL 10 mm with Spacer |
Zoom Scan Resolution dx, dy, dz = 6 mm
Frequency 1800 MHz = 1 MHz [
Head TSL parameters
The following parameters and calculations were apphed
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mha/m
Measured Head TSL parameters (220£02)°C 406:6% 1.3 mho/m 2 6 %
Head TSL temperature change during test <10°C - -
SAR result with Head TSL
SAR aversged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1mW/g
SAR for nominal Head TSL parametars normalized to 1W 40.8 mW ig £ 20.8 % (k=2)
SAR avoraged over 10 ¢m’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 522mWig
SAR for nominal Head TSL parametars normalized to 1W 21,0 mW fg £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations were appled.
Temperature Permittivity Conductivity
Nominal Body TSL parametars 220°C 533 1.52 mho/m
Measured Body TSL parameters (220:02)"C 541:6% 1.54 mha/m £ 8 %
Body TSL temperature change during test <10°C = =
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 103mW /g
SAR for nominal Body TSL parameters normaized to 1W 41,1 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 533mW/g
SAR for nominal Body TSL parameters narmalized to 1W 21.3 mW /g £ 20.4 % (k=2)

Page 3 of 8
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to foad point 52.70+ 7.33)0
Retum Loss - 22498 |

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.90+ 5,360
Retum Loss -254dB

General Antenna Parameters and Design

| Electrical Delay (one direction) [ 1.303 ns B

After long term use with 100W radiated power, only a slight waming of the dipole near the feedpoint can
be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna s therefore short-circulted for DC-signats. On some
of the dipoles, smali end caps are added to the dipole arms in order to improve matching when loaded
according to the position as explained in the "Measurement Conditions" paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard

No excessive force must be applied to the dipole arms, because they might bend or the solderad
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG ]

Centificate No: Z15-97179 Page 4 of &
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DASYS Validation Report for Head TSL Date: 11.04.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54088
Communication System: UID 0, CW; Frequency: 1900 MI{z; Duty Cyocle: 1:1
Medium parameters used: f= 1900 MHz; o = 1.385 S/m; er =40.56; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)
DASYS Configuration:

¢ Probe: EX3DV4 - SN3617; ConvF(8.07, 8.07, 8.07); Calibrated: 8/26/2015;

« Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn777; Calibrated; 8/26/2015

¢ Phantom: Triple Flat Phantom 5,1C; Type: QD 000 P51 CA; Serial: 1161/1

¢ Measurement SW: DASY 52, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

System Performance Check/Zoom Scan (Tx7x7) (7x7x7)/Cube 0: Measurement grid:
dx=3mm, dy=5mm, dz=Smm

Reference Value = 100.6 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 18.9W/kg

SAR(I g) = 10.1 W/kg; SAR(10 g) = 5.22 W/kg
Maximum value of SAR (measured) = 14.5 W/ikg

dB8
0

-3.66
-1.32
-10.99

-14.65

-18.31 .

0 dB = 14.5 W/kg = 11.61 dBW/kg ‘

Certificate No: Z15-97179 Page S of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.04.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN; 54088
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; o = 1.536 $/m; & = 54.05; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2007)
DASYS Conlfiguration:

« Probe: EX3DV4 - SN3617; ConvF(7.74, 7.74, 7.74); Calibrated: 8/26/2015;

¢ Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn777; Calibrated: 8/26/2015

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

o Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5Smm, dz=5mm

Reference Value = 96.09 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 18.9 W/kg

SAR(1 g) = 10.3 W/kg; SAR(10 g) = 5.33 W/kg

Maximum value of SAR (measured) = 14.9 Wikg

di
0

-3.52
-1.04
-10.57

-14.09 ‘

17,61 : L r

0 dB = 14.9 Wikg = 11.73 dBW/kg

Certificate No: Z15-97179 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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2450 MHz Dipole Calibration Certificate

“\‘-|-.,,

" In Collsboration with
S,
::!’1(:]?’::!!:’ ‘Illllll‘II---’IL--JI'---“I------ glliéiii:ié;iiiiéiil&
CALERATION LARORATORY » -
’{%\ - 3
Add: Nis 31 Xueyuun Road, Hasdian Diserict, Beijing, 10019), Ohina <, ol NS CALIBRATION
Tel: +N6-10-6204633-2079  Fax: +86-10-62304633-2504 “wly No. L0570
E-mail: cttl@eivinarn com Liuguiowoww ahinalen

. cugm mﬂﬂl .'lmh) Cortificate No:  Z15-97180

S S FD-Z11-2-003-01
Calibration Procedures for dipole validation kits
Calibration date: October 30, 2015

This caiibration Certificate documents the traceability 1o national standards, which realize the physical units of
measurements(Si). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cerificats,

All calibrations have been conducted in the closed laboratory facility: environment temperature(22:3)C and
numidity<70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certficate No.) _ Scheduied Calibration
Power Meter NRP2 101918 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor NRP-Z91 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Reference Probe EX3DV4 | SN 36817 26-Aug-15(SPEAGNo EX3-3617_Aug15) Aug-16
DAE4 SNT777 28-Aug-15(SPEAG No DAE4-777_Aug15) Aug-16
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 02-Feb-15 (CTTL. No.J15X00728) Feb-18
Network Analyzer ES071C | MY48110673  03-Feb-15 (CTTL. No.J15X00728) Feb-16
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer 4{1
Feend by Qi Dianyuan SAR Project Leader
Approid by Lu Bingsong Deputy Director of the laboratory

Issued: November 2015
This calibration certificate shall notbemptoducedencopmlullmmwmenapptmldlhﬂm

Certificate No: Z15-97180 Page 1 of 8
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Add: No. 51 Xueyuan Roed, Haidian District, Beijing, 100191, Chima
Tel: +26-10-62304633-2079 Faoc: +86-10-62304633-2504

E-enail- ctd@chinatt). com Hutp//'www.chinattl en
Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

¢) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

= Antenna Paramelers with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Return Loss: These paramelers are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required,

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

« SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncerainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probability of approximately 95%.

Certificate No; Z15-97180 Page 20f 8
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» In Colisboration with
777 3 p e a g
CALERATION LARORATORY

Add: No. 51 Xuoyuan Road. Haidian District, Beljing, 100191, Chisa
Tel: «46:10-62304633-2079 Fax: +86-10-6210863 32404
E-mail: cttli@chinattl.com Hupiwwwchinattlen

Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS52 52881222

Extrapolation | Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy, 8z = 5 mm
Frequency 2450 MHz £ 1 MMz

Head TSL parameters

The folowing paramaters and caiculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 392 1.80 mhom
Moasured Head TSL parametars (220:02)°C 401:6% 1.82 mhoim + 6 %
Head TSL temperature change during test <to‘C — -

SAR result with Head TSL

SAR averaged over 1 cm’ (1 g) of Head TSL Condtian
SAR measured 250 mW input power 1BImWig

SAR for nominal Head TSL parameters normaized 1o 1W 52.5 mW /g £ 20.8 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 601 mW/g
SAR for nominal Head TSL parameters normalized to 1W 261 mW /g £ 204 % (k»2)

Body TSL parameters
The and calculations were apphed.

Temperature Parmittivity Conductivity
Nominal Body TSL parameters 20°C 527 1.95 mhoim
Moasured Body TSL parameters (220202)C 531+6% 1.94 mho/m + 6 %

Body TSL temperature change during test <10'C — 2y

L

SAR result with Body TSL

SAR averaged over 1 cm’ (1 g) of Body TSL Candition
SAR measured 250 mW Input power 130mW/g

SAR for nominal Body TSL paramelers normalized to 1W 52.3 mW /g £ 20.8 % (k=2)
SAR averaged over 10 cm° (10 g) of Body TSL Conditlon
SAR measured 250 mW input power 807TmW/g

SAR for nominal Body TSL parameters normakzed to 1W 204 mW /g £ 20.4 % (k=2)

Certificate No: Z15-97180 Page 3 of 8
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CALIBRATION LABORATORY
Add: No. 5T Xeeyuan Rosd, Huldisn Districs, Bedjing, 100191, China

Teb +86-10-62304633-2079 Fax: =86-10-623(M633-2504
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5340+ 34210
Return Loss - 26 6d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5050+ 6,53|Q
Retumn Loss ~23.7dB

General Antenna Parametars and Design

| Eloctricat Detay (ane direction) 1.265 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpaint can
be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipoles, small end caps ace added to the dipole arms In order to improve matching when loaded
according to the position as explained in the "Measurement Conditions™ paragraph. The SAR data are not
affected by this change. The overall dipole length is stil according to the Standard

No excessive force must be applied to the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged

Additional EUT Data

—

| Manufactured by | SPEAG

Centificate No: Z1597180 Pagedofs
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Add: No.51 Xueyuan Road, Haidian District, Bedjing, 100191, Ching
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DASYS Validation Report for Head TSI Date: 10302015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 873
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium paramoters used: = 2450 MHz: o = 1.816 S/m; er=40.14; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

¢ Probe: EX3DV4 - SN3617; ConvF(7.24, 7.24, 7.24); Calibrated: 8/26/2015;

« Sensor-Surface: 2mm (Mechanical Surface Deiection)

« Electronics: DAE4 Sn777; Calibrated: 8/26/2013

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

o  Measurement SW: DASY 52, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=>5mm,
dy=5mm, dz=5mm

Reference Value = 106.1 V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 27.3 Wikg

SAR(I g) = 13.1 Wikg; SAR(10 g) = 6.01 W/kg

Maximum value of SAR (measured) = 20.1 Wikg

dB
0
-4.56
-9.12
-13.69
-168.2%
L
2281 | e ——
0dB = 20.1 W/kg = 13.03 dBW/kg

Certificate No: Z15-97180 Pagedof &
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impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 10.30.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 873
Communication System: UID 0, CW; Frequency; 2450 MHz; Duty Cycle: 1:1
Medium parnmeters used: f= 2450 MHz: o = 1.936 S/m; &, = 53.11; p= 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEENEC/ANSE €63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(7.35, 735, 7.35); Calibrated: 8/26/2015;

« Sensor-Surface: Zmm (Mechanical Surface Detection)

« Electronics: DAE4 Sn777; Calibrated: 8/26/2015

» Phantom: Triple Flat Phantom 5,1C; Type: QD 000 P51 CA; Serial: 1161/1

* Mceasurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14,6.10(7331)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0; Measurement grid: dx=5mm,
dy=5mm, dz=Smm

Reference Value = 100.0 Vim; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 26.3 Wikg

SAR(1 g) = 13 W/kg; SAR(10 g) = 6.07 W/kg

Maximum value of SAR (measured) = 19.5 W/kg

-4.42

-6.64

-13.27

-17.69

2211 | L

0 dB = 19.5 W/kg = 12.90 dBW/kg

Certificate No: Z15-97180 Page 7 of &
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Impedance Measurement Plot for Body TSL
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2550 MHz Dipole Calibration Certificate

Calibration Laboratory of

r £ N $ Kadioe
Schmid & Partner —— c Service sulese d atalonnage
Engineering AG e Servizio avizrero o taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand "f.\»’( S Swiss Calibeation Service

Accrodiied Dy e Swiss Accradialon Sanice (SAS)
The Swiss Accraditation Secvice ls one of the signatonios 1o the EA
Multidaternl Agresment for the recognition of calibration cenificates

cient TMC-SZ (Auden)
CALIBRATION CERTIFICATE

Objact D2550V2 - SN: 1010

Accracitation No. SCS 0108

Cortticats ¥o: D2650V2-1010_Jul15

| Caltration ocedure(s) QA CAL-05.v8

Calitsration procedure for dipole validation kits above 700 MHz

Caitomtion date

July 24, 2015

This calralion Cenitcaie documants e trmosabitty 1o natonal SIANGANL. WOVON 15alize W prysical units of 4 (S1)
The oy andg the ur witn cood: dity are ghvnn on thie folowing pages and ame part of e ceraticals
Al catbeatorm have been congucied In the cosed y taciity " (22 » 3°C and humkiey < 70%.
Caltwation Equpment uset (MATE oScll ke cuitraton)
| Primary Stndme o Cal Dase (Certhicate No.) dC
Power matar EPFAG442A GBITAHOTIM O7-Oct-14 (No. 217-02020) Octa5
Power sennor MY BABTA USGT2078 O7-0ct-14 (Ko 217-02000) (= 0
Power sensor HF B4EIA Mysr082317 07 Oct-14 (No. 217-02021) Qo158
Raterence 20 dB Anernaanor SN 5068 (20) 01-Ag-15 (No. 17-00131) Mar-18
Typa s masmatch sombination | SN: 5047.2 ¢ 06227 O1-ApAS (N0 1702134 Mar18
RAaterance Prove ES30VI SN: 5208 30-Dwc-14 (No. ES3-3205_Dec)d) Dec-1f
UAEs |BN 60t 1-Aug 14 (N DAES-601_Augtd) Augis
| Secordiaty SIanNdircs lips Check Datw (n houss) Sermared Checs
| AIF genotator &S SMT-06 100005 04 Aug90 (In house check 0113} In howse oheck: Oct-16
Network Anglyae: = 87538 US3ITI00585 5000 18-001.01 (in house check Oct-14) In hovse chece: Oct<15
Nams Functon
Caliombed by Joton Kastras Lavoratory
Apgroved by Hagie Pokowe Twchneal Manager
lssued: July 24 2018
L Tha f sl DOt DO FPIOOLOST axcapt In 1Ll withowt writion approval of e IWbonaiory
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Calibration Laboratory of PN Kalibri
Schmid & Partner % g Service sulsse détalonnage
Engineering AG i Sorvizio svizzoro di tarmturs
Zeughwusstrasse &3, 5004 Zurich, Switreriand & ,‘@)‘y’ \ S Gwiss Callbration Survice
Accrodits by the Swiss Accinaitalion Sarves (SA3) Accreditation No.: SCS 0108

The Swisa Accreditation Service is one of the signatories to the EA
Muttliateral Agresment fo¢ the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) In the Human Head from Wireless
Communications Devices: Measurament Techniques®, June 2013

b) IEC 62209-1, 'Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)*, March 2010

d) KDB 865684, “SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

«  Msasurement Conditions: Further detalls are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the fiat phantom section, with the arms oriented
parallel to the body axis.

e Fead Point Impedance and Return Loss: These parameters are measured with the dipoie
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

« Elsctrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required,

« SAR measured: SAR measured at the stated antenna input power.

» SAA normalized: SAR as measured, normalized to an input power of 1 W at the antenna
cannector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The r?oned uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 95%.

Cartificate No- DZSS0V2-1010_Ju1S Page 2046
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Measurement Conditions
DASY systern canfiguration, as far as not on pags 1
DASY Version DASYS vs288
Extrapolation Advanced Extrapolation
Phantom Modular Fat Phantom
Distance Dipole Centar - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy. dz = 5mm
Frequency 2550 MH2 + 1 MHz
Head TSL parameters
mmnmwwmsnmmw
Temporature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 391 1.91 mho/m
Measured Head TSL parameters (220202)"C 3756% 1.98 mho/m = 6 %
Head TSL tamperatuce change during test <05°C — -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g} of Head TSL Condition
SAR measuted 250 mW input power 14.7 Whg
SAR for nominal Hesd TSL patamaters pormalized to 1W 57.2 Wikg = 17.0 % (ke2)
SAR averaged over 10 cm’ (10 g} of Head TSL conditinn
SAR measured 250 mW Input pawer 8.67 Wikg
SAR for nomingl Head TSL paramotens normalized to 1W 26.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parsmeters and calculations ware appied.
Temperature Pormittivity Conductivity
Nominal Body TSL parameters 220'C 52.6 2.08 mhoym
Measured Body TSL parameters (220202)"C 521+6% 215 mhoim = 6 %
Body TSL temperature change during test <05'C — e
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR rmeasured 250 mW input power 139 Whg
SAR for nominal Body TSL parametars nonmalzed 10 1W 54.8 Wikg £ 17.0 % (k=2)
SAH averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW ingut power 632 Why
SAR for nominal Body TSL parameters nomalized 10 1W 25.1 W/kg = 16.5 % (ks2)

Cartificate No: D2550V2-1010_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance. transtormed (o feed pont . 5280Q-2010
Ratum Loss - 298548

Antenna Parameters with Body TSL

Impedance. transformed 1o feed point 5000-150
Ratum Loss <366 08

General Antenna Parameters and Design

| Electrica Deiay (one direction) | 1152 ns |

After Jong ferm use wih 100W radisted power, only a slight warming of the dipcie near the feedpoint can be maasured

The dipole is made of siandard semingld coaxial cable. The center conductor of the feeding iine 1 directty connected 1o the
sacond arm of the dpole. The antenna is therefore shorl-circulted for DC-signals. On some of the dipoles. small end caps
sre added 10 the dipole arms i order to iriprove masching when loaded according 1o the posifion as explaned in the
*Measurement Conditions* paragraph, The SAR data are not affected by this change., The overall dipole length i still
acconding to the Standard.

No axcessiva foros must be applied to the dipole arms, bacause they might band or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on August 03, 2012

Cenificate No: D2SSOV2-1010_Jut15 Page 4 of B
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DASYS5 Validation Report for Head TSL

Dute; 24.07 2015
Test Labormory; SPEAG, Zunch, Switzerland
DUT: Dipole 2550 MHz; Type: D2550V2; Serfal: D2SS0V2 - SN: 1010

Communication System: UID 0 - CW: Frequency: 2550 MHz

Medium parumeters used: = 2550 MHz; 0 = 1.99 S/m; £, = 37.5; p= 1000 kg/m'’
Phantom section: Fliat Section

Measurement Stundard: DASYS (IEEEAEC/ANSI C63.19-2011)

DASYS2 Configerution
e Probe: ESIDV3 - SN3205: ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601: Calibrated: 13.08.2014
e  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Senal: 1001

o DASY3Z5288(1222); SEMCAD X 14.6.10{7331)
Dipole Calibration for Head Tissue/Pin=250 mW, d= 10mm/Zoom Scan (7x7x7)/Cube 0:
Meusurement gnd; dx=Smm, dy=5mm, dz=Smm
Reference Value = 103.6 Vim; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 30.5 Wikg

SAR(1 g) = 14.7 W/kg: SAR(10 g) = 6.67 W/kg
Maximum value of SAR (measured) = 19.5 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB = 195 Wikg = 12.90 dBW/kg

Centcate No- D2550V2-1010_Juls Page 50t E
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impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 24072015
Test Laboratory! SPEAG, Zurich. Switzerland
DUT;: Dipole 2550 MHz; Type: D2550V2; Serial: D2550V2 - SN: 1010

Communication System: LD 0 - CW; Frequency: 2550 MHz

Medium parameters used: { = 2550 MHz: o = 2,15 S/m; &, = §2.1; p = 1000 kg/m’
Phantom section: Flat Section

Mesurement Standard: DASYS (IEEE/IEC/ANST C613.19-2007)

DASYS2 Configurution
« Probe: ES3DV3 « SN3205; ConvFi4.2, 4.2, 4.2); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surfuce Detection)
o Electronics: DAES Sn601; Calibrated; 18.08.2014
«  Phanton: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

o DASYS252.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube O:
Measutement grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 96.75 Vim: Power Drift = 0.00 dB

Peak SAR (extrupoluted) = 28,7 Wikg

SAR(I g) = 13.9 W/kg: SAR(10 g) = 6.32 W/kg

Maximum value of SAR (measured) = 18.5 Wikg

-4.00
-8.00
-12.00

-16.00

-20.00

0 dB = 18.5 Wrkg = 12.67 dBW/kg

Cortsficase No: D2650V2-1010_Jl15 Page 7of 4
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Impedance Measurement Plot for Body TSL
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5G Dipole Calibration Certificate

Calibration Laboratory of S, S Schwaizerischer Kalibrierdionst
Schmid & Partner P Sarvice sulsse d'étalonnage
Engineering AG % C' Servizio svizzero di tarstura

Zoughausstrasse 43, 8004 Zurich, Switzertand K7 S swiss Calibration Service
Accreditad by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilsteral Agr t for the recognition of catibration cortificates
cliemt  TMC-SZ (Auden) Certificate No: DSGHzV2-1238_Sep16
CALIBRATION CERTIFICATE

Otject D5GHzV2 - SN:1238

Galbration procedure(s) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

Calivration date: September 21, 2016

This calibration certificale documents the traceabiity 10 national standards, which realize the physical units of measuramants (S1)
The measuremens and the unceraintias with confidence probability are given on 1he felowing pages and are pant of the cedificate.

All calibrations hava bean conductad In the closed laboratory taciity: amvironmant temparature (22 + 3)*C and humidily < 70%.

Calibration Equipment used (MATE critical Tor calibeation)

Primary Stancards 1D ¥ Cal Date (Cortihcate No.) Schaduled Calbration

Pawer mater NRP SN: 104778 08-Ape-16 (No. 217-02280/022889) Apt-17

Power sensor NRP-291 SN 103244 06-Apr-16 (No, 217-02288) Apr-17

Power sensor NRP-Z91 SN: 103245 06-Ape-16 (No, 217-02289) Apra 7

RAeference 20 dB Attenuator SN: 5068 (20k) 05-Ape-16 (No. 217-02292) Aprd7

Typa-N mismatch combination SN: 50472/ 08327 05-Ape-16 (Na, 217-02295) Apr-17

Aeterence Probe EX3DV4 SN: 3503 30-Jun-16 (No. EX3-3503 Jun16) Jun-17

DAE4 SN: 601 30-Dac-15 (No, DAEZ-601_Dec15) Dec-16

Secondary Standards D¢ Check Date (In house) Schadued Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (No. 217-02222) In house check: Oct-16

Power sensor HP B481A SN: US37292783 07-Oct-15 (No. 21702222} In hause check: Oct-16

Power sensor HP 8481A SN: MY41082317 07-Oct-15 {No. 217-02223) In house check: Oct-16

AF gonarator HAS SMT-08 SN: 100872 15-Jun-15 {in house chack Jun-15) in housa check: Oct-16

Network Analyrer HP 8753E SN: US37390685 18-Oct-01 (in house check Oct-15) n house check: Oc1-16
Name Function nnlure

Calbrated by; Claudio Leubler Laboratory Techniclan

)
Approved by: Katia Pokoric Tochnical Manager /ﬁff g

Issued: Septamber 22, 2016

This calibration cerdificate shall not be reproducad axcapt In full without written appeoval of the laboatory

Certificate No: D5GHzV2-1238_Sep16 Page 101 16
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Calibration Laboratory of g“@"‘z; G  Schweizerischer Kalibrierdienst
Schmid & Partner ——t c Service sulsse d'étalonnage
Engineering AG = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ,ﬁ‘\y‘ S Swiss Callbration Service
Accredited by tha Swiss Accracitation Servica (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-2, *Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certiticate No: D5GHzV2-1238_Sep16 Page 2 of 16
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantorn V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz = 1 MHz
5300 MHz + 1 MHz
Frequency 5500 MHz = 1 MHz
5600 MHz = 1 MHz
5800 MHz = 1 MHz

Head TSL parameters at 5200 MHz

The lollowing paramelers and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m

Measured Head TSL parameters {(22.0+0.2)°C 346+6% 454 mho/m+6%

Head TSL temperature change during test <05°C - e
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.76 Whkg

SAR for nominal Head TSL parameters normalized to 1W 76,9 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured 100 mW input power 2.22Wikg

SAR for nominal Head TSL parameters normalized to 1W 21.9 Wikg = 19.5 % (k=2)

Certficate No: DSGHzV2-1238_Sep16
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Head TSL parameters at 5300 MHz

The lollowing parameters and calculations were applied.

No0.B18N00783-SAR
Page 208 of 224

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.76 mha/m

Measured Head TSL parameters (220+0.2)°C 344+6% 4,63 mho/m +6 %

Head TSL temperature change during test <05"C -
SAR result with Head TSL at 5300 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measured 100 mW input power B.38 W/kg

SAR for nominal Head TSL parameters normatized to 1W 83.0 W/ kg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 100 mW input power 2.40 Wikg

SAH for nominal Head TSL parameters normalized to 1W 23.7 Wikg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 356 4.96 mho/m

Measured Head TSL parameters (220+0.2)°C 342+6% 483 mho/m =6 %

Head TSL temperature change during test <05"C e —
SAR result with Head TSL at 5500 MHz

SAR averaged over 1 cm”® (1 g) of Head TSL Condition

SAR measured 100 mW input power 8.21 Wikg

SAR for nominal Head TSL parameters nomalized 1o 1W 81.3 W/kg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 100 mW input power 2.34 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W 23.1 Wikg = 19.5 % (k=2)

Centificate No: DSGHzV2-1238_Sep16
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.

No0.B18N00783-SAR
Page 209 of 224

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 385 5.07 mho/m

Measured Head TSL parameters (220=x02)°C 340£6% 4,93 mho/m£6 %

Head TSL temperature change during test <05°C e
SAR result with Head TSL at 5600 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measured 100 mW input power 8.38 Wikg

SAR for nominal Head TSL parameters normalized to 1W 82.9 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured 100 mW input power 2.39 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.6 Wikg £ 19,5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 353 527 mha/m

Measured Head TSL parameters (220+02)°C 33.7+6% 5.14 mho/m = 6 %

Head TSL temperature change during test <05°C —
SAR result with Head TSL at 5800 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.96 Wikg

SAR for nominal Head TSL parameters normalized to 1W 78.8 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 100 mW input power 2.26 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22,3 W/kg £ 19.5 % (k=2)

Certiticate No: D5GH2V2-1238_Sep16 Page 5ot 16
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The following parameters and calculations wese applied,
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Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 49.0 5.30 mho/m

Measured Body TSL parameters (22.0+0.2)°C 47546 % 545 mho/m £6 %

Body TSL temperature change during test <05°C e —
SAR result with Body TSL at 5200 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.48 Wikg

SAR for nominal Body TSL parameters normalized to 1W 74.4 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured 100 mW input power 2.10 Wikg

SAR for nominal Bedy TSL parameters nommalized to 1W 20.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz

The following parameters and calculations were applied
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 489 5.42 mho/m

Measured Body TSL parameters (220+02)°C 473=6% 5.59 mho/m £ 6 %

Body TSL temperature change during test <05°C e e
SAR result with Body TSL at 5300 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.69 Wkg

SAR for nominal Body TSL parameters normalized to TW 76.5 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 100 mW input power 217 Wikg

SAR for nominal Body TSL parametars normalized to 1W 21.5 Wikg = 19.5 % (k=2)

Certificate No; DEGHzV2-1238_Sep16
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Body TSL parameters at 5500 MHz
The following parameters and calculations wera applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 486 5.65 mho/m

Measured Body TSL parameters {(220=x02)°C 470+6% 5.86 mha/m + 6 %

Body TSL temperature change during test <05°C - —
SAR result with Body TSL at 5500 MHz

SAR averaged over 1 ¢cm” (1 g) of Body TSL Condition

SAR measured 100 mW input power 8.03 Wikg

SAR for nominai Body TSL parameters normalized to 1W 79.9 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL condition

SAR measured 100 mW Input power 2.23 Wikg

SAR for nominal Body TSL parameters normalized to 1TW 22,1 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were apphed.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 485 5.77 mho/m

Measured Body TSL parameters (220+02)°C 468=6% 6.00 mho/m + 6 %

Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.95 Wikg

SAR for nominal Body TSL parameters normalized to 1W 79.1 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured

100 mW inpul power

223 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

22,1 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1238_Sep16
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Body TSL parameters at 5800 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.2 6.00 mha/m

Measured Body TSL parameters (220+0.2)°C 464 6% 6.29 mho/m 2 6 %

Body TSL temperature change during test <05°C o
SAR result with Body TSL at 5800 MHz

SAR averaged over 1 cm® (1 @) of Body TSL Condition

SAR measured 100 mW input power 7.66 W/ikg

SAR for nominal Body TSL parameters normalized to 1W 76.2 W/kg + 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measurad 100 mW input power 2.13 Wikg

SAR for nominal Body TSL parameters normalized to 1TW 21.1 W/kg = 19.5 % (k=2)

Centificate No: D5GHzV2-1238_Sep16 Page 8 of 16




No0.B18N00783-SAR
Page 213 of 224

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5200 MHz

impedance, transformed to feed point 471Q-58[Q

Retumn Loss -236dB
Antenna Parameters with Head TSL at 5300 MHz

Impadance, transformed to feed point 5050-32i0Q

Return Loss -298dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed 10 feed point 4900+25|Q

Return Loss -31.2d8
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 50.00Q+060

Retumn Loss -44.1dB
Antenna Parameters with Head TSL at 5800 MHz

Impedances, transformed 1o feed point 5560 +18[Q

Retumn Loss -2514d8
Antenna Parameters with Body TSL at 5200 MHz

impedance, transformed to feed point 4864-34Q

Aetum Loss - 286d8
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed peint 4960-240

Retumn Loss -3234d8
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 4950 +25[

Return Loss -31.7d8
Certificate No: D5GHzV2-1238_Sep16 Page 9 of 16
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to leed point 5080+2510
Retum Loss -31.7dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed 1o feed point 56.00+3.0jQ
Return Loss -240dB

General Antenna Parameters and Design

| Electrical Delay {one direction) | 1.191 ns |

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according 1o the position as explained in the
"Measurement Conditions* paragraph, The SAR data are not affected by this change. The averall dipole length is still
according 1o the Standard.

No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 04, 2015

Cedtificate No: DSGHzV2-1238_Sep16 Page 10 of 16
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DASYS5 Validation Report for Head TSL
Date: 21.09.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1238

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz: o = 4.54 S/m; &= 34.6; p = 1000 kgfm

Medium parameters used; f = 5300 MHz; ¢ = 4.63 S/m; & = 34.4; p= 1000 kg,/m

Medium paramelers used: = 3500 MHz; o = 4.83 S/m; & = 34.2; p = 1000 kg/m

Medium parameters used; f = 5600 MHz; o =4.93 S/m; & = 34.0; p = 1000 kg/m

Medium parameters used: f = 5800 MHz; 6 = 5.14 S/m; & = 33.7; p = 1000 kg/m’ '
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.59, 5.59, 5.59); Calibrated: 30.06.2016, ConvF(5.14, 5.14,
5.14); Calibrated: 30.06,2016, ConvF(5.02, 5.02, 5.02); Calibrated: 30.06.2016, ConvF(4.89, 4.89,
4.89): Calibrated: 30.06.2016, ConvF(4.85, 4.85, 4.85); Calibrated: 30.06.2016;

« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Elcctronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

o DASYS5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=|.4mm

Reference Value = 70.35 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(1 g) = 7.76 W/kg; SAR(10 g) = 2.22 Wikg

Maximum value of SAR (measured) = 17.9 W/kg |

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=].4mm

Reference Value = 72.80 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 31.1 Wikg

SAR(1 g) = 8.38 W/kg; SAR(10 g) = 2.4 W/kg

Maximum value of SAR (measured) = 19.5 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan, |
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm '
Reference Value = 70.90 V/m; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 31.9 W/kg

SAR(1 g) = 8.21 W/kg: SAR(10 g) = 2.34 W/kg |
Maximum value of SAR (measured) = 19.5 W/kg

Certificate No: DSGHzV2-1238_Sep16 Page 11 of 16
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 71.51 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 32.8 W/kg

SAR(1 g) = 8.38 W/kg; SAR(10 g) = 2.39 W/kg

Maximum value of SAR (measured) = 20.0 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 69.07 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 32.5 Wrkg

SAR(1 g) = 7.96 W/kg; SAR(10 g) = 2.26 W/kg
Maximum value of SAR (measured) = 19.4 W/kg

dB
0

6.00
-12.00
-18.00

-24.00

-30.00

0dB =179 Wikg = 12.53 dBW/kg

Certificate No: D5GHzV2-1238_Sep16 Page 12 of 16




Ehenahen Acadenty of nfemmation

SAiC RIS SRR No.B18N00783-SAR
G T Page 217 of 224

Impedance Measurement Plot for Head TSL

13 Sep 2016 13:42: 24
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DASYS5 Validation Report for Body TSL

Date: 20.09.2016
Test Laboratory: SPEAG, Zarich, Switzertand

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1238

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; o = 5.45 S/m; & = 47.5: p = 1000 kg/m

Medium parameters used: f = 5300 MHz; o = 5.59 §/m; £ = 47.3; p = 1000 kg/m

Medium parameters uscd: = 5500 MHz; o = 5.86 S/m; &, = 47.0: p = 1000 kg/m

Medium parameters used: f = 5600 MHz; o = 6.00 S/m; & = 46.8; p = 1000 kg/m

Medium parameters used: f= 5800 MHz; 6 = 6.29 S/m: ¢, = 46.4; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSL C63.19-2011)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(4.99, 4,99, 4.99); Calibrated: 30.06.2016, ConvI(4.75, 4.75,
4.75); Calibrated: 30.06.2016, ConvF(4.4, 4.4, 4 4); Calibrated: 30.06.2016, ConvF(4.35, 4.35, 4.35);
Calibrated: 30.06.2016, ConvF(4.27, 4.27, 4.27); Calibrated: 30.06.2016;

« Sensor-Surface: ! 4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

« Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002
e DASYS5252.8.8(1258). SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5200MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.67 V/im: Power Drift = -0.06 dB

Peak SAR (extrapolated) = 27.8 W/kg

SAR(1 g) = 7.48 W/kg: SAR(10 g) = 2.1 W/kg

Maximum value of SAR (measured) = 17.3 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 67.01 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 7.69 W/kg; SAR(10 g) = 2.17 Wikg

Maximum value of SAR (measured) = 18.0 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=I.4mm

Reference Value = 67.20 Vim: Power Drift = -0.05 dB

Peak SAR (extrapolated) = 32.4 W/kg

SAR(1 g) = 8.03 W/kg; SAR(10 g) = 2.23 W/kg

Maximum value of SAR (measured) = 19.2 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 66.47 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 32.7 W/kg

SAR(1 g) =7.95 W/kg; SAR(10 g) = 2.23 W/kg

Maximum value of SAR (measured) = 19.1 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.40 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 33.2 Wrkg

SAR(1 g) = 7.66 W/kg: SAR(10 g) = 2.13 W/kg
Maximum value of SAR (measured) = 18.8 W/kg

-6.00
-12.00
-18.00

-24.00

-30.00

0dB = 17.3 W/kg = 12.38 dBW/kg
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Impedance Measurement Plot for Body TSL
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ANNEX J Extended Calibration SAR Dipole

Referring to KDB865664 D01, if dipoles are verified in return loss ( <-20dBm, within 20% of prior
calibration), and in impedance ( within 5 ohm of prior calibration), the annual calibration is not
necessary and the calibration interval can be extended.

Justification of Extended Calibration SAR Dipole D750V3- serial n0.1163

Head
Real Imaginary
Date of | Return-Loss Delta Delta
Delta (%) | Impedance Impedance i
Measurement (dB) (ohm) i (johm)
(ohm) (johm)
2016-9-19 -26.8 54.5 -1.8
2017-9-17 -25.4 5.2 53.2 1.3 -2.5 -0.7
/ / / / / /
Body
Real Imaginary
Date of | Return-Loss Delta (%) | Impedance Delta Impedance Delta
Measurement | (dB) ’ P (ohm) ) P (johm)
(ohm) (johm)
2016-9-19 -29.0 49.8 -3.5
2017-9-17 -25.2 131 46.9 29 -2.8 0.7
/ / / / / / /
Justification of Extended Calibration SAR Dipole D835V2- serial n0.4d057
Head
Real Imaginary
Date of | Return-Loss | Delta Delta
Impedance | Delta (ohm) Impedance i
Measurement | (dB) (%) ) (johm)
(ohm) (johm)
2015-10-22 -29.8 49.2 -3.12
2016-10-20 -26.7 104 47.5 -1.7 -5.74 -2.62
2017-10-18 -26.2 121 47.9 -1.3 -5.32 -2.20
Body
Real Imaginary
Date of | Return-Loss Delta (%) | Impedance Delta Imoedance Delta
Measurement | (dB) ° P (ohm) ) P (johm)
(ohm) (johm)
2015-10-22 -24.7 48.1 -5.38
2016-10-20 -22.4 9.3 46.7 14 -4.86 0.52
2017-10-18 -22.9 7.3 46.4 1.7 -4.79 0.59
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Justification of Extended Calibration SAR Dipole D1800V2- serial no.2d147

Head
Real Imaginary
Date of | Return-Loss Delta Delta
Delta (%) | Impedance Impedance i
Measurement | (dB) (ohm) i (johm)
(ohm) (johm)
2015-10-3 -26.9 47.6 -3.68
2016-9-28 -25.7 4.4 45.8 -1.8 -2.81 0.87
2017-9-25 -25.1 6.7 48.2 0.6 -5.20 -1.52
Body
Real Imaginary
Date of | Return-Loss Delta (%) | Impedance Delta Impedance Delta
Measurement | (dB) ’ P (ohm) ) P (johm)
(ohm) (johm)
2015-10-3 -21.1 44.4 -6.17
2016-9-28 -22.8 -8.1 46.2 1.8 -5.56 0.61
2017-9-25 -22.9 -8.5 46.8 2.4 -5.32 0.85
Justification of Extended Calibration SAR Dipole D1900V2- serial no.5d088
Head
Real Imaginary
Date of | Return-Loss Delta Delta
Delta (%) Impedance Impedance i
Measurement | (dB) (ohm) ) (johm)
(ohm) (johm)
2015-10-4 -22.4 52.7 7.33
2016-9-28 -25.3 -12.9 50.8 -1.9 5.82 1.51
2017-9-25 -24.9 -11.2 51.2 -1.5 6.22 1.11
Body
Real Imaginary
Date of | Return-Loss Delta (%) | Impedance Delta Imoedance Delta
Measurement | (dB) ° P (ohm) ) P (johm)
(ohm) (johm)
2015-10-4 -25.4 50.9 5.36
2016-9-28 -23.7 6.7 48.9 -2.0 2.74 -2.62
2017-9-25 -23.2 8.7 48.3 -2.6 3.84 -1.52
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Justification of Extended Calibration SAR Dipole D2450V2- serial no.873
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Head

Real Imaginary
Date of | Return-Loss Delta Delta Delta
Measurement | (dB) (%) Impedance (ohm) Impedance (johm)
(ohm) (johm)
2015-10-30 -26.6 53.4 3.42
2016-10-20 -25.1 5.6 55.1 1.7 291 0.51
2017-10-18 -25.7 3.4 54.6 0.8 3.04 0.38
Body
Real Imaginary
Date of | Return-Loss Delta (%) | Impedance Delta Impedance Delta
Measurement | (dB) ’ P (ohm) ) P (johm)
(ohm) (johm)
2015-10-30 -23.7 50.5 6.53
2016-10-20 -24.9 5.1 49.2 1.3 7.28 0.75
2017-10-18 -25.5 7.6 49.6 0.9 7.11 0.58
Justification of Extended Calibration SAR Dipole D2550V2— serial no.1010
Head
Real Imaginary
Date of | Return-Loss Delta Delta
Delta (%) Impedance Impedance i
Measurement | (dB) (ohm) ) (johm)
(ohm) (johm)
2015-7-24 -29.5 52.8 -2.0
2016-7-22 -26.4 10.5 51.1 1.7 -2.62 -0.62
2017-7.21 -27.3 7.5 53.9 11 -3.84 -1.84
Body
Real Imaginary
Date of | Return-Loss Delta (%) | Impedance Delta Imoedance Delta
Measurement | (dB) ° P (ohm) ) P (johm)
(ohm) (johm)
2015-7-24 -36.6 50.0 -15
2016-7-22 -34.2 6.6 52.8 2.8 -2.67 -1.17
2017-7-21 -37.5 -2.5 52.4 2.4 -3.11 -1.61
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Justification of Extended Calibration SAR Dipole D5GHzV?2- serial n0.1238

Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Frequency Impedance Impedance |
Measurement (dB) (%) (ohm) | (johm)
(ohm) (johm)
2016-9-21 5200MHz | -23.6 47.1 5.8
2017-9-20 5200MHz | -21.7 8.1 48.3 1.2 2.38 2.42
2016-9-21 5300MHz | -29.8 50.5 3.2
2017-9-20 5300MHz | -27.8 6.7 51.9 14 451 1.31
2016-9-21 5500MHz | -31.2 49.0 2.5
2017-9-20 5500MHz | -29.5 5.4 50.3 1.3 1.24 1.26
2016-9-21 5600MHz | -44.1 50.0 0.6
2017-9-20 5600MHz | -42.6 3.4 515 15 2.55 1.95
2016-9-21 5800MHz | -25.1 55.6 1.9
2017-9-20 5800MHz | -23.8 5.2 56.9 13 3.04 1.14
Body
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Frequency Impedance Impedance |
Measurement (dB) (%) (ohm) | | (johm)
(ohm) (johm)
2016-9-21 5200MHz | -28.6 48.6 3.4
2017-9-20 5200MHz | -26.4 7.7 50.0 14 3.72 0.32
2016-9-21 5300MHz | -32.3 49.6 2.4
2017-9-20 5300MHz | -30.5 5.6 51.3 1.7 3.64 1.24
2016-9-21 5500MHz | -31.7 49.5 2.5
2017-9-20 5500MHz | -29.8 6.0 51.4 1.9 4.25 1.75
2016-9-21 5600MHz | -31.7 50.8 25
2017-9-20 5600MHz | -29.5 6.9 52.3 15 291 0.41
2016-9-21 5800MHz | -24.0 56.0 3.0
2017-9-20 5800MHz | -22.8 5.0 57.3 1.3 4.23 1.23

The Return-Loss is <-20dB, and within 20% of prior calibration; the impedance is within 5 ohm of

prior calibration. Therefore the value result should support extended c.




