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1. Applicant information

Applicant: E-TECH Co., Ltd.

Address: 655, Pyeongcheon-ro, Wonmi-gu, Bucheon-si, Gyeonggi-do, Korea

Telephone: +82-32-328-3184

Fax: +82-32-328-3186

E-mail: pico76(@etech2004.co.kr

Contact name: Kim Jae-Hyeon

Manufacturer: E-TECH Co., Ltd.

Address: 655, Pyeongcheon-ro, Wonmi-gu, Bucheon-si, Gyeonggi-do, Korea
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
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2. Laboratory information

Address
KCTL Inc.

65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, Korea
TEL: 82705008 1021  FAX: 82505299 8311

Certificate

KOLAS No.: KT231

FCC Site Designation No.: KR0040
FCC Site Registration No.: 687132

VCCI Site Registration No.: R-3327, G-198, C-3706, T-1849
IC Site Registration No.: 8035A-2
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3. Identification of Sample

EUT Type FM Handheld Transceiver (UHF)
Brand Name E-TECH Co., Ltd.
Mode of Operation M
Model Number NEP400
Serial Number N/A
Max. Power 37 dBm
Tx Freq.Range 406.1 ~ 512 MHz
Rx Freq.Range 406.1 ~ 512 MHz
Antenna Type Whip Type
Normal Voltage DC74V
H/W Version V1.0
S/W Version V1.0
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 82705008 1021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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4.Test Result Summary
4.1 FM Head SAR
F Average Max. Measured Measured Scaled
requency 8¢ | tuneup | Scaling | EUT | Distance | 1gSAR 1g SAR
JEDE? power Factor | Position | (mm) (W/kg) (W/kg) EISER
MHz | Channel | (dBm) (dBm) Duty 100 % | Duty 50 % (W/kg)
459 126 36.39 37 1.15 Front 25 1.86 0.93 1.16
* Contain the results of the worst test SAR including battery.
4.2 FM Body SAR
F Average Max. Measured Measured Scaled
requency 8¢ | tuneup | Scaling | EUT | Distance | 1gSAR 1g SAR
S power Factor | Position | (mm) (W/kg) (W/kg) BELSER
MHz | Channel | (dBm) (dBm) Duty 100 % | Duty 50 % (W/kg)
459 126 36.36 37 1.15 Back 0 5.03 2.52 3.13

* Contain the results of the worst test SAR including battery.

5. Report Overview

This report details the results of testing carried out on the samples listed in section 3, the results contained in this

test report do not relate to other samples of the same product. The manufacturer should ensure that all products in

series production are in conformity with the product sample detailed in this report.

This report may only be reproduced and distributed in full. If the product in this test report is used in any

configuration other than that detailed in the test report, the manufacturer must ensure the new configuration

complies with all relevant standards and certification requirements. Any mention of KCTL Inc. Wireless lab or

testing done by KCTL Inc. Wireless lab made in connection with the distribution or use of the tested product must

be approved in writing by KCTL Inc. Wireless lab.

6. Test Lab Declaration or Comments

None

7. Applicant Declaration or Comments

None

KCTL Inc.

65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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8. Measurement Uncertainty

All measurements and results are recorded and maintained at the laboratory performing the tests and

measurement uncertainties are taken into account when comparing measurements to pass/ fail criteria.

A b c D ¥ = k) P i=cxgie | k
Description | Tolerance/ | Probability Div. i Stundard | VI
of U IEEE P1528 | Uncertuinty | Distribution | uncertainty | or
Source neertainty ki Vel
(03 ~3 GHa) +% g 1%, (1g)
Measurement System
FProbe calibmation(k=1) E21 6.30 N I 1 630 -
Axaal motropy £22 0.50 I 173 07l 0.20 »
Hemisphenical iaotropy E22 2.60 R 173 071 1.06 -
L imenity 24 0.00 I 173 | 034 -
Houndary effect E23 1.00 R 173 1 058 -
S vatem detection limite E2S 100 R 173 1 058 -
Jresdont electronies E26 030 N | | 030 »
[response time E27 0.80 R 1.73 | 046 -
Ay rstion tne E28 2.00 I 1.73 | 1% "
R¥ ambient conditions -noise E.6l 300 R 1.73 l 1.73 -
‘R!' wisbiesst conditions - reflectsonsd E.6.1 .00 R 1.73 1 1.7 -
[thc pesitiones mechanseal E62 0.40 R 173 1 0.23 o
o orance
obe positioning with respect to £ 63 500 R |78 , 67 -
hantom shell
Extmpolation, interpolation, and
bntegration algonithma for max ES 2.00 I 1.73 | 115 -
BAR evaduation
est Sample Related
Test mmple poattioning E42 £ N | | 171 @
Diwvic holde uncettanty Edl 3.00 N | 1 160 S
Eﬂpm et i 662 5.00 R 173 | 189 -
fl measurement
[Phantom and Tissue Parameters
[Phvetom wicertainty - 2o - e
shape and thicknesa toleranees ) E3l 6.10 R 173 1 32
Liguid Ta)udnwl\vn)._mam.ymmm £33 1.93 N I 06t 0.58 s
pancertningy
iquid permitvity-inesdusvment L N
R E33 307 N I 06 1.84 b
ety
Aguid condnctvity -<deviation X v -
a : E32 5.00 I 1.73 064 185 -
rom Tge! values
anmd permilzvaty -deviatson from £12 $.00 R | 73 ob | 73 =
gt values
I ombnned stacdand ety nss 11.00 165
Expanded wncetuinty
95% CONFIDENCE K=2 2.0
FNTHR\":\I.)
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A b c D o=7('d,k) £ li=cxgrie k
Description | Tolerance/ | Probability Div. G Standard | Vi
IEEE P1528 | Uncertainty | Distribution uncertainty | or
Source of Uncertainty I Veff
(0.3 ~3 GHz) =% (lg =%, (1g)
Measurement System
Probe calibration(k=1) E21 6.30 N 1 1 6.30 *
Axial isotropy E22 0.50 R 1.73 07 0.20 *
Hemisphenecal isonopy E22 2.60 K 1.73 071 1.06 B
Lineanty E24 0.60 R 1.73 1 0.35 *
Boundary effect E23 1.00 R 1.73 1 0.58 L
System detection limurs E25 1.00 R 1.73 1 0.58 ®
Readout electronics E2é6 030 N 1 1 0.30 *®
Response time E27 0.80 R 1.73 1 046 «
Integration time E28 2.60 R 1.73 1 1.50 ®
RF ambient conditons—noize Eé&.] 3.00 R 1.73 1 1.73 *
T R E61 3.00 R 1.73 1 1.73 =
Robe Jorionis mechanioal E62 0.40 R 1.73 1 0.23 -
tolerance
Probe positoning with respect to E63 200 R 173 1 167 -
Jphantom shell
Extrapolation, interpolation, and
integration algonthms for max ES 2.00 R 1.73 1.15 ®
SAR evaluation
Test Sample Related
Test sample positioning E42 471 N 1 471 9
Device holder uncertamty Edl 3.60 N 1 1 3.60 $
vty yariaXon—SAR 662 5.00 R 173 1 289 =
dnft measurement
Phantom and Tissue Parameters
Phantom uncertamty < . R ) .
(shape and thickness tolerances) E3l 7.30 R 173 ! +33
Liquid conductivity-measursment £33 1.5 N 1 064 0.98 5
tncertainty
Liquid permittivity-measurensent - . -
by E33 3.07 N 1 06 184 ]
Liquid conductivity-deviation E32 5.00 R 173 064 185 =
from target values
Liqud permittivity-deviation = i
fooun tampet vakaes E32 5.00 R 1.73 06 1.73 *
JCombined standard uncertamty RSS 1129 183
Expanded uncertanty
(95% CONFIDENCE K=2 257
INTERVAL)
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 827050081021
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9. The SAR Measurement System

<SAR System Configuration>

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

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

* 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 between optical and electrical
of the signals for the digital communication to the DAE and for the analog signal from the
optical surface detection. The EOC is connected 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.

* A probe alignment unit which improves the (absolute) accuracy of the probe positioning.

* A computer operating Windows 2000 or Windows XP.

* DASY4 software.

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

¢  The SAM twin phantom enabling testing left-hand and right-hand usage.

*  The device holder for handheld mobile phones.

¢ Tissue simulating liquid mixed according to the given recipes.

*  Validation dipole kits allowing to validate the proper functioning of the system.

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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9.1 Isotropic E-field Probe

+0.2 dB in TSL (rotation around probe axis)
:tD3thTSL(rotaton normal to probe axis)

Dimensions Overalllenglh 337m('l"p 20 mm
Tip diameter: 3.9 mm (Body: 12 mm)
Dlsta'iceﬁ'ompmbeﬁpmdpolecemets 20mm

Compatibility DASY3, DASY4, DASY52 SAR and higher, EASY4/MRI

ISO/IEC 17025 calibration service available.

Directivity +0.3 dB in TSL (rotation around probe axis)
+ 0.5 dB in TSL (rotation normal to probe axis)

Dimensions Overall length: 337 mm (Tip: 20 mm)
Tip diameter: 2.5 mm (Body: 12 mm)
Typical distance from probe tip to dipole centers: 1 mm

Compatibility DASY3, DASY4, DASY52 SAR and higher, EASY4/MRI

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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9.2 Phantom
Twin SAM

The shell corresponds to the specifications of the Specific
Anthropomorphic Mannequin (SAM) phantom defined in IEEE 1528 and
|EC 62209-1. It enables the dosimetric evaluation of left and right hand
phone usage as well as body mounted usage at the flat phantom region. A
cover prevents evaporation of the liquid. Reference markings on the
phantom allow the complete setup of all predefined phantom positions and
measurement grids by teaching three points with the robot.

Twin SAM V5.0 has the same shell geometry and is manufactured from
the same material as Twin SAM V4.0, but has reinforced top structure.

Material Vinylester, glass fiber reinforced (VE-GF)

Liquid Compatibility Compatible with all SPEAG tissue simulating liquids (incl. DGBE type)
Shell Thickness 2+ 0.2 mm (6 £ 0.2 mm at ear point)

Dimensions Length: 1000 mm

(incl. Wooden Support) m‘,’;‘w aﬁ}’&g,,,’“e ot

Filling Volume approx. 25 liters

Wooden Support SPEAG standard phantom table

Accessories Mounting Device and Adaptors

ELI

Phantom for compliance testing of handheld and body-mounted wireless
devices in the frequency range of 30 MHz to 6 GHz. ELI is fully compatible
with the IEC 62209-2 standard and all known tissue simulating liquids. ELI
has been optimized regarding its performance and can be integrated into
our standard phantom tables. A cover prevents evaporation of the liquid.
Reference markings on the phantom allow installation of the complete
setup, including all predefined phantom positions and measurement grids,
by teaching three points. The phantom is compatible with all SPEAG
dosimetric probes and dipoles:

ELI V5.0 has the same shell geometry and is manufactured from the same
material as ELI4, but has reinforced top structure. ELI V6.0, released in
August 2014, has the same shell geomeiry as ELI4 but offers increased

longterm stability.
Material Vinylester, glass fiber reinforced (VE-GF)
Liquid Compatibility Compatible with all SPEAG tissue simulating liquids (incl. DGBE type)
Sheil Thickness 2.0 £ 0.2 mm (bottom plate)
Dimensions Major axis: 600 mm
Minor axis: 400 mm
Filling Volume approx. 30 liters
Wooden Support SPEAG standard phantom table
Accessories Mounting Device and Adaptors
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 82705008 1021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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9.3 Device Holder for Transmitters

Maounting Device for Hand-Held
Transmitters

Mounting Devices and Adaptors

MD4HHTVS5 - Mounting Device for Hand-Held Transmitters

In combination with the Twin SAM V5.0/V5.0¢ or ELI Phantoms, the
Mounting Device for Hand-Held Transmitters enables rotation of the
mounted transmitter device to specified spherical coordinates. At the
heads, the rotation axis is at the ear opening. Transmitter devices can be
easily and accurately positioned according to IEC 62209-1, IEEE 1528,
FCC, or other specifications. The device holder can be locked for
positioning at different phantom sections (left head, right head, flat).

Material: Polyoxymethylene (POM)

Mounting Device for Laptops

MD4LAPVS5 - Mounting Device for Laptops and other Body-Worn
Transmitters

In combination with the Twin SAM V5.0/V5.0c or ELI Phantoms, the
Mounting Device (Body-Worn) enables testing of ransmitter devices
according to IEC 62209-2 specifications. The device holder can be locked
for positioning at flat phantom section.

Material: Polyoxymethylene (POM), PET-G, Foam

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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10. System Verification

10.1 Tissue Verification
The dielectric properties for this Tissue Simulant Liquids were measured by using the SPEAG Model DAK3.5

Dielectric Probe in conjunction with Agilent E5071B Network Analyzer (300 kHz — 8 500 MHz). The

Conductivity (o) and Permittivity (p) are listed in Table 1.For the SAR measurement given in this report. The

temperature variation of the Tissue Simulant Liquids was (22 = 2) °C.

Freq. Tissue .. crpe s . Temp
(MHz) Type Limit/Measured Permittivity (p) Conductivity (o) (C)
. 44.03£5% 0.87+5%
+
206.1 HSL Recommended Limit (41.83 ~ 46.23) (0.83 ~ 0.91) 222
Measured, 2015-10-01 43.77 0.87 22.21
. 43.50£5% 0.87+5%
+
450 HSL Recommended Limit (41.33 ~ 45.68) (0.83 ~ 0.91) 222
Measured, 2015-10-01 43.25 0.88 22.21
. 4345 +5% 0.87+5%
+
459 HSL Recommended Limit (41.28 ~ 45.62) (0.83 ~ 0.91) 222
Measured, 2015-10-01 43.12 0.89 22.21
. 43.17£5% 0.87+5%
+
s1o HSL Recommended Limit (41.01 ~ 45.33) (0.83 ~ 0.91) 222
Measured, 2015-10-01 42.02 0.91 22.21
. 5714 +5% 0.93+5%
+
06,1 MSL Recommended Limit (54.28 ~ 60.00) (0.88 ~ 0.98) 22+2
Measured, 2015-10-02 57.29 0.93 22.72
. 56.70 +5 % 0.94+5%
+
450 MSL Recommended Limit (53.87 ~ 59.54) (0.89 ~ 0.99) 22 %2
Measured, 2015-10-02 56.91 0.98 22.72
. 56.66 +5 % 0.94+5%
+
450 MSL Recommended Limit (53.83 ~ 59.49) (0.89 ~ 0.99) 22+2
Measured, 2015-10-02 56.83 0.90 22.72
. 56.46 £5 % 0.94£5%
+
s1o MSL Recommended Limit (53.64 ~ 59.28) (0.89 ~ 0.99) 22+2
Measured, 2015-10-02 55.87 0.95 22.72
<Table 1.Measurement result of Tissue electric parameters>
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 827050081021 FAX: 825052998311
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10.2 Test System Verification

The microwave circuit arrangement for system verification is sketched below picture. The daily
system accuracy verification occurs within the flat section of the SAM phantom. A SAR
measurement was performed to see if the measured SAR was within = 10% from the target SAR
values. These tests were done at 450 MHz. The tests were conducted on the samedays as the
measurement of the EUT. The obtained results from the system accuracy verification are displayed
in the table Table 2 (A power level of 250mWV was input to the dipole antenna). During the tests, the
ambient temperature of the laboratory was in the range (22 * 2) C the relative humidity was in the
range (50 = 20)% and the liquid depth above the ear/grid reference points was above 15 cm in all the
cases. It is seen that the system is operating within its specification, as the results are within
acceptable tolerance of the reference values.

z y
Spacer X

3D Probe positioner

Field probe
s Fiat phantom

Dipole

Amp Dir. coupler

Signal
generator — |

Validation | Dipole Ant. | Frequency Tissue Limit/Measurement (Normalized to 1 W)
Kit S/N (MHz) Type 1lg 10 g
Recommended Limit 4.62+10% 3.06 £ 10 %
D450V3 1080 450 HSL (Normalized) (4.16 ~ 5.08) (2.75 ~3.37)
Measured, 2015-10-01 4.80 3.20
Recommended Limit 4.46 =10 % 293+10%
D450V3 1080 450 MSL (Normalized) (4.01 ~4.91) (2.64 ~3.22)
Measured, 2015-10-02 4.56 3.08
<Table 2.Test System Verification Result>
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 82705008 1021 FAX: 825052998311
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11. Operation Configurations

Measurements were performed at the lowest, middle and highest channels of the operating band. The EUT was

set to maximum power level during all tests and at the beginning of each test the battery was fully charged.

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 827050081021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.
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12. SAR Measurement Procedures

Step 1: Power Reference Measurement

The Power Reference Measurement and Power Drift Measurements are for monitoring the power drift
ofthe device under test in the batch process. The Minimum distance of probe sensors to
surfacedetermines the closest measurement point to phantom surface. The minimum distance of probe
sensorsto surface is 2 mm. This distance cannot be smaller than the Distance of sensor calibration
points toprobe tip as defined in the probe properties.

Step 2: Area Scan

The Area Scan is used as a fast scan in two dimensions to find the area of high field values, before
doinga fine measurement around the hot spot. The sophisticated interpolation routines implemented in
DASYsoftware can find the maximum locations even in relatively coarse grids. When an Area Scan
hasmeasured all reachable points, it computes the field maximal found in the scanned area, within a
rangeof the global maximum. The range (in dB) is specified in the standards for compliance testing.
Forexample, a 2 dB range is required in IEEE Standard 1528 and IEC 62209 standards, whereby 3 dB
is arequirement when compliance is assessed in accordance with the ARIB standard (Japan). If only
oneZoom Scan follows the Area Scan, then only the absolute maximum will be taken as reference.
Forcases where multiple maximums are detected, the number of Zoom Scans has to be
increasedaccordingly.

Area Scan Parameters extracted from KDB 865664 D01 SAR Measument 100 MHz to 6 GHz vO1r04.

<3 GHz 3 GHz
Maximum distance from closest measurement point . PR .
e < S+ 1mm 0 Inf2) £ 0.5 mm
(geometric center of probe sensors) to phantom surface
Maximmum probe angle from probe axis to phantom 30° + 1° 20° + |2
surface normal at the measurement location e R
<2 GHz: < 15 mm 3-4GHz < 12 mm
2-3GHz < 12 mm 4 -6GHz < 10 mm
Maximum area scan spanal resolution: AX ... AVare When the x or y dumension of the test device. i the
measurement plane onentation, 1s smaller than the above,
the measurement resolution must be < the corresponding
x or y dimension of the test device with at least one
measurement pomt on the test device

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
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Step 3: Zoom Scan

Zoom Scans are used to assess the peak spatial SAR values within a cubic averaging volume
containingl g and 10 g of simulated tissue. The Zoom Scan measures 5x5x7 points within a cube
whose base faces are centered on the maxima found in a preceding area scanjob within the same
procedure. When the measurement is done, the Zoom Scan evaluates theaveraged SAR for 1 g and 10
g and displays these values next to the job’s label.

Zoom Scan Parameters extracted from KDB 865664 D01 SAR Measument 100 MHz to 6 GHz v01r04.

<3 GHz

>3 GHz

Maximum distance from closest measurement point
(geometric center of probe sensors) to phantom surface

5mm= 1 mm

1.6 In(2) mm 0.5 mm

Maximum probe angle from probe axis to phantom
surface normal at the measurement location

30° +1°

20° +1°

Maximum area scan spatial resolution: AxArea, AyArea

<2 GHz: <15 mm
2-3GHz: <12 mm

3-4GHz: <12 mm
4 -6 GHz: <10 mm

When the x or y dimension of the test device, in the
measurement plane orientation, is smaller than the
above, the measurement resolution must be < the
corresponding x or y dimension of the test device with
at least one measurement point on the test device.

Maximum zoom scan spatial resolution: AxZoom, AyZoom

<2 GHz: <8 mm
2 —3 GHz: <5 mm*

3 -4 GHz: <5 mm*
4 — 6 GHz: <4 mm*

3 -4 GHz: <4 mm

uniform grid: AzZZoom(n) <5 mm 4 -5GHz: <3 mm

Maximum zoom > —6GHz: <2 mm
scan spatial AzZoom(1): between 3 -4 GHz: <3 mm
1st two points closest <4 mm 4-5GHz: <2.5mm

resolution, normal to

graded

to phantom surface

5-6 GHz: <2 mm

phantom surface arid AzZoom(n>1):

between subsequent <1.5-AzZoom(n-1) mm
points
Minimum zoom 3 -4 GHz: 228 mm
X, V,Z >30 mm 4 —5GHz: >25 mm

scan volume

5—-6 GHz: > 22 mm

Note: 3 is the penetration depth of a plane-wave at normal incidence to the tissue medium; see IEEE Std
1528-2013 for details.
* When zoom scan is required and the reported SAR from the area scan based 1-g SAR estimation procedures of
KDB Publication 447498 is < 1.4 W/kg, < 8 mm, <7 mm and < 5 mm zoom scan resolution may be applied,
respectively, for 2 GHz to 3 GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.

Step 4: Power drift measurement

The Power Drift Measurement measures the field at the same location as the most recent
powerreference measurement within the same procedure, and with the same settings. The Power
DriftMeasurement gives the field difference in dB from the reading conducted within the last
PowerReference Measurement. This allows a user to monitor the power drift of the device under test
within abatch process. The measurement procedure is the same as Step 1.

Step 5: Z-Scan

The Z Scan measures points along a vertical straight line. The line runs along the Z-axis of a
onedimensionalgrid. In order to get a reasonable extrapolation, the extrapolated distance should not
belarger than the step size in Z-direction.

* Z Scan Report on Liquid Measure the height Annex A.4 Liquid Depth photo to replace
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13. Test Equipment Information

Test Platform

SPEAG DASY4 System

Description

SAR Test System

Software Reference

DASY4: V4.7,Build§0
SEMCAD: V1.8,Build 186

Hardware Reference

Equipment Model R I())fa(tjealibration E;i ((ljeglil?rition
Shield Room Shield Room None N/A N/A
DASY4 Robot RX90BL Speag FO5/51E0A1/A01 N/A N/A
DASY4 Controller RX90BL Speag F05/51E0A1/C/01 N/A N/A
Phantom 2mm Oval Phantom ELIS 1220 N/A N/A
Mounting Device Mounting Device None N/A N/A

DAE DAE4 666 2015-04-28 2016-04-28
Probe ES3DV3 3302 2015-05-26 2016-05-26
Dipole Validation Kits D450V3 1080 2014-11-19 2016-11-19
Network Analyzer E5071B MY42403524 2015-07-14 2016-07-14
Dual Directional Coupler 778D 16059 2015-07-14 2016-07-14
Signal Generator E4438C MY42080486 2015-01-19 2016-01-19
Power Amplifier GRF5039 1062 2015-07-14 2016-07-14
LP Filter LA-15N 36543 2015-07-14 2016-07-14
Dual Power Meter E4419B GB43312301 2015-07-14 2016-07-14
Power Sensor 8481H 3318A19377 2015-07-15 2016-07-15
Power Sensor 8481H 3318A19379 2015-07-15 2016-07-15
Dielectric Assessment Kit DAK-3.5 1078 2015-08-19 2016-08-19
gz::igietgé ?(fgf/ Temp. MHB-382SD 14036 2015-05-22 2016-05-22
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14. RF Average Conducted Output Power

14.1 Average Conducted Output Power

Band Power Conducted Power (dBm)
406.1 MHz 459 MHz 512 MHz
M 1 W - Low 30.29 30.72 30.42
4 W - High 36.05 36.39 36.16
14.2 Max. tune up power
Band Power Target Power Tolerance Max. Allowed
(dBm) (dB) Power (dBm)
1 W -Low 30.00 +1.50 31.50
FM
4 W - High 36.00 +1.00 37.00
KCTL Inc.
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15. SAR Test Results

15.1 Head SAR Test Results

F Average Max. Measured Measured Scaled
requency 8¢ | tuneup | Scaling | EUT | Distance | 1gSAR 1g SAR
SO power Factor | Position | (mm) (W/kg) (W/kg) g SAR
MHz | Channel | (dBm) | 4p, Duty 100 % | Duty50 % | "V/k&)
459 126 36.39 37 1.15 Front 25 1.86 0.93 1.16

<Note>
1.FCC KDB Publication 643646D01v01r03.

I) When the head SAR of an antenna tested in A) is:
a) < 3.5 W/kg, testing of all other required channels is not necessary for that antenna
b) > 3.5 W/kg and < 4.0 W/kg, testing of the required immediately adjacent channel(s) is not
necessary; testing of the other required channels may still be required
c) > 4.0 W/kg and < 6.0 W/kg, head SAR should be measured for that antenna on the
required immediately adjacent channels; testing of the other required channels still needs
consideration
d) > 6.0 W/kg, test all required channels for that antenna
e) for the remaining channels that cannot be excluded in b) and ¢), which still require
consideration, the 3.5 W/kg exclusion in a) and 4.0 W/kg exclusion in b) may be applied
recursively with respect to the highest output power channel among the remaining
channels; measure the SAR for the remaining channels that cannot be excluded
i) if an immediately adjacent channel measured in ¢) or a remaining channel measured
in e) is > 6.0 W/kg, test all required channels for that antenna
2. FCC KDB Publication 447498D01v06
I) The operating configurations of handheld PTT two-way radios generally require SAR testing for
in-front-of the face and body-worn accessory exposure conditions. A duty factor of 50% should be

applied to determine compliance for radios with maximum operating duty factors < 50%.
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15.2 Body SAR Test Results

F Average Max. Measured Measured Scaled
requency 8¢ | tuneup | Scaling | EUT | Distance | 1gSAR 1g SAR
JEDE? power Factor | Position | (mm) (W/kg) (W/kg) EISER
MHz | Channel | (dBm) | 4p, Duty 100 % | Duty50 % | "V/k&)
459 126 36.39 37 1.15 Back 0 5.03 2.52 3.13

<Note>
1.FCC KDB Publication 643646D01v01r03.

I) When the body SAR of an antenna tested in A) is:
a) < 3.5 W/kg, testing of all other required channels is not necessary for that antenna
b) > 3.5 W/kg and < 4.0 W/kg, testing of the required immediately adjacent channel(s) is not
necessary; testing of the other required channels may still be required
c¢) > 4.0 W/kg and < 6.0 W/kg, body SAR should be measured for that antenna on the
required immediately adjacent channels; testing of the other required channels still needs
consideration
d) > 6.0 W/kg, test all required channels for that antenna
e) for the remaining channels that cannot been excluded in b) and c), which still require
consideration, the 3.5 W/kg exclusion in a) and 4.0 W/kg exclusion in b) may be applied
recursively with respect to the highest output power channel among the remaining
channels; measure the SAR of the remaining channels that cannot be excluded
i) if an immediately adjacent channel measured in ¢) or a remaining channel measured
in e) is > 6.0 W/kg, test all required channels for that antenna
2. FCC KDB Publication 447498D01v06
I) The operating configurations of handheld PTT two-way radios generally require SAR testing for
in-front-of the face and body-worn accessory exposure conditions. A duty factor of 50% should be

applied to determine compliance for radios with maximum operating duty factors < 50%.

KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 82705008 1021 FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.

[KCTL-TIA002-002/0]




Report No.: KCTL16-SFA0007
Page: 22 of 56

http://www.kctl.co.kr

16. Test System Verification Results

System check for 450 MHz-Head(2015-10-01)
Procedure Name: d=15 mm, Pin=250 mW, f=450

Frequency: 450 MHz; Duty Cycle: 1:1
Medium parameters used: =450 MHz; ¢ = 0.885 mho/m; &, = 43.3; p = 1000 kg/m3
Phantom section: Flat Section
DASY4 Configuration:
e Probe: ES3DV3 - SN3302; ConvF(6.31, 6.31, 6.31); Calibrated: 2015-05-26
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn666; Calibrated: 2015-04-28
e Phantom: ELI v5.0; Type: QDOVAOO2AA; Serial: 1220
e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

d=15 mm, Pin=250 mW, f=450/Area Scan (81x201x1): Measurement grid: dx=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 1.41 mW/g

d=15 mm, Pin=250 mW, f=450/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 40.8 V/m; Power Drift = -0.019 dB

Peak SAR (extrapolated) = 1.83 W/kg

SAR(1 g) =1.2 mW/g; SAR(10 g) = 0.800 mW/g

Maximum value of SAR (measured) = 1.40 mW/g

dB
0.000

-2.00
-4.00
-5.99
-7.99

il

-9.99
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System check for 450 MHz-Body(2015-10-02)
Procedure Name: d=15 mm, Pin=250 mW, f=450

Frequency: 450 MHz; Duty Cycle: 1:1
Medium parameters used: f =450 MHz; ¢ = 0.978 mho/m; ¢, = 56.9; p = 1000 kg/m3
Phantom section: Flat Section
DASY4 Configuration:
e Probe: ES3DV3 - SN3302; ConvF(6.54, 6.54, 6.54); Calibrated: 2015-05-26
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn666; Calibrated: 2015-04-28
e Phantom: ELI v5.0; Type: QDOVAOO2AA; Serial: 1220
e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

d=15 mm, Pin=250 mW, f=450/Area Scan (81x201x1): Measurement grid: dx=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 1.32 mW/g

d=15 mm, Pin=250 mW, f=450/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 37.2 V/m; Power Drift = -0.005 dB

Peak SAR (extrapolated) = 1.75 W/kg

SAR(1 g) = 1.14 mW/g; SAR(10 g) = 0.769 mW/g

Maximum value of SAR (measured) = 1.32 mW/g

dB
0.000

-2.00

-4.00

-5.99

-7.99

-9.99
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17. Test Results

#1 FM Head SAR
Procedure Name: FM transmitter_FM_Ch.126_f.459_Head Front_Gap 25 mm

Frequency: 459 MHz; Duty Cycle: 1:1
Medium parameters used: =459 MHz; ¢ = 0.892 mho/m; &, =43.1; p = 1000 kg/m3
Phantom section: Flat Section
DASY4 Configuration:
e Probe: ES3DV3 - SN3302; ConvF(6.31, 6.31, 6.31); Calibrated: 2015-05-26
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn666; Calibrated: 2015-04-28
e Phantom: ELI v5.0; Type: QDOVAOO2AA; Serial: 1220
e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

FM transmitter_FM_Ch.126_f.459_Head Front_Gap 25 mm/Area Scan (71x201x1):
Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 2.10 mW/g

FM transmitter_FM_Ch.126_f.459_Head Front_Gap 25 mm/Zoom Scan (5x5x7)/Cube 0:
Measurement grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 46.5 V/m; Power Drift = -0.030 dB

Peak SAR (extrapolated) = 2.48 W/kg

SAR(1 g) = 1.86 mW/g; SAR(10 g) = 1.37 mW/g

Maximum value of SAR (measured) = 2.07 mW/g

mWig
2.07

1.72

1.37

1.02

0.671

0.321
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#2 FM Body SAR
Procedure Name: FM transmitter_FM_Ch.126_f.459_Body Back_Gap 0 mm

Frequency: 459 MHz; Duty Cycle: 1:1
Medium parameters used: f =459 MHz; ¢ = 0.9 mho/m; &, = 56.8; p = 1000 kg/m’

Phantom section: Flat Section
DASY4 Configuration:

e Probe: ES3DV3 - SN3302; ConvF(6.54, 6.54, 6.54); Calibrated: 2015-05-26

¢ Sensor-Surface: 3mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn666; Calibrated: 2015-04-28

e Phantom: ELI v5.0; Type: QDOVAOO2AA; Serial: 1220

e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

FM transmitter_FM_Ch.126_f.459_Body Back_Gap 0 mm/Area Scan (51x141x1):
Measurement grid: dx=20mm, dy=20mm
Maximum value of SAR (interpolated) = 5.62 mW/g

FM transmitter_FM_Ch.126_f.459_Body Back_Gap 0 mm/Zoom Scan (5x5x7)/Cube 0:
Measurement grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 77.3 V/m; Power Drift = -0.004 dB

Peak SAR (extrapolated) = 7.04 W/kg

SAR(1 g) =5.03 mW/g; SAR(10 g) = 3.65 mW/g

Maximum value of SAR (measured) = 5.62 mW/g

mW/g
5.62

467

0.858
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Annex A. Photographs

Annex A.1 EUT

Front View

BLUEBIRD

Back View

)
&
»
0
&
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Right side View

Left side View
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Top side View

Bottom side View
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Annex A.2 Photographs of Test Setup

Photograph of the SAR measurement System
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Annex A.3 Test Position

(a) Head_Front

(b) Body_Back
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(c) Body_Back-Ear Phone

(d) System Check 450 MHz
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Annex A.4 Liquid Depth

HSL450

MSL450
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Annex B. Calibration certificate

Annex B.1 Probe Calibration certificate

Calibration Laboratory of »,\n'@b-.,,’ s s {schor Kol

Schmid & Partner S G Servicw sisan d'itnionnage
Engineering AG g = g Servivo wizzers di tarstura

Zaughmussiranse 43, B0 Zurich, Switzerland s ,‘/‘/;_\:‘\f Swins Cahbration Sorvico

Acrockingd by $w S Accrediation Semce (SAS)
The Swiss Accreditation Service i cae of tha signatories to the EA
Multilatoral Agrosmsnt foe the recognition of calibeation corttficates

KCTL (Dymstec)
{CALIBRATION CERTIFICATE

Accreditaton No.: SCS 0108

Cliont

Certineats No: ES3-3302_May15

| Dbject ES3DV3 - SN:3302

| Culbeaton procedursis)

QA CAL-01.v9, QA CAL-12.v9, QA CAL-23.¥5, QA CAL-25.v6
Calibration peocedure for dosimetric E-field probes

Cafbraron dato

May 26, 2035

Thiz calitration carficalo GoOUMents e IAORINTRY 10 cAlnnnl Mandads, wheoh reskae the physca! uris of measurements {51
The mesGuements and e urcanantes with confdence probatsity ars ghven on the folicwing poges and e art of the cenficate

Al calbraticos have been conductingd 0 1he Closed Doy faciity, srvromment lemperstuns (22 + 3I°C and humadity < 10%

Cakbraton Equiprment used (MATE critcal for calbration)

| Prizary Standords D i 97 Dale v‘?:alh:mellnj B Sctodyd Caltesson
Powsr mater E44196 GBA1203874 L 01-Agr-18 (No. 21702128) Mar. 18 |
| Power senscr ES412A MY41498087 01-Ape-15 (No. 21740328) Mar-16
Retarancs 3 98 AZonuinoe SN: 55054 (%) | 01-Ape.15 (No, 217-02128] Mar-18
Faturence 20 o8 Allafustor aN: 55277 {0} 01-Age-1% (No. 21702132} Mar- 10
Reference 30 &8 A SN: 55120 {30b) 01-Aer-15 (No 217-412133) Mor-16
| Pstorence Probe L5IOYZ St 3013 30-Deoc 14 {No. E53-3013_Dect4) Doc-15
DAE4 SN 860 -Jan-15 (No DAELSGED Jantd) Jan-16
Saccodary Stardans |10 | Check Dato [mhouse) Scheduled Chock
FF generator P B645C US36420001 700 A-AUg- 99 [in Poume Check Agr-15) In Pouse ek Apr-18
Netwotk Anstyzer HP S753E UEIT 320605 1 18.0ct.01 (n howse chock Oct.34) | In house chadk: Dot-15
Name Funstion Surutuen
Cattramied by. Lt Klymner Latonitory Technaan g ‘V 7;‘
——
Acgeownd by ¥aljo Povavo Technizat Monager W&_
lssuma My 28 2018
This L:‘b_l_ﬂflr- laﬂ‘ll:um shadl el e rvproducsd sscept i hil withaod witien appeoml of e lsbomtony

A

.
a9

I
2

2

Certificate Ng: ES3-3302_May15 Page 1af 11
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Calibration Laboratory of

NN s har Kalibe
Schmid & Partner % g Secvice suisan ditalonnage
Englneeﬂﬂg AG T s Servizio svizzero di aratura
Zoughmaestransn 43, D004 Zurich, Switzertand b ‘ﬁ:‘ ' Bwiss Calibration Service
Azcrading by the Swas Accredtitian Suvce (SA3) Acoreditasion No.: SCS 0108
The Swiss Accroditotion Servics mcmd"- signatorios to the EA
M A for the of [
Glossary:
TSL issue simislatng lquid
NORMx,y,z sensitivity in free space
ConvF sensitivily in TSL /| NORMx y. 2
OCP diode comgression pont
CF crast factor (1/duty_cycle) of the RF signal
A B,C,D modutation dependent lincarization paramelers
Polarzation ¢ o totabon around probe axs
Polanzation ¥ 4 rotation sround an axis that is In the plane nomal Lo probe axis (8l measurement center),
i@, 4 =0 = nomal fo probe axis
Connector Angle information wsed in DASY system 1o align probe sensor X (o the robol coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommeanded Practics for Determning the Peak Spatal-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques®, June 2013

b) |EC 62209-1, "Procedure to measura the Specific Absorplion Rate (SAR) for hand-heid devices used in cloge
proximity to the sar (frequancy rangs of 300 MHz to 3 GHz)*, Fabruary 2005

Methods Applied and Interpretation of Parameters:
NORMYx, y,z- Assessed for E-field polanization & = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 wavequide)
NORM.y,z are cnly intermadiate values, i e, the uncartainties of NORMx.y,z doas not affect the E*-field
uncertainty inside TSL (see below ConvF),

*  NORM{Nx.y,2 = NORMxY.z * fraquoncy _response (see Frequency Response Chart). This ineanzation &
Impismentad In DASY4 software varsions @ter than 4.2 The uncertainty of the frequancy response is included
in the stated uncectainty of ConvF

« DCPxyz DCP are numenical linsarization parameters assessed basad on the dala of power swaep with CW
signal (no uncartainty required). DCP does not depend on frequency nor medis.

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

o Axyz Bxyr Cuyz Dxyz VReyz A 8. C. D are numerical linearzation parameters assessed hased on
the data of power sweep for specific modulation signal. The paramaters do not dapend on frequency nor
media. VR s the maxenum calibration range expressed in RMS voltage across the dode

s ConwF and Boundary Effect Parameters: Assessed in fiat phantom using E-fieki (or Temperature Transfer
Standard for | < 800 MHz) and nesde waveguide ueing analytical fiald distributions based on powar
measurements for f > B00 MMz, The same satups are used for assassment of the perameters applied for
boundary compensation (aipha, dapth) of which typical uncenainty values are given. These parameters are
usad in DASY4 software to improve probe accuracy clase to the boundary, The sersiivity in TSL carresponds
1o NORMx,y,z * Comvic whereby the uncertanty cocrespoads 10 that given foe ConvF. A frequency dependent
ComnvF is used m DASY version 4.4 and higher which allows extonding the validity from £ 50 MHz lo + 100
MHz

o Spherical isotropy (3D dewiation from isotropy): i a fieks of low gradients realized using a fat phantom
expasad by & patch antenna

* Seasar Offsef The sensor offset corresponds o the offset of vidual measurement center from the probe tip
(on probe axis). No tolerance required.

*  Comeclor Angfe: The angle is assessed using the nformation ganed by determining the NORMY (no

uncertainty required)
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ES3DV3 - SN:3302 May 26, 2015

Probe ES3DV3

SN:3302

Manufactured:  August 27, 2010
Calibrated: May 26, 2015

Calibrated for DASY/EASY Systems

(Note: non<compatitle weh DASY2 systam/)
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May 26, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z unc (k=2)
Nomm (uVivim))" 118 138 133 2101 %
DCP (mV)" 104.8 l 1032 103.2
Modulation Calibration Parameters
(1) Communication System Nama A B c ) VR Unc"
| _| ‘o8 lsvgvi] | @8 | mv | (%)
(o ow X 00 00 1.0 000 | 2297 | 27% |
Yy | oo 00 10 255 |
= |L.Z 00 | 00 1.0 254 |

The reported uncerlainty 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 uncertairties of NormX Y 2 o not affect the E7Seld uncertanty inside TSL (son Pnges 5 and 6)

Cenlihcate Ne: ES3-3302_May15

Somoncal lkearizalion paramalir: uncenanty nal seguiied

Urcertanty is dedermined using the max. deviation from limear resoonse apohying rectanguiar distniution and & expressed i the sguane of the
fid value
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ES30V3- SN:M2 May 76, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Calibration Parameter Determined in Head Tissue Simulating Media

3 Relative Conductivity I | Depth™ Unet.,

L f(MHz)© | Parmittity” | (Sim)” | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)_

| 300 453 0.87 669 | 689 | 669 013 | 220 | $133%
450 435 0.87 831 | 631 | 6.31 0.20 2,20 +133%
B50 415 092 | 578 | 579 579 065 | 129 | +120% |

| 900 a15 0.97 5.72 572 | 572 0.33 1.93 | $120%
1750 401 1.37 1 4.87 497 4.97 077 118 $12.0% |

| 1900 | 400 1.40 4.80 480 480 0.80 116 | £120%
2450 392 1.80 416 | 416 | 446 | 080 | 127 | 4120%
2600 300 | 186 4.06 4.06 406 0.80 132 | 2120%

* Frequency vaficity obove 300 Mz of = 100 Wiz coly appiss for DASY w4 4 and tgher (sne Page 2. elee | ls rostrotes Lo + 50 MHz. The
unconanty s the RSS of the Con® uncertnty ot caltration froquency a0l 1 uncananty for e indeead bupmncy tond Frequaccy valdity
bolow 300 MHz & + 10, 25, 40, 50 and 70 MHz for Comvf nssessments ot 30, 54, 128 150 and 220 MH2 respectively. Abowe 5 Gtz froquency
wikiity can be extended to £ 110 MMz

" Al fruguencies beiow 3 GHE. the widity of fstus jevamolers (c and o} Gan be retannd 10 + 105 I Sgukd compensation lmida 6 sppked o
MESeurod SAR wiluss. A2 frequercies sbove 3 GHZ the woldity of tssue paramaiees (¢ and o) & resticed %0 £ 5%. The unceriaitty B Te RSS of
he ConvF unoanainty Kr indicansd target lissus porameters

* AphaDepth ae catenmned dunng calbrason. SPEAS wormants that the remairing deviaion ds 10 18 baundacy effed afiar compersstion is
ahwigs less than + 1% for feguencies balow 3 Giiz and bolow = 2% for equencas batwean 3-8 GHe ul sy detance larger than half the probe 5p
dameter from the boundary.
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ES3DV3- SN:3302 May 26, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Calibration Parameter Determined in Body Tissue Simulating Media

Retative Conductivity Deptn © Unct,
1(MHL)© | Permtivity’ | (Sm)’ | ConEX | ComEY | ComFZ |Alpha® | (mm) | (ke2)
300 56.2 0.92 645 | 645 | 645 | 010 | 220 | s133%
450 567 | 084 65¢ | 654 | 65¢ | 013 | 210 | s133% |
850 552 0.8 563 | 583 | 563 | 038 | 172 | £120%
%0 | 550 | 108 s62 | 582 562 | 055 | 142 | s120%
1750 53.4 149 460 | 480 | 460 | 066 | 13¢ | s120%
1800 533 152 437 | 437 | 431 | 053 | 156 | 2120%
2450 527 195 404 1 404 4.04 0.80 120 | £120%
2600 525 216 380 | 389 | 3ee | 080 | 125 | s120%

¥ Frequency voldty abave 900 MHZ of + 160 Ne& aedy appties ko DASY v 4 a0 highsr [see Page 2), cise it & restiiciod 50 + 50 M. Tha
uncaitairty & e RSS of the Comv uncertainty af cabbrabon NeGuency aeef e uncartsinty for e ndicaled frequancy band. Frequency valdty
Beicw 300 MH2 is + 10. 25, 40 50 ana 70 MMz for ConvE assessments i 30, 64, 128, 150 snd 220 Mz respectvoly. Above § GHz frequency
valicity can ba edeoded 10 = 110 MHz

' Al frequoncies below 3 Gz, tho vakdiy of tisaue pamedins (e wnd o) an be relaod 10 = 10% f Igud compensaton foomuds is appked 10
measued SAR voloa Al beceancias stiov 3 Griz, the valdiny of tissue pommeterns (¢ a0d o) is res¥icled (0 = 5% The uncananty is the RSS of
the Cordt’ uncananly for inScaled targul Ssaum panunokers

" AlgharDugen are determines durng calbrabion. SFEAG wamants el thi ey devistion dus to he boundary efect afier compensalion is
uhwigs beces than 1 1% lor heguenoes below 3 GHz and bekow £ 2% for Mequincas tatwesn 3-8 Gtz & any destance arger than hak the prooe tip
diamaler trom the boundary.
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ES30OV3- SNI3a02 May 26 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncartainty of Frequency Response of E-field: £ 6.3% (k=2)
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ESIOV3- SN:3302

May 26, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
- % v : Tt x Y :
r [
,';.‘ Foca “:'J;q.r_t_',vt.-.,“.;‘:4x.e~=»—ct;:|t:
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Rc; M
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ES30V3- 5N 3302 Mary 28, 2015

Dynamic Range f(SAR}eaq)

(TEM cell , f,»= 1900 MHz)
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Uncertainty of Lineanty Assessment: £ 0.6% (k=2)
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ESIOV3- SN3302 May 26, 2015

Conversion Factor Assessment

= 350 MHZ. WGLS RY (H_canyfF) 1= 1900 MHz, WGLS R22 (H_comF)

< . - ] ' . z A - n .

“lvw

v

e oror ki Te—

Deviation from Isotropy in Liquid
Error (¢, 8), f= 900 MHz

. -

-10 -084 08 04 02 00 02 04 06 08 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k#2)
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ESIOVL. SN3302 May 26, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Other Probe Parameters

["Sensor Arrangement Trianguiar |
| Connector Angie () = - 459 |
| Mechanical Surface Defection Mode ennbled |
Optical Surface Detection Mode  disabled
| Probe Overall Langth I B N ~ 337mm |
[ Probe Bogy Diameter LT T 10mm
i Longth T
Tolamer ——————————— o
‘m?{sﬁﬁ{ X Calibration Point 2mm |
Prabe Tip to Sensor Y Caiibration Paint 2mm |
| Probe Tip © Sensor Z Calibeaton Pont Zmm |
Recommended Measurement Distance from Surface 3mm |
Cerificate No: ES3-3302_May15 Page 11 of 11
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Annex B.2 DAE Calibration certification

Calibration Laboratory of s ischer Kalibrierdi

Schmid & Pariner ¢ Survicy suisse d'éalonnage
Engineering AG Servizio svizzero di tarsturs

Zoughausstrasse 43, 3004 Zurich, Switzeriand Swiss Calibration Service

Actredited by 1he Sets Accredtalion Senvca (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

[ Ag for the recognition of jon curlife

cient  EMC Compliance (Dymstec) Certificate No: DAE4-666_Apri15

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 666

Cathration procedure(s) QA CAL-08.v29
Calibration procedure for the data acquisition electronics (DAE)

Calbraton date April 28, 2015

Tha cafibration cartificate cocumants the ity to nabions

, which reslize ) physcal units of maasuemants (S1)
Tho moasurements and the uncsraintes with confidunos probability ars given an 1he Slowing pages and ane par of the cerificate

NI calieations have been concketed in 1he dosed BDorary Lacilly. amdronment temperaturns (22 = 3)°C and humidiy « 70%

| Gattration Equipment used (METE orftcal for calitimtion)

| Primary Standants e Cal Dute (Cotcate No) _ - Scheduled C.

| Kesthiay Mutimater Type 2001 &N 010278 CG-Oot-14 (No; 15573) Oct-16
Secoraary Standands (ina Cnack Date (n housa) Schedulsd Cheds
A DAE Gabteason Uit | SE UWS 053 AA 1001 05-Jan15 (In house chack) in house chocc fan-16
Coltrator Box V2 1 | SEUMS 006 A& 1002 06-Jan-15 (In house cheex) In house check: Jan-16

Nasrs Function Sgratua
| Casibirated ty R Meyomz Tochocian

| F hbgpesy

| Appeoved by: Fin Bombolt Deputy Techmical Marager ;—// >

{roithpd—

sguod: April 28, 2015
This cﬂluulkn’cgiyyrm- A'i\l! oot Dw reprochcnd sacepl in Wit Wi it dproval of the labaniory.
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Calibration Laboratory of s‘@"’a S Schwoiserischar Kaibrierd

Schmid & Partner % c Service sutsse d'étalonnage
Engineering AG S Servizic svizzero di taratura

Zeughausstrasse 43, 8004 Zurich. Switzerland Ko S swisa Calibration Service

Wk

Accradiod by the Swist Accmdasion Service (SAS) Accreditatan No.: SCS 0108

The Swiss Accreditstion Service ks one of the signatornies to the EA

L Agr for the gnition of calitwation cectificates

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 Voifage Measurement: Calibration Faclor 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 following parameters as documentad in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement,

Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

Channel separation: Influence of a voitage on the neighbor channels not subject to an
input voitage.

AD Converter Values with inputs shorted: Values on the intemal AD converter
corresponding to zero input voltage

Input Offset Measurement. Qutput voltage and statistical results over a large number of
zero voltage measurements.

Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

Input resistance: Typical value for information: DAE input resistance al the connector,
during intemal auto-zeroing and during measurament,

Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

Power consumption: Typical value for Information. Supply currents in various operating
modes.

Cartificate No: DAES-668_Aprih Pape20l5
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DC Voitage Measurement
AL - Converter Resolution nominal

High Range: 1LS8 = 6.1uV full mnga = -100...+300 mV
Low Range: 1LSB = 81nv, full range = -1 40mV
DASY measureman paramaters: Auto Zero Time: 3 sec; Measuring time: 3 sec
I ]
Calibration Factors X Y z |
High Range 405 462 + 0.02% {k=2) | 404.589 + 0.02% (k=2) | 403,650 + 0.02% (k=2)
Low Range 3,89203 + 1.50% (k=2) | 3.98088 + 1.50% (k=2) | 3.87425 + 1.50% (k=2)

Connector Angle

Connector Angle 10 be used o DASY system ‘ 3055°+1°
Centificate No: DAE4-666_Aprts Page 3045
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 200031.22 -65.58 ).00
Channel X + Input 2000634 122 0.0
Channel X « Input -20005.04 £.18 0.00
Channel ¥ + Input 200034 .60 -3.07 -0.00
Channel ¥ + Input 2000379 -1.23 .01
Channel Y - fnput 20004 86 0.08 -0.00
Channel Z + Input 20003619 0.18 0.00
Channel Z +Input 20004.62 D35 0.00
Channel Z - Input -20005.82 .88 0,00
Low Range Reading (pV) Difterence (uV) Error (%)
Channel X + Input 2002 02 0.39 002
Channel X + input 201 .46 029 015
Channel X « Input -198.59 0.19 0.10
Channel Y + Input 2002.01 039 0.02
Channel Y + lnput 200.00 1.48 073
Channel Y ~ lnput -189.19 0.58 0.30
Channel Z + Input 2002.13 0.61 0.03
Channel Z + Input 200.80 0.60 0,30
Channel Z - Input -199 66 107 054
2. Common mode sensitivity
DASY measurement parametars: Auto Zevo Tens: 3 sec: M ing lime: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -0.34 -1.42
<200 090 -2.87
Channel Y 200 154 1.70
- 200 278 317
Channel Z 200 -4.80 -4.52
- 200 257 223
3. Channel separation
DASY measurement parameters: Aute Zero Time: 3 sec. M ring lime: 3 sec
Input Voltage {mV) | Channal X (uV) | Channel Y (uV) Channel Z (uV)
Channel X 200 E 281 303
Channal ¥ 200 8.41 .75
Channel Z 200 a.88 6.00 -
Cartificate No: DAE4-666_Apr1S Pago 4ol b
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4. AD-Converter Values with inputs shorted
DASY measurement parametens: Auta Zeco Time: 3 sec: Measuring time: 3 sec

High Range (1.S8) Low Range (LS8}
_Q:U\nol X 16487 16407
Channel ¥ 16038 16605
Channel Z 16133 16162 =]

5. Input Offset Measurement
DASY measurement parameters; Auto Zero Tene: 3 sec. Measuning time: 3 sec

loput 10M
Average (V) | min. Offset (uv) | max. Offset (uv) | ' z“,';"”“

Channel X 1.50 0.43 390 0.57
Channel Y 013 -1.44 186 0.62
Channel Z 0.62 059 174 045

6. Input Offset Current
Naminal Input circuitty offset current on all chamnels: <258A

7. Input Resistance (Typial values foc information)

Zeroing (kOhm) Measuring (MOhm)

Channel X 200 200
Chtnnc.l'Y 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for nformation)
Typical values Alarm Level (VDC)
$wply {+ Vec) 379
Supply (- Vec) 7.6

9. Power Consumption (Typical valuze for Information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply {+ Veo) 0. +6 +14
Supply (- Vec) 0.0 -8 -G
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Annex B.3 Dipole Calibration certification

Report No.: KCTL16-SFA0007
Page: 49 of 56

D450V3
Calibration Laboratory of \\&;,’ G Schweizeriacher Katibriardionst
Schmid & Partner - ¢ Sevvice suisse d'étalonnage
Engineering AG e = Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzeriand RSN S Swiss Calibration Service
!
Accrodbed by the Swiss Accrodtation Servce (SAS) Accracitation No: SCS 108
The Swiss Accreditation Service |s one of the signatories to the EA
Multitateral Ag for the of calibration certificates
cient  EMC Compliance (Dymstec) Certiticate No: D450V3-1080_Nov14
Obiect D450V3 - SN:1080
Calteation procadueo(s} QA CAL-15.v8
Calibration procedurs for dipole validation kits below 700 MHz
Calbrasicn aate November 19, 2014 - S
A% A1H Els &
<) =
% Nors”
a| X | Wz
This ocartiicate ™ y lo tana, whch realize the physical units of massuremants (51)
Tha measwements and the uncortartias wih coofidencs prodabilty are ghven on the followming prges and sre pant of e conficate
All calbratons have Desn conaucied i the closed labomtooy laclity: aovironment lemperture (22 + J1"C and humidity < 70%,
Calbention Equipment usod (MATE aritical 1or caibiration)
 Primary (D Cai Date (Cetifeats No.) Schedudan Callbeation
Power metet £44198 GBat293874 05-Ape-14 (No. 217-01811) Apr-15
Power sansor E24124, MY 1480007 03 Apr14 (Na 21701911) Apr-15
Relerence 3 dB Attenuator SN 55064 (3¢) GA-Ape-14 (Na. 297.01915) Apr-15
Relarecce 20 08 Allenuator | SN 55088 (200 03-Ape-14 (No. 217-01918) Age-15
Typa-N mismatch combinution SN 50472/ 05327 0G-Apr-14 (No 217 01821) Ape:is
Heferonce Probe ET30VE S 1507 30-0ec-13 (No, ET31507_Dec13) Dec-14
DAE4 SN 654 0-Jun-14 (No. DAEL-658_Juntd) An-15
Seccovary 5t oy Chocs Date {in howse) Sch Check
AF paneranol HF B548C USI842001 700 04-ALg-8G (1 hovss chuck Ape-13) In hause chacc Ape-16
Network Analaer HP B753E USITIS060S5 Se206 18:0ct-01 (In house check Oct-14) In house check: Ot 15
Narre Funaion ey
Caibrated by, Claudio Leubler Labaoratory Techrican |
\A
Approed by Kartia Pokovio Techeicy Mariager ,.-7‘7“/{—-2
"//‘(Jé
Issuad: November 18, 2014
Ths calbrtion cenifcate shal not be epraduced auchpt in fud withaut wittien upproval of the laboratory.
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Calibration Laboratory of N, inetischor Kallbrierdiens

Schmid & Pariner ——— = s :::::o suinse Cmm '
Engineering AG Tt C  servsio svizzaro di taratura

Zeughsusstrasse 43, B004 Zurich, Switzeriand % ,,@_w‘“ S Swiss Casitration Service

Accradiied by the Swiss Accradtalion Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Seevice is ane of the signatories to the EA

Multilaterad Ag; for the gnition 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 62208-1, "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) 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 cerlificate. 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 Retum 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%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS V5288
Extrapolation Advanced Extrapoiation
Phantom ELI4 Flat Phantom Shell thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, oy, dz =5 mm
Frequency 450 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations ware apolied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 435 0,87 mho/m
Measured Head TSL parameters (220:202)°C 445+6% 0.88 mho/m = 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Candition

SAR measwed

250 mW nput power

1.17 Wiy

SAR for nominal Head TSL parameters

nomalized to 1W

4,82 Wikg = 18,1 % (k=2)

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

condition

SAR measwed 250 mW input power 0.774 Wikg

SAH lor nominal Head TSL parameters normalized 1o AW 3.06 Wikg = 17.6 % (k=2)
Body TSL parameters

The lallowing parameters and calous 15 werm applied.
Temperature Parmittivity Conductivity

Nominal Body TSL parameters 20'C 56.7 0.94 mho/m

Measured Body TSL parameters {22.020.2)°C 55326% 0.94 mho/m + 6 %

Body TSL temperature change during test <05'C -
SAR result with Body TSL

SAR averaged over 1 em’ (1 g) of Body TSL Caonditon

SAR measured

250 mW input powar

1.12 Wikg

SAR for nominal Body TSL parameters

normalkzed 1o 1W

4.48 Wikg = 18.1 % (k=2)

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

coniition

SAR measured

250 mW input power

0.736 Wig

SAR for nominal Body TSL parameters

narmakized 1o W

293 Wikg = 17.6 % (k=2)
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

impedance, transformed 1o feed point 580Q-25Q
Aeturn Loss <2144d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed pont 5520-56)0Q
Retum Loss -228d8

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.332 ne |

After bong tesm use with 100W radated power, only a siight warming of the dipole near the feedpaoint can ba measured

The dipole is mada of standard semirgid coaxial cable. The center conductor of the ieeding line is directly connected to the
second arn of tha dipale. The antenna is therefora short-circuited for DC-signals. On some of the dipoles, small and caps
&re added 10 the dipole arms in order to improve matching when loaded according 10 the position as oxplained in the
*Measurament Canditions” paragraph, The SAR data are not affected by this change. The overall dipale length is still
according to the Standard.

No excessive force must be applied to the dipole wms, because they might bend ar the soldered connections naar the
leadpoint may be damagad

Additional EUT Data
Manufactured by SPEAG
Manufactured on March 03, 2011
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DASYS5 Validation Report for Head TSL

Date: 19.11.2014

Test Luboratory: SPEAG., Zurich, Switzerland

DUT: Dipole 450

MHz: Type: D450V 3; Serial: D450V3 - SN: 1080

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: =450 MH2: o = 0.89 $/m; & = 44.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Stundard: DASYS (IEEENEC/ANSI €63,19-2011)

DASY 352 Configuration:

» Probe: ET3DV6 - SN1507; ConvFi6.65, 6.65, 6.65); Calibrated: 30.12.2013;

=  Seasor-Surfuce: 4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn654; Calibrated: 30.06.2014

« Phuntom: ELT v4.0; Type: QDOVAOO1BB; Serial: TP: 1003

» DASYS25

2.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/d=15mm, Pin=250mW/Zoom Scan (7x7x7)/Cube 0:

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

Reference Value =

39,34 Vim; Power Dnft = -0.03 dB

Peak SAR (extrapolated) = 1.76 Wikg
SAR(1 g) = 1.17 W/kg; SAR(10 g) = 0.774 W/kg
Maximum valee of SAR (measured) = 1.25 W/kg

-2.00

-4.00

-6.00

-8.00

0dB = 1.25 W/kg = 097 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.11,2014
Test Laboratory: SPEAG. Zurich, Switzedand
DUT: Dipole 450 MHz: Type: D450V3; Serial: D450V 3 - SN: 1080

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: £ =450 MHz: o = 0.94 S/m: & = 55.3; p= 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63,19-2011)

DASYS52 Configuration:
» Probe: ET3DV6 - SN1507; ConvF(7.1, 7.1, 7.1); Calibrated: 30.12.2013;
«  Sensor-Surfuce: 4mm {Mechanical Surface Detection)
» Electronics: DAE4 Sn654: Calibrated: 30.06.2014
» Phantom: ELI v4.0; Type: QDOVAOOIBB; Serial: TP: 1003
o« DASY5252.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 36.74 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 1.77 Wikg

SAR(1 g) = 112 W/kg; SAR(10 g) = 0.736 W/kg

Maximum valoe of SAR (measured) = 1.19 W/kg

-2.00
-4.00
-6.00
-8.00

0dB = 1.19 W/kg = 0.76 dBW/kg
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Impedance Measurement Plot for Body TSL
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