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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

TEL: 82705008 1021 FAX: 825052998311
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2. Laboratory information

Address

KCTL Inc.

65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, Korea
TEL: 82 70 5008 1021  FAX: 82 505 299 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 (VHF)
Brand Name E-TECH Co., Ltd.
Mode of Operation M
Model Number NEW100
Serial Number N/A
Max. Power 37.99 dBm
Tx Freq.Range 136.025 ~ 173.975 MHz
Rx Freq.Range 136.025 ~ 173.975 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.

[KCTL-TIA002-002/0]



KCTL

Report No.: KCTL16-SFA0004

Page: 6 of 56
http://www.kctl.co.kr
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) | ) Duty 100 % | Duty50 % | /&)
155.025 2 37.05 37.99 1.025 Front 25 1.29 0.645 0.661
* 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) | 5 ) Duty 100 % | Duty 50 % | (V/ke)
155.025 2 37.05 37.99 1.025 Back 0 1.20 0.600 0.615

* 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
TEL: 82705008 1021 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.

Uncertainty of SAR equipments for measurement Head

A b c ] ¥ = k) P i=cxgie | k
Description | Tolerance/ | Probability Div. i Stundard | VI
of U IEEE P1528 | Uncertuinty | Distribution | uncertainty | or
Source noertainty ki Vell
(03 ~3 GHa) +% g 1%, (1g)
Measurement System
FProbe calibmation(k=1) E21 630 N I 1 630 -
Axial motropy E22 0.50 I 173 07l 020 »
Hemisphenical isotropy E22 2.60 R 173 071 |06 -
L imeanity E24 0.00 I 173 | 034 -
loundary effect E23 100 R 173 1 058 -
S vstem detection limite E2S 1.00 R 173 l 058 »
JResdont electronies E26 030 N | | 030 »
[response time E27 0.80 R 1.73 | 046 -
Ay rstion L E28 2.00 R 1.73 | 1 %0 "
RF ambient conditions -noise E.6. 100 R 173 l 1.7} -
‘R!' s bienst conditions - reflectzomsd E.6.1 .00 R 1.73 1 1L.72 -
[thc peeitionss mechanscal E62 0.40 R 173 1 023 "
ol orande
obe positioning with respect to F63 < on R 173 , 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 7 N | | 471 G
Diwvice holde uncettanty ] 3.00 N | 1 160 S
[!:"w srtiadropg 662 5.00 R 173 | 289 -
fl measurement
and Tissue Parameters
Fhrstom wieertainty 2 2o - R
shape and thicknesa tolermnees ) E3l 6.10 R 173 1 152
Liguid Ta)ud|w|\vi|)._mgm.ymmm £33 1.53 N I P 0.98 s
pancertningy
iquid permitivity-inesdusvment L N
Loe E33 3G N I 05 1.84 b
eertmnty
Aguid conductivity <deviatiog X J =
. : E32 5.00 I 1.73 064 185 -
o get values
anmd permilzvaty -devintson from £12 $.00 R | 73 ob | 73 e
gt values
I ombnned stacdand ety nss 11.00 165
Expanded wncertuinty
95% CONFIDENCE K=2 2.0
FNTHQ\":\I.)
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea
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Uncertainty of SAR equipments for measurement Body
A b c D c=ﬁd,k) £ li=ecxgie k
Description | Tolerance/ | Probability Div. G Standard | Vi
IEEE P1528 | Uncertainty | Distribution uncertainty | or
Source of Uncertainty I Veff
(03~3GH2)| =% 0 | =%dg
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 E2é 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 condinons-noise E6.]1 3.00 R 1.73 1 1.73 =
T R E61 3.00 R 1.73 1 1.73 =
Px‘obo positioner mechanical E62 0.40 R 172 ) 0.3 “
tolerance
Probe po:mo:'::ng 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 $
JOutput power vananon—SAR 662 500 R 173 1 ) -
dnft measurement
Phantom and Tissue Parameters
Phantom uncertamty < . R ) .
(shape and thickness tolerances) E3l 7.30 R 173 ! +33
Liquid conductivity-measursment £33 1.53 X . 0,63 0.98 s
tncertainty
Liquid permittivity-measurensent - . .
by E33 3.07 N 1 06 1.84 ]
Liquid conductivity-deviation £33 5.00 R 173 064 185 =
from target values
Liqud permittivity-deviation = §=
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

FAX: 825052998311
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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: 82705008 1021 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)
tD3£mT‘SL(roMonnomwpmbeams)

Dimensions Overall length: 337 mm (Tip: ZDmn}
Tip diameter: 3.9 mm (Body: 12 mm
Dmﬁompmbehpmdpolecemers 20mm

ISO/IEC 17025 calibration service available.

Directivity + 0.3 dB in TSL (rotation around probe axis)
tﬁSdBmTSL(mtabonnonnalbpmbeaxls)

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.

[KCTL-TIA002-002/0]



Report No.: KCTL16-SFA0004
Page: 11 of 56

http://www.kctl.co.kr

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)
. 52.95+5 % 0.75£5 %
+
136.005 HSL Recommended Limit (50.30~55.60) (0.71~0.79) 222
Measured, 2015-04-22 51.30 0.78 22.21
. 52.30£5 % 0.76£5 %
+
150 HSL Recommended Limit (48.75~53.87) (0.72~0.80) 222
Measured, 2015-04-22 50.49 0.78 22.21
.. 52.07£5 % 0.76£5 %
+
155.005 HSL Recommended Limit (49.47~54.67) (0.72~0.80) 22 %2
Measured, 2015-04-22 50.44 0.77 22.21
.. 51.23£5 % 0.78+5 %
+
173.975 HSL Recommended Limit (48.67~53.79) (0.74~0.82) 22 %2
Measured, 2015-04-22 50.70 0.76 22.21
e 62.25+5 % 0.79£5 %
+
136,005 | MSL Recommended Limit (59.14~65.36) (0.75~0.83) 22£2
Measured, 2015-04-23 65.24 0.82 22.08
. 61.90+5 % 0.80£5 %
+
150 MSL Recommended Limit (58.81~65.00) (0.76~0.84) 22+2
Measured, 2015-04-23 64.17 0.83 22.08
. 61.78%5 % 0.80£5 %
+
155.005 MSL Recommended Limit (58.69~64.87) (0.76~0.84) 22+2
Measured, 2015-04-23 63.91 0.82 22.08
. 61.38+=5 % 0.82+5 %
+
173.975 MSL Recommended Limit (58.31~64.45) (0.78~0.86) 22+2
Measured, 2015-04-23 63.07 0.80 22.08
<Table 1.Measurement result of Tissue electric parameters>
KCTL Inc. 65, Sinwon-ro, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16677, Korea

TEL: 82705008 1021

[KCTL-TIA002-002/0]

FAX: 825052998311
This test report shall not be reproduced, except in full, without the written approval.




Report No.: KCTL16-SFA0004
Page: 14 of 56

KCTL

http://www.kctl.co.kr

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 150 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 3.72+10 % 248 10 %
CLA150 4014 150 HSL (Normalized) (3.35~4.09) (2.23~2.73)
Measured, 2015-04-22 3.72 2.31
Recommended Limit 381+10% 2.56 10 %
CLA150 4014 150 MSL (Normalized) (3.43~4.19) (2.30~2.82)
Measured, 2015-04-23 3.99 2.65
<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
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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 -4 GHz: <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

Maximum zoom
scan spatial

resolution, normal to
graded

to phantom surface

uniform grid: AzZoom(n) <5 mm 4—-5GHz: <3 mm
5-6 GHz: <2 mm
AzZoom(1): between 3 -4 GHz: <3 mm

1st two points closest <4 mm 4-5GHz: <2.5 mm

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: 2 28 mm
X, V,Z >30 mm 4 -5 GHz: >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 ((ljegfil?rgtion
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 911 2015-02-20 2016-02-20
Probe ES3DV3 3302 2014-05-20 2015-05-20
System Validation Sources CLA150 4014 2014-09-04 2015-09-04
Network Analyzer E5071B MY42403524 2014-07-15 2015-07-15
Dual Directional Coupler 778D 16059 2014-08-29 2015-08-29
Signal Generator E4438C MY42080486 2015-01-19 2016-01-19
Power Amplifier GRF5039 1062 2014-07-17 2015-07-17
LP Filter LA-15N 36543 2014-08-28 2015-08-28
Dual Power Meter E4419B GB43312301 2014-07-17 2015-07-17
Power Sensor 8481H 3318A19377 2014-08-30 2015-08-30
Dielectric Assessment Kit DAK-3.5 1078 2014-08-19 2015-08-19
gz::igietgé ?(fgf/ Temp. MHB-382SD 14036 2014-08-26 2015-08-26
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14. RF Average Conducted Output Power

14.1 Average Conducted Output Power

Conducted Power (dBm)
Band Power
136.025 MHz 155.025 MHz 173.975 MHz
M 1 W -Low 30.49 30.56 30.53
5 W - High 37.12 37.05 37.06
14.2 Max. tune up power
Band Power Target Power Tolerance Max. Allowed
(dBm) (dBm) Power (dBm)
1 W -Low 30.00 +1.50 31.50
FM
5 W - High 36.99 +1.00 37.99
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-SFA0004
Page: 20 of 56

http://www.kctl.co.kr

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
JEDE? power Factor | Position | (mm) (W/kg) (W/kg) EISER
MHz | Channel | (dBm) | ) Duty 100 % | Duty50 % | "V/k&)
155.025 2 37.05 37.99 1.025 Front 25 1.29 0.645 0.661

<Note>
1.FCC KDB Publication 643646D01v01r03.

I) When the head SAR of an antenna test
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;s 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 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 for the remaining channels that cannot be excluded
i) if an immediately adjacent channel measured in c¢) or a remaining channel
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
SO power | Factor | Position | (mm) (W/kg) (W/kg) g SAR
MHz | Channel | (dBm) | ) Duty 100 % | Duty50 % | "V/k&)
155.025 2 37.05 37.99 1.025 Back 0 1.20 0.600 0.615

<Note>
1.FCC KDB Publication 643646D01v01r03.

I) When the body SAR of an antenna test
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%.
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16. Test System Verification Results

System check for 150 MHz-Body(2015-04-22)
Procedure Name: d=0 mm, Pin=250 mW, f=150

Frequency: 150 MHz; Duty Cycle: 1:1

Medium parameters used (interpolated): f =150 MHz; 6 = 0.777 mho/m; &, = 50.5; p = 1000
kg/m3

Phantom section: Flat Section

DASY4 Configuration:

e Probe: ES3DV3 - SN3302; ConvF(6.77, 6.77, 6.77); Calibrated: 2014-05-20

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

e Electronics: DAE4 Sn911; Calibrated: 2015-02-20

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

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

d=0 mm, Pin=250 mW, f=150/Area Scan (201x201x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 1.12 mW/g

d=0 mm, Pin=250 mW, f=150/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 38.7 V/m; Power Drift = -0.085 dB

Peak SAR (extrapolated) = 1.67 W/kg

SAR(1 g) = 0.930 mW/g; SAR(10 g) = 0.578 mW/g

Maximum value of SAR (measured) = 1.11 mW/g

dB
n.000

2.8

ol -4.36

6.54

8.72

-10.9
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System check for 150 MHz-Body(2015-04-23)
Procedure Name: d=0 mm, Pin=250 mW, f=150

Frequency: 150 MHz; Duty Cycle: 1:1

Medium parameters used (interpolated): f =150 MHz; ¢ = 0.826 mho/m; &, = 64.2; p = 1000
kg/m3

Phantom section: Flat Section

DASY4 Configuration:

e Probe: ES3DV3 - SN3302; ConvF(6.45, 6.45, 6.45); Calibrated: 2014-05-20

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

e Electronics: DAE4 Sn911; Calibrated: 2015-02-20

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

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

d=0 mm, Pin=250 mW, f=150/Area Scan (201x201x1): Measurement grid: dx=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 1.24 mW/g

d=0 mm, Pin=250 mW, f=150/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 38.8 V/m; Power Drift = 0.018 dB

Peak SAR (extrapolated) = 1.78 W/kg

SAR(1 g) = 0.997 mW/g; SAR(10 g) = 0.622 mW/g

Maximum value of SAR (measured) = 1.19 mW/g

dB
0.000

2.16

-4.32

-6.48

-B8.64

10.8
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17. Test Results

#1 FM Head SAR
Procedure Name: FM_Ch.2_f.155.025_Head Front_Gap 25 mm

Frequency: 155.025 MHz; Duty Cycle: 1:1
Medium parameters used: f=155.025 MHz; 6 = 0.775 mho/m; &, = 50.4; p = 1000 kg/m3
Phantom section: Flat Section
DASY4 Configuration:
e Probe: ES3DV3 - SN3302; ConvF(6.77, 6.77, 6.77); Calibrated: 2014-05-20
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn911; Calibrated: 2015-02-20
e Phantom: ELI v5.0; Type: QDOVAOO2AA; Serial: TP:1220
e Measurement SW: DASY4, V4.7 Build 80; Postprocessing SW: SEMCAD, V1.8
Build 186

FM_Ch.2_f.155.025_Head Front_Gap 25 mm/Area Scan (71x191x1): Measurement grid:
dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 1.94 mW/g

FM_Ch.2_f.155.025_Head Front_Gap 25 mm/Zoom Scan (5x5x7)/Cube 0: Measurement
grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 47.8 V/m; Power Drift = 0.009 dB

Peak SAR (extrapolated) = 1.86 W/kg

SAR(1 g) =1.29 mW/g; SAR(10 g) = 0.978 mW/g

Maximum value of SAR (measured) = 1.44 mW/g

mWig
1.44

.21

0.978

0.747

0.516

0.285
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#2 FM Body SAR
Procedure Name: FM_Ch.2_f.155.025_Body Back_Gap 0 mm

Frequency: 155.025 MHz; Duty Cycle: 1:1
Medium parameters used: f= 155.025 MHz; ¢ = 0.822 mho/m; &, = 63.9; p = 1000 kg/m’

Phantom section: Flat Section
DASY4 Configuration:

e Probe: ES3DV3 - SN3302; ConvF(6.45, 6.45, 6.45); Calibrated: 2014-05-20

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

e Electronics: DAE4 Sn911; Calibrated: 2015-02-20

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

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

FM_Ch.2_f.155.025_Body Back_Gap 0 mm/Area Scan (71x191x1): Measurement grid:
dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 1.42 mW/g

FM_Ch.2_f.155.025_Body Back_Gap 0 mm/Zoom Scan (5x5x7)/Cube 0: Measurement
grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 40.1 V/m; Power Drift = -0.022 dB

Peak SAR (extrapolated) = 1.81 W/kg

SAR(1 g) = 1.2 mW/g; SAR(10 g) = 0.872 mW/g

Maximum value of SAR (measured) = 1.35 mW/g

mWig
1.35

112

0.895

0.668

0.440

0.213
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Annex A. Photographs

Annex A.1 EUT

Front View

Back View
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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) System Check 150 MHz
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Annex A.4 Liquid Depth

HSL150

MSL150
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Annex B. Calibration certificate

Annex B.1 Probe Calibration certificate
Calibration Laboratory of o &,;v, Gl
Schmid & Partner C  Service suinan d'étalonnage
Engineering AG % g Bevisio svizmero o aratura
Zoughaussirasse £3, B0M Zuich, Switroriand /l’;\\) v Swiss Calibration Servics
lodhe
Accrodiod by he Sweas Accrediation Service (SAS) Accroditation No.: SCS 108
The Swiss Accreditation Service Is one of the sigratarion to the EA
Ml Ag for the o of calibration certificates
ciert EMC Compliance (Dymstec) Cantificatn No- ES3-3302 May14
Dt ES30V3 - SN:3302
Cafcanon grocmdirels) QA CAL-01.v9, QA CAL-12.v0, QA CAL-23.v5, Qa CAL-Zﬁ.vB
Calration procedure for dosimetric E-fleld probes
Cabtration datn May 20, 2014
Thes colitration concate documaents the racestilty 10 national standards, whio reakze the ursts of mea (5]
e s and thi then weth confs o y wee given on tha foliowng pagws snd are part of the certificate.
Al zalbirations Pave been conducted 1 the Ciosed bormony faciily. wvecoment tsnperature {22 4 31°C ane humidly < T0M
Calbration Equipment wsod (MATE arflead lor cabbegton)
[Prvmary Standuds T [ Cal D (Cartibcatn No | | Schodutea Cakbraton =
Power melnr E44106 G4 1253874 O3 Apr- 18 [No. 217-0191) Apr18
|_Power sensor E4412A Y4 1492087 O3-Apr-14 (No. 217.01911) Ape-15
| Fmlwwoce 5 ol Attenustor SN: 55054 (3| O3-Aps-14 {No. 217.01915) Apr-45
Retweonce 20 0B Attwrwalor | SN $5277 (20%) G3-Apr 14 (No. 21701919 Agr-18
Roleronce 30 dB Atterator I SN: 55129 (30b] 00-Ape14 {No_217.01520) Apr-15
Rulwwrcs Probe ESIOV2 | SN 3013 30-Dwc-13 (No. E53-3013_Dect 3] Dec-34
DAE4 1 sn 680 13-D0c-13 (No. DAES-550_Dwct3) Dec- 14
’“S;l:xrlf;.q Standsdy Lo Chack Dale II:;"Uulll Scnocuied Oheok
RF genarator HP 85480 USI842U01100 4-Aug 38 (iIn house chack Api-13) = house chock: Ape- 10
Network Amalyzer HP 8753 | LIB37390585 10-Oci-01 {m house check Cot-13) I houss chck: Oci-14
Vv-trne Function T &
Caitrated by Jetan Kstrot| - Labarmiory Technician F ! s
Appecrod by Kaljs Pokovs Techniat Manoger /Ca/é"/-‘ g
I May 22 2014
This caltration certficate shall not de reptoduced wecupt in Sl without wetten soproval of the lxnmuy
2l ’ )( l‘i T j/
Condicato No: ES3-3302_May 14 Page 1 of 11
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Calibration Laboratory of s Kalib

Schmid & Partner Service suisse d'étaennage
Engineering AG Servizic svizzero df taratura

Zoughausstrasso 43, B0 Zurich, Switeacland Swiss Calibration Service

Accreciled by e Swiss Accrediiaion Senvics (3AS) Accroditation No.: SCS 108

The Swiss Accreditation Service i cos of the signatories to the EA

Muttilatorat Agreement for the recognition of calibration cortiicates

Glossary:

TsL tissue simulating bquid

NORMx,y.z sensitivity in frea space

ConvF sensitivity n TSL / NORMx.y,z

ocP dicde compression pont

CF crest factor (1/duty_cycle) of the RF signal

A B.CD modulation dependent Inearization parameters

Polarization ¢ @ rotation around probe axis

Potarlzation 8 4 rotation arcund an axis that is in the plane normal to prabe axis (at measurement center),

Le., 8 »Dis normal to probe axis
Connecior Angle informaticn used in DASY systern to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

8) IEEE St 1528-2013, "IEEE Rocommended Practica for Determining the Peak Spatial-Averaged Specic
Absorption Rats (SAR) in the Human Head from Wireless Communications Devices: Measwurement
Techniques®, June 2013

b) |EC 62209-1, "Procedure to measure the Spadific Absorption Rate (SAR) for hand-held devices used in close
proximity te the ear (frequency range of 300 MH2 to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

»  NORMxy.2: Assessed for E-fisld polarization 8 = 0 (1 < 300 MHz in TEM-call; f > 1800 MHz: R22 waveguida).
NORMz,y.z are anly infermediate values, Le., the uncertainties of NORMx.y,z does not affec! the E-field
uncenainty inside TSL (see below Convi),

+  NORM{fxy.z = NORMxy,z * frequency_response (see Frequancy 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.

* DOCPx.y.z- DCP are numerica! linearization parameters assessed based on the data of power sweep with CW
signal {no uncerairty required). OCP does not depend on frequency nor media.

* PAR:PAR is the Peak to Average Rstio that is not calbeated but determined based on the signal
cheracterslics

o Axyz Bryz Cxyz Dxyr VRx.y.z A, B, C, D are numerical linearization parameters assessed based on
the data of power p for specific modulation signal, The p ters do not depend on frequency nor
media. VR is the maximum calibeation range expressed in RMS voltage across the diode.

*  ConvF and Boundsry Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer

———Standard for [ < 800 MHz) and inside waveguide using analytical fiekd distributicns based on power

measurements for f > B0O MHz, The sama satups are used for assessment of the parsmeters applied fer
boundary compensation (alpha, deplh) of which typical uncertainty values are given, These parameters are
used in DASY4 softwars to improve probe accuracy close to the boundary. The eensilivity in TSL cormesponds
1o NORMx.y,2 * Convi whereby the unceetainty cormesponts to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz

«  Spherical lsotropy (3D devistion from isolropy): in a field of low gradients realized using a flat phantom
axposed by a palch antenna,

*  Sensor Offsst: The sensor offset corresponds to the offset of virtual measurement conter from the probe tip
(on probe axis). No tolerence required,

«  Connector Angie: The angle Is assessed using the imformation gamed by determining the NORMx (no
urcentainty required).
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Probe ES3DV3

SN:3302

Manufactured:  August 27, 2010
Calibrated: May 20, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatibie with DASY2 systemd)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Basic Calibration Parameters

i_ E] X Sensor Y Sensor Z Unc (k+2)
| Norm (uViVimy'y 1.18 1.38 1.32 +10.1 %
[ DCP (V)" 103.0 102.0 101.0

Modulation Calibration Parameters
uib Communication System Name A | B

c | o VR unc”

dB dBVV d8 mv (=2)

8 cw X | 00 00 1.0 000 | 2478 | 41%
Y | a0 0.0 1.0 2318 |
Z| oo 0.0 1.0 2271 |

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 Nom X Y.Z ¢o not afisct the 7 fiod uncertainty ksida TSE (see Pags 55
* Numercat Inoaezason parameter.

A required.
;“u;vm:::tysdamhm using the max. cevisdon kom Inosr resporse appiying rectanguda Sstrbulion and is expressod for the squams of the
val
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Calibration Parameter Determined in Head Tissue Simulating Media

Relstive Conductivity Depth © Unct.
| FMHR)C | Pormittivity” | (8im)’ ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {=2)
150 52.3 0.76 6.77 8.77 6.7 0.05 110 | +133%
300 45.3 0.87 .63 6.63 6.63 0.15 1 £13.3% |
450 435 0.87 646 65.46 6.46 0.20 225 | £133%
850 416 0.92 594 5.94 5.94 0.80 136 | £120%
$00 41.5 0.97 5.88 5.88 5.88 0.48 147 | +120%
1750 40.1 1.37 5.06 5.08 5.08 0.77 124 | +120% |
1300 40.0 1.40 4.91 4.81 48 080 119 | $120%
2450 332 1.80 4.34 434 434 073 126 | 2120%
2600 39.0 1.96 4.16 416 416 | 080 | 130 | £120%
€ Frequency atove 300 MH2 of + 1ooummyupenumskumhw(mpm2) 50 i is resvicted (o 4 50 MMz The

unoirtalnty @ the RSS of the ComvF ty 8 ha cnoertsindy for the Indicaned fraquency bt Above 5 GMz
mmyumycanbemmm:ﬂoﬂm mmmmmunq% 40, 50 and 70 MHz for ConvF assessments ot 30,
64, 125, 350 and 220 MHz
‘meammm«!@mu%d”uw(zmn)mhmﬁmwnw*ﬂqwmhnlmnwhmlmho
meazured SAR valats, Al faquencies sbove 3 Gz, the validRy of Hasce pee Bieand n)is 4 £ 5% The uncersainty is the R3S of

LMW mwm-mwmnmmm
AlphaDepth are that ®e i e boundary effect sher compersadan ia

dudieg SPEAG
Wwiays bess then mutrmnauma-30&wmxammmnm&emuawmmunwnvmn
dameer fom the boundary.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3302

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivily Depth® | Unct

_E(MH2)S | Parmittivity " (8im)"* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.8 080 | 645 845 645 0.08 110 | +133%
300 58.2 0.92 6.39 839 6.9 016 | 150 | +133%

cqumvdﬂtynbmwomd:!DOWWWMMCASYNAWHWMUM& elwlbmndedmvsomm
wncertanly is the RSS of the Coow® uncanainty il calbraton b and Te o the y band, Atove § GHz
Yeguency validity can bs extendec to £ 110 Mz, —mqmc,mmynemsoouumzm 25 40, 50 and 70 MMz for ConvF assessmants ot 30,
&4, 128, 150 anc 220 MHx respactivaly.
'A:kmndosbe\:-Beih.lhevddyo“uwmmmmlunda)cnnumlhtdlnz|0%¢lwumpemm'umuhsapﬁedla

meazurec SAR values, Al frquencies above 3 GHz, the walidity of Sssue p {condo)is d 1ot 5%. The uncerdanty is the R3S of
niheCofM- uncertainty for indioated targel tsaue peramelers.
Alpfa/Ceptn are detemined during ceraion SPEAG wararts 2at tha iation due 5o the y #ffuct aftnr
obways bess than & mvurmmmaom;nuuemznumumaaauxwmtwumvmmmn
dizmatas from e bourdary.
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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: + 6.3% (k=2)

o4
@0

Certificate No: ES3-3302_May 14 Page 7ol 11

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.

[KCTL-TIA002-002/0]



Report No.: KCTL16-SFA0004
Page: 40 of 56

http://www.kctl.co.kr

ES30Vi. SNaso2 May 20, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM f=1800 MHz,R22

= }

% !...c—»..‘.:‘zg.-agL'COO-a ;.“:g‘zggcv-ﬁ!!l-l

&

" =T T > e -+ —ded b2
Rl [
L o B ik s
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARcaq)
(TEM cell , fo= 1900 MHz)

Input Signal [uV]
g

1084

107
1 ) R | T 3
10? 10! 10! 10° 10 10 1
SAR [mWicrm3)
] =]
not compensated compensated

iis
381!

103 o2 10

0w 10 100 109
SAR [mW/em3]

L.
ret campensated compensaes

Uncertainty of Linearity Assessment: +0.6% (k=2)
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Conversion Factor Assessment

1 = 850 MHz.WGLS RS (H_convF) f= 1900 MHz, WGLS R22 (H_com)

x - » - » L o " g3 > L Al -
Vel e

A T 24 L) 2]
Laaird me— - VL ———

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

10 <08 -08 04 -02 00 02 04 085 08 10
Uncertainty of Spharical Isotropy Assessment: £ 2.6% (k=2}
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ES3DV3- SN:3302 May 20, 2014

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

Other Probe Paramoters
Sensor Arrangement Triangular
Connector Angle () 1296
Mechanical Surface Detaction Mode enablod |

| Optical Surface Datection Mode dissbled |
Probe Overall Length 337 mm
Probe Body Dismeter 10 mm
Tip Length ' 10 mm
Tip Diameter 4 mm
Probe Tip %o Sensor X Callbration Point Zmm |
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Cafbration Point 2mﬂ
Recormmended Measuremant Distance trom Surface 3 mm
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Annex B.2 DAE Calibration certification

Calibration Laboratory of S8, s par Kalibrierdi

Schmid & Partner St dlp e dtalannage
Engineering AG ;3%/_\ & C garvisio eviszero i tarstura

Zeughausstrasse 43, 8004 Zurich, Switzeriand ‘v.,,.ﬁ_\\.\? S Swiss Camtration Service

Acorediiod by the Swiss Accroditation Servics (SAS) Accreditation No.: SCS 0108

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

Multilmeral Ag for the gmition of calibration certitioates

cuent  Dymstec Cortificate No: DAE4-911_Feb15

(CALIBRATION CERTIFICATE

Ctyact DAE4 - SD 000 DO4 BK - SN: 911

Calibeason procedursis) QA CAL-06.v29
Cailibration procedura for the data acquisition electronics (DAE)

Calbrasion date; February 20, 2015

This calbration cartificato cocumants the traceabiity to national standards, which makze 1he physicsl units of messwamants 1S1).
Ther s und the with ca p Y aro gvan an 1ha fofiowing pages and ane par of 1he cetificale

All caibvations hava bean concuctad in the cosed b y tacilty i e

Ly 122 + 3y°C and humidity < 70%.

Calbration Equpment used (MATE orfical for calioration)

Frimary Standards |oe Cal Date (CantFicals No.) ___ Schedudnd Calbration
Kaithlgy Mullimeter Type 2001 | SN 0810278 (Q-Oct-14 (N 15573) Oct-15
Secordury Standants |os Chack Data {in nousa) Schedded Check
Auto DAE Cadbration Unt SE UWS 053 AA 1001 0E-Jan-15 (iIn housa chack) In houss check: Jarv-18
Calbrator Box V2.1 SE UMS 006 AA 1002  0G-Jan-15 {n house ohook) In house check: Jan-16
Nama Function Sgrature
Cakbewad ty: Damirique Stalfen Technician %
p=

Approved try: Fin Borntoit Deputy Technical Manager \) \%ﬁ

WA ‘ LI

') L]

Issued February 20, 2015

This calisration certificate shall not be reproduced except in ful without wiitian approval of the laboratary.
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Calibration Laboratory of S,

: SN2 S her Kalibrierd

Schmid & Partner = g Service sulsse d'daloanage

Engineering AG b Servizio svizzero di taraturn
Zoughaussirasse 43, 8004 Zurich, Switzeriand % N S suiss Calibration Service
Accreciied by 8 Swiss Accediation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Agr for the gnitica of callbration certificates

Glossary
DAE data acquisition electronics
Connector angle  information used in DASY system to align probe sensor X to the robot

coordinate system.

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

e 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 documented 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.

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

o AD Converter Values with inputs shorted: Values on the intermnal 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 at the connector,
during internal auto-zeroing and during measurement.

« 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.
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DC Voitage Measurement
AD - Cenverter Resoluton nominal
High Range: LS8 = RN full renge =  -100...4+300 mV
Low Ranga: LS8 = 61nV fullrange = 1. +3mV
DASY measuremant parameters: Auto Zero Tine: 3 see, Measuring timo; 3 ssc
Calibration Factors X Y ] r4
High Range A05.170 £ 0.02% (k=2) | 404.879 + 0,02% (x=2) | 404.758 + 0.02% (k=2)
Low Range 4.00112 2 1.50% (k=2) | 396552 £ 1.50% (k=2) | 3.96361 + 1.50% (k=2)
Connector Angle
! Connector Angle o be used in DASY system 2305°4£1"
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Appendix (Additional assessments outside the scope of SCS108)

1. DC Voltage Linearity

High Range Reading (1V) Difference (uV) Error (%)
Channel X + Input 200037.32 1.48 0.00
Channel X + Input 20004.28 078 0.00
Channel X - Input 20004 64 168 -0.01
Channel Y + Input 200033 .09 -1.68 0.00
Channel Y < Input 20002.35 -1.20 0.0
Channel ¥ - Input -20008 45 -1.98 0.01
Channel Z « Input 20003470 0.03 0.00
Channel Z « Input 20002.39 -1.05 0M
Channel Z « Input -20004.67 1.87 0.0
Low Range Reading (uV) Difference (V) Error (%)
Channe! X + Input 190899 -0.06 -0.00
Channel X + Input 200.20 0.16 008
Channel X - Input -199.85 0.08 -0.04
Channel Y + Input 195961 -0.30 -0.02
Channel Y + Input 198.82 -1.01 -0.50
Channel Y - Input -200.08 0.06 0,03
Channel Z + Input 1988.51 -1.46 -0.07
Channel Z + Input 198,92 <093 -0.46
Channel Z - Input -201.88 -1.46 073
2. Common mode sensitivity
DASY maasuremant parameters: Aute Zaco Time: 3 sec; Measuring time. 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 1084 -12.46
- 200 1593 1484
Channel Y 200 2013 19.14
- 200 -20.31 20,82
Channel 2 200 -20.75 ~20.21
- 200 1728 17.42
3. Channel separation
DASY measurement parameters; Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (3V) | Channel Y (uV) | Channel Z (uV)
Channel X 200 0.34 -5.35
Channel Y 200 8.51 - 0.08
Channel Z 200 954 462
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4. AD-Converter Values with inputs shorted

DASY measurement paramaters: Auto Zaro Time: 3 sec; Maasuring time: 3 sec
High Range (LSB) Low Range (LSB)
Channel X 15852 16154
Channel ¥ 15848 16109
Channel Z 16437 14861

5. Input Ofiset Measurement
DASY measurement parameters: Auto Zaro Time: 3 sec; Measuring lime: 3 sec

Input 10M()
Std. Deviation
Average (uV) min. Offset (pV) | max, Offset (uV)
Wvy
Channel X 0.94 -1.06 3.07 0863
Channel Y 0,10 -1.20 1.79 060
Channel Z 0.37 -217 1.01 0.56
6. Input Offset Current
Nominal Input circuitry affset current on ad channels: <251A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
B. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +79
Supply (- Vee) 76
9. Power Consumption (Typical values for infarmation)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) 40,01 +5 14
Supply (- Vec) -0.01 -8 -8
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Annex B.3 Dipole Calibration certification

CLA150

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughausstrasae 43, 8004 Zurlch, Switzerland

Schwaizenscher Kalibrierdenst
Bervice suisse détslonnage
Servizio svizzerc di taeatura
Swiss Callbeation Service

Accrudiied try the Swins AcoRdisston Servios (SAS) Accroditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multitateral Agreement for the recognition of callbration certificates

csent  HCT (Dymstec) Centificate No: CLA150-4014_Sepid

|CALIBRATION CERTIFICATE |

Dujct

Caftbmtion date;

This calbeation ceriticas doturments the traceabilty 10 alticoal sandanty, which rewize the physics units of messuramams {S1)
The measuremenis and e urcanainfies with confidence probabiity are given on the following pages and am part of the certfoaie

CLA150 - SN 4014

Calibation procedureds) QA CAL-15.v8

Calibration procedure for system validation sources below 700 MHz

September 04, 2014

Al catirations Purv Devins CONAUEN It I close y lacilty erwirunman ues (22 4 3°C e lundity < 70%

Calbraton Eguipmant usod (MATE critical for catbrazon)

Prinory Standercs DA Csl Dine (Certlicata No.| Ethuduled Calbraton

Pownr metet E441808 Git12a0a7d 3-Apr-14 (No. 297-019171) Agne-15

Power 380501 E3412A MY&1 400087 03-Apr-14 [No. 21701011) AprS

Faterance 3 d8 Ananenoe SN: S5(54 (3¢) 03-Apr 14 |No. 21701915 Apr15

Reference 20 d8 Abecciadar SN: S50568-(20K) U3-Ape-14 (No. 217-01918) Apr-15

Tyre-N migmatch combination SN 7.2/ o7 CO-Ape-14 (No. 217-01821) Apt-15

Fefesanoa Probe EX3DVA SN 5877 06 Jan-14 (No, EX3-3877 Jant4) Jants

DAE4 SN 654 F0-Jun-14 {No. DAES-E84_Junid) Jun-15

Secondary Standardy Dx Check Date (0 houss) Scheduwd Crhack

AP generstor HP BEALC USAs 2001700 OM-Acg-88 [in houss chece Apr-13) I house check: Ape16

Netwark Analypee HP B75JE USS7I006ES 54206 18-001-01 0 hevns dheck O01-13) In housa chack: Det-14
Nama Funetion Signasurn

Catbrated by: Juton Kustral Labormory Tedheican—— [ | /7

P } (¢ ‘
Aporoved by ¥t Pokovic Totwroa! Marager

Issun: Saptamber 11 2014

This caltbratinn carificate shit net be repeodicod excopt i full without weithen agpeoval af the laboestory
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Calibration Laboratory of
Schmid & Pariner

Sohwalzerischer Kallbrierdienst

Service suisse d'étalonmage

Engineering AG Serviaio svirzero di taratura
Zeughausatrasse 43, 2004 Zusich, Switzeriand Swiss Calitrntion Service
Accroditad by the Swiss Accreditatian Benice (SAS} Accroditation No.: SCS 108
The Swiss Accreditation Service [s one of the signatories to the EA
Muhi al Agr 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:
a8) IEC 62209-2, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in closa proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2013
b) KDB 885664, "SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
¢) DASY4/5 Systern 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 cestificate are valid at the frequency indicated,

« Antenna Parameters with TSL! The source is mounted in a touch configuration below the
center marking of the flat phantom.

« Retum Loss; This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measuremant condition clause). The Retumn Loss ensures low
reflected power, No unceriainty required.

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

o SAR nommalized: 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 measuremant
multiplied by the coverage factor k=2, which for a normai distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY systemn configwation, as far as not given on page 1
DASY Version DASYS V5288
Extrapolation Advanced Exirapalation
Phantom ELI4 Flat Phantom Shell thickness: 2 + 0.2 mm
EUT Positioning Touch Position
Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm
Frequancy 150 MHz + 1 MHz
Head TSL parameters
The fellowing pasamelers and calculations were applied.
Temparature Permittivity Conductivity
Nominal Head TSL parameters 220"C 6523 0.76 mho'm
Measured Head TSL paramoters (220202 °C 51526% 0.78 mha'm 2 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 1 W input power 377 Wikg
SAR for norminal Head TSL parameters nomralized to 1W 372 Wikg = 18.4 % (ke2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measuad 1 W inpul power 251 Wikg
SARA for nominal Head TSL parameters normakzed 1o TW 2.48 Wikg = 18.0 % (k=2)
Body TSL parameters
The following parametess and caloulations wera apphed
Temperature Permittivity Conductivity
Nominal Body TSL paramaeters 220°C 618 0.80 mho/m
Messured Body TSL parametars {(220+02)°C B811=26% 0.81 mho'm + 6 %
Body TSL temperature change during test <05° — -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condiiion
SAR mpasured 1 W input power 3.86 Wikg
SAR lar nominal Body TSL paramaters normaized to W | 2.81 Wikg = 18.4 % (k=2)
SAR averaged over 10 ¢cm” (10 g) of Body TSL condition |
SAR measured 1 W input powes 2.59 Wikg 1
SAR lar nominal Body TS paramators nommalized to 1W 2.56 Wikg = 18.0 % (k=2) l
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Appendix (Additional assessments outside the scope of SC5108)

Antenna Parameters with Head TSL

Irmpedance, tanskemed (o 1eed saird

Ba0-58)0

Retum Loss

-23.0dB

Antenna Parameters with Body TSL

Impadance, transformed to feed paint

B840 +87|02

RAeturm Loss -23.2dB8
Additional EUT Data
Manulactured by | SPEAG
Manutactured on Juna 30, 2014
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DASYS5 Validation Report for Head TSL

Date: 05.09.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: CLA150: Type: CLA1S0; Serial: CLA1S0 - SN: 4014

Communication Sysiem; UTD (1 - CW; Frequency: 150 MHz

Medium parameters used: { = 150 MHz; o = 0.77 S8/m; &, = 51.6; p = 1000 kg/m’
Phuntom section: Flat Section

Measurement Standard: DASYS (IEEENEC/ANSIC63,19-2011)

DASYS2Z Configuration:
s Probe: EX3DV4 - SN3877; ConvF(11.76, 11.76, 11.76); Calibrated: 06.01.2014;

o Sensor-Surfuce: 2mm (Mechunical Surface Detection), Sensor-Surface: |.4mm (Mechanical Surface
Detection)

» Electronics: DAEA Sn654; Calibrated: 30.06.2014
» Phantom: ELI v4.0; Type: QDOVAOQIBB: Senal: TP: 1003
« DASYS2528.8(1222); SEMCAD X 14.6,1(7331)
CLA Calibration for HSL-LF Tissue/CLA150, touch configuration, Pin=1W/Area Scan

(81x81x1): Interpolated grid: dx=1.300 mm, dy=1.500 mm
Muximum value of SAR (interpoluted) = 4.74 Wikg

CLA Calibration for HSL-LF Tissue/CLA150, touch configuration, Pin=1W/Zoom Scan,
dist=1L4mm (8x9x7)/Cube 0: Mcasurement grid: dx=4mm, dy=3mm, dz=1 4mm

Reference Vilve = 78,54 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 7.09 Wikg

SAR(] g) = 3,77 Wikg; SAR(10 g) = 2.51 W/kg

Maximum vilue of SAR (messured) = 5.24 W/kg

0

(SR

0dB =473 Wikg =676 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 04.09.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: CLA-150; Type: CLA-150; Serial: 4014

Communication System: UTD 0 - CW; Frequency: 150 MHz

Medium pamumeters used: = 150 MHz; o= 081 §/m; ¢, =61.1; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration
o  Probe: EX3DV4 - SN3877: ConvF(11.45, 11.45, 11.45); Calibrated: 06.01.2014;

o Seasor-Surface: 2mm (Mechanical Surface Detection), Seasor-Surface: |.4mm (Mechanical Surface
Detection)

« Electronics: DAE4 Sn654: Calibrated: 30.06:2014
s  Phantom: ELI v4.0; Type: QDOVAOOIBB; Senal: TP: 1003
« DASYS2528.8(1222); SEMCAD X 14.6.1(X7331)

CLA Calibration for MSL-LF Tissue/CLA 150, touch configuration, Pin=1W/Area Scan
(BIx81x1): Interpoluted grid: dx=1,500 mm, dy=1.500 mm
Maximum value of SAR (interpoiated) = 4.83 Wikg

CLA Calibration for MSL-LF Tissue/CLA 150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x9x7)/Cube 0: Measurement grid: dx=4mm, dy=tmm, dz=1.4mm

Reference Value = 77.28 Vim; Power Drift = -0.02 dB

Peak SAR (extrapoluted) = 7.09 Wiky

SAR(1 g) = 3.86 W/kg: SAR(10 g) = 2,59 W/kg

Maximum vilue of SAR (measured) = 5.36 Wikg

"
s

s

0 dB = 4.83 Wike = 6.84 dBW/kg
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Impedance Measurement Plot for Body TSL
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