ecIT SAR Test Report Report No.: 116D00097-SAR

835 MHz Body

Date/Time: 2016/6/01

Electronics: DAE4 Sn1244

Medium: Body 850MHz

Medium parameters used: f = 835 MHz; 6 = 1.001 S/m; & = 55.15; p = 1000 kg/m>
Ambient Temperature:22.5<C Liquid Temperature:22.5<C

Communication System: CW 850MHz; Frequency: 835 MHz; Duty Cycle: 1:1
Probe: EX3DV4 - SN3754ConvF(9.3, 9.3, 9.3);

System Validation/Area Scan (60x120x1):

Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR (Measurement) = 2.77 W/kg

System Validation/Zoom Scan(7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 54.03 VV/m; Power Drift = 0.11 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(1 g) = 2.35 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 2.80 W/kg

Wikg
— 2.795

—2.288

1.780

1.273

0.766

0.258 '
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1750MHz Head

Date/Time: 2016/5/31

Electronics: DAE4 Sn1244

Medium: Head 1800MHz

Medium parameters used: f = 1750 MHz; 6 = 1.405 S/m; er = 40.834; p = 1000 kg/m3
Ambient Temperature:22.5<C Liquid Temperature:22.5<C
Communication System: 1800MHz; Frequency: 1750 MHz; Duty Cycle: 1:1
Probe: EX3DV4 - SN3754ConvF(8.02, 8.02, 8.02);

System Validation /Area Scan (60x60x1):

Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 12.2 W/kg

System Validation /Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 98.45 VV/m; Power Drift = -0.13 dB

Peak SAR (extrapolated) = 17.73 W/kg

SAR(1 g) = 9.55 W/kg; SAR(10 g) = 5.12 W/kg

Maximum value of SAR  (measured) = 11.9 W/kg

Wikg
—11.891

—19.558

7.22%

4.892

2.559

0.226 l
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1750MHz Body

Date/Time: 2016/5/31

Electronics: DAE4 Sn1244

Medium: Body 1800MHz

Medium parameters used: f = 1750 MHz; 6 = 1.44 S/m; &, = 52.294; p = 1000 kg/m®
Ambient Temperature:22.5<C Liquid Temperature:22.5<C
Communication System: CW (0); Frequency: 1750 MHz; Duty Cycle: 1:1
Probe: EX3DV4 - SN3754ConvF(7.79, 7.79, 7.79);

System Validation/Area Scan (50x100x1):

Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 11.9 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 92.89 VV/m; Power Drift = -0.15 dB

Peak SAR (extrapolated) = 16.9 W/kg

SAR(1 g) =9.36 W/kg; SAR(10 g) = 5.08 W/kg

Maximum value of SAR  (measured) = 11.8 W/kg

Wikg
—11.822

—19.502

7.182

4.862

2.542

0.222 l
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1900 MHz Head

Date/Time: 2016/5/30

Electronics: DAE4 Sn1244

Medium: Head 1950MHz

Medium parameters used: f= 1900 MHz; 6 = 1.385 S/m; er = 39.641; p = 1000 kg/m3
Ambient Temperature:22.5<C Liquid Temperature:22.5<C

Communication System: CW 1900MHz; Frequency: 1900 MHz; Duty Cycle: 1:1
Probe: EX3DV4 - SN3754ConvF(7.78, 7.78, 7.78);

System Validation /Area Scan (40x120x1):

Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 12.8 W/kg

System Validation /Zoom Scan (7x7x7) /Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 100.8 VV/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 19.2 W/kg

SAR(1 g) = 10.02 W/kg; SAR(10 g) = 5.18 W/kg

Maximum value of SAR  (measured) = 12.9 W/kg

Wikg
—12.932

—10.376

7821

5.265

2.709

0.154 '
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1900MHz Body

Date/Time: 2016/5/30

Electronics: DAE4 Sn1244

Medium: Body 1950MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.524 S/m; &, = 53.237; p = 1000 kg/m®
Ambient Temperature:22.5<C Liquid Temperature:22.5<C

Communication System: CW 1900MHz; Frequency: 1900 MHz; Duty Cycle: 1:1
Probe: EX3DV4 - SN3754ConvF(7.75, 7.75, 7.75);

System Validation/Area Scan (61x91x1):

Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 13.5 W/kg

System Validation/Zoom Scan(7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 87.42 VV/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 18.6 W/kg

SAR(1 g) = 10.39 W/kg; SAR(10 g) = 5.41 W/kg

Maximum value of SAR  (measured) = 13.0 W/kg

Wikg
—13.032

—10.471

7911

5.351

207

0.231 '
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2450MHz Head

Date/Time: 2016/5/27

Electronics: DAE4 Sn1244

Medium: Head 2450MHz

Medium parameters used: f = 2450 MHz; 6 = 1.809 S/m; er = 39.12; p = 1000 kg/m3
Ambient Temperature:22.5<C Liquid Temperature:22.5<C
Communication System: CW (0); Frequency: 2450 MHz; Duty Cycle: 1:1
Probe: EX3DV4 - SN3754ConvF(7.13, 7.13, 7.13);

System Validation/Area Scan (60x60x1):

Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 20.3 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 99.71 VV/m; Power Drift = 0.16 dB

Peak SAR (extrapolated) = 27.0 W/kg

SAR(1 g) = 13.35 W/kg; SAR(10 g) = 6.13 W/kg

Maximum value of SAR  (measured) = 19.8 W/kg

Wikg
— 19.799

—15.873

11.947

8.022

4.096

0.170 '
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2450MHz Body

Date/Time: 2016/5/27

Electronics: DAE4 Sn1244

Medium: Body 2450 MHz

Medium parameters used: f = 2450 MHz; 6 = 1.918 S/m; er = 53.95; p = 1000 kg/m3
Ambien Temperature:22.5° C Liquid Temperature:22.5° C
Communication System: CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Probe: ES3DV3 - SN3252ConvF(4.38, 4.38, 4.38);

System Validation/ Area Scan (100x100x1):

Measurement grid: dx=10mm, dy=10mm

Maximum value of SAR (measured) = 20.69 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 105.41 VV/m; Power Drift = 0.10 dB

Peak SAR (extrapolated) = 28.37 W/kg

SAR(1 g) = 13.06 W/kg; SAR(10 g) = 6.08 W/kg

Maximum value of SAR  (measured) = 19.9 W/kg

Wikg
—19.872

—15.925

11.977

8.029

4.081

0.133 XT
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2600MHz Head

Date/Time: 2016/5/26

Electronics: DAE4 Sn1244

Medium: Head 2550MHz

Medium parameters used: f = 2600 MHz; 6 = 1.98 S/m; er = 38.497; p = 1000 kg/m3
Ambient Temperature:22.5<C Liquid Temperature:22.5<C

Communication System: CW 2550MHz; Frequency: 2600 MHz; Duty Cycle: 1:1
Probe: EX3DV4 - SN3754ConvF(7.13, 7.13, 7.13);

System Validation /Area Scan (60x60x1):

Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 17.4 W/kg

System Validation /Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 93.47 VV/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.6 W/kg

SAR(1 g) = 14.68 W/kg; SAR(10 g) = 6.47 W/kg

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

Wikg
— 16.642

—13.340

10.038

6.736

3.434

0.132 '
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2600MHz Body

Date/Time: 2016/5/26

Electronics: DAE4 Sn1244

Medium: Body 2550MHz

Medium parameters used: f = 2600 MHz; 6 = 2.10 S/m; & = 53.52; p = 1000 kg/m>
Ambient Temperature:22.5<C Liquid Temperature:22.5<C
Communication System: CW (0); Frequency: 2600 MHz; Duty Cycle: 1:1
Probe: EX3DV4 - SN3754ConvF(7.07, 7.07, 7.07);

System Validation/Area Scan (61x71x1):

Measurement grid: dx=10 mm, dy=10 mm

Maximum value of SAR  (Measurement) = 20.8 W/kg

System Validation/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 101.4 VV/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 32.8 W/kg

SAR(1 g) = 14.31 W/kg; SAR(10 g) = 6.25 W/kg

Maximum value of SAR  (measured) = 19.9 W/kg

Wikg
—19.872

—15.925

11.977

8.029

4.081

0.133 X—T
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ANNEX C. SAR Measurement Setup

C.1. Measurement Set-up

The DASY5 system for performing compliance tests is illustrated above graphically. This system

consists of the following items:

o

Moz wamenl Sansr @ DASYS

e,

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.

® A data 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
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® warning lamps, etc.

® The phantom, the device holder and other accessories according to the targeted

measurement.

East China Institute of Telecommunications Page Number 191 of 160
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : June 12, 2016



ecIT SAR Test Report Report No.: 116D00097-SAR

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

Range: 700MHz — 2.6GHz(ES3DV3)
Calibration: In head and body simulating tissue at

Frequencies from 835 up to 2450MHz
Linearity: Picture C.2 Near-field Probe
+ 0.2 dB(700MHz — 2.0GHz) 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
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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 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 mwW/ 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 = C£
At

Where:

At = Exposure time (30 seconds),

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

E

2
[-o

SAR =
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
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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: RX90L) 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)

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.
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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

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 ¢ =0.02. 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

East China Institute of Telecommunications Page Number 1 96 of 160
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : June 12, 2016




ecIT SAR Test Report Report No.: 116D00097-SAR

the Twin-SAM and ELI phantoms.

Picture C.7: Device Holder Picture C.8: Laptop Extension Kit
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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).

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.9: SAM Twin Phantom
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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
w2, . w2 w2
s Horizontal |l
E Line ! :
/Horizontal / \
—— Line A Acoustic
A Output
Acoustic B Bottomof mw
Output Handset |\ B
Bottom of = Y
Handset L}
i
1'1,-3,;‘"2 wy/2
wy/2
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

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.

-
./
=
< ~
L B
L "'3& ‘% ‘““Q(, % @
.
y Yo

Picture D.4Test 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
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D.4. DUT Setup Photos

Picture D.6 DSY5 system Set-up

Note:

The photos of test sample and test positions show in additional document.
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ANNEX E. Equivalent Media Recipes

The liquid used for the frequency range of 800-3000 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

835 835 1900 1900 2450 2450
Frequency (MHz)
Head Body Head Body Head Body
Ingredients (% by weight)
Water 41.45 525 55.242 69.91 58.79 72.60
Sugar 56.0 45.0 \ \ \ \
Salt 1.45 1.4 0.306 0.13 0.06 0.18
Preventol 0.1 0.1 \ \ \ \
Cellulose 1.0 1.0 \ \ \ \
Glycol Monobutyl \ \ 44.452 29.96 41.15 27.22
Dielectric
€=41.5 €=55.2 €=40.0 €=53.3 €=39.2 €=52.7
Parameters
0=0.90 0=0.97 0=1.40 0=1.52 0=1.80 0=1.95
Target Value
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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 bevalidated with the SAR system(s) that operates with such components.

Table F.1: System Validation Part 1

System Validation Frequenc | Permittivity | Conductivity
Probe SN. Liquid name
No. date y point € o (S/m)
1 3754 Head 835MHz | June 1, 2016 | 835MHz 41.012 0.918
2 3754 Head 1750MHz | May 31,2016 | 1750MHz 40.834 1.405
3 3754 Head 1900MHz | May 30,2016 | 1900MHz 39.641 1.385
4 3754 Head 2450MHz | May 27,2016 | 2450MHz 39.12 1.809
5 3754 Head 2600MHz | May 26,2016 | 2600MHz 38.497 1.98
6 3754 Body 835MHz June 1, 2016 | 835MHz 55.15 1.001
7 3754 Body 1750MHz | May 31,2016 | 1750MHz 52.294 1.44
8 3754 Body 1900MHz | May 30,2016 | 1900MHz 53.237 1.524
9 3754 Body 2450MHz | May 27,2016 | 2450MHz 53.95 1.918
10 3754 Body 2600MHz | May 26,2016 | 2600MHz 53.52 2.10
Table F.2: System Validation Part 2
Sensitivity PASS PASS
Cw
Probe linearity PASS PASS
Validation

Probe Isotropy PASS PASS

MOD.type GMSK GMSK

Mod MOD.type OFDM OFDM

Validation Duty factor PASS PASS

PAR PASS PASS
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Add: No.$1 Xueyusn Rood, Haidian District, Beijing, 100191, Chisa LN cauBRATION
Tol +86-10-62304633:2218 Fax: +86-10-62304633-2200 Dby No. LOS70

E-mail: cttl@chinattl com

Client ECIT Certificate No: Z15-97059
Object EX3DV4 . SN.3754
Cafibration Procedure(s) FDRZﬂ-Z-OQI—Oi
Caltbration Procedures for Dosimetric E-field Probes
Calibration date: July 13, 2015

This calibration Certificate documents the traceability to national standards, which realze the physical units of
measurements({Sl). 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(z2:3rc and
humidity<70%.

Caiibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRF2 101919 01-Jul-15 (CTTL, No.J15X04258) Jun-16
Power sensor  NRP-Z91 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor NRP-Z81 | 101548 01-Jul-15 (CTTL, No.J15X04258) Jun-16
Reference10uBAttenuator | 18NSOW-10dB 13-Mar-14{TMC No.JZ14-1103) Mar-18
Reference20dBAttenuator | 18NS0W-20dB  13-Mar-14(TMC No.JZ14-1104) Mar-18
Reference Probe EX3DV4 | SN 3517 28-Aug-14(SPEAG N0.EX3-3817_Aug1d) Aug-15
DAE4 SNTTT 17-Sep-14 (SPEAG DAE4-777_Sep1d) Sep -15
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 01-Jul-15 (CTTL, No.J15X04255) Jun-16
Network Analyzer ES071C | MY46110673  03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signature
Coltzmeaty; Yu Zongying SAR Test Engineer PAR
Reveysdby: Qi Dianyuan SAR Project Leader R
Approved by. Lu Bingseng Deputy Divector of the iaboratory fqm@
Issued: July 15, 2015

Thlsulibtaﬁoncemﬁeetesmuno(boteprodwedexoep(lnhﬂlvﬁmommnenwpmuo!melabotawy

Certificate No: Z15-97050 Page tof 1t
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Add: No.S1 Xoeywan Road, Haidian Distnct, Beijing. 100191, Chuna
Tek +B6-10-6230M633-2218 Fax: «B6-10-62304633-2209
F-mail: cttl@chinatt] com Hap.twww chinanl o

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity iIn TSL / NORMx.y.z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization ® @ rotation around probe axis

Polarization 8 6 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

8=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) |IEEE Sid 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

Methods Applied and Interpretation of Parameters:

* NORMx.y,z: Assessed for E-fleld polarization 8=0 (fSS00MHz in TEM-cell; f> 1800MHz: waveguide).
NORMx.y,z are only intermediate values, ie., the uncerainties of NORMx,y,z does not effect the
E’ -field uncertainty inside TSL (see below ConvF),

o NORM(fNx.y.z = NORMx,y.2" frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

e DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required), DCP does not depend on frequency nor media.

* PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics.

o Axyz Bxyz CxyzVRxyzAB,C are numerical inearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR Is the maximum calibration range expressed in RMS voltage across the diode

o ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature
Transfer Standard for fSB0OMHz) and Inside waveguide using analytical field distributions based on
power measurements for { >B00MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given,
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY versian 4.4 and higher which
allows extending the validity from+50MHz to£100MHz.

o  Spherical isotropy (3D deviation from isotropy): in a field of low gradients reallzed using a flat
phantom exposed by a patch antenna,

* Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

» Connecfor Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).

Certificate No: 21597059 Page 2 0f 11
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Probe EX3DV4

SN: 3754

Calibrated: July 13, 2015
Calibrated for DASY/EASY Systems

(Note: nen-compatible with DASY2 system!)

Centificate No: 215-97059 Page3of 11
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Tek: *R6-10.62304633-2218 Fax: +86-10-62304633-2209
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3754

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pVi(Vim)’)* 0.46 0.45 0.34 +10.8%
DCP(mV)* 103.7 1015 104.9

Modulation Calibration Parameters

uID Communication A 8 lc D VR Unc®
System Name dB dB/pV dB mV (k=2) |
0 cw X |00 |00 [10 000 11934 |:26%
Y 0.0 0.0 1.0 185.5
4 0.0 0.0 1.0 159.5

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%.

* The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 6)
® Numerical linearization parameter- uncertainty not required

= Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and Is expressed for the square of the fleld value.

Centificate No: 21597059 Page 4 of 11
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3754

Calibration Parameter Determined in Head Tissue Simulating Media

G

1 MMz P:mm, °°“':;°m“‘)'3" ConvF X | ConvF'Y | ConvF Z | Alpha® m :::;

750 e 0.89 974 | 974 | 674 | 045 | 078 | +12%
900 415 0.97 921 | 021 | 921 | 015 | 142 | +12%
1750 0.1 137 802 | 802 | 802 | 025 | 125 | £12%
1900 400 140 778 | 778 | 778 | 019 | 119 | £12%
2000 400 140 767 | 767 | 767 | 019 | 118 | £12%
2300 395 167 746 | 746 | 746 | 049 | 074 | £12%
2450 32 | 180 743 | 743 | 713 | 053 | 072 | +12%
2600 39.0 1.96 703 | 703 | 703 | 060 | 069 | £12%

© Frequency validity of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to £50MMz. The
uncedtainty is the RSS of ConvF® uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
'Athememybdow3GHz.!hevaﬂdkyofhsmmmm(zando)anbcnbxedwﬁo%tfllquidoompmsaion
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) Is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters
“A.Iplnlbepthnadmdumg calibration. SPEAG warants that the remaining deviation due to the boundary
effect after compensation is always less than & 1% for fraquencies below 3 GHz and below £ 2% for the frequencies
between 3-8 GHz at any distance larger than half the probe tip diameter from the boundary
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3754

Calibration Parameter Determined in Body Tissue Simulating Media

G
1 (MH2) P.m""'m“" - c°"‘::f:‘)'f’ ConvF X | ConvF Y | ConvF Z | Alpha® m ::;"'
750 55.5 0.96 970 | 970 | 970 | 045 | 082 | +12%
900 55.0 105 930 | 930 | 930 | 017 | 138 | £12%
1750 534 149 779 | 779 | 779 | 019 | 126 | £12%
1900 533 162 775 | 775 | 775 | 016 | 165 | +12%
2000 533 152 763 | 763 | 763 | 015 | 230 | £12%
2300 529 1.81 747 | 747 | 747 | 033 | 107 | £12%
2450 527 195 718 | 749 | 749 | 030 | 127 | +12%
2600 525 216 707 | 707 | 707 | 038 | 088 | +12%

© Frequency validity of £100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to $50MHz The
uncetainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
'AtfrmncybdeGHz_|heva|k¥yolnuuepcmmdm(canda)wbordlxodtu +10% if Squid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the valdity of lissue parameters (£ and o) is
restncted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters,
GAWDep(hmau.mm.ddumgeelibmnm SPEAG warrants that the remaining deviation due to the boundary
eﬂectaﬂummaﬁonisMysleumang1%torﬁoqmiesbm30mmbcbwg2%brmfmqmbs
between 3-8 GHz at any distance larger than hall the probe tip diamater from the boundary,
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.5% (k=2)
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Receiving Pattern (®), 6=0°
f=600 MHz, TEM f=1800 MHz, R22
8
os
goo 3 L i B e g -t 130308 0-e s
a8
10 T T T T T T v T
180 <100 -00 0 9 00 1%
_Rofi*]
[F+=[100MHz - 800MMz - 1800MHz - 2500MHz
Uncertainty of Axial Isotropy Assessment: +0.9% (k=2)
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Dynamic Range f(SARyeaq)
(TEM cell, f = 900 MHz)

Input Signal[uV]

T T

10 10’ 10’ 10’
SAR[mW/cm’]

[ F&@-not compensated @ compensated j

ErrordB)

2 bt riey v v r Ry ——rrr
0° 10" 10" 10 10' 10
SARmWiem]
[ Fe-notcompensated o compensated |
Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment

f=900 MHz, WGLS R9(H_convF)  f=1750 MHz, WGLS R22(H_convF)

L 00

10

e
os

7 Mol
o
o

10 48 4% 0 0N 0 0D 0® 0 oW 10

Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3754

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 170.6
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mrr
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface- 1.4mm
Certificate No: Z15-97059 Page 11of 11
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CALIBRATION LABORATORY %
Add: No.51 Xueyuan Road, Huidian District, Reijing, 100191, China {”'///_A\*\“ CALIBRATION
Tek +86-10.62304633-2079 Fax: +86-10462304633-2504 ol No. L0570
F-mail; ml@"{hll?lﬂlcmn Hupc/wwwehinaitl cn
Client ECIT Certificate No:  Z15-97165
Object DB35V2 - SN, 4d112
Calibration Procedure(s) FD-211-2-003-01
Caiibration Procedures for dipole validation kits
Caiibration date: October 22, 2015

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). 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)0 and

humidity<70%.

Calibration Equipment used (M&TE critical for callbration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL. No.J15X04258) Jun-16
Power sensor NRP-281 | 101547 01-Jul-15 (CTTL. No.J15X042586) 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 -18
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.)  Scheduled Callbration
Signal Generator E4438C | MY40071430  02-Feb-15 (CTTL, No J15X00728) Feb-16
Network Analyzer ES071C | MY46110673  03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signature
Cafornted by Zhso Jing SAR Test Engineer 4 ﬁ
Reviewed by: Qi Dianyuan SAR Project Leader M’
Approved by Lu Bingsong Deputy Director of the laboratory 7 kY

Issued: October 26, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,
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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 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

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 is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

« Electncal 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: Z15-97165 Page2of 8
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Measurement Conditions
DASY s ation, as far as not given on page 1

DASY Version

DASYS2

52881222

Extrapolation

Advanced Extrapolaton

Phantom

Triple Flat Phantom 5.1C

Distance Dipole Center - TSL

15 mm

with Spacer

Zoom Scan Resolution

dx. dy, dz = Smm

Frequency

835 MHz £ 1 MH2

Head TSL parameters
The following parameters and calculations were applied

Temperature

Permittivity

Conductivity

Nominal Head TSL parameters 20°C 415

0.90 mhoim

Measured Head TSL parameters (220+02)°C

42216%

081 mho/m £6 %

Head TSL temperature change during test <1.0°C -

SAR result with Head TSL

SAR aversged over1 cm1' (1 g) of Head TSL Condition

SAR measured 250 mW input power

231 mWig

SAR for nominal Head TSL parameters normalzed to 1W

9.22 mW /g £ 20.8 % (k=2)

SAR averaged over 10 ¢ni” (10 g) of Head TSL

SAR measured 250 mW Input power

151mWig

SAR for nominal Head TSL parameters normalized fo 1W

6.03 mW g £ 204 % (k=2)

Body TSL parameters
The following paramesers and calculations were applied.

Temperature

Conductivity

Nominal Body TSL parameters 220°'C 552

0.97 mhoim

Measured Body TSL parameters {(220202)°C

55126%

0.8 mha/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

SAR measured 250 mW input power

237mW /g

SAR for nominal Body TSL parameters narmalized to 1W

9.57 mW Jg £ 20.8 % (k=2)

SAR averaged over 10 ¢’ (10 g) of Body TSL Condition

SAR measured 250 m input powes

156mW /g

normalized 1o 1W

SAR for nominal Body TSL paramaters

6.29 mW /g £ 204 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance. transformed to feed point 49.10- 4200 ‘
Return Loss .27.3d8 J

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.20- 4.78)Q
Retumn Loss ~23.9d8

General Antenna Parameters and Design

[Elecmw Delay (one direction) 1.502 ns 1

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 Ine 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 o 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 dipoie arms, because they might bend or the soidered
connections near the feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
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DASYS Validation Report for Head TSL Date: 10.22.2015
Test Luboratory: CTTL, Beijing. China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d112
Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used: f= 835 MHz: o = 0.907 S/m; & = 42.15; p = 1000 kg/m’
Phantom section; Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

¢ Probe: EX3DVA4 - SN3617; ConvF(9.56, 9.56, 9.56); 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

e Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

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

Reference Value = 58.15 V/im; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.46 Wikg

SAR(1 g) = 2.31 Wikg; SAR(10 g) = L.51 Wikg

Maximum value of SAR (measured) = 2.93 Wikg

d8
0

212

-4.23

6.35

-8.46

-10.58

0 dB =293 W/kg =4.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 10.22.2015

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d112
Communication System: UID 0, CW; Frequency: 835 MHz:Duty Cycle: 1:]
Medium parameters used: £= 835 MHz; o = 0.958 S/m; &, = 55.11; p= 1000 ke/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(9.71,9.71, 9.71); 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: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

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

Reference Value = 56.68 Vim; Power Drift = 0.0] dB

Peak SAR (extrapolated) = 3.51 W/kg

SAR(1 g) = 2.37 Wikg: SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 2.99 W/kg

dB [
0

-2.07
-4.14
-6.22

-8.29

-10.36

0 dB=2.99 W/kg = 4,76 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client ECIT Certificate No: 21597167
Object D1750V2 - SN; 1044
P FD-211-2:008-01
Calibration Precedures for dipole vatidation kits
Calibration date mw 3, 201 5

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

All calibrations have been conducted in the closed laboratory facility. envircoment temperature(22¢3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Callbration
Power Meter NRP2 101918 01-Jul-15 (CTTL, No.J15X04255) Jun-16
Power sensor  NRP-ZS1 | 101547 01-Jul-15 (CTTL. No.J15X04255) Jun-16
Reference Probe EX3DV4 | SN 3817 26-Aug-15(SPEAG No EX3-3617_Aug15) Aug -18
DAE4 SN 777 26-Aug-15(SPEAG No.DAE4-777_Aug15) Aug -16
Secondary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 02-Feb-15 (CTTL, No.J15X00729) Feb-16
Network Analyzer ESO71C | MY46110673 03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signatyre
Calibrated by: Zhao Jing SAR Test Engineer 2

Reviewed by: Qi Dianyuan SAR Project Leader M_/
Approved by Lu Bingsong Deputy Director of the iaboratory f’iﬂ"gl
Issued:

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

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
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.

o 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.

o 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%.
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Measurement Conditions

DASY system configuration, as far s not given on page 1

Fax: ~¥6-10-62304633-2504
Hupi'www.chinatt!.on

DASY Version

DASYS52

52881222

Extrapolation

Advancad Extrapolation

Phantom

Triple Flat Phantom 5.1C

Distance Dipole Center - TSL

10 mm

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

1750 MHz £ 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperaturo

Conductivity

Nominal Head TSL parameters 20°C 401

1.37 mho/m

Measurod Head TSL parameters (2201202)C

38746%

140 mho/m £ 6 %

Head TSL temperature change during test <10°C —_

SAR result with Head TSL

SAR averaged over1 cm’ {1 g) of Head T5L Condition

SAR measured 250 m\W input power

948 mWig

SAR for nominal Head TSL parameters normakzed to 1W

37.3mW /g £ 20.8 % (k=2)

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

SAR measured 250 mW input power

509mW/g

SAR for nominal Head TSL parameters normalized to 1W

201 mW /g £ 20.4 % (k=2)

Body TSL parameters
The folowing paramaters and calculatons ware applied.

Temperature

Conductivity

Nominal Body TSL parameters 220°C 534

1.48 mha/m

Measured Body TSL parameters (220+02)°C

1.47 mho/m £ 6 %

Body TSL temperature change during test <i0°C —

SAR resuit with Body TSL

SAR avoraged ovor 1 cm’ {1 g) of Body TSL Conxition

SAR measured 250 mW input power

030mW/g

SAR for nominal Body TSL parametars nommalized o 1W

37.6 mW ig £ 20.8 % (k=2)

SAR averaged over 10 cn1’ (10 g) of Body TSL Condition

SAR measured 250 mW input power

S502mWig

SAR for nominal Body TSL parameters normalized to 1W

20.2 mW /g £ 20.4 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed pont 4890+ 1170
Retumn Loss - 35848

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4550+ 0.58)0
Retumn Loss - 26.508

General Antenna Parameters and Design

,me”(“" direction) [ 1,319 ns J

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

The dipoke is made of standard semirigid coaxial cable. The center conductor of the feeding kne is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signais. 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
affacted by this change. The overall dipole Jength 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

Manutactured by | SPEAG
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DASYS Validation Report for Head TSL Date: 11.03.2013

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1044
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f = 1750 MHz; o = 1.403 S/m; &r = 39.72; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

o Probe: EX3DV4 - SN3617; ConvF(8.34. 8.34, 8.34); 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/

»  Measurement SW: DASY32, Version 52.8 (8); SEMCAD X Version 14.6,10(7331)

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

Reference Value = 98.40V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 17,0W/kg

SAR(I g) = 9.48 W/kg;: SAR(10 g) = 5.09 W/kg

Maximum value of SAR (measured) = 13.3 W/kg

48 =
(]
-3.37
6.74
a0
-13.48
16.85 L.
0dB=133 W/kg = 11.24 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.03.2015

l'est Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1044
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHz: o = 1.474 S/m; ¢, = 34.38; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

¢ Probe: EX3DV4 - SN3617; ConvF(7.96, 7.96, 7.96); Calibrated: 8/26/2015:

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

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

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

*  Measurement SW: DASYS52, 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=5mm, dz=Smm

Reference Value = 91.33 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 16.3 Wikg

SAR(I g) = 9.3 Wikg; SAR(10 g) = 5.02 W/kg

Maximum value of SAR (measured) = 13.1 Wikg

dB
0

-3.20
5.41
4.61

12.82 --

-16.02

0 dB=13.1 Wikg = 11.17 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client ECIT Certificate No:  Z15-97168
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Object D1900V2 - SN 54134
Calibration Procedure(s) FD-211.2-003-01

Calibration Procedures for dipole validation kits
Calibration aate November 4, 2015

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date{Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X04256) Jun-18
Power sensor NRP-Z91 | 101547 01-Jul-15 (CTTL. No.J15X04258) Jun-16
Reference Probe EX3DV4 | SN 2817 26-Aug-15(SPEAG No EX3-3617_Aug15) Aug -16
DAE4 SN 777 26-Aug-15(SPEAG No DAE4-777_Aug15) Aug 18
Secondary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 02-Feb-15 (CTTL, No,J15X00728) Feb-16
Network Analyzer ESO71C | MY46110673 03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Sbgmturc
Calibrated by: 2Zhao Jing SAR Test Engineer 'ﬁi[
e SO SAR Project Leader S s
Approved by: Lu Bingsong Deputy Director of the laboratory t;m&
lssued: r8, 2015

This calibration certificate shail not be reproduced except in full without written approval of the {aboratory.
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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) KDBB65664, 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
parallel to the body axis.

* Feed Point Impedance and Retumn 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 reporied uncerfainty 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: Z15-97168 Page 20f%

East China Institute of Telecommunications Page Number : 136 of 160
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : June 12, 2016



ecIT SAR Test Report Report No.: 116D00097-SAR

77Tl s b e ag

Add: No,51 Xueyuan Rosd, Haidian District, Being, 100191, China
Telk +B6-10-62304633-2079 Fax: +86-10-6230M633-2504

Eomail: cul@chinan com Hip-Ywww.chinattl cn
Measurement Conditions
DASY s as far as not given on page 1
DASY Version DASYS2 52881222
Extrapolation Advanced Extrapolation
Phantom Tripée Fiat Phantorn 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The fcllowing parameters and calculations were appled.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mhoim
Measured Head TSL parameters (220+02)°C 4W0616% 139 mho/m £ 6 %
Head TSL temperature change during tost <1.0“C — —
SAR result with Head TSL
SAR averaged over1 cm’ (1 g) of Head TSL Condtion
SAR measured 250 mW input power 101mW/g
SAR for nominal Head TSL parameters nomaized to 1W 40.8 mW /g £ 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condtion
SAR measured 250 mW input power 52mW/ig
SAR for nominal Head TSL parameters normalized fo 1W 21.0 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 533 1.52 mhaim
Measured Body TSL parameters 220£02)°C 541:z6% 1.54 mho/m £ 6 %
Body TSL temperature change during test <10°'C - -
SAR result with Body TSL
SAR averaged over 1 ¢m' (1 g) of Body TSL Candition
SAR measured 250 mW input power 103mWig
SAR for nominal Body TSL parameters normalized to 1W 41.1 mW g £ 20.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Body TSL Condition
SAR measured 250 m\W input power 533mWig
SAR for nominal Body TSL parameters normalized to 1W 213 mW ig £ 20.4 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.80+ 6.01jQ
Return Loss - 24.208

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4710+ 5410
Retumn Loss - 24048

General Antenna Parameters and Design

[ElcdricdDolay(onodrseuon) ] 1.305ns —l

After long term use with 100W radiated power, only a slight warming of the dipofe 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 o 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 H
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DASYS Validation Report for Head TSL Date: 11.04.2015

T'est Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54134
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz: o = 1.385 S/m; 2 = 40.56; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY S (IEEE/IEC/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

o 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=3mm, dz=5mm

Reference Value = 100.8 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 18.7W/kg

SAR(I g) = 10.1 W/kg; SAR(10 g) = 5.22 W/kg

Maximum value of SAR (measured) = 14.5 Wikg

-3.59

1.7

-10.76

-14.34

A7.93 L . L e ——

0dB = 14.5 W/kg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.04.2015
T'est Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: DI1900V2; Serial: D1900V2 - SN: 5d134
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; 0 = 1.536 S/m; &, = 54.05; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

o Probe; EX3DV4 - SN3617; ConvF(7.74, 7.74, 7.74); Calibrated: 826/2015;

* Sensor-Surfiace: 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: DASYS52, 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 = 96,40 Vim; Power Drift = -0,02 dB

Peak SAR (extrapolated) = 19.0 W/kg

SAR(1 g) = 10.3W/kg; SAR(10 g) = £.33 W/kg

Maximum value of SAR (measured) = 14.8 Wikg

-3.56

713

-10.69

14.26

-17.82

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

Centificate No: Z15-97168 Page 7 of 8

East China Institute of Telecommunications Page Number
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date

: 141 of 160
:June 12, 2016



ecIT SAR Test Report Report No.: 116D00097-SAR

C' In Colisboration with
CALIBRATION LABORATORY
Add: No.ST Xueyus Road, Haidian District, Beijing, 100591, China

Tel: +86-10-62304633-2079 Fax: =86-10-62304633-2504
E-mmil cttb@chinest] com Hap.www,chinanil.cn

Impedance Measurement Plot for Body TSL
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Client ECIT Certificate No:  215-97171

Object D2450V2 - SN: 858

Calibration Procedure(s) FD-Z11-2-003-01

Calibration Procedures for dipole validation kits

Calibration date: October 30, 2015

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). 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 ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 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 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
Signal Generator E4438C | MY49071430 02-Feb-15 (CTTL, No.J15X00729) Feb-16
Network Analyzer E5071C | MY46110673 03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer £ 2/
Reviewed by: Qi Dianyuan SAR Project Leader M//
Approved by: Lu Bingsong Deputy Director of the laboratory L) q&

Issued: November 6, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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:

e 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.

e 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.

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

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

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

e 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: Z15-97171 Page 2 of 8
East China Institute of Telecommunications Page Number : 144 of 160

TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date

:June 12, 2016



SAR Test Report

Report No.:

116D00097-SAR

In Collaboration with

ETTL S p e a g
N CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com Http://www.chinattl.cn

Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY52

52.8.8.1222

Extrapolation Advanced Extrapolation

Phantom Triple Flat Phantom 5.1C

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz=5 mm

Frequency 2450 MHz + 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperature

Permittivity Conductivity

39.2
40.1£6 %

Nominal Head TSL parameters 220°C 1.80 mho/m

(22.0£0.2) °C

Measured Head TSL parameters 1.82 mho/m + 6 %

Head TSL temperature change during test <1.0°C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL

SAR measured

Condition

250 mW input power 132mW/g

SAR for nominal Head TSL parameters normalized to 1W 52.9 mW /g £ 20.8 % (k=2)

SAR averaged over 10 ¢’ (10 g) of Head TSL Condition

SAR measured 250 mW input power 6.06 MW /g

SAR for nominal Head TSL parameters normalized to 1W 24.3 mW /g £ 20.4 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 53.1+6 % 1.94 mho/m £6 %
Body TSL temperature change during test <1.0°C - -
SAR result with Body TSL
SAR averaged over1 cm’ (1 g) of Body TSL Condition

SAR measured 250 mW input power 1832mW/g

SAR for nominal Body TSL parameters normalized to 1W 53.1 mW /g £ 20.8 % (k=2)

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

SAR measured 250 mW input power 6.16 mW /g

SAR for nominal Body TSL parameters normalized to 1W 24.7 mW /g £ 20.4 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed point 53.20+ 6.03jQ
Return Loss -23.6dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 49.90+ 7.39iQ
Return Loss -22.6dB
General Antenna Parameters and Design
‘Eectrical Delay (one direction) 1.261 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 ]
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DASYS Validation Report for Head TSL Date: 10.30.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 858
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; 6 = 1.816 S/m; er = 40.14; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

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

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

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

e 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)

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

Reference Value = 106.3 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 27.5 W/kg

SAR(1 g) =13.2 W/kg; SAR(10 g) = 6.06 W/kg

Maximum value of SAR (measured) = 20.3 W/kg

dB
0

-4.52

-9.03

-13.55

-18.06

-22.58

0 dB =20.3 W/kg = 13.07 dBW/kg
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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: 858
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium-parameters used: f=2450 MHz; o =1.936 S/m; &, =53.11: p=1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY'5 Configuration:

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

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

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

« 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)

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

Reference Value = 99.98 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.16 W/kg

Maximum value of SAR (measured) = 19.8 W/kg

dB
0

-4.41
-8.82
-13.22

-17.63

L

-22.04

0 dB=19.8 W/kg =12.97 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client ECIT Certificate No:  215-97172
Object D2800V2 - SN 1031
Calibration Procedure(s) FD-211-2-003-01
Calibration Procedures for dipole validation kits
Calibration date October 30, 2015

mmmmmmmwwmm;m;mm.mapnysulumud
measurements(Sl). The measurements and the uncertainties with confidence probablliity 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 (MA&TE critical for calibration)

CALIBRATION
No. L0570

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X04256) Jun-18
Power sensor  NRP-ZS1 | 101547 01-Jul-15 (CTTL, No.J15X042586) Jun-16
Reference Probe EX3DV4 | SN 3817 26-Aug-15(SPEAG No.EX3-3617_Aug15) Aug-18
DAE4 SN 777 26-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.J15X00729) Feb-18
Network Analyzer ES071C | MY46110673  03-Feb-15 (CTTL. No.J15X00728) Feb-16
Nmo Function Signature
Reviewed by: Qi Dianyuan SAR Project Leader > 3 )

Approved by Lu Bingsong Deputy Director of the laboratory b“;t,?}

Issued: November 6, 2015
This calibration cartificate shall not be reproduced except in full without written approval of the laboratory,
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CALIBRATION LABORATORY
Add: No.51 Xueywan Road, Haddian District, Heljsag, 100191, Ohisa
Tel: 486-10-62304633-2079 Fax: +B6-10-62304633-2504

Eomail: enbiachinantl com Hetpwww.chinatl.on
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 Sid 1528-2013, "|[EEE 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

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 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 fo calkulate 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 nomal distribution
Corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS2 52881222
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2600 MHz 2 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 3%0 1.98 mho/m
Moasured Head TSL parameoters {220+£02)°C 399:6% 2.01 mholm £ 6 %
Head TSL temperature change during test <10°C s o
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Hesd TSL Condition
SAR measured 250 mW input powes 146mW/g
SAR for nominal Head TSL parameters normalized 1o 1W 58.0 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 640mW ig
SAR for nominal Head TSL parameters normalized to 1W 25.5 mW ig £ 20.4 % (k=2)
Body TSL parameters
The folowing parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°'C 525 2.16 mhoim
Measured Body TSL parameters (220£02)°C 527+6% 214 mhoim 28 %
Body TSL temperature change during test <10°C _ —
SAR result with Body TSL
SAR averaged over 1 ¢ (1 g) of Body TSL Condition T
SAR measured 250 mW input power 42mWig
SAR for nominal Body TSL parameters nommalized to 1W 57.1 mW /g £ 20.8 % (k=2)
SAR averaged over 10 cm (10 g) of Body TSL Condition
SAR measured 250 mW input power B833ImW/g
SAR for nominal Body TSL parameters normafized to 1W 254 mW g £ 20.4 % (k=2)
Centificate No: Z15-97172 Page 3 of 8
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 48.50- 3 48|00
Retum Loss - 28.3d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.90- 3.130
Return Loss <25.4d8

General Antenna Parameters and Design

lElod.ﬁal Delay (one direction) 1.253ns ]

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 i 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 fo 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 cverall dipole length is still according to the Standard

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

Additional EUT Data

&nufauuma by I SPEAG
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DASYS Validation Report for Head TSL Date: 10.30.2015

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1031
Communication System: UID 0, CW; Frequency: 2600 MHz: Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; o = 2.014 S/m; er = 39.85; p = 1000 kg/m3
Phantom section; Center Section
Measurement Standard: DASY'S (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

* Probe: EX3DV4 - SN3617; ConvF(7.21, 7.21, 7.21); Calibrated: 8/26/2015:

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

« Electronics: DAE4 Sn777; Calibrated: 826/2015

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

« Mcasurement SW: DASYS52, Version 52,8 (8); SEMCAD X Version 14.6.10 (7331)

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

Reference Value = 106.9 Vim; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 32.1 Wikg

SAR(1 g) = 14.6 W/kg: SAR(10 g) = 6.4 Wikg

Maximum value of SAR (measured) = 23.0 W/kg

a8
0
-4.97
-3.94

-14.92

-19.89

P
-24.86 —— ol .

0 dB=23.0 Wkg = 13.62 dBW/kg
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Impedance Measurement Plot for Head TSL

Tri 11 Log Mag 10, GO Aef ©.000am [F1]
R g T ] e L
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0.000 P
20. 00 ]—‘ﬁ\\ e
30,00 | \b\ //

L{,

40.20
\

~30. 90 ~— —_— =z
PEN s Smith (ee ) =cals 1,000 [F1 Del)

sl 26000000 Gr2 48,432 0 ~1.4766 01 LY. 602-pF
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DASYS Validation Report for Body TSL Date: 10.30.2015

T'est Laboratory: CTTL, Beijing, China

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1031
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2600 MHz; o = 2.136 S/m; & = 52.7; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2007)

DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(7.2, 7.2, 7.2); 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: DASYS52, Version 52.8 (8): SEMCAD X Version 14.6.10 (733 1)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=3mm, dz=5Smm

Reference Value = 99.48 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 g) = 14.2 W/kg: SAR(10 g) = 6.33 W/kg

Maximum value of SAR (measured) = 22.2 Wikg

Iz ' )
8

-4.73
.46 |
-14.18
-18.91

-23.64

0dB =22.2 Wikg = 13.46 dBW/kg
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Impedance Measurement Plot for Body TSL

Tri 315 Log Wag 10.C0an/ nef 0. 0O00dE [#1]
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Acceptable Conditions for SAR Measurements Using Probes and Dipoles
Calibruted under the SPEAG-TMC Dual-Logo Calibration Program to
Support FCC Equipment Certification

The acceptahle conditions for SAR measurements using probes, dipoles and DAEs
calibrated by TMC (Telecommunication Metrology Cemter of MITT in Beijing, China),
under the Dual-Logo Calibration Certificate program and quality assunmee (QA)
protocols established between SPEAG (Schmid & Pariner Engineering AG, Switzerland)
and TMC, 10 suppont FCC (L08. Federal Communications (Commission) squipment
certification are defined and described in the following.

1) The agreement established between SPEAG and TMC is only applicable 10
calibration services performed by TMC where its cliems {companies and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong, This agreement is subject 1o renewal 31 the end of each calendar
year between SPEAG and TMC, TMC shall inform the FOC of any changes or carly
termination to the agreement

Only & subset of the calibration services specified in the SPEAG-TMC agreement,
while it remains valid, are applicable to SAR measurements performed using such
equipment tor supportng FUC equipment certification. These are identified in the
following.

a} Calibeation of dosimetric (SAR) probes EXIDVx, ET3DVx and ESIDVx.

i} Free-space E-field and H-field probes, including those used for HAC {hearing
aid campatibility) evaluation, temperature probes, other probes or eguipment
not identified in this document, when calibruted by TMC, are excluded and
cannot be used for measurements to support FCC equipment certification.
Signal specific and bundled probe calibrations based an PMR (probe
modulation response) chamcteristics are handled according to the
requirements of KDB 865664; that is, “Until standardized procedures are
available 10 make such determination, the applicability of a signal specific
probe calibration for testing specific wirekess modes and technobogies is
determined on & case-by-case basis through KDB inquiries, including SAR
system verification requirements.”
by Calibration of SAR system validstion dipoles, excluding HAC dipoles
¢) Calibration of data scquisition electronics DAEIVx, DAE4Vx and DAEasyVx.
d) For FCC equipment certification purposes, the frequency range of SAR probe and
dipole calibeations is limited w 700 MHz - 6 GHz and provided it is supporied by
the equapment identified in the TMC QA prococol (& separate attachment 10 this
document ).

The identical system and equipment setup, measurement configurations,

hardware, evaluation algorithms, calibratson and QA protocals, including the

format of calibeation certificates and reports used by SPEAG shall be applicd by

™C

) The calibeated items are only applicable to SPEAG DASY 4 and DASY 3 or
higher vession systems,

d

<
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11 The SPEAG-TMC agneement includes specific protocols identified in the following
to ensure the quality of calibration services provided by TMC under this SFEAG-
TMC Dual-Logo calibration agreement are equivalent wo the calibration services
provided by SPEAG. TMC ghall, upon request, provide copies of documentation to
the FOU 1o substantiate program implementation,

a) The Inter-laboratory Calibration Evaluation (ILCE) stated in the TMIC QA
pratoced shall be performed between SPEAG and TWC at least ance every 12
months. The ILCE acceptance critersa defined m the TMC QA protocol shall be
satiafiend for the TWC, SPREAG and FOC agresmeents in remain valid.

Check of Calibration Certificabe {COC) shall be performed by SPEAG for all

calibeations performed by TMC, Written confirmation from SPEAG is requined

for TRAC #e isswe calibration cemificates under the SPEAG-TMC Dual-Logoe
calibration progrmm. Quarterly reports for all calibrations performed by TMC
uniber thit pragram ane also lssued by SPEAG.

The calibration equipment and measunement system used by TWC shall be

wigrified before cach calibration service according to the specific reference SAR

prabes, dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
amd within the defined nceepinnce criterin specified m the TMC QA protocol
belore each actual calibration can commence. TMC shall maintain records of the
mensurement and calibration system verification resulls For all calibrations.

Quality Check of Calibration ((POC) centificates shall be performed by SPEAG at

least once every 12 manths. SPEAG shall visit TMC facilities to verify the

Ishorstory, equipment. applied procedures and plausibility of mndomly selecbed

certifcates.

A copy of this document, to be updated annually, shall be provided o TMC cluents

that accepl calibration services according to the SPEAG-TMC Dunal-Logo calibration

propram, which should be presented toa TCB ( Felecommumicarion Certiffoation

Houlv), 10 facilitate FOC equipment approval

TMC shall address any questbons mised by s clients or TCBs relating io the SPEAG-

AC Digal-Logo calibration program and infarm the FOC and SPEAG of any critical

ETTT

h

d

]

Chanpe Mg Revised on Juse 26 1o clarify the applicabliny of FME end Busdled probe calibrations
ienis of KO8 #odnd

accufding s the rexquines
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