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1. Attestation of Test Result of Device Under Test

Test Laboratory

Company Name:

HCT Co., LTD

74, Seoicheon-ro 578beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do,

Address 17383, Rep. of Korea
Telephone +82 31 645 6300
Fax. +82 31 645 6401

Attestation of SAR test result

Trade Name: LG Electronics, MobileComm U.S.A., Inc.
FCC ID: ZNFM320N
Model: LG-M320n

Additional FCC Model(s):

LGM320n, M320n

EUT Type:

Portable Handset

Application Type:

Certification

The Highest Reported SAR (W/Kg)

Band

Tx. Frequency Equipment

Reported 1g SAR (W/kg)

(MHz) Class Head Body-Worn Hotspot

GSM/GPRS/EDGE 850 824.2 ~ 848.8 PCE 0.52 0.66 0.66
GSM/GPRS/EDGE 1900 | 1850.2 ~1909.8 PCE 0.60 0.79 0.79
UMTS 850 826.4 ~ 846.6 PCE 0.35 0.41 0.41
UMTS 1900 1852.4 ~1907.6 PCE 0.67 0.74 0.74
802.11b 2412 ~ 2462 DTS 1.06 0.29 0.29

Bluetooth 2402 ~2480 DSS/DTS N/A
Simultaneous SAR per KDB 690783 D01v01r03 1.55 1.08 1.08

Date(s) of Tests: 02/17/2017 ~ 02/21/2017, 03/07/2017, 03/30/2017
F-TP22-03 (Rev.00) 4 /163 HCT CO., LTD.
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

2. Device Under Test Description

2.1 DUT specification

Device Wireless specification overview

Band & Mode Operating Mode Tx Frequency
GSM/GPRS/EDGE 850 Voice / Data 824.2 — 848.8 MHz
GSM/GPRS/EDGE 1900 Voice / Data 1 850.2 — 1 909.8 MHz
UMTS 850 Voice / Data 826.4 — 846.6 MHz
UMTS 1900 Voice / Data 1852.4 —1907.6 MHz
2.4 GHz WLAN Data 2412 — 2 462 MHz
Bluetooth Data 2402 — 2 480 MHz
NFC Data 13.56 MHz

Device Description

Overall (Length x Width): 158.7 mm x 78.1 mm

Device Dimension

Overall diagonal dimension: 162.3 mm

Back Cover:

Normal Battery cover

Battery Options

Standard (Li-ion Polymer Battery)

Battery Model Name: BL-T30

Hardware Version:

Rev.1.0

Software Version :

Device Serial Numbers

V08a

Mode Serial Number
GSM850 2WzeY
GSM1900 2WZ6W, WZ79, 2WYUB
UMTS 850 2WzeY
UMTS 1900 2WZ6eW, 2WZ79, 2WYUB
2.4 GHz WLAN 2WZ7K

Several samples with identical hardware were used to SAR testing.
The manufacturer has confirmed that the devices tested have the same
physical, mechanical and thermal characteristics are within operational

tolerances expected for production units.

Power Reduction for
SAR

There is no power reduction used for any band/mode implemented in this

device for SAR purposes.

F-TP22-03 (Rev.00)
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2.2 DUT Wireless mode

Wireless :
Modulation  Band Operating Mode Duty Cycle
GSM Voice: 12.5%
. GPRS/ EDGE GPRS/EDGE:

850 Voice(GMSK) Multi-Slot Class: 1 Slot: 12.5%

GSM GPRS (GMSK) . aro
1900 EGPRS (8PSK) Class 12 — 4 Up, 4 Down 2 Slots : 25%

Mode class B 3 Slots : 37.5%

4 Slots : 50%

UMTS Rel.99 (Voice / DATA)
HSDPA (Rel. 5,Cat.10)
HSUPA (Rel. 6 Cat.6) 100 %
DC-HSDPA (Rel.8, Cat.24)

HSPA+ (Rel. 8) (Uplink QPSK Only)

WCDMA Band 5
(UMTS) Band 2

2.4 GHz WLAN Data 802.11 b, 802.11 g, 802.11 n (HT20) | 99.75 %

Bluetooth Data 4.2 LE N/A

F-TP22-03 (Rev.00) 6 /163 HCT CO., LTD.
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2.3 TEST METHODOLOGY and Procedures

The tests documented in this report were performed in accordance with IEEE Standard 1528-2013 & IEEE
1528-2005 and the following published KDB procedures.

- FCC KDB Publication 941225 D01 3G SAR Procedures v03r01

- FCC KDB Publication 941225 D06 Hot Spot SAR v02r01

- FCC KDB Publication 248227 D01 802.11 Wi-Fi SAR v02r02

- FCC KDB Publication 447498 D01 General SAR Guidance v06

- FCC KDB Publication 648474 D04 Handset SAR v01r03

- FCC KDB Publication 865664 D01 SAR measurement 100 MHz to 6 GHz v01r04
- FCC KDB Publication 865664 D02 SAR Reporting v01r02

- October 2013 TCB Workshop Notes (GPRS testing criteria)

- April 2015 TCB Workshop Notes (Simultaneous transmission summation clarified)

F-TP22-03 (Rev.00) 7 /163 HCT CO., LTD.
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2.4 Nominal and Maximum Output Power Specifications
This device operates using the following maximum output power specifications. SAR values were scaled to
the maximum allowed power to determine compliance per KDB publication 447498 D01v06.

2.4.1 Maximum PCE Power

Voice Burst Average GMSK Burst Average 8-PSK
Mode / Band (dBm) GPRS (dBm) EGPRS (dBm)

1Tx 1Tx 2Tx 3Tx 4Tx 1Tx 2Tx 3Tx 4Tx

Slot Slot Slot Slot Slot Slot Slot Slot Slot

GSM/GPRS/EDGE | Maximum| 33.7 | 33.7 | 31.2 | 30.2 | 29.2 | 27.2 | 27.2 | 26.2 | 25.2
850

Nominal | 33.2 | 33.2 | 30.7 | 29.7 | 28.7 | 26.7 | 26.7 | 25.7 | 24.7

1900

Nominal | 30.2 | 30.2 | 27.7 | 26.7 | 25.7 | 25.7 | 25.7 | 24.7 | 23.7

3GPP HSDPA(dBm) ‘ 3GPP HSUPA(dBm) DC-HSDPA(dBm)
3GPP L - )
Mode / Band

WCDMA Sub Sub Sub Sub | Sub Sub Sub | Sub | Sub Sub Sub Sub Sub
test1 test2 test3 | testd |test1 test2 test3 testd test5 testl test2 test3 testd

UMTS Band 5 | Maximum | 24.2 |24.2124.2|1237| 23.7 (22.2|22.2|23.2|21.7|22.2|24.2|24.2|23.7 | 23.7
(850 MHz)

Nominal | 23.7 [23.7|23.7(23.2| 23.2 [21.7|21.7(22.7|21.2|21.7|23.7|23.7 | 23.2|23.2

UMTS Band 2 | Maximum | 232 |23.21232(227| 227 21.2|21.2|22.2(20.7|21.2|23.2|23.2(22.7|22.7
(1900 MHz)

Nominal | 22.7 |22.7(22.7|22.2| 22.2 |20.7|20.7|21.7|20.2|20.7 |22.7|22.7 | 22.2 | 22.2

F-TP22-03 (Rev.00) 8 /163 HCT CO., LTD.
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2.4.2 Maximum WLAN/BT Power

Modulated Average (dBm)

Mode / Band
1~4CH  5~8CH 9~11CH
IEEE 802.11b Maximum 16.0 16.5 16.0
1 ~11Mbps
(2.4 GHz) Nominal 15.0 155 15.0
IEEE 802.11¢g Maximum 13.0 13.5 13.0
6 ~ 36Mbps
(2.4 GHz) Nominal 12.0 12.5 12.0
IEEE 802.11¢g Maximum 12.0 12.5 12.0
48 ~ 54Mbps
(2.4 GHz) Nominal 11.0 115 11.0
IEEE 802.11n 6.5 ~ 39Mbps Maximum 12.5 13.0 125
(2.4 GHz) ' Nominal 15 120 e
IEEE 802.11n | ., ¢ Mbps Maximum 1.5 12.0 15
(2.4 GHz) Nominal 10.5 11.0 105
Mode / Band Modulated Average (dBm)
Maximum 1.5
DH5
Nominal 105
Maximum 9.0
2-DH5
Nominal 8.0
Bluetooth
Maximum 9.0
3-DH5
Nominal 8.0
Maximum 15
LE
Nominal 05

F-TP22-03 (Rev.00) 9 /163 HCT CO., LTD.
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Report No: HCT-A-1703-F001-2

2.5 DUT Antenna Locations
Device Edges / Sides for SAR Testing

Rear ‘ Front Left Right Bottom
GSM/GPRS 850 Yes Yes Yes Yes Yes No
GSM/GPRS 1900 Yes Yes Yes No Yes No
UMTS 850 Yes Yes Yes Yes Yes No
UMTS 1900 Yes Yes Yes No Yes No
2.4 GHz WLAN Yes Yes No Yes No Yes

Particular EUT edges were not required to be evaluated for Wireless Router SAR if the edges were > 25 mm
from the transmitting antenna according to FCC KDB 941225 D06v02r01 on page 2. The distance between
the transmit antennas and the edges of the device are included in the filing. The overall dimensions of this
device are > 9 X 5 cm. A diagram showing device antenna can be found in SAR_setup_photos. Since the

diagonal dimension of this device is > 160 mm and < 200 mm, it is considered a “phablet”.

Note; All test configurations are based on front view.

2.6 Near Field Communications(NFC) Antenna

This EUT has NFC operations. The NFC antenna is integrated into the device for this model. Therefore, all
SAR tests were performed with the device which already incorporates the NFC antenna. A diagram showing
the location of the NFC antenna can be found in SAR _ Setup_ photos.

F-TP22-03 (Rev.00)
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2.7 SAR Summation Scenario

According to FCC KDB 447498 D01v06, transmitters are considered to be transmitting simultaneously when
there is overlapping transmission, with the exception of transmissions during network hand-offs with
maximum hand-off duration less than 30 seconds. Possible transmission paths for the EUT are shown below
paths and are mode in same rectangle to indicate communication modes which share the same path. Modes
which share the same transmission path cannot transmit simultaneously with one another.

Path 1 - _ Path2_
________________ ;| |
| : |
| GSM/GPRS : : BT/WiFi |
I UMTS I : ,
| b e - - -
———————————————— wll

Simultaneous transmission paths

This device contains multiple transmitters that may operate simultaneously, and therefore requires a
simultaneous transmission analysis according to FCC KDB 447498 D01v06.

Simultaneous Transmission Scenarios

Applicable Combination Head Body-Worn Hotspot Extremity
GSM Voice + 2.4 GHz WiFi Yes Yes N/A Yes
GSM Voice + 2.4 GHz Bluetooth N/A Yes N/A Yes
GPRS/EDGE + 2.4 GHz WiFi Yes Yes Yes Yes
GPRS/EDGE + 2.4 GHz Bluetooth N/A Yes N/A Yes
UMTS + 2.4 GHz WiFi Yes Yes Yes Yes
UMTS + 2.4 GHz Bluetooth N/A Yes N/A Yes

1. 2.4 GHz WLAN and 2.4 GHz Bluetooth share antenna path and cannot transmit simultaneously.
2. All licensed modes share the same antenna path and cannot transmit simultaneously.

3. UMTS +WLAN scenario also represents the UMTS Voice/DATA + WLAN hotspot scenario.

4. Per the manufacturer, GPRS support VOIP service.

5. 2.4GHz WiFi is considered pre-installed VOIP applications.

6. The highest reported SAR for each exposure condition is used for SAR summation purpose.

F-TP22-03 (Rev.00) 11 /163 HCT CO., LTD.
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This device contains multiple transmitters that may operate simultaneously, and therefore requires a
simultaneous transmission analysis according to FCC KDB 447498 D01v06.

FCC KDB 447498 D01v06 General RF Exposure Guidance introduces a new formula for calculating the SAR
a Peak Location Ratio(SPLSR) between pairs of simultaneously transmitting antennas:

SPLSR =(SAR, + SAR,)'®/Ri

Where:
SAR ; is the highest measured or estimated SAR for the first of a pair of simultaneous transmitting antennas,
in a specific test operating mode and exposure condition

SAR , is the highest measured of estimated SAR for the second of a pair of simultaneous transmitting
antennas, in the same test operating mode and exposure condition as the first

Ri is the separation distance between the pair of simultaneous transmitting antennas, When the SAR is
measured, for both antennas in the pair, it is determined by the actual x, y and z coordinates in the 1-g SAR
for each SAR peak location, based on the extrapolated and interpolated result in the zoom scan
measurement, using the formula of [(X; — X3)? + (Y; — Y2)2+(Z; — Z,)?]

In order for a pair of simultaneous transmitting antennas with the sum of 1-g SAR> 1.6 W/kg to qualify for
exemption from Simultaneous Transmission SAR measurements, it has to satisfy the condition of:
(SAR; + SAR,)'®/Ri < 0.04

F-TP22-03 (Rev.00) 12 /163 HCT CO., LTD.
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

2.8 SAR Test Exclusions Applied

(A) BT & LE

Per FCC KDB 447498 D01v06, The SAR exclusion threshold for distance < 50 mm is defined by the following

equation:

Max Power of Channel(mW)

Test Separation Distance (mm)

* /Frequency(GHz) < 3.0 for 1—g SAR,and < 7.5 for 10 — g extremity SAR

Frequency Maximum Separation
Allowed Power Distance < 3.0 for 1g SAR
[MHz] [mW] [mm]
Bluetooth 2480 14 10 2.2
Bluetooth LE 2480 1 10 0.2

Based on the maximum conducted power of Bluetooth and antenna to use separation distance, Bluetooth
SAR was not required [(14/10)*V2.480] = 2.2 < 3.0.
Based on the maximum conducted power of Bluetooth LE and antenna to use separation distance, Bluetooth
LE SAR was not required [(1/10)*V2.480] = 0.2 < 3.0.

Frequency Maximum Separation <75 _
Allowed Power Distance for 10g Extremity
[MHz] [mW] [mm] SAR
Bluetooth 2480 14 5 4.4
Bluetooth LE 2480 1 5 0.3

Based on the maximum conducted power of Bluetooth and antenna to use separation distance, Bluetooth
Extremity SAR was not required [(14/10)*V2.480] = 4.4 < 7.5.
Based on the maximum conducted power of Bluetooth LE and antenna to use separation distance, Bluetooth
LE Extremity SAR was not required [(1/10)*V2.480] = 0.3 < 7.5

F-TP22-03 (Rev.00)

13 /163
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FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

This device contains transmitters that may operate simultaneously. Therefore simultaneous transmission
analysis is required. Per FCC KDB 447498 D01v06 IV.C.1iii, simultaneous transmission SAR test exclusion
may be applied when the sum of the 1-g SAR for all the simultaneous transmitting antennas in a specific a
physical test configuration is < 1.6W/kg. When standalone SAR is not required to be measured per FCC KDB
447498 D01v06 4.3.22, the following equation must be used to estimate the standalone 1-g SAR and 10g
SAR for simultaneous transmission assessment involving that transmitter.

Estimated SAR = ‘/f(GSHZ) " (Max Power of channel mW).
7

Min Seperation Distance

Estimated 1-g SAR

Frequency Maximum Separation Distance Estimated 1g SAR
Allowed Power (Body) (Body)
[MHz] [mW] [mm] [W/kg]
Bluetooth 2480 14 10 0.294
Bluetooth LE 2480 1 10 0.021

Estimated SAR =

f(GHZ)

(Max Power of channel mW)

18.75

Estimated 10-g SAR

Min Seperation Distance

Frequency Maximum Separation Distance Estimated 10g SAR
Allowed Power (Body) (Body)
[MHZz] [mW] [mm] [W/kg]
Bluetooth 2480 14 5 0.235
Bluetooth LE 2480 1 5 0.017

Note:

1) Held-to ear configurations are not applicable to Bluetooth and Bluetooth LE operations and therefore were

not considered for simultaneous transmission. The Estimated SAR results were determined according to FCC
KDB447498 D01v06.

2) The frequency of Bluetooth and Bluetooth LE using for estimated SAR was selected highest channel of
Bluetooth LE for highest estimated SAR.

F-TP22-03 (Rev.00)
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(B) Licensed Transmitter(s)

GSM/GPRS/EDGE DTM is not supported for US bands. Therefore, the GSM Voice modes in this report do
not transmit simultaneously with GPRS/EDGE Data.

This device is only capable of QPSK HSUPA in the uplink. Therefore, no additional SAR tests are required
beyond that described for devices with HSUPA in KDB 941225 D01v03r01.

Per FCC KDB 648474 D04v01r03, this device is considered a “Phablet” since the diagonal dimension is
greater than 160 mm and less than 200 mm. Therefore, extremity SAR tests are required when wireless
router mode does not apply or if wireless router 1g SAR >1.2 W/kg. When hotspot mode applies, 10g SAR
required only for the surfaces and edges with hotspot mode scaled to the maximum output power (including
tolerance) is 1g SAR > 1.2 W/kg.

Per FCC KDB 941225 D01v03r01, 12.2 kbps RMC is the primary mode and HSPA (HSUPA/HSDPA with RMC)
is the secondary mode.

Per FCC KDB 941225 D01v03r01, The SAR test exclusion is applied to the secondary mode by the following
equation.

_ _ Secondary Max tune —up (mW)
Adjusted SAR = Highest Reported SAR * - <12 W/kg.
Primary Max tune tune — up(mW)

Based on the highest Reported SAR, the secondary mode is not required.
0.735 * (209/209)] = 0.735 W/kg < 1.2 W/kg

And the maximum output power and tune-up tolerance in secondary mode is < 0.25 dB higher than the
primary mode.

F-TP22-03 (Rev.00) 15 /163 HCT CO., LTD.
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3. INTRODUCTION

The FCC has adopted the guidelines for evaluating the environmental effects of radio frequency radiation in
ET Docket 93-62 on Aug. 6, 1996 to protect the public and workers from the potential hazards of RF
emissions due to FCC-regulated portable devices.

The safety limits used for the environmental evaluation measurements are based on the criteria published by
the American National Standards Institute (ANSI) for localized specific absorption rate (SAR) in IEEE/ANSI
C95.1-1992 Standard for Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to 300 GHz. 1992 by the Institute of Electrical and Electronics Engineers, Inc., ,
New York 10017. The measurement procedure described in IEEE/ANSI C95.3-1992 Recommended Practice
for the Measurement of Potentially Hazardous Electromagnetic Fields - RF and Microwave is used for
guidance in measuring SAR due to the RF radiation exposure from the Equipment Under Test (EUT). These
criteria for SAR evaluation are similar to those recommended by the National Council on Radiation Protection
and Measurements (NCRP) in Biological Effects and Exposure Criteria for Radio Frequency Electromagnetic
Fields,” NCRP Report No. 86 NCRP, 1986, Bethesda, MD 20814. SAR is a measure of the rate of energy
absorption due to exposure to an RF transmitting source. SAR values have been related to threshold levels
for potential biological hazards.

SAR Definition

Specific Absorption Rate (SAR) is defined as the time derivative of the incremental electromagnetic energy
(dW) absorbed by (dissipated in) an incremental mass (dm) contained in a volume element (dV) of a given
density (r). It is also defined as the rate of RF energy absorption per unit mass at a point in an absorbing
body.

sar = L
T oodt

dU)
dm

Figure 1. SAR Mathematical Equation
SAR is expressed in units of Watts per Kilogram (W/kg)
SAR = oo E*/ p

Where:
o = conductivity of the tissue-simulant material (S/m)
= mass density of the tissue-simulant material (kg/m’)
E = Total RMS electric field strength (V/m)

o

NOTE: The primary factors that control rate of energy absorption were found to be the wavelength of the
incident field in relations to the dimensions and geometry of the irradiated organism, the orientation of the
organism in relation to the polarity of field vectors, the presence of reflecting surfaces, and whether
conductive contact is made by the organism with a ground plane.

F-TP22-03 (Rev.00) 16 /163 HCT CO., LTD.
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4. DESCRIPTION OF TEST EQUIPMENT
4.1 SAR MEASUREMENT SETUP

These measurements are performed using the DASY4 & DASY5 automated dosimetric assessment system.
It is made by Schmid & Partner Engineering AG (SPEAG) in Zurich, Switzerland. It consists of high precision
robotics system (Staubli), robot controller, Pentium Ill computer, near-field probe, probe alignment sensor,
and the generic twin phantom containing the brain equivalent material. The robot is a six-axis industrial robot
performing precise movements to position the probe to the location (points) of maximum electromagnetic field
(EMF) (see Figure.2).

A cell controller system contains the power supply, robot controller, teach pendant (Joystick), and remote
control, is used to drive the robot motors. The PC with Windows XP or Windows 7 is working with SAR
Measurement system DASY4 & DASY5, A/D interface card, monitor, mouse, and keyboard. The Staubli
Robot is connected to the cell controller to allow software manipulation of the robot. A data acquisition
electronic (DAE) circuit performs the signal amplification, signal multiplexing, AD-conversion, offset
measurements, mechanical surface detection, collision detection, etc. is connected to the Electro-optical
coupler (EOC). The EOC performs the conversion from the optical into digital electric signal of the DAE and
transfers data to the PC plug-in card.

g
f

v

v

f’

\ v

" v

[ v

v

v

|/

Vv

= [
Vi A 1

Figure 2. HCT SAR Lab. Test Measurement Set-up

The DAE consists of a highly sensitive electrometer-grade preamplifier with auto-zeroing, a channel and
gain-switching multiplexer, a fast 16 bit AD-converter and a command decoder and control logic unit.
Transmission to the PC-card is accomplished through an optical downlink for data and status information and
an optical uplink for commands and clock lines. The mechanical probe mounting device includes two different
sensor systems for frontal and sidewise probe contacts. They are also used for mechanical surface detection
and probe collision detection. The robot uses its own controller with a built in VME-bus computer. The system
is described in detail in.

F-TP22-03 (Rev.00) 17 /163 HCT CO., LTD.
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5. SAR MEASUREMENT PROCEDURE

The evaluation was performed with the following procedure:

1. The SAR distribution at the exposed side of the head or body was measured at a distance no more than
5.0 mm from the inner surface of the shell. The area covered the entire dimension of the DUT’s head and
body area and the horizontal grid resolution was depending on the FCC KDB 865664 D01v01r04 table
4-1 & IEEE 1528-2018.

2. Based on step, the area of the maximum absorption was determined by sophisticated interpolations
routines implemented in DASY software. When an Area Scan has measured all reachable point. DASY
system computes the field maximal found in the scanned are, within a range of the maximum. SAR at this
fixed point was measured and used as a reference value.

3. Around this point, a volume was assessed according to the measurement resolution and volume size
requirements of FCC KDB 865664 D01v01r04 table 4-1 and IEEE 1528-2013. On the basis of this data
set, the spatial peak SAR value was evaluated with the following procedure (reference from the DASY
manual.)

a. The data at the surface were extrapolated, since the center of the dipoles is no more than 2.7 mm away
from the tip of the probe (it is different from the probe type) and the distance between the surface and the
lowest measuring point is 1.2 mm. The extrapolation was based on a least square algorithm. A polynomial
of the fourth order was calculated through the points in z-axes. This polynomial was then used to evaluate
the points between the surface and the probe tip.

b. The maximum interpolated value was searched with a straight-forward algorithm. Around this
maximum the SAR values averaged over the spatial volumes (1 g or 10 g) were computed using the
3D-Spline interpolation algorithm. The 3D-spline is composed of three one-dimensional splines with the
“Not a knot” condition (in x, y, and z directions. The volume was integrated with the trapezoidal algorithm.
One thousand points (10 x 10 x 10) were interpolated to calculate the average.

c. All neighboring volumes were evaluated until no neighboring volume with a higher average value was
found.

4. The SAR reference value, at the same location as step 2, was re-measured after the zoom scan. If the
value changed by more than 5 %, the SAR evaluation and drift measurements were repeated.
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Area scan and zoom scan resolution setting follow KDB 865664 D01v01r04 quoted below.

normal at the measurement location

<3 GHz >3 GHz
MaximurTl distance from closest measurement point 5+1 mm 1/, 81n(2)£0.5 mm
(geometric center of probe sensors) to phantom surface
Maxi b le i be axis to phantom surf:
aximum probe angle from probe axis to phantom surface 3041° 20941

<2 GHz: £15 mm
2-3 GHz: <12 mm

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

Maximum area scan Spatial resolution: AXarea, AyArea

point on the test device.

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

<2 GHz: <8mm

Maximum zoom scan Spatial resolution: AXzoom, Ayzoom 2-3 GHz: <Smm*

3-4 GHz: <5 mm*
4-6 GHz: <4 mm*

3-4 GHz: <4 mm
uniform grid: AZzoom(n) <5 mm 4-5 GHz: <3 mm
5-6 GHz: <2 mm
Maximum zoom scan AZzoom(1): between 1 3-4 GHz: <3 mm
Spatial resolution two Points closest to <4 mm 4-5 GHz: <2.5 mm
normal to phantom surface graded| Phantom surface 5-6 GHz: <2 mm
grid
AZzoom(n>1): bf:tween <1.5- Azsom(n-1)
subsequent Points
3-4 GHz: >28 mm
Minimum zoom scan volume | X, Y, z >30 mm 4-5 GHz: >25 mm

5-6 GHz: >22 mm

for details.

GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.

Note: § is the penetration depth of a plane-wave at normal incidence to the tissue medium; see draft standard IEEE P1528-2011

* When zoom scan is required and the reported SAR from the area scan based 1-g SAR estimation procedures of KDB
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
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6. DESCRIPTION OF TEST POSITION
6.1 EAR REFERENCE POINT

Figure 6-2 shows the front, back and side views of the SAM phantom. The
center-of-mouth reference point is labeled “M”, the left ear reference point (ERP) is
marked “LE”, and the right ERP is marked “RE.” Each ERP is on the B-M
(back-mouth) line located 15 mm behind the entrance-to-ear-canal (EEC) point, as
shown in Figure 6-1. The Reference Plane is defined as passing through the two ear
reference point and point M. The line N-F (Neck-Front), also called the Reference
Pivoting Line, is not perpendicular to the reference plane (See Figure 5-1), Line B-M
is perpendicular to the N-F line. Both N-F and B-M lines are marked on the external
phantom shell to facilitate handset positioning.

'i.m-.m

* artrance 1o ear canel |
6.2 HEAD POSITION Close-up Selo view of ERP
Two imaginary lines on the handset were established: the vertical centerline and the horizontal line. The
device under test was placed in a normal operating position with the acoustic output located along the
“vertical centerline” on the front of the device aligned to the “ear reference point”’(see Figure 6-3). The
acoustic output was than located at the same level as the center of the ear reference point. The device under
test was positioned so that the “vertical centerline” was bisecting the front surface of the handset at its top and
bottom edges, positioning the “ear reference point” on the outer surface of the both the left and right head
phantoms on the ear reference point.

Figure 6-2
Front, back and side views of SAM Twin Phantom
vertical vertical
center line center line

' Y2\ wi2
horizental }4""’1

ine $ |

harizontal / :

line A i acoustic
A ‘ output
acoustic ’ st
output B :z:g:;m
bottom of B
/ handset ‘
1
"'"f"z | Wr."j

Figure 6-3. Handset vertical and horizontal reference lines
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6.3 Body Holster/Belt Clip Configurations

Body-worn operating configurations are tested with the belt-clips and holsters attached to the device and
positioned against a flat phantom in a normal use configuration. A device with a headset output is tested with
a headset connected to the device. Body dielectric parameters are used.

Accessories for Body-worn operation configurations are divided into two categories: those that do not contain
metallic components and those that contain metallic components. When multiple accessories that do not
contain metallic components are supplied with the device, the device is tested with only the accessory that
dictates the closest spacing to the body. Then multiple accessories that contain metallic components are
tested with each accessory. If multiple accessories share an identical metallic component (i.e. the same
metallic belt-clip used with different holsters with no other metallic components) only the accessory that
dictates the closest spacing to the body is tested.

Body-worn accessories may not always be supplied or available as options for some Devices intended to be
authorized for body-worn use. In this case, a test configuration with a separation distance between the back of
the device and the flat phantom is used.

Since this EUT does not supply any body worn accessory to the end user a distance of 1.0 cm from the EUT
back surface to the liquid interface is configured for the generic test.

"See the Test SET-UP Photo"

Transmitters that are designed to operate in front of a person’s face, as in push-to-talk configurations, are
tested for SAR compliance with the front of the device positioned to face the flat phantom. For devices that
are carried next to the body such as a shoulder, waist or chest-worn transmitters, SAR compliance is tested
with the accessory(ies), Including headsets and microphones, attached to the device and positioned against a
flat phantom in a normal use configuration.

In all cases SAR measurements are performed to investigate the worst-case positioning. Worstcase
positioning is then documented and used to perform Body SAR testing.

6.4 Body-Worn Accessory Configurations
Body-Worn operating configurations are tested with the belt-dips and holsters
attached to the device and positioned against a flat phantom in a normal use

configuration (see Figure 6-4). Per FCC KDB Publication 648474 D04v01r03 R
Body-Worn accessory exposure is typically related to voice mode operations when | e

handsets are carried in body-Worn accessories. The body-Worn accessory LYy
procedures in FCC KDB Publication 447498 DO1v06 should be used to test for N \‘;}

body-Worn accessory SAR compliance, without a headset connected to it. This

enables the test results for such configuration to be compatible with that required for

hotspot mode when the body-Worn accessory test separation distance is greater than

or equal to that required for hotspot mode, when applicable. When the reported SAR .

for a body- Worn accessory, measured without a headset connected to the handset, S Figure 6-4

, . ) . i ample Body-Worn Diagram
is > 1.2 W/kg, the highest reported SAR configuration for that wireless mode and

frequency band should be repeated for that body- Worn accessory with a headset

attached to the handset.

Accessories for Body-Worn operation configurations are divided into two categories: those that do not contain
metallic components and those that do contain metallic components. When multiple accessories that do not
contain metallic components are supplied with the device, the device is tested with only the accessory that
dictates the closest spacing to the body. Then multiple accessories that contain metallic components are
tested with the device with each accessory. If multiple accessories share an identical metallic component (i.e.
the same metallic belt-dip used with different holsters with no other metallic components) only the accessory
that dictates the closest spacing to the body is tested.
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Body-Worn accessories may not always be supplied or available as options for some devices intended to be
authorized for body-Worn use. In this case, a test configuration with a separation distance between the back
of the device and the flat phantom is used. Test position spacing was documented.

Transmitters that are designed to operate in front of a person's face, as in push-to-talk configurations, are
tested for SAR compliance with the front of the device positioned to face the flat phantom in head fluid. For
devices that are carried next to the body such as a shoulder, waist or chest-Worn transmitters. SAR
compliance is tested with the accessories, including headsets and microphones, attached to the device and
positioned against a flat phantom in a normal use configuration.

6.5 Wireless Router Configurations

Some battery-operated handsets have the capability to transmit and receive user data through simultaneous
transmission of WIFI simultaneously with a separate licensed transmitter. The FCC has provided guidance in
FCC KDB Publication 941225 D06v02r01 where SAR test considerations for handsets (LxW>9cmx5 cm) are
based on a composite test separation distance of 10 mm from the front back and edges of the device
containing transmitting antennas within 2.5 cm of their edges, determined from general mixed use conditions
for this type of devices. Since the hotspot SAR results may overlap with the body-Worn accessory SAR
requirements, the more conservative configurations can be considered, thus excluding some body-Worn
accessory SAR tests.

When the user enables the personal wireless router functions for the handset actual operations include
simultaneous transmission of both the WIFI transmitter and another licensed transmitter. Both transmitters
often do not transmit at the same transmitting frequency and thus cannot be evaluated for SAR under actual
use conditions due to the limitations of the SAR assessment probes. Therefore, SAR must be evaluated for
each frequency transmission and mode separately and spatially summed with the WIFI transmitter according
to FCC KDB Publication 447498 D01v06 publication procedures. The "Portable Hotspot* feature on the
handset was NOT activated during SAR assessments, to ensure the SAR measurements were evaluated for
a single transmission frequency RF signal at a time.
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7. ANSI/ IEEE C95.1 - 1992 RF EXPOSURE LIMITS

UNCONTROLLED CONTROLLED
ENVIRONMENT ENVIRONMENT

HUMAN EXPOSURE General Population Occupational
(W/kg) or (mW/g) ‘ (W/kg) or (mW/g)

SPATIAL PEAK SAR * 6 o
(Brain)
SPATIAL AVERAGE SAR **
: 4
(Whole Body) 0.08 0.40
SPATIAL PEAK SAR ***
(Hands / Feet / Ankle / Wrist) 4.00 20.00

Table 8.1 Safety Limits for Partial Body Exposure
NOTES:

* The Spatial Peak value of the SAR averaged over any 1 g of tissue (defined as a tissue volume in
the shape of a cube) and over the appropriate averaging time.

** The Spatial Average value of the SAR averaged over the whole-body.

*** The Spatial Peak value of the SAR averaged over any 10 g of tissue (defined as a tissue volume
in the shape of a cube) and over the appropriate averaging time.

Uncontrolled Environments are defined as locations where there is the exposure of individuals who have no
knowledge or control of their exposure. The general population/uncontrolled exposure limits are applicable to
situations in which the general public may be exposed or in which persons who are exposed as a
consequence of their employment may not be mad fully aware of the potential for exposure or cannot exercise
control over their exposure. Members of the general public would come under this category when exposure is
not employment-related; for example, in the case of a wireless transmitter that exposes persons in its vicinity.

Controlled Environments are defined as locations where there is exposure that may be incurred by persons
who are aware of the potential for exposure, (i.e.as a result of employment or occupation). In general,
occupational/controlled exposure limits are applicable to situations in which persons are exposed as a
consequence of their employment, who have been made fully aware of the potential for exposure and can
exercise control over their exposure. This exposure category is also applicable when the exposure is of a
transient nature due to incidental passage through a location where the exposure levels may be higher than
the general population/uncontrolled limits, but the exposed person is fully aware of the potential for exposure
and can exercise control over his or her exposure by leaving the area or by some other appropriate means.
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8. FCC SAR GENERAL MEASUREMENT PROCEDURES

8.1 Measured and Reported SAR

Per FCC KDB Publication 447498 D01v06, when SAR is not measured at the maximum power level allowed
for production units, the results must be scaled to the maximum tune-up tolerance limit according to the power
applied to the individual channels tested to determine compliance. For simultaneous transmission, the
measured aggregate SAR must be scaled according to the sum of the differences between the maximum
tune-up tolerance and actual power used to test each transmitter. When SAR is measured at or scaled to the
maximum tune-up tolerance limit, the results are referred to as Reported SAR. The highest reported SAR
results are identified on the grant of equipment authorization according to procedures in KDB 690783
D01v01r03.

8.2 3G SAR Test Reduction Procedure

8.2.1 GSM, GPRS AND EDGE

The following procedures may be considered for each frequency band to determine SAR test reduction for
devices operating in GSM/GPRS/EDGE modes to demonstrate RF exposure compliance. GSM voice mode
transmits with 1 time slot. GPRS and EDGE may transmit up to 4 time slots in the 8 time-slot frame according
to the multi-slot class implemented in a device.

8.2.2 SAR Test Reduction

In FCC KDB 941225 D01v03r01, certain transmission modes within a frequency band and wireless mode
evaluated for SAR are defined as primary modes. The equivalent modes considered for SAR test reduction
are denoted as secondary modes. When the maximum output power including tune-up tolerance specified for
production units in a secondary mode is < 0.25 dB higher than the primary mode or when the highest
reported SAR of the primary mode, scaled by the ratio of specified maximum output power and tune-up
tolerance of secondary to primary mode, is < 1.2 W/kg, SAR measurements are not required for the
secondary mode. These criteria are referred to as the 3G SAR test reduction procedure. When the 3G SAR
test reduction procedure is not satisfied, SAR measurements are additionally required for the secondary
mode.

SAR test reduction for GPRS and EDGE modes is determined by the source-based time-averaged output
power specified for production units, including tune-up tolerance. The data mode with highest specified
time-averaged output power should be tested for SAR compliance in the applicable exposure conditions. For
modes with the same specified maximum output power and tolerance, the higher number time-slot
configuration should be tested

8.3 Procedures Used to Establish RF Signal for SAR

The following procedures are according to FCC KDB 941225 D01v03r01 - 3G SAR Measurement Procedures
The handset was placed into a simulated call using a base station simulator in a shielded chamber. Such test
signals offer a consistent means for testing SAR and are recommended for evaluation SAR measurements
were taken with a fully charged battery. In order to verify that the device was tested and maintained at full
power, this was configured with the base station simulator. The SAR measurement Software calculates a
reference point at the start and end of the test to check for power drifts. If conducted Power deviations of more
than 5 % occurred, the tests were repeated.
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8.4 SAR Measurement Conditions for UMTS

8.4.1 Output Power Verification

Maximum output power is verified on the High, Middle and Low channels according to the general
descriptions in sec. 5.2 of 3GPP TS 34.121, using the appropriate RMC with TPC (transmit power control) set
to all “1s” or applying the required inner loop power control procedures to maintain maximum output power
while HSUPA is active. Results for all applicable physical channel configurations (DPCCH, DPDCHn and
speading codes, HS-DPCCH etc) are tabulated in this test report. All configurations that are not supported by
the DUT or cannot be measured due to technical or equipment limitations are identified.

8.4.2 Head SAR Measurements

SAR for next to the ear head exposure is measured using a 12.2 kbps RMC with TPC bits configured to all
“1’s”. The 3G SAR test reduction procedure is applied to AMR configurations with 12.2 kbps RMC as the
primary mode. Otherwise, SAR is measured for 12.2 kbps AMR in 3.4 kbps SRB (signaling radio bearer)
using the highest reported SAR configuration in 12.2 kbps RMC for head exposure.

8.4.3 Body SAR measurements

SAR for body exposure configurations is measured using the 12.2kbps RMC with the TPC bits all “1s”. the 3G
SAR test reduction procedure is applied to other spreading codes and multiple DPDCHn configurations
supported by the handset with 12.2 kbps RMC as the primary mode. Otherwise, SAR is measured using and
applicable RMC configuration with the corresponding spreading code or DPDCHn, for the highest reported
SAR configuration in 12.2kbps RMC.

8.4.4 SAR Measurements with Rel. 5 HSDPA

The 3G SAR test reduction procedure is applied to HSDPA body configurations with 12.2 kbps RMC as the
primary mode. Otherwise, Body SAR for HSDPA is measured using and FRC with H-SET 1 in Sub-test and a
12.2 kbps RMC without HSDPA. Handsets with both HSDPA and HSUPA are tested according to release 6
HSPA test procedures. 8.4.5 SAR Measurement with Rel.6 HSUPA The 3G SAR test Reduction Procedure is
applied to HSPA (HSUPA/HSDPA with RMC) body configurations with 12.2 kbps RMC as the primary mode.
Otherwise, Body SAR for HSPA is measured with E-DCH Sub-test 5, Using H-Set 1 and QPSK for FRC and a
12.2kbps RMC configured in Test Loop Mode 1 and Power Control algorithm 2, according to the highest
reported body SAR configuration in 12.2 kbps RMC without HSPA. When VOIP applies to head exposure, the
3G SAR test reduction procedure is applied with 12.2 kbps RMC as the primary mode; otherwise, the same
HSPA configuration used for body SAR measurements are applied to head exposure testing.

8.4.5 SAR Measurements with Rel. 6 HSUPA

The 3G SAR test reduction procedure is applied to HSPA (HSUPA/HSDPA with RMC) body configurations
with 12.2 kbps RMC as the primary mode. Otherwise, Body SAR for HSPA is measured with E-DCH Sub-test
5, using H-Set1 and QPSK for FRC and a 12.2 kbps RMC configured in Test Loop Mode 1 and power control
algorithm 2, according to the highest reported body SAR configuration in 12.2 kbps RMC without HSPA.

8.4.6 DC-HSDPA

UMTS SAR was tested under RMC 12.2 kbps with HSPA inactive per KDB publication 941225 D01v03r01.
HSPA SAR was not required since the average output power of the HSPA subtests was not more than
0.25 dB higher than the RMC level and SAR was less than 1.2 W/kg.
DC-HSDPA Considerations:
- 3GPP Specification 34.121-1 Release 8 Ver 8.10.0 was used for DC-HSDPA guidance
- H-Set 12(QPSK) was confirmed to be used during DC-HSDPA measurements
- Measured maximum output powers for DC-HSDPA were not greater than 1/4 dB higher than the
WCDMA 12.2 kbps RMC maximum output and as a result, SAR is not required for DC-HSDPA
- The DUT supports UE category 24 for HSDPA.

A
A 4

Base Station Simulator Wireless Devise DUT

RF Connector
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8.5 SAR Testing with 802.11 Transmitters

The normal network operating configurations of 802.11 transmitters are not suitable for SAR measurements.
Unpredictable fluctuations in network traffic and antenna diversity conditions can introduce undesirable
variations in SAR results. The SAR for these devices should be measured using chipset based test mode
software to ensure the results are consistent and reliable. See KDB Publication 248227 D01v02r02 for more
details.

8.5.1 General Device Setup

Chipset based test mode software is hardware dependent and generally varies among manufacturers. The
device operating parameters established in test mode for SAR measurements must be identical to those
programmed in production units, including output power levels, amplifier gain settings and other RF
performance tuning parameters.

A periodic duty factor is required for current generation SAR system to measure SAR. When 802.11 frame
gaps are accounted for in the transmission, a maximum transmission duty factor of 92-96% is typically
achievable in most test mode configurations. A minimum transmission duty factor of 85% is required to avoid
certain hardware and device implementation issues related to wide range SAR scaling. The reported SAR is
scaled to 100% transmission duty factor to determine compliance at the maximum tune-up tolerance limit.

8.5.2 Initial Test Position Procedure

For exposure conditions with multiple test positions, such as handset operating nest to the ear, devices with
hotspot mode or UMPC mini-tablet, procedures for initial test position can be applied. Using the transmission
mode determined by the DSSS procedure or initial test configuration, area scans are measured for all
positions in an exposure condition. The test position with the highest extrapolated (peak) SAR is used as the
initial test position. When reported SAR for the initial test position is < 0.4 W/kg for 1g SAR and < 1.0 W/kg for
10g SAR, no additional testing for the remaining test position is required. Otherwise, SAR is evaluated at the
subsequent highest peak SAR positions until the reported SAR result is < 0.8 W/kg for 1g SAR and < 2.0 W/kg
for 10g SAR or all test positions are measured.

8.5.3 2.4 GHz SAR test Requirements

SAR is measured for 2.4 GHz 802.11b DSSS using either the fixed test position or, when applicable, the initial
test position procedure. SAR test reduction is determined according to the following:

1) When the reported SAR of the highest measured maximum output power channel for the exposure
configuration is < 0.8 W/kg, no further SAR testing is required for 802.11b DSSS is that exposure
configuration.

2) When the reported SAR is > 0.8 W/kg, SAR is required for that position using the next highest
measured output power channel. When any reported SAR is > 1.2 W/kg, SAR is required for the third
channel; i.e., all channels require testing.

2.4 GHz 802.11 g/n OFDM are additionally evaluated for SAR if the highest reported SAR for 802.11b,
adjusted by the ratio of the OFDM to DSSS specified maximum output power, is > 1.2 W/kg. When SAR is
required for OFDM modes in 2.4 GHz band, the Initial Test Configuration Procedures should be followed.

8.5.4 OFDM Transmission Mode and SAR Test Channel Selection

For the 2.4 GHz, when the same maximum output power was specified for multiple OFDM transmission mode
configurations in a frequency band or aggregated band, SAR is measured using the configuration with the
largest channel bandwidth, lowest order modulation and lowest data rate and lowest order 802.11 g/n mode.
When the maximum output power of a channel is the same for equivalent OFDM configurations; for example,
802.11g and 802.11n with the same channel bandwidth, modulation and data rate etc., the lower order 802.11
mode i.e., 802.11g then 802.11n, is used for SAR measurement. When the maximum output power are the
same for multiple test channels, either according to the default or additional power measurement
requirements, SAR is measured using the channel closest to the middle of the frequency band or aggregated
band. When there are multiple channels with the same maximum output power, SAR is measured using the
higher number channel.
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8.5.5 Initial Test Configuration Procedure

For OFDM, in both 2.4 GHZ, an initial test configuration is determined for each frequency band and
aggregated band, according to the transmission mode with the highest maximum output power specified for
SAR measurements. When the same maximum output power is specified for multiple OFDM transmission
mode configurations in a frequency band or aggregated band, SAR is measured using the configuration(s)
with the largest channel bandwidth, lowest order modulation, and lowest data rate. If the average RF output
powers of the highest identical transmission modes are within 0.25 dB of each other, mid channel of the
transmission mode with highest average RF output power is the initial test channel. Otherwise, the channel of
the transmission mode with the highest average RF output conducted power will be the initial test
configuration.

When the reported SAR is < 0.8 W/kg, no additional measurements on other test channels are required.
Otherwise, SAR is evaluated using the subsequent highest average RF output channel until the reported SAR
result is 1.2 W/kg or all channels are measured. When there are multiple untested channels having the same
subsequent highest average RF output power, the channel with higher frequency from the lowest 802.11
mode is considered for SAR measurements.

8.5.6 Subsequent Test Configuration Procedures

For OFDM configurations in each frequency band and aggregated band, SAR is evaluated for initial test
configuration using the fixed test position or the initial test position on procedure. When the highest reported
SAR (for the initial test configuration), adjusted by the ratio of the specified maximum output power of the
subsequent test configuration to initial test configuration, is < 1.2 W/kg for 1g SAR and < 3.0 W/kg for 10g
SAR, no additional SAR tests for the subsequent test configurations are required.
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9. Output Power Specifications

This device operates using the following maximum output power specifications. SAR values were scaled to
the maximum allowed power to determine compliance per KDB publication 447498 D01v06.

9.1 GSM

9.1.1 GSM Conducted output powers

GSM Conducted output powers (Burst-Average)

GPRS(GMSK) Data — CS1 EDGE Data
GPRS GPRS GPRS EDGE

Ehenuel 17X 27X 37X

Slot Slot

Maximum Tune-up| 33.70 33.70 31.20 30.20 29.20 27.20 27.20 26.20 25.20
GSM 128 33.28 33.27 30.95 30.01 28.95 27.07 26.81 25.97 24.62
850 190 33.37 33.35 30.99 30.04 29.00 27.18 26.87 26.01 24.82
251 33.34 33.33 30.97 30.02 28.98 27.16 26.94 26.10 24.77
Maximum Tune-up| 30.70 30.70 28.20 27.20 26.20 26.20 26.20 25.20 24.20
M 512 30.50 30.50 27.96 26.99 25.96 26.18 25.95 24.71 23.47
1G9800 661 30.30 30.29 27.77 26.82 25.78 25.88 25.61 24.34 23.16
810 30.30 30.30 27.92 26.94 25.88 26.01 25.78 24.50 23.29

GPRS(GMSK) Data — CS1

GPRS GPRS GPRS GPRS
1TX 2TX 3TX 4TX
Slot Slot Slot Slot

(dBm) (dBm) (dBm) (dBm)

Maximum Tune-up| 24.67 24.67 25.18 25.94 26.19 18.17 | 21.18 | 21.94 | 22.19
128 24.25 24.24 24.93 25.75 25.94 18.04 | 20.79 | 21.71 21.61

C;?(I;/I 190 24.34 24.32 24.97 25.78 25.99 18.15 [ 20.85 | 21.75 | 21.81
251 24.31 24.30 24.95 25.76 25.97 18.13 [ 20.92 | 21.84 | 21.76
Maximum Tune-up| 21.67 21.67 22.18 22.94 23.19 1717 | 20.18 | 20.94 | 21.19
512 21.02 21.47 21.94 22.73 22.95 17.15 19.93 | 20.45 | 20.46

1G980'\(/)| 661 21.27 21.26 21.75 22.56 22.77 16.85 19.59 | 20.08 | 20.15
810 21.27 21.27 21.90 22.68 22.87 16.98 19.76 | 20.24 | 20.28

Band Channel
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9.1.2 Retest conducted Power for GSM

GSM Conducted output powers (Burst-Average)

Band

Channe

GPRS
2TX
Slot

(dBm)

GPRS(GMSK) Data — CS1

GPRS
3TX
Slot

(dBm)

EDGE Data

EDGE
2TX
Slot

(dBm)

EDGE
3TX
Slot

(dBm)

Maximum Tune-up| 30.70 30.70 28.20 27.20 26.20 26.20 26.20 25.20 24.20
512 30.47 30.45 27.91 27.01 25.60 26.11 25.91 24.73 23.51

?Si)l\(/)l 661 30.36 30.31 27.80 26.86 25.54 25.92 25.66 24.43 23.33
810 30.33 30.27 27.84 26.90 25.62 26.04 25.82 24.52 23.43

Band

Channe

GSM Conducted output powers (Frame-Average)

GPRS(GMSK) Data — CS1

GPRS
1TX
Slot

(dBm)

GPRS
2TX
Slot

(dBm)

GPRS
3TX
Slot

(dBm)

GPRS
4TX
Slot

(dBm)

Maximum Tune-up| 21.67 21.67 22.18 22.94 23.19 1717 20.18 20.94 21.19
GSM 512 21.44 21.42 21.89 22.75 22.59 17.08 19.89 20.47 20.50
1900 661 21.33 21.28 21.78 22.60 22.53 16.89 19.64 20.17 20.32

810 21.30 21.24 21.82 22.64 22.61 17.01 19.80 20.26 20.42

Note:

Time slot average factor is as follows:

1 Tx slot = 9.03 dB, Frame-Average output power = Burst-Average output power — 9.03 dB

2 Tx slot = 6.02 dB, Frame-Average output power = Burst-Average output power — 6.02 dB

3 Tx slot = 4.26 dB, Frame-Average output power = Burst-Average output power — 4.26 dB

4 Tx slot = 3.01 dB, Frame-Average output power = Burst-Average output power — 3.01 dB

GSM Class : B
GSM voice/GPRS VOIP: Head SAR , Body worn SAR
GPRS/EDGE Multi-slots 12 : Hotspot SAR with GPRS/EDGE
Multi-slot Class 12 with CS 1 (GMSK)
Base Station Simulator EUT
RF Connector
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9.2 UMTS

9.2.1 UMTS Conducted output powers

HSPA+
This DUT is only capable of QPSK HSPA+ in uplink. Therefore, the RF conducted power is not measured
according to 941225 D01 3G SAR.

WCDMA Band 5

aGPP 3GPP 34.121 WCDMA Band 5 [dBm]

Release UL 4132 UL 4183 UL 4233

Version Subtest DL 4357 DL 4408 DL 4458
99 WCDMA | 12.2 kbps RMC 24.07 24.02 24.02
99 WCDMA | 12.2 kbps AMR 24.08 24.00 24.01
5 Subtest 1 23.92 23.95 23.91
5 Subtest 2 23.92 23.93 23.91
5 HSDPA Subtest 3 23.49 23.43 23.39
5 Subtest 4 23.44 23.42 23.40
6 Subtest 1 22.00 21.99 21.96
6 Subtest 2 22.03 22.00 21.98
6 HSUPA Subtest 3 22.96 22.96 22.94
6 Subtest 4 2151 21.46 21.47
6 Subtest 5 21.96 21.98 21.93
8 Subtest 1 23.94 24.06 23.52
8 Subtest 2 23.88 2410 23.49
8 DC-HSDPA Subtest 3 23.39 23.61 23.01
8 Subtest 4 23.36 23.58 23.05

WCDMA Average Conducted output powers

WCDMA Band 2

SRR 3GPP 34.121 WCDMA Band 2 [dBm]

Release Subtest UL 9262 UL 9400 UL 9538

Version DL 9662 DL 9800 DL 9938
99 WCDMA | 12.2 kbps RMC 23.00 22.91 2298
99 WCDMA | 12.2 kbps AMR 2296 22.89 22.96
5 Subtest 1 22.91 22.90 22.95
5 Subtest 2 22.96 22.91 22.95
5 HSDPA Subtest 3 2251 22.48 2247
5 Subtest 4 2250 2247 2245
6 Subtest 1 21.00 20.97 20.96
6 Subtest 2 20.98 20.92 21.02
6 HSUPA Subtest 3 21.97 21.98 22.02
6 Subtest 4 20.52 20.42 20.48
6 Subtest 5 21.00 20.96 21.02
8 Subtest 1 22.84 2255 22.84
8 Subtest 2 22.83 2256 22.86
8 DC-HSDPA Subtest 3 22.37 22.04 22.39
8 Subtest 4 22.39 22.02 22.40

WCDMA Average Conducted output powers
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9.2.2 Retest Conducted power for UMTS

WCDMA Band 2

SR 3GPP 34.121 WCDMA Band 2 [dBm]
Release UL 9262 UL 9400 UL 9538
Version Sl DL 9662 DL 9800 DL 9938
99 WCDMA | 12.2 kbps RMC 22.68 22.72 22.78
99 WCDMA | 12.2 kbps AMR 22.64 22.70 22.76
5 Subtest 1 22.88 22.90 22.92
5 Subtest 2 22.91 22.92 22.90
5 HSDPA Subtest 3 22.48 22.49 22.48
5 Subtest 4 22.47 22.46 22.47
6 Subtest 1 21.01 20.98 20.97
6 Subtest 2 20.96 20.94 20.99
6 HSUPA Subtest 3 21.89 21.84 21.96
6 Subtest 4 20.61 20.54 20.49
6 Subtest 5 20.99 20.98 21.01
8 Subtest 1 22.77 22.67 22.79
8 Subtest 2 22 .81 22.69 22.71
8 DC-HSDPA Subtest 3 22.30 22.12 22.24
8 Subtest 4 22.29 2217 2222
WCDMA Average Conducted output powers
F-TP22-03 (Rev.00) 31 /163 HCT CO., LTD.
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9.3 WiFi

9.3.1 WiFi Conducted output powers

IEEE 802.11 Average RF Power

IEEE 802.11 (2.4 GHz)
Conducted Power

Channel

[dBm]

2412 1 15.86

2432 5 16.28

802.11b 2437 6 16.37
2447 8 16.17

2462 1 15.72

2412 1 12.63

802.11g 2437 6 1317
2462 1 12.88

2412 1 11.75

?g%;g);‘ 2437 6 12.19
2462 11 11.87

F-TP22-03 (Rev.00)
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9.3.2 Retest Conducted Power for WiFi

IEEE 802.11 Average RF Power

IEEE 802.11 (2.4 GHz)

Conducted Power

802.11b

Channel
[dBm]
2412 1 15.79
2432 5 16.21
2437 6 16.24
2447 8 16.17
2462 11 15.74

Justification for test configurations for WLAN per KDB Publication 248227 D01v02r02:
= Power measurements were performed for the transmission mode configuration with the highest
maximum output power specified for production units.
= For transmission mode with the same maximum output power specification, powers were measured for
the largest channel bandwidth, lowest order modulation and lowest data rate.
= For transmission modes with identical maximum specified output power, channel bandwidth, modulation
and data rates, power measurements were required for all identical configurations.
= For each transmission mode configuration, powers were measured for the highest and lowest channels;
and at the mid-band channel(s) when there were at least 3 channels supported. For configurations with
multiple mid-band channels, due to an even number of channels, both channels were measured.

Test Configuration

EUT

Coax Cable

Spectrum Analyzer

F-TP22-03 (Rev.00)
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10. SYSTEM VERIFICATION

10.1 Tissue Verification

The Head /Body simulating material is calibrated by HCT using the DAKS 3.5 to determine the conductivity
and permittivity.

Table for Head Tissue Verification
Measured Measured Target Target
Conductivity Dielectric |Conductivity| Dielectric | % dev o
o (S/m) Constant, €| o (S/m) | Constant, €

820 0.897 41.419 0.899 41.578 | -0.22% | -0.38%

Tests Type (MHz)

Date of Tissue Freq.

02/20/2017 18.9 835H 835 0.914 41.163 0.900 41.500 | 1.56% |-0.81%

850 0.928 40.970 0.916 41.500 | 1.31% |-1.28%

1850 1.391 40.724 1.400 40.000 | -0.64% | 1.81%

02/20/2017 20.6 1900H 1900 1.439 40.455 1.400 40.000 | 2.79% | 1.14%

1910 1.438 40.397 1.400 40.000 | 2.71% | 0.99%

1850 1.381 40.676 1.400 40.000 | -1.36% | 1.69%

02/17/2017 23.2 1900H 1900 1.428 40.465 1.400 40.000 | 2.00% | 1.16%

1910 1.430 40.409 1.400 40.000 | 2.14% | 1.02%

2400 1.736 37.990 1.756 39.290 | -1.14% | -3.31%

03/30/2017 20.3 2450H 2450 1.790 37.900 1.800 39.200 | -0.56% |-3.32%

2500 1.845 37.578 1.855 39.140 | -0.54% | -3.99%

Table for Body Tissue Verification

Tissue Freq. Measur_efi M_easur?d Targe-t - jl'arget-
Temp. (MHz) Conductivity Dielectric |Conductivity Dielectric
() o (S/m) Constant, € o (S/m) Constant, €
820 0.932 56.888 0.969 55.258 | -3.82% | 2.95%
02/21/2017 18.3 835B 835 0.947 56.756 0.970 55.200 | -2.37% | 2.82%
850 0.968 56.584 0.988 55.154 | -2.02% | 2.59%
1850 1.495 53.646 1.520 53.300 | -1.64% | 0.65%
03/07/2017 19.3 1900B 1900 1.557 53.486 1.520 53.300 | 2.43% | 0.35%
1910 1.567 53.558 1.520 53.300 | 3.09% | 0.48%
1850 1.494 53.617 1.520 53.300 | -1.71% | 0.59%
03/30/2017 20.3 1900B 1900 1.556 53.528 1.520 53.300 | 2.37% | 0.43%
1910 1.568 53.507 1.520 53.300 | 3.16% | 0.39%
2400 1.873 52.742 1.902 52.770 | -1.52% | -0.05%
02/21/2017 18.8 2450B 2450 1.930 52.600 1.950 52.700 | -1.08% | -0.19%
2500 1.996 52.455 2.021 52.640 | -1.24% | -0.35%
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10.2 System Verification
Prior to assessment, the system is verified to the £ 10 % of the specifications at 835 MHz / 1 900 MHz / 2 450
MHz by using the system Verification kit. (Graphic Plots Attached)

System Verification Results

1w

_II'_:::: E;g?: Mga:;r:d No;ia‘é\ltized Deviation L
(SPEAG)
[Wikg] [Wikg] [Wikg] [%]
835 | 02/20/2017 | 3903 Head 19.1 18.9 9.38 0.928 9.28 -1.07 [£10
835 |02/21/2017 | 3903 1 Body 18.5 18.3 9.62 0.916 9.16 -478 |10
1900 | 02/20/2017 | 1609 Head | 20.9 20.6 38.6 3.86 38.6 +0.00 |10
1900 | 02/17/2017 | 3968 Head | 23.4 23.2 38.6 3.89 38.9 +0.78 | +10
1900 | 03/07/2017 | 3968 50061 Body 19.5 19.3 39.7 3.90 39.0 -1.76 [£10
1900 | 03/30/2017 | 1605 Body | 20.5 20.3 39.7 414 41.4 +4.28 |+10
2 450 | 03/30/2017 | 3797 Head | 20.5 20.3 50.6 5.00 50.0 -1.19 |10
2450 | 02/21/2017 | 3797 %65 Body 19.1 18.8 49.2 5.14 51.4 +4.47 | +£10

10.3 System Verification Procedure
SAR measurement was prior to assessment, the system is verified to the + 10 % of the specifications at each
frequency band by using the system Verification kit. (Graphic Plots Attached)

- Cabling the system, using the Verification kit equipments.

- Generate about 100 mW Input Level from the Signal generator to the Dipole Antenna.

- Dipole Antenna was placed below the Flat phantom.

- The measured one-gram SAR at the surface of the phantom above the dipole feed-point should be within 10 %
of the target reference value.

- The results are normalized to 1 W input power.

NOTE;
SAR Verification was performed according to the FCC KDB 865664 D01v01r04.
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11. SAR TEST DATA SUMMARY

11.1 HEAD SAR Measurement Results
GSM 850 Head SAR

Tune- Meas. Power

Frequency Mode Up Limit | Power Drift Test Position Scaling

MHz ch. @) | @B (@B | Factor
836.6 190 GSM 33.7 | 33.37 | 0.19 Left Cheek 1:8.3 | 0.314 | 1.079 | 0.339 -
836.6 190 GSM 33.7 | 33.37 | 0.17 Left Tilt 1:8.3 | 0.182 | 1.079 | 0.196 -
836.6 190 GSM 33.7 | 33.37 | -0.15 | RightCheek | 1:8.3 | 0.344 | 1.079 | 0.371 1
836.6 190 GSM 33.7 | 33.37 | -0.04 Right Tilt 1:8.3 | 0.179 | 1.079 | 0.193 -
836.6 190 GPRS 4Tx | 29.2 29.00 0.05 Left Cheek |1:2.075| 0.434 1.047 | 0.454 -
836.6 190 GPRS 4Tx | 29.2 29.00 | -0.08 Left Tilt 1:2.075| 0.261 1.047 | 0.273 -
836.6 190 GPRS 4Tx | 29.2 29.00 | -0.03 Right Cheek |1:2.075| 0.495 1.047 | 0.518 2
836.6 190 GPRS 4Tx | 29.2 29.00 | -0.11 Right Tilt 1:2.075| 0.251 1.047 | 0.263 -

ANSI/ IEEE C95.1 - 1992— Safety Limit Head
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram

GSM 1900 Head SAR

Frequenc Tune- Meas. Power Scaled Plot
- y Mode Up Limit | Power Drift Test Position SAR o
MHz Ch. @B) | (@B (@B) | (W/kg)
1 880.0 661 GSM 30.7 | 30.30 | 0.01 Left Cheek 1:8.3 | 0.448 | 1.096 | 0.491 3
1 880.0 661 GSM 30.7 | 30.30 | -0.13 Left Tilt 1:8.3 | 0.236 | 1.096 | 0.259 -
1880.0 661 GSM 30.7 30.30 0.08 Right Cheek 1:8.3 0.233 1.096 0.255 -
1880.0 661 GSM 30.7 30.30 -0.07 Right Tilt 1:8.3 0.209 1.096 0.229 -
1880.0 661 GPRS 4Tx 26.2 25.78 0.01 Left Cheek |1:2.075| 0.542 1.102 0.597 4
1880.0 661 GPRS 4Tx 26.2 25.78 -0.06 Left Tilt 1:2.075| 0.290 1.102 0.320 -
1880.0 661 GPRS 4Tx 26.2 25.78 -0.15 Right Cheek |1:2.075| 0.284 1.102 0.313 -
1880.0 661 GPRS 4Tx 26.2 25.78 -0.07 Right Tilt 1:2.075| 0.262 1.102 0.289 -
ANSI/ IEEE C95.1 - 1992— Safety Limit Head
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram
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UMTS 850 Head SAR

Er o Tune- Meas. Power eas. . Scaled Plot
equency UpLimit| Power | Drift | Test Position Y sAR SAR o
MHz Ch. @) | (@B | (@B | g (Wikg) |
836.6 4183 RMC 242 | 24.02 | 0.14 Left Cheek 1:1 0.271 1.042 | 0.282 -
836.6 4183 RMC 242 | 24.02 | -0.02 Left Tilt 1:1 0.154 | 1.042 | 0.160 -
836.6 4183 RMC 242 | 24.02 | -0.09 | Right Cheek 1:1 0.331 1.042 | 0.345 5
836.6 4183 RMC 242 | 24.02 | 0.10 Right Tilt 1:1 0.148 | 1.042 | 0.154 -
ANSI/ IEEE C95.1 - 1992— Safety Limit Head
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram

UMTS 1900 Head SAR

Fr N Tune- Meas. Power eas. Scalin Scaled
S UpLimit | Power = Drift | Test Position Y sAR Fcaactof SAR
. MHz  Ch. (@) | (@B | @) " (Wkg)  (Wkg) |
1 880.0 9400 RMC 23.2 | 22.91 | -0.08 Left Cheek 1:1 0.630 | 1.069 | 0.673 6
1880.0 9400 RMC 23.2 22.91 0.04 Left Tilt 1: 0.304 1.069 0.325 -
1880.0 9400 RMC 23.2 22.91 0.03 Right Cheek 1: 0.326 1.069 0.348 -
1880.0 9400 RMC 23.2 22.91 0.13 Right Tilt 1: 0.271 1.069 0.290 -
ANSI/ IEEE C95.1 - 1992 — Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram

DTS Head SAR ( Retest)

Band| Data | Tune- Meas. | Power ; Area Scan | Meas. Scalin Scaling

|
Mode width| Rate |Up Limit Power | Drift Test Position ucl):a Peak SAR | SAR Facto? Factor
MHz  Ch. | (MHz) (Mbps)| (dBm)  (dBm) | (dB) T wikg) | (wikg) (Duty)

2432| 5 |(802.11b| 22 1 16.5 | 16.21 [-0.153 | Left Cheek [99.75| 1.61 0.906| 1.069 | 1.003 | 0.971
2437 | 6 |(802.11b| 22 1 16.5 | 16.24 | 0.042 | Left Cheek [99.75| 1.78 |0.990| 1.062 | 1.003 |1.055| 7
2432| 5 |(802.11b| 22 1 16.5 | 16.21 | 0.035 | LeftTilt [99.75] 1.44 |0.895| 1.069 | 1.003 |0.960
6
6
6

Frequency

2437 802.11b| 22 1 16.5 | 16.24 | 0.058 | LeftTilt |99.75| 1.27 |0.793| 1.062 | 1.003 |0.845| -
2437 802.11b| 22 1 16.5 | 16.24 |-0.177 |Right Cheek|99.75| 0.698 |0.451| 1.062 | 1.003 |0.480 | -
2437 802.11b| 22 1 16.5 | 16.24 |-0.060 | Right Tilt |99.75| 0.639 |0.413| 1.062 1.003 [0.440 | -
ANSI/ IEEE C95.1 - 1992— Safety Limit Head
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram
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11.2 Body-worn SAR Measurement Results
GSM/UMTS Body-Worn SAR

Tune- | Meas. | Power Scaled

Up Limit| Power | Drift SAR
Factor
(@B) (dB) | (dB) (mm)  (Whkg) | )

836.6 | 190 | GSM 850 GSM 33.7 |33.37 | -0.05 | Rear | 1:8.3 10 0.377 1.079 0.407 8
836.6 | 190 | GSM 850 |GPRS 4Tx | 29.2 [29.00 | -0.02 | Rear [1:2.075| 10 0.632 1.047 0.662 9

Frequency Test Duty Distance Meas. SAR| Scaling

‘ Position  Cycle

1880.0| 661 | GSM 1900 GSM 30.7 | 30.36 | -0.04 | Rear | 1:8.3 10 0.417 1.081 0.451 10
1880.0| 661 |GSM 1900 | GPRS 4Tx | 26.2 | 25.54 | -0.01 | Rear |1:2.075| 10 0.678 1.164 0.789 | 11

836.6 |4183 | UMTS 850 RMC 24.2 | 24.02 | -0.09 | Rear 1:1 10 0.390 1.042 0.406 | 12
1 880.0|9400 [UMTS 1900 RMC 28.2 |22.72| 0.02 | Rear 1:1 10 0.658 1.117 0.735 | 13

ANSV/ IEEE C95.1 - 1992— Safety Limit Body
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram

Note : GSM/UMTS1900 Body worn were retested.

DTS Body-Worn SAR

Frequenc Band | Data | Tune- | Meas. | Power Test Duty Distance Area Scan | Meas. Scali Scallng Scaled Plot
AUENY Mode W|dth Rate pL|m|t Power ant Po;tslon C“d’; Peak SAR SAR |2 9 Factor| SAR Ng
MHz  Ch. (Mbps) (dBm) dBm) J (mm) \ (W/kg) | (W/kg) (Duty) (W/kg) .
2437 | 6 (802.11b| 22 1 16.5 [16.37|-0.079| Rear [99.75| 10 0.550 |0.282|1.030|1.003| 0.291 | 14

ANSI/ IEEE C95.1 - 1992— Safety Limit Body
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram
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11.3 Hotspot SAR Measurement Results
GSM 850 Hotspot SAR

Tune- Meas. Power

Scaling

Frequency Mode Up Limit | Power Drift PTei:tn CI:DutIy pistance Factor
MHz  ch | @) | @ | @ " Y mm) [
836.6 190 GPRS 4Tx | 29.2 29.00 | -0.02 Rear 1:2.075 10 0.632 1.047 0.662 9
836.6 190 GPRS 4Tx | 29.2 29.00 0.12 Front 1:2.075 10 0.507 1.047 0.531 -
836.6 190 GPRS 4Tx | 29.2 29.00 | -0.07 Left 1:2.075 10 0.259 1.047 0.271 -
836.6 190 GPRS 4Tx | 29.2 29.00 0.01 Right 1:2.075 10 0.396 1.047 0.415 -
836.6 190 GPRS 4Tx | 29.2 29.00 0.01 Bottom | 1:2.075 10 0.372 1.047 0.389 -

ANSI/ IEEE C95.1 - 1992— Safety Limit Body
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram

GSM 1900 Hotspot SAR Retest

Frequenc Tune- Meas. Power Test Dut Distan Meas. Scali
e Mode ~ UpLimit| Power — Drift | _ ° Cy“d‘; S1aNCe | sar e
MHz oh @) | @ @ | " am) | wkg T
1880 661 | GPRS4Tx | 26.2 | 25.54 | -0.01 Rear 1:2.075 10 0.678 | 1.164 | 0.789 | 11
1880 661 | GPRS4Tx | 26.2 | 25.54 | -0.11 Front |1:2.075 10 0.559 | 1.164 | 0.651 -
1880 661 |GPRS4Tx | 26.2 | 25.54 | -0.04 Left 1:2.075 10 0.496 | 1.164 | 0.577 -
1880 661 |GPRS4Tx | 26.2 | 25,54 | 0.07 Bottom |1:2.075 10 0.257 | 1.164 | 0.299 -
ANSI/ IEEE C95.1 - 1992— Safety Limit Body
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram

UMTS 850 Hotspot SAR

Frequenc Tune- Meas. Power Tost Dut Distan Scaled
Sy Up Limit| Power | Drift Po:_ts_on o L::Iy SIEnee ) SAR
1Tl
MHz Ch. (dB) @) | @B) e mm) TR wikg)
836.6 4183 RMC 24.2 24.02 | -0.09 Rear 1:1 10 0.390 1.042 0.406 | 12
836.6 4183 RMC 24.2 24.02 | -0.05 Front 1:1 10 0.246 1.042 0.256 -
836.6 4183 RMC 24.2 24.02 -0.01 Left 1:1 10 0.137 1.042 0.143 -
836.6 4183 RMC 24.2 24.02 0.06 Right 1:1 10 0.214 1.042 0.223 -
836.6 4183 RMC 24.2 24.02 0.09 Bottom 1:1 10 0.228 1.042 0.238 -
ANSI/ IEEE C95.1 - 1992— Safety Limit Body
Spatial Peak 1.6 W/kg
Uncontrolled Exposure/ General Population Averaged over 1 gram
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UMTS 1900 Hotspot SAR

Frequen Tune- Meas. Power Test Dut Distan eas. Scall Scaled Plot
quency Mode  UpLimit| Power | Drift =S uty stance | gag | 208N gpp MO
Position Cycle Factor (\[o}
MHz _ Ch. @) | (@B | (@B | (mm)  (Wikg) | (Wikg) |
1880.0 | 9400 RMC 23.2 22.72 0.02 Rear 1:1 10 0.658 1.117 0.735 | 13
1880.0 | 9400 RMC 23.2 22.72 | -0.00 Front 1:1 10 0.545 1.117 0.609 -
1880.0 | 9400 RMC 23.2 22.72 0.05 Left 1:1 10 0.514 1.117 0.574 -
1880.0 | 9400 RMC 23.2 22.72 | -0.05 | Bottom 1:1 10 0.269 1.117 0.300 -
ANSI/ IEEE C95.1 - 1992— Safety Limit Body
Spatial Peak 1.6 W/kg

Uncontrolled Exposure/ General Population

Averaged over 1 gram

D

Frequenc Band | Data | Tune- | Mea
< y Mode W|dth Rate U lelt ower

MHz ch|

Position

TS Hotspot SAR

Duty Distance

Cycle —

Area Scan | Meas.

Peak SAR

(W/kg) | (W/kg)

6 |802. 11b
2437| 6 |802.11b| 22 1 16.5 | 16.37
2437| 6 |802.11b| 22 1 16.5 | 16.37
2437| 6 |802.11b | 22 1 16.5 | 16.37

ANSI/ IEEE C95.1 - 1992— Safety Limit

Spatial Peak

Uncontrolled Exposure/ General Population

Body
1.6 W/kg

SAR

. Scaling Scaled Plot
aing Factor SAR °
or —— No.

Averaged over 1 gram

(Duty) (W/kg)| |
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11.4 SAR Test Notes

General Notes:
1. The test data reported are the worst-case SAR values according to test procedures specified in IEEE
1528-2013, FCC KDB Procedure.
2. Batteries are fully charged at the beginning of the SAR measurements. A standard battery was used
for all SAR measurements.

Liquid tissue depth was at least 15.0 cm for all frequencies.

The manufacturer has confirmed that the device(s) tested have the same physical, mechanical and

thermal characteristics and are within operational tolerances expected for production units.

5. SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC KDB
447498 D01v06.

6. Device was tested using a fixed spacing for body-worn accessory testing. A separation distance of 10
mm was considered because the manufacturer has determined that there will be body-worn
accessories available in the marketplace for users to support this separation distance.

7. Per FCC KDB 648474 D04v01r03, SAR was evaluated without a headset connected to the device.
Since the standalone reported SAR was < 1.2 W/kg, no additional SAR evaluation using a headset
cable were required.

8. Per KDB 648474 D04v01r03, this device is considered a “Phablet” since the diagonal dimension is >
160 mm and < 200 mm. When hotspot mode applies, extremity SAR is required only for the surfaces
and edges with hotspot mode scaled to the maximum output power (with tolerance) is 1 g SAR > 1.2
W/kag.

P ow

GSM/GPRS Test Notes:

1. This EUT'S GSM and GPRS device class is B.

2. This device supports GPRS VOIP in the head and the body-worn configurations therefore GPRS was
additionally evaluated for head and body-worn compliance.

3. Body-Worn accessory testing is typically associated with voice operations. Therefore, GSM voice
was evaluated for body-worn SAR.

4. Justification for reduced test configurations Per KDB 941225 DO01v03r01: The source-based
time-averaged output power was evaluated for all multi-slot operations. The multi-slot configuration
with the highest frame averaged output power including tolerance was evaluated for SAR.

5. Per FCC KDB 447498 D01v06, if the reported (scaled) SAR measured at the middle channel or
highest output power channel for each test configuration is < 0.8 W/kg then testing at the other
channels is not required for such test configuration(s). When the maximum output power variation
across the required test channels is 1/2 dB, instead of the middle channel, the highest output power
channel must be used.

6. Justification for reduced test configurations per KDB Publication 941225 D01v03r01 and October
2013 TCB Workshop Notes: The source-based frame-averaged output power was evaluated for all
GPRS/EDGE slot configurations. The configuration with the highest target frame averaged output
power was evaluated for hotspot SAR. When the maximum frame-averaged powers are equivalent
across two or more slots (within 0.25 dB), the configuration with the most number of time slots was
tested.

7. When the maximum output power variation across the required test channels are over than 1/2 dB,
instead of the middle channel, the highest output power channel was selected for SAR test according
to Per FCC KDB 447498 D01v06.
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UMTS Notes:

1. The 12.2 kbps RMC mode is the primary mode per KDB 941225 D01v03r01.

2. UMTS mode in Body SAR was tested under RMC 12.2 kbps with HSPA inactive per KDB 941225
D01v03r01. HSPA SAR was not required since the average output power of the HSPA subtests was
not more than 0.25 dB higher than the RMC level and Adjusted SAR value was less than 1.2 W/kg.

3. Per FCC KDB 447498 D01v06, if the reported (scaled) SAR measured at the middle channel or
highest output power channel for each test configuration is < 0.8 W/kg then testing at the other
channels is not required for such test configuration(s). When the maximum output power variation
across the channel highest output power channel was used.

4. UMTS SAR was tested under RMC 12.2 kbps with HSPA inactive per KDB publication 941225
D01v03r01. HSPA SAR was not required since the average output power of the HSPA subtests was
not more than 0.25 dB higher than the RMC level and SAR was less than 1.2 W/kg.

WLAN Notes:

1. For held-to-ear and hotspot operations, the initial test position procedures were applied. For initial
test position, the highest extrapolated peak SAR will be used. When reported SAR for the initial test
position is < 0.4 W/kg for 1g SAR and < 1.0 W/kg for 10g SAR, no additional testing for the
remaining test positions was required. Otherwise, SAR is evaluated at the subsequent highest peak
SAR positions until the reported SAR results is < 0.8 W/kg for 1g SAR and < 2.0 W/kg for 10g SAR
or all test position are measured.

2. Per KDB 248227 D01v02r02 justification for test configurations of 2.4 GHz WiFi Single transmission
chain operations, the highest measured maximum output power channel for DSSS was selected for
SAR measurement. SAR for OFDM modes (2.4 GHz 802.11 g/n) was not required due to the
maximum allowed powers and the highest reported DSSS SAR.

3. When the maximum reported 1g averaged SAR is < 0.8 W/kg, SAR testing on additional channels
was not required. Otherwise, SAR for the next highest output power channel was required until the
reported SAR result was < 1.20 W/kg or all test channels were measured.

4. The device was configured to transmit continuously at the required data rated, channel bandwidth
and signal modulation, using the highest transmission duty factor supported by the test mode tools.
The reported SAR was scaled to the 100% transmission duty factor to determine compliance.
Procedures used to measure the duty factor are identical to that in the associated WLAN test reports.
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12. Simultaneous SAR Analysis

12.1 Simultaneous Transmission Summation for Head

Simultaneous Transmission Summation Scenario with 2.4 GHz WLAN

Exposure wwaNsaR 2ACGHZWLAN 5 0 sar SPLSR
condition AEI —
(W/kg) (W/kg) \ (W/kg) (Yes/No)
Left Cheek 0.339 1.055 1.394 No
GSM 850 Left Tilt 0.196 0.960 1.156 No
Right Cheek 0.371 0.480 0.851 No
Right Tilt 0.193 0.440 0.633 No
Left Cheek 0.454 1.055 1.509 No
GPRS 850 Left Tilt 0.273 0.960 1.233 No
Right Cheek 0.518 0.480 0.998 No
Right Tilt 0.263 0.440 0.703 No
Left Cheek 0.491 1.055 1.546 No
GSM 1900 |  Left Tilt 0.259 0.960 1.219 No
Right Cheek 0.255 0.480 0.735 No
Right Tilt 0.229 0.440 0.669 No
Head SAR

Left Cheek 0.597 1.055 1.652 Yes
GPRS 1900 Left Tilt 0.320 0.960 1.280 No
Right Cheek 0.313 0.480 0.793 No
Right Tilt 0.289 0.440 0.729 No
Left Cheek 0.282 1.055 1.337 No
UMTS 850 Left Tilt 0.160 0.960 1.120 No
Right Cheek 0.345 0.480 0.825 No
Right Tilt 0.154 0.440 0.594 No
Left Cheek 0.673 1.055 1.728 Yes
Left Tilt 0.325 0.960 1.285 No

UMTS 1900
Right Cheek 0.348 0.480 0.828 No
Right Tilt 0.290 0.440 0.730 No
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12.2 Simultaneous Transmission Summation for Body-Worn

Simultaneous Transmission Summation Scenario with 2.4 GHz WLAN

Exposure Distance \ WWAN SAR 2.4 GHz WLAN SAR > 1-g SAR
condition (mm) ‘ sand (W/kg) (W/kg) UAC))
GSM 850 0.407 0.291 0.698
GPRS 850 0.662 0.291 0.953
Body-worn 10 GSM 1900 0.451 0.291 0.742
GPRS 1900 0.789 0.291 1.080
UMTS 850 0.406 0.291 0.697
UMTS 1900 0.735 0.291 1.026

Simultaneous Transmission Summation Scenario with Bluetooth

Exposure Distance Bang WWANSAR  Bluetooth SAR 5 1-g SAR
condition (mm) (W/kg) | (W/kg) (W/kg)
GSM 850 0.407 0.294 0.701
GPRS 850 0.662 0.294 0.956
Bodyworn " GSM 1900 0.451 0.294 0.745
GPRS 1900 0.789 0.294 1.083
UMTS 850 0.406 0.294 0.700
UMTS 1900 0.735 0.294 1.029

Note: Bluetooth SAR was not required to be measured per FCC KDB 447498 D01v06. Estimated SAR results
were used for SAR summation for body-worn back side at 10 mm to determine simultaneous transmission
SAR test exclusion.

12.3 Simultaneous Transmission Summation for Hotspot
Simultaneous Transmission Summation Scenario with 2.4 GHz WLAN

Exposure Distance ‘ P WWAN SAR 2.4 GHz WLAN SAR > 1-g SAR
A an
condition (mm) ‘ (W/kg) (W/kg) (W/kg)
GSM 850 0.662 0.291 0.953
GSM 1900 0.789 0.291 1.080
Hotspot 10
UMTS 850 0.406 0.291 0.697
UMTS 1900 0.735 0.291 1.026
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12.4 SAR to Peak Location Separation Ratio (SPLSR)

FCC KDB 447498 D01v06 General RF Exposure Guidance introduces a new formula for calculating the SAR
a Peak Location Separation Ratio(SPLSR) between pairs of simultaneously transmitting antennas:

SPLSR =(SAR, + SAR,)'®/Ri
Where:

SAR ; is the highest measured or estimated SAR for the first of a pair of simultaneous transmitting antennas,
in a specific test operating mode and exposure condition

SAR , is the highest measured of estimated SAR for the second of a pair of simultaneous transmitting
antennas, in the same test operating mode and exposure condition as the first

Ri is the separation distance between the pair of simultaneous transmitting antennas, When the SAR is
measured, for both antennas in the pair, it is determined by the actual x, y and z coordinates in the 1-g SAR
for each SAR peak location, based on the extrapolated and interpolated result in the zoom scan
measurement, using the formula of [(X; — X3)? + (Y; — Y2)2+(Z; — Z,)?]

In order for a pair of simultaneous transmitting antennas with the sum of 1-g SAR> 1.6 W/kg to qualify for
exemption from Simultaneous Transmission SAR measurements, it has to satisfy the condition of:
(SAR; + SAR,)'®/Ri < 0.04

Per Sec. 12, below simultaneous transmission summations need to be calculated SPLSR.
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12.4.1 GSM/GPRS 1900 & 2.4GHz WiFi

Mode Peak SAR X | Y z

° [mW/g] | M | M M
GSM/GPRS 1900 0.607 0.0645 0.255 -0.169
2.4GHz WIFI 1.52 0.0282 0.329 -0.172

SAR to Peak Location Separation Ratio (SPLSR

Simultaneous Transmission Standalone Calculated
Scenario SAR Value 21-g SAR Distance SPLSR | Vollime Scan Figure
Position Combination W) WWLC)) (mm) (<0.04) \ (Yes/No)
Left Cheek | GSM/GPRS 1900 0.597
1.652 82.48 0.08 No 1
Left Cheek 2.4GHz WIFI 1.055
12.4.2 WCDMA Band 2 & 2.4GHz WiFi
Mod Peak SAR X Y p4
ode [mW/g] M M M
WCDMA Band 2 0.938 0.0654 0.252 -0.171
2.4GHz WIFI 1.52 0.0282 0.329 -0.172

SAR to Peak Location Separation Ratio (SPLSR

Simultaneous Transmission Standalone S 1-g SAR Calculated

SPLSR Volume Scan

Scenario SAR Value Distance Figure
Position Combination (W/kg) (W/kg) (mm) (<0.04) \ (Yes/No)
Left Cheek | WCDMA Band 2 0.673
1.728 85.521 0.03 No 2
Left Cheek | 2.4GHz WIFI 1.055

SPLSR Conclusion
Simultaneous transmission SAR measurement (Volume Scan) is not required because the either sum of the
1-g SAR is < 1.6 W/kg or the SPLSR is < 0.04 for all circumstances that require SPLSR calculation.
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12.4.3 SAR to Peak Location Ratio (SPLSR) Figures

GSM/GPRS 1900 & 2.4GHz WiFi — Figure 1

2.4 GHz WIFI

/"7 GPRS 1900
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WCDMA Band 2 & 2.4 GHz WiFi - Figure 2

2.4 GHz WIFI

WCDMA Band 2

12.5 Simultaneous Transmission Conclusion

The above numerical summed SAR results for all the worst-case simultaneous transmission conditions were
below the SAR limit. Therefore, the above analysis is sufficient to determine that simultaneous transmission
cases will not exceed the SAR limit. And therefore no measured volumetric simultaneous SAR summation is
required per FCC KDB Publication 447498 D01v06 and IEEE 1528-2013.
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13. SAR Measurement Variability and Uncertainty

In accordance with KDB procedure 865664 D01v01r04 SAR measurement 100 MHz to 6 GHz, SAR
additional measurements are repeated after the completion of all measurements requiring the same head or
body tissue-equivalent medium in a frequency band. The test device should be returned to ambient conditions
(normal room temperature) with the battery fully charged before it is re-mounted on the device holder for the
repeated measurement(s) to minimize any unexpected variations in the repeated results.

SAR Measurement variability was assessed using the following procedures for each frequency band:

1) Repeated measurement is not required when the original highest measured SAR is < 0.80 W/kg for 1g
SAR or < 2.0 W/kg for 10g SAR; steps 2) through 4) do not apply.

2) When the original highest measured 1g SAR is = 0.80 W/kg or 10g SAR = 2.0 W/kg, repeat that
measurement once.

3) Perform a second repeated measurement only if the ratio of largest to smallest SAR for the original and first
repeated measurements is > 1.20 or when the original or repeated measurement is = 1.45 W/kg for 1g SAR or
> 3.625 W/kg for 10g SAR (~ 10% from the 1-g SAR limit).

4) Perform a third repeated measurement only if the original, first or second repeated measurement is 21.5
W/kg for 1g SAR or 23.75 W/kg for 10g SAR and the ratio of largest to smallest SAR for the original, first and
second repeated measurements is > 1.20.

Frequency Original Repeated Largest to

Modulation Battery | Configuration SAR SAR Smallest
Channel (W/kg) (W/kg) SAR Ratio

2437 6 802.11b | Standard | Left Cheek 0.990 0.983 1.01 15
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14. MEASUREMENT UNCERTAINTY

Error Standard
Description Div. Gi Uncertainty Verf
(£ %)

1. Measurement System
Probe Calibration 6.55 N 1 1 6.55 o
Axial Isotropy 4.70 R 1.73 | 0.70 1.90 o
Hemispherical Isotropy 9.60 R 1.73 | 0.70 3.88 =)
Boundary Effects 2.00 R 1.73 1 1.15 o
Linearity 4.70 R 1.73 2.71 o
System Detection Limits 0.25 R 1.73 1 0.14 oo
Readout Electronics 0.30 N 1.00 1 0.30 o
Response Time 0.80 R 1.73 1 0.46 o
Integration Time 2.60 R 1.73 1 1.50 o
RF Ambient Noise 3.00 R 1.73 1 1.73 ©
RF Ambient Reflections 3.00 R 1.73 1 1.73 ©
Probe Positioner 0.80 R 1.73 1 0.46 ©
Probe Positioning 6.70 R 1.73 1 3.87 oo
Max SAR Eval 4.00 R 1.73 1 2.31 o

2.Test Sample Related
Device Positioning 2.11 N 1.00 1 2.11 9
Device Holder 3.60 N 1.00 1 3.60 5
Power Drift 5.00 R 1.73 1 2.89 ©
Power Scaling 0.00 R 1.73 1 0.00 )

3.Phantom and Setup
Phantom Uncertainty 6.60 R 1.73 1 3.82 =)
Liquid Conductivity(target) 5.00 R 1.73 | 0.64 1.85 o
Liquid Permitivity(target) 5.00 R 1.73 | 0.60 1.73 o
Liquid Conductivity(meas.) 3.80 N 1 0.78 2.96 5
Liquid Permitivity(meas.) 2.60 N 1 0.23 0.60 5
Liquid Conductivity(temp.) 1.70 R 1.73 | 0.78 0.77 o
Liquid Permitivity(temp.) 2.70 R 1.73 | 0.23 0.36 ©
Combind Standard Uncertainty 12.49
Coverage Factor for 95 % k=2
Expanded STD Uncertainty 24.98
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15. SAR TEST EQUIPMENT

Manufacturer \ Type / Model Calib. Date Calib.Interval| Calib.Due
SPEAG SAM Phantom - N/A N/A N/A
SPEAG Triple Modular Phantom - N/A N/A N/A
HP SAR System Control PC - N/A N/A N/A
Staubli Robot RX90B L FO1/5L76A1/A/01 N/A N/A N/A
Staubli Robot RX90B L F05/510XA1/A/01 N/A N/A N/A
Staubli Robot RX90B L FO1/5K09A1/A/01 N/A N/A N/A
Staubli TX90 Xlspeag F13/5R4XF1/A/01 N/A N/A N/A
Staubli Robot ControllerCS7MB F01/5L76A1/C/01 N/A N/A N/A
Staubli Robot ControllerCS7MB F05/510XA1/C/01 N/A N/A N/A
Staubli Robot ControllerCS7MB F01/5K09A1/C/01 N/A N/A N/A
Staubli CS8Cspeag-TX90 F13/5R4XF1/C/01 N/A N/A N/A
Staubli Teach Pendant (Joystick) D22134006 A N/A N/A N/A
Staubli Teach Pendant (Joystick) D22134002 2 N/A N/A N/A
Staubli Teach Pendant (Joystick) D221340.01 N/A N/A N/A
Staubli Teach Pendant (Joystick) D21142605 N/A N/A N/A
SPEAG DAE4 869 09/27/2016 Annual 09/27/2017
SPEAG DAE4 1417 01/19/2017 Annual 01/19/2018
SPEAG DAE4 1225 11/24/2016 Annual 11/24/2017
SPEAG DAE3 504 07/26/2016 Annual 07/26/2017
SPEAG DAE3 446 01/19/2017 Annual 01/19/2018
SPEAG E-Field Probe EX3DV4 3903 09/28/2016 Annual 09/28/2017
SPEAG E-Field Probe EX3DV4 3968 05/31/2016 Annual 05/31/2017
SPEAG E-Field Probe EX3DV4 3797 11/25/2016 Annual 11/25/2017
SPEAG E-Field Probe ET3DV6 1609 03/18/2016 Annual 03/18/2017
SPEAG E-Field Probe ET3DV6 1605 07/29/2016 Annual 07/29/2017
SPEAG Dipole D835V2 441 11/16/2016 Annual 11/16/2017
SPEAG Dipole D1900V2 5d061 04/25/2016 Annual 04/25/2017
SPEAG Dipole D2450V2 965 04/19/2016 Annual 04/19/2017
Agilent Power Meter N1911A MY45101406 09/28/2016 Annual 09/28/2017
HP Power Sensor 8481A 2702A72055 05/27/2016 Annual 05/27/2017
SPEAG DAKS 3.5 1038 05/31/2016 Annual 05/31/2017
HP Directional Bridge 86205A 05/18/2016 Annual 05/18/2017
Agilent Base Station E5515C GB44400269 02/02/2017 Annual 02/08/2018
HP Signal Generator N5182A MY47070230 05/13/2016 Annual 05/13/2017
Agilent 11636B/Power Divider 58698 02/27/2016 Annual 02/27/2017*
Agilent 11636B/Power Divider 58698 03/05/2017 Annual 03/05/2018
TESTO 175-H1/Thermometer 40332651310 02/10/2017 Annual 02/10/2018
TESTO 175-H1/Thermometer 40331939309 02/10/2017 Annual 02/10/2018
EMPOWER RF Power amplifier 1011 10/17/2016 Annual 10/17/2017
Agilent Attenuator(3dB) 52744 10/16/2016 Annual 10/16/2017
Agilent Attenuator(20dB) 52664 10/16/2016 Annual 10/16/2017
HP Dielectric Probe Kit 85070C 00721521 N/A N/A N/A
HP Dual Directional Coupler 16072 10/16/2016 Annual 10/16/2017

NOTE:

1. The E-field probe was calibrated by SPEAG, by the waveguide technique procedure. Dipole Verification
measurement is performed by HCT Lab. before each test. The brain/body simulating material is calibrated by HCT using
the DAKS 3.5 to determine the conductivity and permittivity (dielectric constant) of the brain/body-equivalent material.

2. ** Marked test equipment are calibrated at the equipment were using the SAR test.
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16. CONCLUSION

The SAR measurement indicates that the EUT complies with the RF radiation exposure limits of the ANSI/
IEEE C95.1 1992.

These measurements are taken to simulate the RF effects exposure under worst-case conditions. Precise
laboratory measures were taken to assure repeatability of the tests.

The SAR measurement indicates that the EUT complies with the RF radiation exposure limits of the FCC and
Industry Canada. These measurements were taken to simulate the RF effects of RF exposure under
worst-case conditions. Precise laboratory measures were taken to assure repeatability of the tests. The
results and statements relate only to the item(s) tested.
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[23] Health Canada Safety Code 6 Limits of Human Exposure to Radio Frequency Electromagnetic Fields in
the Frequency Rage from 3 kHz — 300 GHz, 2009

[24] FCC SAR Test procedures for 2G-3G Devices, Mobile Hotspot and UMPC Device KDB 941225 DO01.
[25] SAR Measurement Guidance for IEEE 802.11 transmitters, KDB 248227 DO1.

[26] SAR Evaluation of Handsets with Multiple Transmitters and Antennas KDB 648474 D03, D04.
[27] SAR Evaluation for Laptop, Notebook, Netbook and Tablet computers KDB 616217 D04.

[28] SAR Measurement and Reporting Requirements for 100 MHz — 6 GHz, KDB 865664 D01, D02.
[29] FCC General RF Exposure Guidance and SAR procedures for Dongles, KDB 447498 D01, DO2.
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HCTCO.,LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 189 C
Ambient Temperature: 191 T
Test Date: 02/20/2017
Plot No.: 1

DUT: LG-M320n; Type: Bar

Communication System: UID 0, GSM 850 (0); Frequency: 836.6 MHz;Duty Cycle: 1:8.30042
Medium parameters used (interpolated): f = 836.6 MHz; 6 = 0.915 S/m; & = 41.146; p = 1000 kg/m?3
Phantom section: Right Section

DASY5 Configuration:

Probe: EX3DV4 - SN3903; ConvF(10.72, 10.72, 10.72); Calibrated: 2016-09-28;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn869; Calibrated: 2016-09-27

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (8);

GSM850 Head Right Touch 190ch/Area Scan (8x12x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.382 W/kg

GSM850 Head Right Touch 190ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 7.906 V/m; Power Drift = -0.15 dB

Peak SAR (extrapolated) = 0.433 W/kg

SAR(1 g) =0.344 W/kg; SAR(10 g) = 0.264 W/kg
Maximum value of SAR (measured) = 0.390 W/kg

Wikg
0.382

0.306

0.229

0.153

0.076
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HCTCO.,LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 189 C
Ambient Temperature: 191 T
Test Date: 02/20/2017
Plot No.: 2

DUT: LG-M320n; Type: Bar

Communication System: UID 0, GSM850 GPRS 4TX (0); Frequency: 836.6 MHz;Duty Cycle: 1:2.075
Medium parameters used (interpolated): f = 836.6 MHz; o = 0.915 S/m; &r = 41.146; p = 1000 kg/m3
Phantom section: Right Section

DASY5 Configuration:

Probe: EX3DV4 - SN3903; ConvF(10.72, 10.72, 10.72); Calibrated: 2016-09-28;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn869; Calibrated: 2016-09-27

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (8);

((jSSMBSO Head Right Touch GPRS 4Tx 190ch/Area Scan (8x12x1): Measurement grid: dx=15mm,
y=15mm

Maximum value of SAR (measured) = 0.554 W/kg

GSM850 Head Right Touch GPRS 4Tx 190ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 9.420 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 0.629 W/kg

SAR(1 g) = 0.495 W/kg; SAR(10 g) = 0.379 W/kg

Maximum value of SAR (measured) = 0.569 W/kg

GSM850 Head Right Touch GPRS 4Tx 190ch/Zoom Scan (5x5x7)/Cube 1: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 9.420 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 0.634 W/kg

SAR(1 g) = 0.489 W/kg; SAR(10 g) = 0.357 W/kg

Maximum value of SAR (measured) = 0.574 W/kg

Wikg
0.554

0.443

0.332

0.222

0111
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HCTCO, LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 206 C
Ambient Temperature: 209 C
Test Date: 02/20/2017
Plot No.: 3

DUT: LG-M320n; Type: Bar

Communication System: UID 0, GSM 1900; Frequency: 1880 MHz;Duty Cycle: 1:8.30042
Medium parameters used: f = 1880 MHz; o = 1.416 S/m; & = 40.537; p = 1000 kg/m3
Phantom section: Left Section

DASY5 Configuration:

Probe: ET3DV6 - SN1609; ConvF(5.2, 5.2, 5.2); Calibrated: 2016-03-18;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1417; Calibrated: 2017-01-19

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (1);

GSM1900 Head Left touch Voice 661ch/Area Scan (8x12x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.491 W/kg

GSM1900 Head Left touch Voice 661ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 7.377 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 0.674 W/kg

SAR(1 g) = 0.448 W/kg; SAR(10 g) = 0.269 W/kg
Maximum value of SAR (measured) = 0.485 W/kg

Wikg
0.491

0.393

0.29%

0.196

0.098
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HCTCO, LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 206 C
Ambient Temperature: 209 C
Test Date: 02/20/2017
Plot No.: 4

DUT: LG-M320n; Type: Bar

Communication System: UID 0, GSM 1900 4TX; Frequency: 1880 MHz;Duty Cycle: 1:2.075
Medium parameters used: f = 1880 MHz; o = 1.416 S/m; & = 40.537; p = 1000 kg/m3
Phantom section: Left Section

DASY5 Configuration:

Probe: ET3DV6 - SN1609; ConvF(5.2, 5.2, 5.2); Calibrated: 2016-03-18;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1417; Calibrated: 2017-01-19

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (1);

GSM1900 Head Left touch 4Tx 661ch/Area Scan (8x12x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.595 W/kg

GSM1900 Head Left touch 4Tx 661ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 8.186 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 0.814 W/kg

SAR(1 g) = 0.542 W/kg; SAR(10 g) = 0.325 W/kg
Maximum value of SAR (measured) = 0.585 W/kg

Wikg
0.595

0.476

0357

0.238

0.119
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HCTCO,, LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 189 C
Ambient Temperature: 191 T
Test Date: 02/20/2017
Plot No.: 5

DUT: LG-M320n; Type: Bar

Communication System: UID 0, WCDMAS850 (0); Frequency: 836.6 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.6 MHz; 6 = 0.915 S/m; & = 41.146; p = 1000 kg/m?3
Phantom section: Right Section

DASY5 Configuration:

Probe: EX3DV4 - SN3903; ConvF(10.72, 10.72, 10.72); Calibrated: 2016-09-28;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn869; Calibrated: 2016-09-27

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (8);

WCDMAB850 Head Right Touch 4183ch/Area Scan (8x12x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.367 W/kg

WCDMAS850 Head Right Touch 4183ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 7.690 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 0.417 W/kg

SAR(1 g) =0.331 W/kg; SAR(10 g) = 0.251 W/kg
Maximum value of SAR (measured) = 0.376 W/kg

Wikg
0.367

0.294

0.220

0147

0.073
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HCTCO,, LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 232 C
Ambient Temperature: 234 C
Test Date: 02/17/2017
Plot No.: 6

DUT: LG-M320n; Type: Bar

Communication System: UID 0, WCDMA1900; Frequency: 1880 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1880 MHz; o = 1.408 S/m; & = 40.526; p = 1000 kg/m3
Phantom section: Left Section

DASY5 Configuration:

Probe: EX3DV4 - SN3968; ConvF(8.14, 8.14, 8.14); Calibrated: 2016-05-31;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE3 Sn504; Calibrated: 2016-07-26

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (1);

WCDMA1900 Head Left touch 9400ch/Area Scan (8x12x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.925 W/kg

WCDMA1900 Head Left touch 9400ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 9.108 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 1.01 W/kg

SAR(1 g) =0.630 W/kg; SAR(10 g) = 0.376 W/kg
Maximum value of SAR (measured) = 0.805 W/kg

Wikg
0.925

0.740

0.555

0.370

0185
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HCTCO.,LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 203 C
Ambient Temperature: 205 C
Test Date: 03/30/2017
Plot No.: 7

DUT: LG-M320n; Type: Bar

Communication System: 2450MHz FCC; Frequency: 2437 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 2437 MHz; o = 1.78 mho/m; & = 37.9; p = 1000 kg/m3
Phantom section: Left Section

DASY4 Configuration:

Probe: EX3DV4 - SN3797; ConvF(7.21, 7.21, 7.21); Calibrated: 2016-11-25
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2016-11-24

Phantom: SAM

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

802.11b Head Left Touch 1Mbps 6¢ch Repeat/Area Scan (10x16x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR (measured) = 1.56 mW(/g

802.11b Head Left Touch 1Mbps 6¢ch Repeat/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 13.5 V/m; Power Drift = 0.042 dB

Peak SAR (extrapolated) = 2.31 W/kg

SAR(1 g) =0.990 mW/g; SAR(10 g) = 0.443 mW/g

Maximum value of SAR (measured) = 1.52 mW(/g

dB
0.000

-h.36

-10.7

-16.1

-21.4

-26.8

0 dB = 1.52mW/g
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HCTCO.,LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 183 C
Ambient Temperature: 185 T
Test Date: 02/21/2017
Plot No.: 8

DUT: LG-M320n; Type: Bar

Communication System: UID 0, GSM 850 (0); Frequency: 836.6 MHz;Duty Cycle: 1:8.30042
Medium parameters used (interpolated): f = 836.6 MHz; 6 = 0.949 S/m; & = 56.725; p = 1000 kg/m?3
Phantom section: Center Section

DASY5 Configuration:

Probe: EX3DV4 - SN3903; ConvF(10.42, 10.42, 10.42); Calibrated: 2016-09-28;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn869; Calibrated: 2016-09-27

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (8);

GSM850 Body Rear 190ch/Area Scan (8x13x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.474 W/kg

GSM850 Body Rear 190ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 22.36 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 0.653 W/kg

SAR(1 g) = 0.377 W/kg; SAR(10 g) = 0.221 W/kg

Maximum value of SAR (measured) = 0.514 W/kg

Wikg
0.474

0.380

0.286

0192

0.097

0.00321

(*)Note : In the report showing the second highest point was actually less than the one measured
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HCTCO.,LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 183 C
Ambient Temperature: 185 T
Test Date: 02/21/2017
Plot No.: 9

DUT: LG-M320n; Type: Bar

Communication System: UID 0, GSM850 GPRS 4TX (0); Frequency: 836.6 MHz;Duty Cycle: 1:2.075
Medium parameters used (interpolated): f = 836.6 MHz; g = 0.949 S/m; & = 56.725; p = 1000 kg/m?
Phantom section: Center Section

DASY5 Configuration:

Probe: EX3DV4 - SN3903; ConvF(10.42, 10.42, 10.42); Calibrated: 2016-09-28;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn869; Calibrated: 2016-09-27

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (8);

GSM850 Body Rear 4Tx 190ch/Area Scan (8x13x1): Measurement grid: dx=15mm, dy=15mm

Maximum value of SAR (measured) = 0.741 W/kg

SSMSSO Body Rear 4Tx 190ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
z=5mm

Reference Value = 27.63 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 0.789 W/kg

SAR(1 g) =0.632 W/kg; SAR(10 g) = 0.485 W/kg

Maximum value of SAR (measured) = 0.718 W/kg

SSMSSO Body Rear 4Tx 190ch/Zoom Scan (5x5x7)/Cube 1: Measurement grid: dx=8mm, dy=8mm,
z=5mm

Reference Value = 27.63 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 0.935 W/kg

SAR(1 g) = 0.550 W/kg; SAR(10 g) = 0.326 W/kg

Maximum value of SAR (measured) = 0.742 W/kg

Wikg
0.741

0.593

0.44%

0.298

0.150

o.oo2m

(*)Note : In the report showing the second highest point was actually less than the one measured.
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HCTCO.,LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 193 C
Ambient Temperature: 195 C
Test Date: 03/07/2017
Plot No.: 10

DUT: LG-M320n; Type: Bar

Communication System: UID 0, GSM 1900; Frequency: 1880 MHz;Duty Cycle: 1:8.30042
Medium parameters used: f = 1880 MHz; o = 1.537 S/m; & = 53.566; p = 1000 kg/m3
Phantom section: Center Section

DASY Configuration:

Probe: EX3DV4 - SN3968; ConvF(7.89, 7.89, 7.89); Calibrated: 2016-05-31;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE3 Sn504; Calibrated: 2016-07-26

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (1);

GSM1900 Body Rear Voice 661ch/Area Scan (8x13x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.561 W/kg

GSM1900 Body Rear Voice 661ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 12.76 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 0.790 W/kg

SAR(1 g) =0.417 W/kg; SAR(10 g) = 0.225 W/kg

Maximum value of SAR (measured) = 0.572 W/kg

dB

-5.21
-10.11
-15.62

-20.82

-26.03

0 dB =0.561 W/kg = -2.51 dBW/kg

(*)Note : In the report showing the second highest point was actually less than the one measured
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HCTCO, LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 193 C
Ambient Temperature: 195 C
Test Date: 03/07/2017
Plot No.: 11

DUT: LG-M320n; Type: Bar

Communication System: UID 0, GSM 1900 4TX; Frequency: 1880 MHz;Duty Cycle: 1:2.07491
Medium parameters used: f = 1880 MHz; o = 1.537 S/m; & = 53.566; p = 1000 kg/m3
Phantom section: Center Section

DASY Configuration:

Probe: EX3DV4 - SN3968; ConvF(7.89, 7.89, 7.89); Calibrated: 2016-05-31;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE3 Sn504; Calibrated: 2016-07-26

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (1);

GSM1900 Body Rear 4Tx 661ch/Area Scan (8x13x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.811 W/kg

GSM1900 Body Rear 4Tx 661ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 15.32 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 1.28 W/kg

SAR(1 g) = 0.678 W/kg; SAR(10 g) = 0.367 W/kg

Maximum value of SAR (measured) = 0.957 W/kg

dB

-h.4%
-10.89
-16.34

-21.79

-27.24

0 dB=0.811 W/kg = -0.91 dBW/kg

(*)Note : In the report showing the second highest point was actually less than the one measured

F-TP22-03 (Rev.00) 66 /163 HCT CO., LTD.



N
ha- FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

HCTCO.,,LTD.

Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 183 C

Ambient Temperature: 185 T

Test Date: 02/21/2017

Plot No.: 12

DUT: LG-M320n; Type: Bar

Communication System: UID 0, WCDMAS850 (0); Frequency: 836.6 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.6 MHz; 6 = 0.949 S/m; & = 56.725; p = 1000 kg/m?3
Phantom section: Center Section

DASY5 Configuration:

Probe: EX3DV4 - SN3903; ConvF(10.42, 10.42, 10.42); Calibrated: 2016-09-28;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn869; Calibrated: 2016-09-27

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (8);

WCDMAB850 Body Rear 4183ch/Area Scan (8x13x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.449 W/kg

WCDMAS850 Body Rear 4183ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 22.40 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 0.672 W/kg

SAR(1 g) =0.390 W/kg; SAR(10 g) = 0.228 W/kg
Maximum value of SAR (measured) = 0.524 W/kg

Wikg
0.449

0.359

0.270

0.180

0.090

0.00084

(*)Note : In the report showing the second highest point was actually less than the one measured
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HCTCO.,LTD.
Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 193 C
Ambient Temperature: 195 C
Test Date: 03/07/2017
Plot No.: 13

DUT: LG-M320n; Type: Bar

Communication System: UID 0, WCDMA1900; Frequency: 1880 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1880 MHz; o = 1.537 S/m; & = 53.566; p = 1000 kg/m3
Phantom section: Center Section

DASY Configuration:

Probe: EX3DV4 - SN3968; ConvF(7.89, 7.89, 7.89); Calibrated: 2016-05-31;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE3 Sn504; Calibrated: 2016-07-26

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (1);

WCDMA1900 Body Rear 9400ch/Area Scan (8x13x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.790 W/kg

WCDMA1900 Body Rear 9400ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 16.53 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 1.24 W/kg

SAR(1 g) = 0.658 W/kg; SAR(10 g) = 0.362 W/kg
Maximum value of SAR (measured) = 0.906 W/kg

-5.41
-10.82
-16.23

-21.64

-27.05

0 dB =0.790 W/kg = —1.02 dBW/kg

(*)Note : In the report showing the second highest point was actually less than the one measured
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HCTCO.,,LTD.

Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 18.8 C

Ambient Temperature: 191 C

Test Date: 02/21/2017

Plot No.: 14

DUT: LG-M320n; Type: Bar

Communication System: 2450MHz FCC; Frequency: 2437 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 2437 MHz; o = 1.92 mho/m; & = 52.6; p = 1000 kg/m3
Phantom section: Center Section

DASY4 Configuration:

Probe: EX3DV4 - SN3797; ConvF(7.19, 7.19, 7.19); Calibrated: 2016-11-25
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2016-11-24

Phantom: Triple Flat Phantom

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

802.11b Body Rear 1Mbps 6ch/Area Scan (16x10x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 0.376 mW/g

802.11b Body Rear 1Mbps 6¢ch/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 5.02 V/m; Power Drift = -0.079 dB

Peak SAR (extrapolated) = 0.550 W/kg

SAR(1 g) =0.282 mW/g; SAR(10 g) = 0.139 mW/g
Maximum value of SAR (measured) = 0.408 mW(/g

dB
0.000

-h.G2

-11.6

-17.5

-23.3

-29.1

0 dB = 0.408mW/g

(*)Note : In the report showing the second highest point was actually less than the one measured
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Test Laboratory: HCT CO., LTD
EUT Type: Portable Handset
Liquid Temperature: 203 C
Ambient Temperature: 205 C
Test Date: 03/30/2017
Plot No.: 15

DUT: LG-M320n; Type: Bar

Communication System: 2450MHz FCC; Frequency: 2437 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 2437 MHz; o = 1.78 mho/m; & = 37.9; p = 1000 kg/m3
Phantom section: Left Section

DASY4 Configuration:

Probe: EX3DV4 - SN3797; ConvF(7.21, 7.21, 7.21); Calibrated: 2016-11-25
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2016-11-24

Phantom: SAM

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

802.11b Head Left Touch 1Mbps 6ch/Area Scan (10x16x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 1.60 mW(/g

802.11b Head Left Touch 1Mbps 6ch/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 13.4 V/m; Power Drift = 0.018 dB

Peak SAR (extrapolated) = 2.14 W/kg

SAR(1 g) = 0.983 mW/g; SAR(10 g) = 0.447 mW/g

Maximum value of SAR (measured) = 1.47 mW/g

dB
0.000

-5.56

-11.1

-16.7

-22.2

-27.8

0 dB=1.47TmW/g
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Attachment 2. — Dipole Verification Plots
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Il Verification Data (835 MHz Head)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 18.9 °C
Test Date: 02/20/2017

DUT: Dipole 835 MHz D835V2; Type: D835V2

Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 835 MHz; o = 0.914 S/m; & = 41.163; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3903; ConvF(10.72, 10.72, 10.72); Calibrated: 2016-09-28;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn869; Calibrated: 2016-09-27

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (8);

835 MHz Head Verification/Area Scan (7x13x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 1.00 W/kg

835 MHz Head Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 33.19 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 1.56 W/kg

SAR(1 g) = 0.928 W/kg; SAR(10 g) = 0.555 W/kg

Maximum value of SAR (measured) = 1.02 W/kg

Wikg
1.000

0.800

0.600

0.400

0.200

0.000226
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B Verification Data (835 MHz Body)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 18.3 °C
Test Date: 02/21/2017

DUT: Dipole 835 MHz D835V2; Type: D835V2

Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 835 MHz; o = 0.947 S/m; & = 56.756; p = 1000 kg/m3
Phantom section: Center Section

DASY5 Configuration:

Probe: EX3DV4 - SN3903; ConvF(10.42, 10.42, 10.42); Calibrated: 2016-09-28;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn869; Calibrated: 2016-09-27

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (8);

835MHz Body Verification/Area Scan (7x13x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.971 W/kg

835MHz Body Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 35.19 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 1.36 W/kg

SAR(1 g) =0.916 W/kg; SAR(10 g) = 0.602 W/kg

Maximum value of SAR (measured) = 0.990 W/kg

Wikg
0.971

07y

0.583

0.389

0.19%

0.000425%
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B Verification Data (1 900 MHz Head)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 20.6 °C

Test Date: 02/20/2017

DUT: Dipole 1900 MHz D1900V2; Type: D1900V2

Communication System: UID 0, CW; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1900 MHz; o = 1.439 S/m; & = 40.455; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: ET3DV6 - SN1609; ConvF(5.2, 5.2, 5.2); Calibrated: 2016-03-18;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1417; Calibrated: 2017-01-19

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (1);

1900MHz Head Verification/Area Scan (7x7x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 4.19 W/kg

1900MHz Head Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 57.31 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 7.04 W/kg

SAR(1 g) = 3.86 W/kg; SAR(10 g) = 1.96 W/kg

Maximum value of SAR (measured) = 4.29 W/kg

Wikg
4.190

3.353

2.516

1.679

0.842

0.00478
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B Verification Data (1 900 MHz Head)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 23.2 °C

Test Date: 02/17/2017

DUT: Dipole 1900 MHz D1900V2; Type: D1900V2

Communication System: UID 0, CW; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1900 MHz; o = 1.428 S/m; & = 40.465; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3968; ConvF(8.14, 8.14, 8.14); Calibrated: 2016-05-31;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE3 Sn504; Calibrated: 2016-07-26

Phantom: SAM

Measurement SW: DASY52, Version 52.8 (1);

1900MHz Head Verification/Area Scan (7x7x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 5.74 W/kg

1900MHz Head Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 64.24 VV/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 7.57 W/kg

SAR(1 g) = 3.89 W/kg; SAR(10 g) = 1.95 W/kg

Maximum value of SAR (measured) = 5.71 W/kg

Wikg
5.740

4.593

3.447

2.300

1.153

0.00685
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B Verification Data (1 900 MHz Body)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 19.3 °C
Test Date: 03/07/2017

DUT: Dipole 1900 MHz D1900V2; Type: D1900V2

Communication System: UID 0, CW; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1900 MHz; o = 1.557 S/m; & = 53.486; p = 1000 kg/m3
Phantom section: Center Section

DASY Configuration:

Probe: EX3DV4 - SN3968; ConvF(7.89, 7.89, 7.89); Calibrated: 2016-05-31;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE3 Sn504; Calibrated: 2016-07-26

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (1);

1900MHz Body Verification/Area Scan (7x7x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 3.95 W/kg

1900MHz Body Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 50.31 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 7.23 W/kg

SAR(1 g) = 3.9 W/kg; SAR(10 g) = 2.02 W/kg

Maximum value of SAR (measured) = 4.38 W/kg

-h.96
-11.93
-17.89

-23.85

-29.82

0 dB = 3.95 W/kg = 5.96 dBW/kg
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B Verification Data (1 900 MHz Body)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 20.3 °C
Test Date: 03/30/2017

DUT: Dipole 1900 MHz D1900V2; Type: D1900V2

Communication System: UID 0, CW; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1900 MHz; o = 1.556 S/m; & = 53.528; p = 1000 kg/m3
Phantom section: Center Section

DASY Configuration:

Probe: ET3DV6 - SN1605; ConvF(4.55, 4.55, 4.55); Calibrated: 2016-07-29;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2017-01-19

Phantom: Triple Flat Phantom

Measurement SW: DASY52, Version 52.8 (1);

1900MHz Body Verification/Area Scan (7x7x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 4.48 W/kg

1900MHz Body Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 58.34 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 6.67 W/kg

SAR(1 g) =4.14 W/kg; SAR(10 g) = 2.22 W/kg

Maximum value of SAR (measured) = 4.65 W/kg

-h.bi
-11.17
-16.75

-22.34

-27.92

0 dB =4.48 W/kg = 6.51 dBW/kg
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B Verification Data (2 450 MHz Head)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 20.3 °C

Test Date: 03/30/2017

DUT: Dipole 2450 MHz; Type: D2450V2

Communication System: CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.79 mho/m; & = 37.9; p = 1000 kg/m3
Phantom section: Flat Section

DASY4 Configuration:

Probe: EX3DV4 - SN3797; ConvF(7.21, 7.21, 7.21); Calibrated: 2016-11-25
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2016-11-24

Phantom: SAM

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

2450MHz Head Verification/Area Scan (9x9x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 7.91 mW(/g

2450MHz Head Verification/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 56.6 V/m; Power Drift = -0.034 dB

Peak SAR (extrapolated) = 11.3 W/kg

SAR(1 g) =5 mW/g; SAR(10 g) = 2.22 mW/g

Maximum value of SAR (measured) = 7.92 mW/g

dB
0.000

-4.88

-9.76

-14.6

-19.5

-24.4

0 dB =7.92mW/g
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[ Verification Data (2 450 MHz Body)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 18.8 °C

Test Date: 02/21/2017

DUT: Dipole 2450 MHz; Type: D2450V2

Communication System: CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.93 mho/m; & = 52.6; p = 1000 kg/m3
Phantom section: Center Section

DASY4 Configuration:

Probe: EX3DV4 - SN3797; ConvF(7.19, 7.19, 7.19); Calibrated: 2016-11-25
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2016-11-24

Phantom: Triple Flat Phantom

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

2450MHz Body Verification/Area Scan (9x9x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 6.77 mW/g

2450MHz Body Verification/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 50.3 V/m; Power Drift = -0.044 dB

Peak SAR (extrapolated) = 11.7 W/kg

SAR(1 g) = 5.14 mW/g; SAR(10 g) = 2.24 mW/g

Maximum value of SAR (measured) = 8.23 mW/g

dB
0.000

-5.14

-10.3

-15.4

-20.b

-2h.7

0 dB =8.23mW/g
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Calibration Laboratory of PR, SRS
Schmid & Partner \\‘{//" G Service suisse détalonnage
Engineering AG T g Servisio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerlend %/,a Swiss Calibration Service
Acorediad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multliaterat Agroement for the recognition of callbration certificates

Calibration date:

This catbeation cemficats documants the troceabiity to naficeal standeeds, wiich reahize the physical units of messwemonts (51)
The ts ond (e s wiih confic peobabiity are givan on tha following pages and are pant of the certificarie.

All calbrations have been conducted In i clossd dorstony faclity, snvrorment tnmperatios (22 £ 3)°C and humidity < 70%.

Calbraton Equipment used (MATE ritical foe calibration)

Primary Standarc L4 Cal Date (Camificate No | Scheduled Calitration
Power meter NRP SN: 1778 08-Apr-16 (No. 217-0228812289) Ape17
Powar sensor NRP.281 SN 103244 0B-Apr-18 {No. 217-02288) Ape-17
Powar sansor NRP-Z31 SN 103245 06-Apr-18 (No. 21702289) Ape-17
Rah 20 B A SN S5277 (20m) Q5-Apr-18 (No. 217-02283) Agr-17
Prabe ESIDNV2 SN- 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16
| DAE4 SN 660 23-Dac-18 (No. DAE4-E60_Dect5) Dec-18
Secondary Stancands 0 Check Date (n house) Schedukd Check
Power motar E44108 SH: GBA1293674 05-Agr-16 {in house chedk Jun-16) In house chack: Jun-18
Pawar sensor E4412A SN MY4 1486087 05-Aar-18 {in house check Jun-18) In houss chack: Jun-18
Fowar sansor E44124 SN 000110210 05-Apr-14 (in bause check Jun-16) In house cheok: Jun-18
AF generator HP B64HC SN US3642001700 _04-Aug-98 (in house check Jun-16} I house chack: Jun-18
Analyzee HP B753E SN US37380565 18-0ct-01 {in house chack Oct-15) In house check: Oct-16
Function Scnature
Approved by:

Thes calibestion caificate shall not be reproduced except in il withoul weilten spgrovad of (he aberatory.

Certificate No: EX3-3903_Sep16 Pago 1 of 11
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Calibration Laboratory of s s {scher Kalib

Schmid & Pariner G Service suisse détaionnage
Engineering AG Servizic svizzero di taratura

Zeughausstrasse 43, 0004 Zunch, Switzeriane S Swiss Caliration Service

Accraditod by the Swiss Accredatian Service (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration certificstes

Glossary:

TSL lissue simulating Bquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DepP diode compression point

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

A B.C, D modulation dependent linearization parameters

Polarzation ¢ o rotation around probe axis

Polarization % # rotation around an axis that is in the plane normal to probe axis (al measurement center),

re., B =0 s normal to probe axis
Connector Angle nformation used in DASY systam 1o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

8) IEEE Std 1528-2013, "IEEE Recommended Praclice for Determining the Paak Spabal-Averaged Specific
Absorption Rate (SAR) in the Human Head fram Wireless Communications Devicas: Measurement
Techniques®, June 2013

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

¢) |EC 62200-2, "Procedure to determine the Specific Absorption Rate (SAR) for wreless communication davices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

o NORMy,y.2, Assessed for E-field polarization 8§ = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 wavegulde).
NORMx.y.z are only intermediate values, 2., the uncertainties of NORMx,y.z does not affect the E*field
uncertainty inside TSL (see below ConvF).

«  NORM(fx.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
implementad in DASY4 software versions later than 4.2, The uncertainty of the frequency response is inciuded
In the stated uncertainty of CanvF.

« DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertsinty required). DCP does not depend on frequency nor madia.

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

o Axyz Bxyz Cxyz Dxyz VRxyz A B, C, D ate numerical linearzation parameters assessed based on
the data of power sweep far specific modulation signal. The parameters do not depend on frequency nor
medza, VR s the maximum calibration range axprassed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in fial phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distnbutions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typscal uncertainty values are given. These paramelers are
used in DASY4 software fo improve probe accuracy close 1o the boundary. The sensitivity in TSL cofresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which aliows extending the validity from £ 50 MHz to £ 100
MHz.

» Spherical isotropy (30 devialion from isotropy): m a field of low gradients reslized using a fiat phantom
exposed by a palch antenna.

»  Sensor Offsel; The sensor offset corresponds to the offset of vitual measurement center from the probe tip
{on probe axis). No tolerance required.

= Connector Angle: The angle is assessed using the Information gained by determining the NORMx (no
uncertainty required)

Cerlificate No: EX3-3903_Sap16 Pape 2of 11

F-TP22-03 (Rev.00) 82 /163 HCT CO., LTD.



A
hC'- FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

HCTCO,,LTD.

EX30V4 - SN:3%03 September 24, 2016

Probe EX3DV4

SN:3903

Manufactured:  September 4, 2012
Calibrated: September 28, 2016

Calibrated for DASY/EASY Systems

[Nate: non-compatible with DASY2 system!)

Certificata No: EX3-3803_Sepi€ Pagedof 11
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EX3DVA- SN:3903 Saplembear 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k-zﬂ)"_z
Norm (uVAVIm))"® 0.39 (.36 0.53 +10.1 %
| DCP (mV)° | 102.5 106.2 1031

Modulation Calibration Parameters

ve ¢ System Name A 8 ¢ 0 VR | Unc
4B | dBVpv | dB mV (x=2)
0 | CW x| 00 00 10 | 000 | 1740 | #35%
y [ oo 0.0 10 | 1846
z| oo 0.0 10 1944

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 Lo a coverage
probability of approximately 95%.

* The uncartainties of Noem X.¥,Z 0o not ffect the E*fieid uncadtanty Inside TSL (see Pages % and 6)

¥ Numerical inaanzaton parameter: unceriainty not requined

* Unoenainty is dotermined using the max: deviation from linaar respanse applying rectangular distibuton and 18 sxpessed fof the square of the
taxi value

Coriificate No: EX3-3903_Sepi6 Page 4 of 11
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EX3DV4- SN:3803 September 28, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth ™ Unc
1(MHz)C | Pormittivity’ |  (Sim)' | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 1342 | 1342 | 1342 | 000 | 100 | £133%
300 453 0.87 1268 | 1268 | 1268 | 010 | 110 | £133%
450 435 0.87 1100 | 1100 | 1100 | 0620 | 125 | $133%
750 419 0.89 1135 | 1135 | 1135 | 033 | 114 | 2120%
235 45 0.90 1072 | 1072 | 172 | o5t | o080 | £120%
900 415 0.97 1030 | 1030 | 1030 | 035 | 101 | +120%
1450 40.5 1.20 8.76 8.76 876 | 039 | 080 | +120%
1750 40.1 1.37 8.75 8.75 B75 | 028 | 085 | £120%
1900 40.0 1.40 8.41 8.41 541 | 028 | 084 | +120%
1950 40.0 140 822 822 822 | 032 | 080 | £120%
2300 395 1.67 go1 | so01 801 | 032 | 080 | +120% [
2450 92 | 180 750 | 754 754 | 031 | oma | s120%
2600 39.0 1.96 7.42 7.42 742 | 031 | o086 | £120%
5250 359 471 5.51 5.51 551 | 035 | 180 | £131%
5600 355 5.07 478 478 478 | 045 | 180 | s131%
5750 35.4 5.22 5.04 5.04 504 | 045 | 180 | £131%

°muxyumtymm»uoumMmmmuuasvutwm(mvagezumnmeamonozsowq e
uncertainty 5 the ASS af the CanvF uncertainty =t caltration fre and the y for the i y bandl. F valaty
below 300 MHz is £ 10, 25, 40, 50 and 70 MH2 for Com assesaments at 30, 54, 128, 150mmmkwecmty Ahuvos@ixtm:.-n:y
vlhd«ycmbemndedlnxﬂoMH:

' A1 trequencies bolow 3 Gz, th valdity of tissue parameters (¢ and o) can ba reiaxed 10 + 10% I liquic compensation formula is sppled 10
messured SAR values, Al requencies above 3 GHz, the valldity of 1ssue paramaeders [« and o) is resiricied to = 5% The uncertainty is the RSS of
tha ConvF uncatanty for indicated target tssoe paramaters,
© ajphalDapth are cetarmined during calibration. SPEAG warrants that the remaining deviaban dus (o thi boundary sffect aftee compenzation i
ahways less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies Detween 3-6 GH2 & any distancs larger than hat the probe bp
dametar kom he boundary,
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EXIDV4- SN:23803 September 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Body Tissue Slmulating Media

Ralativo Conducﬁvity Depth © Unc

F(MHZ)© | Pormittivity" (Sfm)" ConvF X | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
150 519 0.80 333 | 1333 | 1333 | 000 | 100 | #133%
300 5682 0.92 1207 | 1207 | 1207 | oos | 110 | s133%
450 56.7 0.94 1185 | 1185 | 1105 | 0410 | 120 | £133%
750 55.5 0.96 1050 | 1050 | 1050 | 020 | 113 | £120%
835 552 0.97 1042 | 1042 | 1042 | 055 | 080 | £120%
1750 ! 534 1.42 B.37 8.37 837 | 035 | 091 | z120%
1900 53.3 152 810 | 810 810 | 037 | o080 | £120%
2450 527 1.95 769 | 789 | 769 | 033 | 085 | +120%
2600 525 216 | 745 | 745 | 745 | 033 | o090 | :120%
5250 48.9 5.38 463 | 463 | 483 | 080 | g0 | 131
5600 485 577 385 | 385 385 | 060 | 180 | £134%
5750 483 5.94 413 | 413 | 413 | 060 | 180 | :131%

 Frequency valdty above 300 MHz of + 100 MHz cnly applies for DASY v4.4 and higher (ses Page 2), elsa it is restficted 1o 2 50 M4z The
uncedsnty is tha RSS of the Com® uncartainty at calibeaticn frequency and ihe uncanainty Yor the indicaied Fequency band, Frequency validity
Delow 300 MHz i1s £ 10, 2640, 50 and 70 Mz for ConyF assassments o 30, 64, 128 150 ang 220 MHz mspoctvely. Above § GHe froquency
valdity can be extended %o £ 110 MHz,
" Al frequencies bakow 3 GHz. the validity of tssue parameters (e and ) can be relaxed to = 10% If Iguid cempensaton fonmula is applied to
measured SAR values. Al freguencies above 3 GHz. the validky of tissue parameten (c and o) & restricted 1o & 5% The uncananty = the RSS of
the Convi uncerainty for indicatad targal Ussue parametars

9 Alpha'Depth are detammined dunng caltirason. SPEAG warrants thal the remaring teniation dus 10 tha b y eflact after comp
always less than + 1% for fequancies below 3 GHz and below = 2% for lrequancias between 3-6 GHz at any distance larger than ndfmpmbu tip
diamaler from the Soondary.
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FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2
HCTCO.,LTD.
EX3DV4-- SN:3803 Seplember 2B, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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&
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Report No: HCT-A-1703-F001-2
HCTCO, LTD.

EX3DV4- SN:3903 Saptember 28, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
1
. . . . L] o
To X Y 4 Tot X Y Z
%\'
E‘ RS SRS = . S o L 7 S S SN e S e + oot =33
i
Rol [7] :
l=’=.v-; 3 V:T‘T;H'.' 2 0 Wt <

Uncertainty of Axial Isotropy Assessment: £ 0,5% (k=2)
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FCC ID: ZNFM320N

EX30V4- SN3903

Septamber 28, 2016

Dynamic Range f(SAR}caq)
(TEM cell , fyvu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

EX3DV4- SN:3903

September 28. 2016

Conversion Factor Assessment

=835 MH2 WGLS RS (H_convf)

‘0

14

AR vy
"

[ = 1900 MHz, WGLS R22 {H_convF)

N > n A -
REL

2
e ool

Deviation from Isotropy in Liquid

Error (¢, 8), f =900 MHz

-0 -08 -06 -04 02 00 02 04

0a 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3803 September 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) \ 333 |
‘Mechanical Surface Detection Mode enablad
“Optical Surface Detection Moda disabled
Probe Overall Length 337 mm
Probe Body Dismater 1 T 10mm |
Tip Length “8mm
Tip Diamster 25mm
’—m—’fip_mbsve?sorﬂ)'(ﬁéﬁﬁmion Point Tmm |
Probe Tip to Sensar Y Calibration Point T mm
Probe Tip to Sensor Z Calibration Point 1 mm
| Recommended Measurement Distance from Surface 14 mm 1

Certilicate No: EX3-3903_Sep16 Page 11 0of 11

F-TP22-03 (Rev.00) 91 /163 HCT CO., LTD.



aCT

HCTCO,,LTD.

FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughousstrasss 43, 3004 Zurich, Switzerland

Aocredited by the Swiss Accreditaton Service (SAS)
The Swiss Accreditation Service is one of the signoatories to the EA
Multilaterat Agreament for the recognition of calibration certfficates

Thia calibration certificate documents the lraceatsiity 1o naticnal standards, which reaizes the
The messuremens ard the uncerainties wieh corfdance prodabiity am given on the follawing pages and are part of the certificate.

Culibtstion Equipmant used (MSTE criteal for calibration)

%:\ 4 ‘\.. e’

¥

Schweizerischer Kallbrierdienst
Servics sulsse d'étalonnage
Servizio svizzero di taratura
Swisa Calibration Service

nwow

Accreditation No.: SCS 0108

Al calibrations hirve been conguctad in the ciosed labormary taclity, erviranment temperature (22 £ 3)°C and humidity < 70%

unes af s {52

Primary Standsrds =] G Date (Cantifcase No.) Scheduled Calbraton
Power meier E44186 GB41265374 01-Apr-14 (No. 217.02128) Mar-16
Powsr sensor E44124 MY41438087 01-Apre15 (No. 217-02128) Mar-18
| Reference 3 d8 Attenuator SN: §50854 (1c) 01:Ape-15 (No. 217.0212) Mer-16
Raterance 20 dB Attwnusitor SN 85277 {20x) 01-Apr-15 (No. 217-02132} Mur-16
Reference 30 9B Aenvator SN: $5129 {20b) 01-Age-16 (No. 21702135} Mar-16
Refersace Probe ES30VI SN 3013 31.0ec-15 (No. ES3-1013_Dect5) Dec-16
DAEA SN: 680 Z3-Dec-15 (No. DAE4-860_Dec15) Deo-16
Seoordary Standards o Check Dute {in bouse) Scheduled Check
vﬁm’m US3BAZU01 700 &-Aug-8 (n house chech Ape-13) | In nouse chick: Apr-18
Network HP BT53E USH7350588 18-Oct-01 (in house chack Oct-15) In hewsa check, Oct-16
Function
Approved by

This calibration cerfificste shall not be reproduced axcept n ull without written approval of the eboratory

Cartificate No: ET2-1609_Mar18
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HCTCO,,LTD.

Calibration Laboratory of S8, S Schweizerischer Kallbrierdienst

Schmid & Paﬂnef F— ’-'. c Sorvice suisse d'dtalannege
Engineering AG % Servizio svizzero di taratura

Zeughausstrasse 43, 3004 Zurich, Switzerland ’@\ s Swiss Calibration Service

Accredited by the Swiss Acoreditation Senics (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreemant for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquad

NORMx.y.z sensitivity in free space

ComvF sansitlvity in TSL / NORMx.y.z

DCP diode compression point

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

A B.C,D moduiation dependent linearization parametors

Polarization q o rotation around probe axis

Polarization 5 # rotatlon around an axis that s in the plane normal to probe axis (at measuremant center),

e, B =0is normal to probe axis
Connector Angle information used in DASY system to align probe sansor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

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

d) KDB 865664, "SAR Measurement Requirements for 100 MHz o 8 GHz"

Methods Applied and Interpretation of Parameters:
NORMy.y,z: Assessed for E-figld polarzation 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguude)
NORMzx,y,z are only ntermediate values, |.€., the uncertainties of NORMx,y,z does not affect the E “fiald
uncectainty inside TSL (see below ConvF)

»  NORM(Nxy.z = NORMx y.z * frequency_response (see Frequency Response Chart), This linearization |s
implemented in DASY4 software versions tater than 4.2. The uncerfainty of the frequency response is included
In the stated uncertainty of ConvF,

« DCPxy,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media,

« PAR:PAR is the Peak to Average Ratio that s not calibrated but determined basad on the signal
charactaristics

o Axyz Bxyz Cxyz Dxy.z VRxyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibeation range expressaed in RMS voltage across (he diode.

« ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-fiekd (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical fieid distributions based on power
maasurements for f > 800 MHz The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL coresponds
to NORMx,y,z * CanvE whereby the uncertainty corresponds to that given for ConvF. A frequency dapendent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz

« Spherical isotropy (3D deviation from Isotropy): In a field of low gradients realized using a flat phantom
axposed by a patch antenna.

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

« Connector Angle: The angle is assessed using the information gamed by determining the NORMx (no
uncertainty required).

Centificate No: ET3-1609_Mart6 Page 2 of 11
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

ET30VE- SN:1609

March 18, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Basic Calibration Parameters

Sensor X SensorY Sensor Z Une (k=2)
Norm (uVi(Vim) )" 2.00 1.61 1.82 £101 %
DCP (m\)" 102.0 100.5 101.5 ——
Modulation Calibration Parameters
uib c ication System Name A 8 [ ) VR Une"
| - . g8 | dBVpV | 8 | mv {2
0 B =e— X 00 | 00 [ 10 | 000 | 2660 | 433%
Y 0.0 0.0 1.0 2669
2 0.0 0.0 1.0 2592

The reparted 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 urcartarmias of Norm XY, Z do nat affect the E°-Seid uncertainty inside TSL {see Pages 5 and 6).
" Numarcal linganzaticn parameter: urcertainty not reguied

" Uncertanty & determined using the max. deviation from irear response applying rectangulsr dutribution knd & exprassad for the sousns of the

field vake

Cerificate No: ET3-1609_Mar1é
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Head Tissue Simulating Media

a Relative | Conductivity & Depth * Unc

T{MHz)C | Permittivity (Sim) ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.81 6.81 6.81 042 232 +212.0%
835 415 0.90 6.48 6.48 6.48 045 2.22 +12.0%
900 41.5 0.97 6.33 6.33 6.33 0.34 2.61 +12.0%
1450 405 1.20 5.61 561 | 5861 0.53 234 +120%
1750 401 1.37 » 540 5.40 540 0.68 2.25 +120%
1900 40.0 140 520 5.20 5.20 0.79 205 +120%
1950 40.0 1.40 5.04 5.04 5.04 0.80 2.16 +120%
2300 39.5 1.67 4,88 488 4.88 ! 0.80 1.94 +120%

B Fraquenty validty sbove 300 MHz of = 100 MHz ondy apphies for DASY va 4 and nighar (see Page 2), else & & restricted 10 4 50 MHz. The
uncecdainty & the RSS of the Com® uncartainty at cadbration frequency and the uncartanty for the indicated frequency band. Frequency validity
Below 300 MHz is + 10, 25, 40. 50 and 70 MHz for CanvF assessmoents at 30, 84, 128, 150 and 220 MMz respactvesy. Above § GHz frequency
vabdty can be extonded o & 110 Mtz

© M Frequercies below 3 GHL the valdily of 15508 parameters (¢ and o} can be relaxed 1o = 10% i liquid compensation formula is appled to
measured SAR values. Al frequencies above 3 GHz, the validity of lissue parameters (e and o) @ restrctad to £ 5% The uncartanty & the RSS of
the ConvF uncertainty for indicaled targel lissue paramedars,

Y Alpha/Depth ars i duting cal a1, SPEAG warrants that the remaning deviation dus to the bountary effect after compersation ts
alwarys less than £ 1% for frequencies below 3 GHz and below = 2% for fraguancies batwean 3-6 GHz at any distance larger than half the probe lip
diameter from the Deundary

Certificate No: ET3-1609_Mar16 Page 50l 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth ™ Unc
1(MH2)© | Permittivity” {8m)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 555 0.96 6.25 6.25 6.25 0.31 275 £12.0%
835 55.2 0.87 6.16 6.16 6.16 032 | 273 | £+120%
1750 534 1.49 456 4.86 4.86 0.80 245 +12.0%
1800 533 1,52 4.68 468 468 0.80 231 +120%

“ Froguancy validity sbove 300 MHz of 4 100 MHz anly appies fof DASY vd.4 and higher (see Page 2§, else i is restrictod to £ 50 MRz The
uncertanty is the RSS of the ConviF uncensinty at calbration lrequency and the uncertainty for the indicated fregquency bang. Frequency validity
below 300 Mz is £ 10, 25, 40, 50 and 70 MHz for ComF assessments ol 30, B4, 128, 150 and 220 MHZ respectively. Above 5 GHz frequency
valdity can be extended to ¢ 110 MKz

' AL frequences below ) GHz, the valdity of tissus pararnetens (¢ 2nd o) can b retaxed (1o + 10% I iquit compansation Smule is sppled 1o
measured SAR values, At froquencies above 3 GHz. the validity of tissue parameters (¢.and o) Is resticind to + &% The uncartainty s the RSS of
the ConvF uncestamty for indicated target tssue poramelers.

" Alpha'Depth are d ined duting calibration. SPEAG warants thal the réinaining ceviabion dus to the boundary effect alier compensation is
eways jess than ¢ 1% for Inequences below 3 GHE and below £ 2% for frequencies batween 3-8 GHe at any dalance larger (han half the prode tip
dlameter from the boundary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6,3% (k=2)
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ET3DV6~ SN: 1609 March 182016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
Tet : : : Tt X : !

Error [d5)
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= = o :

(LSF 6C0 Mz 1200 Mz 2500 M

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARcad)
(TEM cell , fyra= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ET3DVE- SN:1609

March 18, 2016

Conversion Factor Assessment

f= B35 MHz, WGLS R (H_convF)
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Deviation from Isotropy in Liquid

Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

Sensor Arrangament Triangukar
" Connector Angle (°) TTA4 |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length - 337 mm |
L Probe Body Diarneter = 10 mm |
{ Tip Length 10 mm
“'Tip Diameter 6.8 mm
“Probe Tip fo Sensor X Calibrabon Point | Z7mm
| Probe Tip 1o Sensor Y Calibeation Point | 2.7 mm
Probe Tip to Sensor Z Calibration Point ‘ 2.7 mm
Recommended Measurement Distance from Surface ! 4 mm
Certificata No: ET3-1608_Mar16 Page 110l 11
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

HCTCO,LTD.
Calibration Laboratory of ol
Schmid & Partner 7 e s oo sy
Engineering AG ) Sarvizio svizzero & taratura
Zeughausstrasse 43, 8004 Zurich, Switzartand 3@ QYY) S suias Calibration Bervice

Accreditad by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muititataral Agreement for the recognition of calibration cartificates

Calbraton oste

This calramon cenificats

Accraditation No.: SCS 0108

I Iraceatsdity to

Calbrntion Equipment Used (MATE criical for calibration)

standards. which raalize the ptysical units of messurenents (S().
The measwurements and the uncanainties with confidénce probatslity are given an the followng pages and are part of the cedificate

Al calrations have bean conductad i the closed abanstory faciity: ervtronment temperature (22 4 3)°C and humidity < T0%.,

Thes cafibeation carmficat shall net be reproduced axcapt In full without weitien appronas of the laboratory.

Primary Stantarts ) Cal Date {Cenficata No.) Schedued Caltwation
Pawee mpter NRP SN 104778 OU-Apr-18 (No. 217-02288/02289) Apr-17

Pawer sensor NRP-Z91 SN 103282 O0-Apr-16 (No. 217-02288) Apr-17

Powee sensor NRP-291 SN 103245 06-Apr-18 (No. 217-02288) Agrat

Reh 20 48 Al SN S5277 (20%) 05-Apr-16 (No. 217-42283) Apr1?

Reference Probe ESSOV2 Sh- 3013 31-Dec-15 (No. ES3.3013_Dec15) Dec-186

DAE4 SN 880 23.Dec-15 (No. DAE4-B60_Dects) Dec-186

Secandary Stardard: D Chesck Diate (in howsa) Scheduled Check
Powee meter E44 198 SN GB41293874 Q6-Apr-18 (No. 217-02266X22584) in house check: Jun-16
Powes sensor E4A4124 SN MYA41468087 06-Apr-18 (No. 217-02285) In house check: Jun-16
Power sensar EA412A SN. 000110210 06-Ape-18 (No. 247-02284) in house check: Jun-16
RF generator HP 8648C SN US3642001700 04-Avg84 (in house check Apr-13) in house chack: Jun-16
Network Anavyzer HP B753E SN US37390585 18-Oct01 (n housa check Oct-15) in house chack: Oct 18
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‘—rC'- FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

HCTCO,,LTD.

Calibration Laboratory of s\«@_’,’;‘% S  Schweizsrischor Kalibrierdienst

Schmid & Partner e C  Senvice suisse d'dtalonnage
Engineering AG o Servizio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Switzerand % ‘ﬁx.\-“” S Swiss Calibration Servics

Accrogiied by the Swas Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Multilateral Agr for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity In free space

ConvF sensitivity in TSL/ NORMx.y.z

DCP diode compression paint

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

A BCD modulation dependent linearization parameters

Polarization ¢ n retation around probe axis

Paolarization 8 8 rotation around an axis that is in the plane normal to probe axis (3t measurement center),

e, § = 0 Is normal 1o probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1628-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremant
Techniques”, June 2013

b) IEC 62209-1, "Procedure ta measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MMz (0 3 GHz)", February 2005

o) IEC 62209-2, "Procedure to determine the Specific Abscrption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:
NORMx.y,z: Assessed for E-fisld polarization & = 0 (f < 900 MHz in TEM-cell, I > 1800 MHz: R22 wavogu-de)
NORMx.y,z are only intermadiate values, Le., the uncertainties of NORMx,y,z does not affect the E*-field
uncartainty inside TSL (ses below ConvF).

«  NORM(fx,y.z = NORMx.y,z * fraguency_respanse (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response Is included
in the stated uncertainty of ConvF.

«  DCPxy.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

o Axyz Bxyz Cxyz Dxyz VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power swaep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voitage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfar
Standard for { < 800 MHz) and Inside waveguide using analytical field distributions based on power
mesasurements for { > 800 MHz The same selups are used for assessment of the parameters applied for
houndary compensation {alpha, depth) of which typical uncertainly values are given. These parameters are
used in DASY4 software to Improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMY,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency depandent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz,

« Sphencal isotropy (30 dewviation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

« Connector Angle: The angle i assessed using the Information gained by determining the NORMx (no
uncertainty required).
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EX3DV4 - SN:3968 May 31, 2016
Manufactured:  September 30, 2013
Calibrated: May 31, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system|)
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HCTCO,LTD.

EXIDV4- SN:3068 May 31, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Basic Calibration Parameters

I Sensor X Sensor Y | Sensor Z | Une (k=2)
Norm (uVi(Vim)*)* 0.36 0.35 0,42 =101 %
DCP (mV)* 101.7 102.0 a74
Modulation Calibration Parameters
uiD C ication Sy Name ‘ A B c [3) VR Unc"
48 | dBVuv | | dB mv (k=2)
0 | CW X 00 | D00 1.0 000 | 1344 | 225%
Y| o0 0.0 1.0 131.5 A
z 0.0 0.0 1.0 146.5 —

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

* Thes uncanainties of Notm X.Y Z do not affect e E”.field uncertainty inside TSL {see Pages 5 ard €)
" Numanical lnearization parameter. uncensainty nol reguired

" Uncartainty s detanmined using the max. devinton fron inssar response sophying racanguiar datribuion and Is expressed for the square of the
fiald value
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hC'- FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

HCTCO,LTD.

EX3DV4- SN:3968 May 31, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc
f(MHz) ¢ | Permittivity" (Sim) * ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 076 1347 | 1317 | 1317 | o000 | 100 | s133%
300 453 0.87 1210 | 1210 | 1210 | 008 | 110 | +133%
450 435 0.87 1073 | 1073 | 1073 | 016 | 120 | 2133%
750 41.9 0.8 sz | 102 | sz | os1 | oo £12.0%
835 415 0.90 9.97 9.97 097 | o4z | o087 | s120%
900 415 0.97 962 9.62 962 | 025 | 120 | £120%
1450 405 1.20 855 B.55 BSS | 034 | 080 | +120%
1750 401 1.37 845 ' 8.45 845 | 033 | 080 | £120%
1900 400 | 140 814 | 814 814 | 031 | 080 | £120%
1950 40.0 1.40 7.89 7.89 789 | 037 | o080 | +120%
2300 395 1.67 7.72 7.72 772 | 030 | 089 | +120%
2450 392 1.80 7.30 7.30 730 | 03s | 080 | £120%
2600 390 1.96 7.24 7.24 724 | 037 | 080 | £120%
5250 35.9 471 535 535 535 | 030 | 180 | £131%
5600 355 5.07 4.86 4.66 466 | 040 | 180 | £131%
5750 354 5.22 478 4.78 s78 | 040 | 180 | £131%

‘Frmmvduuymaoom:dzmmm-pphsmmsvunmngham-mgez; shse £ 5 resirictod to + 50 MHz. The
uncartarity & the RSS of the ConvF uncestarty at calibration frequency and the uncertanty for the y band. F valdty
Delow 300 MHZ is £ 10, 25, 40, 50 and 70 MHz for ConvF assesaments st 30, 64, 128, lSOammermdr AbunSC-szrmncy
valdty can ba extended 10 ¢ 110 MHz

© At Fequencies below 3 GHz, the valdey of tissus paramesers (c and a) can be relaxod 1 = 10% i gkt pensation formula ts appied 1o
maasured SAR values. Al frequencies above 3 GHZ, (he valdily of tissue parametens (¢ Bnd o) & restrictad 1o £ 5% mmmmvamoRSSol
the CanvF uncertainty for ndicated farget tssue parameters

“Mph'whmdmmmddm calibration. SPEAG that the jon due to tha boundary effect atter compensation is
ammmz1*brbeqmbe&cw36ﬂzmﬂbdwz2$hﬁmmmMGrkmmymmwthmhmmmnp
diamater from 1he boundary,
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h'a- FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

HCTCO,LTD.

EX30V4- SN:3968 May 31, 2616

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc
f(MHz)® | Permittivity" (S¢m)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 1246 | 1246 | 1246 | 000 | 100 | 2133%
300 58.2 0.02 11,57 11.57 11.57 0.08 1.11 £13.3%
450 567 094 11,24 11.24 11.24 0.10 120 | £133%
750 55,5 0,96 5.65 9.65 9.65 0.40 082 | £120%
835 §5.2 0.97 .66 9.66 9.66 0.49 080 | £120%
1750 534 1.49 B.16 8.18 8.16 0.34 080 | £120%
1900 63.3 1.52 7.89 7.89 7.80 0.40 080 | +120%
2450 52.7 1.95 7.31 7.31 7.31 0.41 080 | +120%
2800 625 2.16 mm 7.1 7.1 034 | 080 | +120%
5250 48.9 5.36 4.37 4.37 4.37 0.50 180 | £131%
5600 485 577 3.78 378 3.78 0.55 180 | £131%
5750 483 5.94 342 3.92 3.92 0.60 180 | £131% |

F Frequency vaidty above 300 Miz of £ 100 Miz only appiies for DASY w4 4 and higher {see Fage 2). else II |5 resticted 16 = 50 MHZ The
uncenainty is the RSS of the Comd uncertamly ot calibration freg y and the ¢ y for the fraguancy band. Frequency valdaly
bakaw 300 MHz 5 + 10, 25. 40, 50 and 70 MHE for ConvF assessmenns ol 30, 64, 124, 150“220Mum»ecmm Ancve 5 GHz frequoncy
vaiidity can be @denoad to + 110 MHz
'AﬂrenuanciesbamﬁsmMevsidnydmwtttdu)mb-mmdm: 0% I liquict compansation formida s appbed to
measured SAR values. At frequencies abova 3 GHz, tha validity of lissue parameters (1 And o) i reaeiclad 10 = 5%. The uncertainty is the RSS of
mcmmbumwmummm

* NphaDepsh during - SPEAG warrants that the ramamng deviation cue 10 tha boundary offect after compensation Is
My'waslhan°1%luhmncmm36ﬂ:mdboh~ 2% for frequencies betanen 3-8 Gz at any datance larger than half the probe tip
dameder from the boundary
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HCTCO,,LTD.

FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

EX30V4~ SN:3968

Frequency response (normalized)

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

] A 11 —

500 1000 1500 2000 2500

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2
HCTCO, LTD.

EX3DV4.- SN:3968

May 31, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFM320N

HCTCO,,LTD.

Report No: HCT-A-1703-F001-2

EX3DV4- SN.1968

Dynamic Range f(SAR}¢aq)
(TEM cell , fo.0= 1900 MHz)

May 31, 2016
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certdicate No. EX3-3968_May16 Page 9 of 11
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hC'- FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

HCTCO.,LTD.
EX3DV4- SN:3968 May 31, 2016
Conversion Factor Assessment
f= 835 MHz WGLS RS (H_comfF) = 1900 MHz WGLS R22 (H_comvF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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HCTCO,LTD.

FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

EX3DVv4- SN:3968

May 31, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters

Sensor Arrangaement Triangular
‘Connector Angle (7) 634
Mechanical Surface Datection Mode enabled |
Optical Surface Detection Mode o disabled
| Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9mm
[ Tip Diameter 25mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibraton Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
1.4 mm

Recommended Measurement Distance from Surface

Centificate No: EX3-3968_May16
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HCTCO,,LTD.

FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughaussirasse 43, 3004 Zurich, Switzerland

Acctedied y the Swise Accraditation Servce (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilatersd Agreement for the recognition of calibration certificates

Tha amt the

This callbration canficate documents the aceabiity 0 national standards, wihich realze the

wath conds

v

‘l

dm

All cait have been

1 the ciosad lab

Caltwuton Equioment Lsed (MATE cracal for calibration)

y faciity. erm

24

units of (Sh)
iy are givan on the lollowing pages and are part of e cenificatn

mure (22 = 3)°C and humidity < 70%

Thia calération certificate shul nol be reproduced sxcapt in full withaut wiitten app

Primiry Stanaants o Cal Date (Certificate No.) Schedulsd Calibration
Pawer meter NRP SN 104778 Of-Apr-18 (No. 217-02268/2238) Apr-17
Power sensor NRP-291 SN 103244 06 Apr-16 (No. 217-02268) Ape-17
Power senscr NAP-291 SN 103245 06-Apr-16 (No. 217-02269) Ape-17
2 20 0B Aftermtor | SN: 86277 (200) 05-Apr-16 (No. 217-02263) Ape-17
e Probe ESIOV2 SN 3013 31-Dac-15 (No. ES3-3013_Dec15) Dac-16
DAE4 SN 660 23 Dec-15 (No. DAES-660_Dec15) Dac-18
Standavos i Check Dals [in house] Schecued Ghack
Power mater E44196 SN GB41293874 06-Apr-16 (in house chick Jun-16) In housa chedc Jun-18
Power sersor E4412A SN MY41290087 0B-Apr-16 [in houss chack Jun-16] In house chack: Jun18
Poawer sensor E4412A SN: 000110210 06-Apr-15 (in house chack Jur-16) n house chadc Jun-18
I geoarnor HP HE4HC SN USIB42U01700 (4-Aug-59 {In hotme chack Jun-16] In house check. Jun-18
Network Analyzer HP B7S3E | SN USI7380585 18-D1-01 (i howsa chack Oct-16) In house check: Oct-17
Calltrated by:
Approved by

Issuad November 26, 2016

| of the lsbaratory

Centificate No; EX3-3797_Nov16
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hC'- FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

HCTCO,,LTD.

Calibration Laboratory of S Schweizerischer Kakbrierdienat

Schmid & Partner c Saevice suisse &' dulonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accredied by the Swiss Accredization Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service s one of thw signatories to the EA

Multilateral Ag for the recognition of calibration certificates

Glossary:

TSL tisaue simulating bquid

NORMx,y,z sensitivity In free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compeession paint

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

A B CD modulation dependent linearfzation parameters

Polarization ¢ i rotation around probe axis

Polarization 3§ A rotation around an axis that s in the plane normal to probe axis (st measurement center),

l.e,, 4 = 0is normal to probe axis
Connactar Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 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

¢} |EC 62209-2, "Procedurs to determine the Specific Absorption Rate (SAR) for wireless communication devices
used In close proximity ta the human body (frequency range of 30 MMz to 6 GHz)", March 2010

d) KOB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:
NORMx.y,z- Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell, f > 1800 MHz: R22 wavegunde)
NORMx.y,z ara only intermediate values, i.e,, the uncertainties of NORMx,y.z does not affect the E*-field
unpertainty inside TSL (see below Convi).

o NORM(fx.y.z = NORMx,y.2 * froquancy_response (see Frequency Response Chart). This inearization is
implemanted in DASY4 software versions Iater than 4,2. The uncertainty of the frequency response is included
in the statad uncartainty of ConvF,

«  DCPx.y,z DCP are numerical ineanzation parameters assessed basad on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor medsa,

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

e« Axy.z Bry.z Cxy.z Dxyz VRx.y.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific medulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voitage across the diode.

s ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field dstributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters appbed for
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and highes which allows extending the validity from £ 50 MHz o + 100
MHz.

= Spherical isotropy {30 deviation from isotropy): In & field of low gradients realized using a flat phantom
exposed by a patch antenna,

« Sensor Offset. The sensor offset correspands to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

« Connoctor Angle. The angle is assessed using the Information gained by determining the NORMx (no
uncertainty required)

Certificate No! EX3-3797 _Nov16 Page 2 of 11
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HCTCO,,LTD.

FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

EX30DV4 - SN-3797

Novemnber 25, 2016

Probe EX3DV4

SN:3797

Manufactured:  April 5, 2011
Calibrated: November 25, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ha- FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

HCTCO,LTD.

EX30V4- SN:3T97 November 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z | Unc (k=2)
Noem (uVAVIm)y" _0.60 0.56 | 0.55 | =101 %
DCP (mv)" 97.9 97.7 97.2 |
Modulation Calibration Parameters
uiD Communication System Name A 8 c ) VR Unc~ |
dB dBvuV d8 mV {k=2)
0 cwW X | 00 0.0 10 | 000 | 1332 | *35% |
Y| 00 00 1.0 | 1485
z | oo 00 | 10 | 1468 |

The reported uncentainty 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 uncenakihes of Nom X.Y,Z do not aftect the £ -fiskl uncertairty meside TSL (see Pages 5 and 8)

* Numencal lineanzation perameter: uncenainty not required

. Uncertainty 1= dateeminad using the max. deviation from linese resporse spelying rectangular SsUoulion and & mpressed far the sguare of the
feld vahio

Centificate No: EX3-3797_Nov1d Page 4 of 11
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HCTCO,LTD.

EX30Va- SN.3Ta7 Navembar 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth Unc

f(MHz)" | Permittivity" {Sim)" ConvF X | ConvF Y | ConveZ | Alpha® | {mm) (¥=2)
150 52.3 0.76 11.89 11.99 11,99 0.00 100 | £13.3%
300 453 0.87 11.04 11.04 11.04 0.10 125 | 2133%
450 435 0.87 1036 10.35 1036 | 015 125 | +133%
750 419 0.88 9,66 9,86 9.66 0.44 088 | £120%
835 415 0.90 933 9.33 9.33 0.33 101 | $120%
900 415 0.87 9.17 917 9.17 0.48 080 | £120% |
1450 40.5 1.20 8.03 8.03 8.03 0.43 080 | £120%
1750 40.1 1.37 8.03 8.03 8.03 0.32 080 | £120%
1900 40.0 1.40 7.78 778 7.79 0.20 080 | £120%
2300 39.5 1.67 7.50 7.50 7.50 036 | 080 | +120%
2450 39.2 1.80 7.21 7.21 7.2% 0.39 0.80 | £120%
2600 39.0 1.98 6.97 .97 6.97 0.40 083 | +120% |
5250 359 4T 506 5.06 5.06 0.35 180 | £131%
5600 35.5 5.07 462 462 4.62 0.40 180 | =£131%
5750 354 5.22 4.76 4.78 4.76 0.40 180 | +131%

© Frequancy vaidity 8bove 300 MHz of + 100 MHz only apphes for DASY vd 4 and tigher (sae Page 2). else f is restricted to £ 50 MHz The
unceniinty is the RSS of the Comyf uncertainty &t caibvation frequency and the uncerainty for the indicated frequancy band. Frequancy validiy
beabow 00 Midz = ¢ 10, 26, 40, 50 and 70 MHz for ConyF assessments at 30, 64, 128, 150 and 220 MHz respectivaly. Above 8§ GHz frequency
validity can be exsended to = 110 MHz,

' At frequancias badow 3 GHz. the validity of tisus pacamelecs (c #nd o) can be miaxed fo £ 10% if liguid comp Hon 1 43 & apphed 10
moasured SAR values Al feauencies above 3 GHz, the validity of tasue {e and a) ts 10 = 5%. The uncertainly is the RSS of
the Cornd™ uncertainty for indcaind target issue paramesers.

S AphaiDepth are delerminad during calibrafion. SPEAG warrants that e remaining deviaton doe o the boundery sffect Mer compansation &
alweys l6ss than + 1% for frequoncies below 3 GHz and below + 2% for frequencies betwaon 3.6 GHz st eny distance lasger than hall tha probe tip
diametar from the boundary
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HCTCO,LTD.

EX3DVA- SN:3797 November 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Body Tissue Simulating Media

— Rﬂ-uvp ) Conducu'vny ' e Depth® u-.rc ‘

)¢ | Permittivity (Stm)* | ConvFX | ConvFY | ConvFZ | Apha® | (mm) (k=2)
150 61.9 0.80 11.38 11.38 11.38 | 000 1.00 | £133%
300 58.2 0.2 11.02 11.02 1102 | 005 1.5 | £13.3%
450 56.7 0.94 1070 | 10.70 1070 | 008 115 | 2133 %
750 55.5 0.96 9.60 9.60 9.60 050 | 080 [ £120%
B35 552 0.97 942 9.42 9.42 0.44 080 | £120% |
1750 534 149 | 778 7.75 7.75 0.34 093 | £120%
1800 533 1.52 7.45 745 7.45 0.41 080 | =120%
2450 52.7 1.85 749 | 7.18 7.9 0.42 080 | #120%
2600 52.5 216 6.94 6.94 6.94 0.32 080 | £120%
5250 489 5.36 4.43 443 443 045 190 | #131%
5600 485 577 393 | 393 | 393 | os0 | 190 | s131% |
5750 483 504 | 419 419 4.19 0.50 1.90 | £131%

© Frequancy vadldity abova 300 MHz of 2 100 MHx only apphies for DASY vd 4 and higher (see Page 2). alse # I restricted to & SO0MHe The
uncentainty Is the RES of the Comv uncenanty at calibrtion fnequency and the uncertaity for the ndicated frequency band. Freguancy validity
baiaw 300 Mizz = + 10, 25, 40, 50 8nd 70 MHz for CanvF assaasmecss at 30, 64, 128, 150 and 220 MHz respectivaly. Above 5 (GHz frequency
valldity can be extendad (0 + 110 MHz.

" At freguancies betow 3 Giz. the yalitity of Tses parametarns (c and o) can be refaned 10 + 10% If g campansation formuls & appliad to
mmasured SAR values. Al frequancies abave 3 GHz, fhe validity of tiosue paramedars {r and o) 18 sesticled 10 = 5%, The uncertainty is the RSS of
the Coend™ uncanainty for indicaded target bssue parameters

= Apha'Depth are determingd dufing calitation. SPEAG warmrants that the remaning 0sviaton due to the boundary affect after compensation &
Always less than ¢ 1% for Fequencies balow 3 GHz and below + 2% for fequencies betwean 34 GMz at any distance karger than half the probe tip
diamueter from the boundary.
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EX3DVA- SN:3797 November 25, 216
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)
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

EX30Va- SN:3707

Receiving Pattern (¢), 3 = 0°

November 25, 2016
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Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3T707 Novamber 25, 2016

Dynamic Range f(SAR}caq)
(TEM cell , feva= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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Report No: HCT-A-1703-F001-2

EX30V4- SN:3TaY Novemnber 25, 2016

Conversion Factor Assessment

{ = 835 MHz WGLS RO (H_convF) 1= 1900 MMz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), T = 900 MHz
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Uncertainty of Spherlcal Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3797 Navember 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters

["Sensor Arrangement Trianguiar
[ Cannector Angle () T B89
Mechanical Surface Detection Mode - “enabled
“Optical Surface Datection Mode disabled

Probe Overall Length | T 337 mm |

Probe Body Diameter | 10 mm |

Tip Length . amm
[Tip Diameter 2.5mm

Probe Tip to Sensor X Galibration Point 1 mm
"Probe Tip to Sensor Y Calibration Paint i T 1mm |
“Probe Tip to Sensor Z Calibration Point 1mm
| Recommended Measurament Distance from Surface 14mm
Cartificate Na: EX3-3797_Nov16 Page 11 of 11
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HCTCO.,LTD.
Calibration Laboratory of s o, Schweizerisches Kalibeerdierst
Schmid & Partner = 7 g Sarvica suisse d'Malonnage
c g
Engineering AG L Servizio svizzero di taratura
Zoughsusstrasse 43, 004 Zurich, Switzerland ’5@ \‘ ‘,I S Swiss Calibration Servies
Accrodiied by the Swiss Accreditation Service [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signataries to the EA
Multilateral Agreemant for the recognition of callbration certificates

Calibration procedureis)

Calbramon date

Thig calibration cestificate the traceatilly to naticaal standards. which realize the physical unts of maasuraments (S7),
The measurements and the uncertaintes with canfidencs probability sre gven on the following pages and are part of the certificale.

At calibrations have beon canducted in the closed laboentory faciiRy. anvironment tempanature (22 = 3)°C and humidity < 70%

Calibeation Equoment used (MATE critical for calibration)

Primary Standaos 0 Cal Date (Certificate No ) Scheduled Calitration

Power metsr NRP SN 104778 06-Ape-18 (No. 217-022682289) AprA7

Pawer ssnso NRP-291 SN 103244 06-Apr-18 (No_ 217-02268) Apr1?

Paowar sansct NRP-Z91 4N 03245 06-Apr-18 (No. 217-02289) Ape-17

e 20 05 Alterumtor | SN: S8277 (20x) 05-Apr-18 (Na. 217-02293) Apr17

Reference Probe ES30V2 SN; 3013 31-Dec-15 {No_ ES3-3013 Dec15) Dec-18

DAES SN 660 23-Dac-15 (No, DAE4-560_Dects) Dec-18

Secondary Standanss 10 Check Date (in Mml] Scheculed Check

Power metes E44198 SN GB41293874 08-Apr-16 {in howss chieck Jun- 18] in house check: Jun-16

Power sensar EA12A SN: MY41458087 08-Apr-18 (in house check Jun-16] in mmww

Power sensct E4412A SN 000110210 0B-Ape-16 [in bousa check Jun-18) In house check: Jun-18

RF g HP 86480 SN US3842001700 04-Aug-89 (ins house chack Jun-16) In house check: Jun-18

Network Analyzer HP 87538 SN US37T90588 18-0¢1-01 (4 house check Oct-15) in house check: Oct-16
Name

Aporoved by:

This calibration cortificate shall not be reproduced sxcepl i full wihoot wrsten approval af the taboratory.

Cartificate No: ET3-1605_Jul16 Page 1of 11
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HCTCO,,LTD.
Calibration Laboratory of S, e o Ml ite
P
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG b =8 g Servisiosvizzero di tarstura
Zeughaussirasss 43, 8004 Zurich, Switzerand K RS & Swiss Callbration Service
el b
Accredited by Ine Swiss Accreditation Service (SAS) Accreditastion No.: SCS 0108

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

Multilateral Ags for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DCP diode compression point

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

A.B.C.D modulation dependent linearization parametors

Polarization ¢ i totation around probe axis

Polarzation % 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
lLe., 8 =0is normal o probe axis

Connector Angle Information used in DASY system 1o afign probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 82208-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

¢) IEC 622092, “Procedurs to determine the Specific Absorption Rate (SAR) for wireless communication devices
used In close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 885664, "SAR Measurement Requirements for 100 MHz to 6 GHzZ"

Methods Applied and Interpretation of Parameters:

»  NORMx,y.z: Assessed for E-field polarization 4 = 0 (f < 900 MMz in TEM-ced, > 1800 MHz: R22 waveguide),
NORMYx y.z are only intermediate values, i.e., the uncertainties of NORMx,y.z does nat affect the E”-field
uncertainty inside TSL (see below ConvF).

«  NORM(Ox.y.z = NORMxy.z * frequency_response [see Frequency Response Chart). This linearization is
implemantad in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

« DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal {no uncenainty required). DCP does not depend on frequency nor media

« PAR:PAR is the Paak to Average Ratio that is nat calibrated but determined based on the signal
characteristics

e Axyz Bry.z Cxy.z; Dxy.z VRxyz A B, C, D are numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed In RMS voltage across the dicde.

«  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analylical field distributions based on power
measurements for f > 800 MHz. The same setups are usad for assessmant of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMx.y,z * CanvF whereby the uncertainty corresponds to that given for ConvF. A frequency depandant
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to = 100
MHz.

« Spherical isotropy {3D deviation from isotropy): in a field of low gradients realized using & fiat phantom
exposed by a patch antanna.

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

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required),

Certificate No: ET3-1605_Jul16 Page Zof 11
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ETIOVS - SN 1806 July 20, 2016
Manufactured:  July 27, 2001
Calibrated: July 29, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

ETIDVE-- SN:1605

July 26, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Basic Calibration Parameters

| Sensor X Sansor Y Sensaor Z Une (k=2)
| Norm (uVi(Vim)") 146 1.83 155 +101 %
| BCP (mV)" 100.9 99,5 990.3
Modulation Calibration Parameters
uio Communication System Name A B [ D VR Unc"
de dBVuv dB8 mvV (k=2)
0 cw X 0.0 0.0 1.0 000 | 2182 | 438 %
| Y 00 0.0 1.0 2325
Z 0.0 0.0 1.0 210.7

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%.

A The uncartainties of Norm XY 2 da not affect the E7-fisld uncertainty inside TSL (ssa Pages 5 and 6)
" Numencal ineanzation paramater: uncerainty not required
& Uncartainty is determined usng the max. deviabon from inear respanse applying réctangular gistnbution and & axpressed for the squane of the

finid value

Cartdicate No: ET3-1605_Jul16
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ETIDVE- SN:1605 July 29, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHZ)® | Permittivity”™ | (Sfm)* ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.96 .96 6.96 0.32 2.81 £120%
835 415 0.90 6.60 6.60 6.60 0.35 280 | £120%
800 41.5 0.97 5.50 6.50 6.50 0.31 284 | £120%
1450 40.5 1.20 5.64 5.64 564 0.48 260 | +120%
1750 40.1 1.37 537 537 5.37 0.72 215 | +120%
1800 40.0 1.40 518 | 518 518 | 080 | 208 | £120%
1950 40.0 1.40 5.03 5.03 5.03 0.80 210 | £120%
2300 395 1.67 479 4.79 478 0.80 205 | =£120%

 Fraguency validity above 300 MHz of + 100 MHz only applies for DASY w4 4 and higher {see Page 2), eise it is restricted to £ 50 MHz. The
unceriainty is the RSS of the ConvF uncertainty st caibeation fraquency and the uncertainty for the indcated frequency band. Fréquency vascity
betow 300 MH2 in = 10 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHx respecsvaly. Above 5 GHZ requency
valdity can be extended to + 110 MHz,

' A froquencies befow 3 Ghz. the validity of tissus parameters (¢ a0d ) can ba rasned to + 10% # tgud waton formuls is sppied to
maasurad SAR values. Al frequencies above 3 Gilz, the validity of ssue paramaters [ ard o) 8 restrcted 1o+ 5% The uncenainty is the RES of
tha CanvF uncertainty for indcated targst issue paramelers

' AlphaDepth are determined during calbation, SPEAG warrants that the remsaining doviation due to the boundary effect after compecsstion is
ahways less than £ 1% fore frequencies balow 3 GHz and delow + 2% for frequencies between 14 GHz at any distance larger than ha¥ the probe to
dasmetar from the boundary

Cerfificate No: ET3-1605_ )16 Page 5of 11
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ET3DVE~ SN: 1605 July 29, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth® Unc

f(MHz)® | Permittivity” |  (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6,55 6.55 8.55 p39 | 228 +12.0%
gas | 55.2 0.97 642 | 642 6.42 042 223 | £120%
1750 53.4 1.49 4,79 4.79 479 0.80 2.39 £120%
1900 53.3 1.52 4.55 4,55 455 0.80 246 | 2120%

* Fraouency validity sbove 300 MHz of + 100 MHz only applies far DASY v4.4 and higher fses Page 2), efse il is restrictad to + 50 MHz. Tha
uncartanty is the RSS of the ConvF uncenanty ot calibration frequency and the uncenainty for e indcsted frequency band. Froquency validity
below 300 MHz is = 10, 25, 20, 80 and 70 MMz for CanvF nssessments at 30, 64, 128, 150 and 220 MHz respecsvely. Above 5 GHz frequency
validrty can be extented to £ 110 Mz,

" Al trequancias beiow 3 GHz, the validity of tssue parameters (c and o) can be retansd 10 & 10% # bouid compensation formula (5 appied 1o
measured SAR values. At frequancies sbove 3 GHz, ihe validity of tesue parametars (s and o) i restncted to + 5% Tha uncertainty is the RSS of
the Canvf® uncenainty for indcated target ssue parameters.

' AlphaDapth sre datermined during catbraton, SPEAG warants that the remaining deviatian due to the boundary effect aflar compensation s
aways jees than = 1% for frequencies bolow 3 GHz and belaw ¢ 2% for frequences between 3-8 GHz al any dislance larger than hat the probe tp
dametar from the boundary

Certificate No: ET3-1605_Jul1é Page 6 af 11
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ET3DV6- SN.160S July 26, 2016
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)
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ETI0VE- SN:160S July 29, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM f=1800 MHz,R22
. - * » 3

e

0r e

- 9 4-% §=¢ go—t—s—+t8 =59

Error [0B]

e == I T o B o o o |

1300 W2 2500 Wiz

Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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FCC ID: ZNFM320N Report No: HCT-A-1703-F001-2

ET30OVE- SN 1805

Signal [wv]

Input

Error [08]

July 29, 2016

Dynamic Range f(SAR}.aq4)

(TEM cell , fova= 1900 MHZ)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFM320N

Report No: HCT-A-1703-F001-2

ET3DVE~ SN1605 July 29, 2016

Conversion Factor Assessment

= 835 MHz WGLS RE (H_comfF) [ = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ETIDVG- SN:1605 July 20, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Other Probe Parameters

Sansor Arrangement [ Triangulas
Connector Angle (") \ 588
| Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode dsabled |
“Probe Overall Length 1 T 337Tmm|
Probe Body Diamster 10mm |
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Paint 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point ' 2.7 mm
Recommended Measurement Distance from Surace 4 mm
Certificate No: ET3-1605_Jul16 Page 11 of 11
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HCTCO.,LTD.
Calibration Laboratory of S,
_ S8 Schweizerischor Kalibrierdienst
Schm!d & Ffartner % g Service sulsse d'éalonnage
Engineering AG Ty Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand ’/Z_r?\\\\\\ S swiss Callbration Service
Accredited by the Swiss Accraditation Senvice (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Multitateal Agr for the recognition of calibration certificates

cient  HCT (Dymstec) Certificats No: DB35V2-441_Nov16
CALIBRATION CERTIFICATE =i
Object D835V2 - SN:441

Callbration procedura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MMz
Caltyraton date:! November 16, 2016

This calibration cedificate documants (e tracesbilty 1o nafionad standards. which realize the physical unils of measuremeants (S9)
The measurements and thi uncanainties with confidanca probability ans grvan on the following pages and are part of the cadificate

Al calibeations have baen conducted in the closed Ieboratovy tacility. erméronment femparatura 122 + 3)°C and humidty < 70%.

Calibeation Equipment used (MATE critical foe calbration)

Primary Standarids 1D # Cal Date (Cartificate No.) Scheduled Calibration
Power meter NP SN: 104778 O6-Ape-16 (No, 217-02288/02289) Apr17

Powar sensor NRP-Z61 SN 103244 06-Apr-18 (Na, 217-02268) Apr17

Power aensor NRP-Z91 SN 103245 U6Apr16 (No. 217-02289) Apr-17

Ralerence 20 o8 Attenuatar SN. 5058 (20%) 05-Apr-16 (Na. 217-02282) Apr7

Type-N mesmatch combination SN 5047 .2 / 08327 05-Apr-16 (No. 217-02255) Apr-17

Rofarance Probe EX30V4 SN 7348 154lun-16 (N, EX3-7328_Jun18) Jun17

DAE2 SN: 601 30-Dec-15 (No, DAE4-E01_Dec15) Dec-18

Secondary Standards iD# Check Date (in house) Schedided Check
Powar matar EPM-4424 SN: GB3748070¢ 07.0ct-15 (in house check Det-186) In housa check: Oc1-18
Powur sansor HP B4B1A SN: US37292783 070ct-15 (in house chéck Oct-18) in house chack: Oc1-18
Powwr sansor HP B4B1A SN MY4t0s23” 07-0ct-15 {in house check Dct-18) In nouse chack: Oct-18
AF genesator RS SMT-06 SN 100372 15Jun-15 (in house check Oct-18) In house chack. Oct-18
Network Analyzer HP 8753E | SN: US37300585 18-0ct-01 (in houyse chack Oct-16) n house check: Oct-17

Name Function 0
Calibrated by: Claudio Lesibar Laboratory Technician 7 :

Approved by: Katja Pokovic Tachnical Manager , %

tasuad: Novembar 17, 2016

This calibeation centdicate shall not ba mproduced excepl in full wethout writtan approval of the labaratory
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Calibration Laboratory of Ry,

; {;\“ Nt Schwelzerischer Kalibrisrdignst
Schmid & Partner % S Sarvice suisse d'stalonnage
Engineering AG B c Sarvizio svizzerc di taratura
Zoughaussirasse 43, 8004 Zurich, Switzertand G S swiss Calibration Servics
ol
Accrodited by the Swiss Accreditation Servioe (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Cantificate No: DB35V2-441_Nov16 Page 2ol B
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHZz = 1 MHz
Head TSL parameters
The following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.80 mho/m
Measured Head TSL parameters (2201 02)"C 40926% 0.94 mho/m + 8 %
Head TSL temperature change during test <05°C e -
SAR resuit with Head TSL
SAR averaged over 1 em’ {1 g) of Head TSL Candition
SAR measured 250 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.38 Wikg 17,0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Hoad TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.11 W/kg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2) °C 552+6% 1.01 mho/m+6 %
Body TSL temperature change during test <05°C e —
SAR resuit with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 248 Wikg
SAR for nominal Body TSL parameters normalized o 1W 9.62 W/kag £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.63 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6.37 W/kg = 16,5 % (k=2)

Certificate No: D835V2-441_Novi6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtarmed to feed point 5080-18jQ

Return Loss -34.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4600460

Return Loss -2404d8

General Antenna Parameters and Design

’ Electrical Delay (one direction) ] 1.369 ns —I

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line Is directly connacted to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order 10 Improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length is siill
according 10 the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manulactured on March 09, 2001
Certificate No: DE35V2-441 Novié Paged ot @
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DASYS5 Validation Report for Head TSL
Date: 16.11.2016

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN:441
Communication System: UID () - CW; Frequency: 835 MHz
Medium parameiers used: f= 835 MHz: 6 = 0.94 S/m; & = 40.9; p = 1000 kg/m”
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)
DASYS52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 15.06,2016;

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

« Electronics: DAE4 Sn601; Calibrated: 30,12,2015

« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001

« DASYS52 52.8.8(1258);: SEMCAD X 14.6.10(7372)

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

Reference Value = 61.83 V/m; Power Drift = -0.02 dB

Peak SAR (extrapotated) = 3.67 Wikg

SAR(] g) = 2.43 W/kg: SAR(10 g) = 1.57 Wikg

Maximum value of SAR (measured) = 3.27 W/ikg

-2.23

-4.47

N

0dB=3.27 Wkg

5.15 dBW/kg

Cenificate No: DB35V2-441_Nov18 PagoS5of8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:441

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: = 833 MHz; o= 1.01 8/m: &, = 55.2; p= 1000 kg/'m‘
Phantom section: Flat Section

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

DASYS2 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 15.06.2016:
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

» DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 59.90 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(1 g) = 2.48 W/kg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (measured) = 3.25 Wikg

-2.12
-4.24
6.37

-8.49

-10.61

0dB=3.25W/kg =5.12 dBW/kg

Cenrtificate No: D835V2-441_Novis Pago 7 of B
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Impedance Measurement Plot for Body TSL
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Schmid & Partner %& G Service suisse détalonnage
Englneering AG Lz Servizio svizzero ¢l taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand SN S swiss Callbration Service

Accredited by the Swiss Accradation Sarvice (BAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muitilateral Agreoment for the recognition of calibration certificates

cient  HCT (Dymstec)

Ul

Certificate No: D1900V2-5d061_Apri16

Accraditation No.: SCS 0108

CALIBRATION CERTIFICATE
Object D1900V2 - SN: 5d061
Calibeation procedureds) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Casibration dite: April 25, 2016

This callbration cerlificals dacumants the traceabilty to naliona slandards, which realize the physical unils of measuremants (51)

The 1 s and the unces with cenlidence probabillly are ghven on the following pages and are par of the cerificate

All calbrations have bean contuctad n the closed y fachity: (22 + 3)°C and humidity « 70%

Calibeation Equipment used (METE critical for casbration)

Primary Standarcs 10 # Cal Date {Cectificate No.) Schaduled Calibraton

Power moler NRP SN 104778 06-Ape-16 (No, 217-02288/02284) Apr-17

Power sensor NRP-Z51 { SN 103244 065-Apr-16 (No, 217-02288) Apr-17

Power sensce NRP-Z81 SN’ 103245 DS-Apr-16 (No. 217-02289) Apr-17

Aeferance 20 dB Altenuslor SN: 5058 (20k) 05-Apr-18 (No. 21702290 Ape17

Type-N mismatch combination SN 5047 2/ 06327 05-Apr-16 (No. 217-02295) Ape17

Referance Probe EX30V4 SN 7345 §1-Dac-15 (No. EX3-7340_Dec15) Dec-18

DAE2 SN 601 30-Dec-15 (No. DAE4-601_Dac15) Dec-16

Seconadary Siandards D # Check Date (in housej Scheduled Chack

Powar meter EPM-342A SN: GE37460704 07-0ct-15 [No, 217.02222) In housa check: Oct-16

Powar sensar HP 8481A SN: US37292783 07-Oct-15 (No, 217.02222) In howse check: Oct-16

Pawer sansor HP 8481A EN MY41092317 07-0ct-15 (No, 217-02223) In houss oheck: Oct-16

RAF genarator A4S SMT.06 SN 100872 15-Jun-15 {Iin house chack Jun-15) In house check: Oct-18

Network Anatyzar HP 8753E | BN US37390585 18-001-01 (in house check OGl-15) in hause check: Oct-18
Narne Functicn Signatiure

Cafbraled by. Michaal Waber Laboratory Technician ”lé !

Approved by: Kaljs Pokovic

L

This calibration cediticata shall not be reproduced except In full without written aporoval of the laboralory.

lesued: Apnil 26, 2016

Certificate No: D1900V2-5d061_Apr16
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Calibration Laboratory of

S Schwedzeriacher Kalibrierdienst
Schmid & Partner Service sulsse d'étalonnage
Engineering AG C'_senvirio svteaswo 1 tavaturn
Zaughausstrasse 43, 8004 Zurich, Switzerland S  Swiss Caiibration Service

Accredited by the Swiss Accreditation Sarvics (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttilaters! Agreement for the recognition of calibration cartificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) |EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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 measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D1200V2-5d061_~Apri6 Page20i8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center- TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 400 1.40 mho/m
Measured Head TSL parameters (22.0 £+ 0.2} °C 400+86% 1.37 mho/m + 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 250 mW input powar 3.53 Wikg

SAR tor nominal Head TSL paramesters

normalized to 1W

38.6 Wikg = 17,0 % (k=2)

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

SAR measured 250 mW Input power 5.01 Wikg

SAR for nominal Head TSL parameters normalized to 1W 20.2 W/kg = 16,5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220*C 53.3 1.52 mha/m

Measured Body TSL parameters (220+02)°C 529+6% 1.49 mho/m =6 %

Body TSL temperature change during test <05°C o —
SAR resuit with Body TSL

SAR averaged over 1 cm? (1 g} of Body TSL Condition

SAR measured 250 mW input power 9.82 Wikg

SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.20 Wikg

SAR for nominal Body TSL parameters normalized to 1W 20.9 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d061_Apr16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormead to feed point 250+771Q
Retum Loss -221dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 479Q+8B5|Q

Heturn Loss -21.0dB

General Antenna Parameters and Design

I Elactrical Delay (one direction) l 1192 e

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

The dipole is made of slandard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the
sacond am of the dipole. The antenna i therefore shont-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loaded according to the position as explained in the
"Measurament Condifions” paragraph. The SAR data are not alfected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipale arms, because they might band or the solderad connections near the

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on December 10, 2004
Centificate No: D1800V2-50061_Apr16 Page 4ol B
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Report No: HCT-A-1703-F001-2

DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zunich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

Communication System: ULD 0 - CW; Frequency: 1900 MHz

Medium parameters used: F= 1900 MHz; o = 1,37 S/m; & = 40; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration;

Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated: 31.12.2015;

Sensor-Surface: | 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12,2015
Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

DASYS52 52.8.8(1258); SEMCAD X 14.6,10(7372)

Date: 25.04.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 107.4 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 17.2 Wikg

SAR(1

g) = 9.53 W/kg: SAR(10 g) = 5.01 W/kg

Maximum value of SAR (measured) = 14.5 Wikg

dB

-3.80

-7.60

-11.40

-15.20

-19.00

0dB = 14.5 W/kg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 25.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061

Communication System: UID O - CW; Frequency: 1900 MHz

Medium parameters used: [ = 1900 MHz; 6 = 1.49 S/m; & =352.9; p = 1000 kg/m’
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

» DASYS252.8.8(1258), SEMCAD X 14.6.1(§7372)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=Smm, dy=5mm, dz=Smm

Reference Value = 104.3 V/im; Power Drift = -0.03 dB

Peak SAR {extrapolated) = 17.3 Wikg

SAR(1 g) = 9.82 W/kg; SAR(10 g) =5.2 W/kg

Maximum value of SAR (measured) = 14.9 Wikg

-3.80
-1.60
-11.40

-15.20

-19.00

0dB =149 Wikg = 11.73 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accradited by the Swiss Accreddatian Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec)

QUG

Accreditstion No: SCS 0108

Certificate No: D2450V2-965_Apr16

CALIBRATION CERTIFICATE

Dbject

Calivratan date.

Calibration procedurafs)

D2450V2 - SN: 965

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

April 19, 2016

Caitirntion Equipment used (METE cntical for calibration)

This calibention centficate documents tha raceability bo national standards, which realize the physicsi units ol measurements (S1).
The measuraments and the uncanainties with confidence probablity are givan on tha folkwing pages and are part of the camificite.

Al calitvations have baen conducted in the closed Isboriory faciiity: anviconment tempserature (22 & 3)°C and humidity < 70%,

Primary Standards DA Cal Date (Certiticate No.) Scheduled Caloration

Pawar meter NAP SN: 104778 06-Ape-16 (No. 217-02283/02289) Apri7

Powar sansor NRP-Z81 SN: 103244 06-Apr-18 (No, 217-02288) Apra7

Power sansor NRP-Z21 SN 103245 DGrApe16 (Na. 217-02268) AprAT

Heferonca 20 dB Attenuaior SN 5053 (20K) (5-Ape-16 (Na. 217-02282) Apr17

Type-N mismatch combination SN: 50472706327 05-Apr16 (No, 217-02295) ApeT

Referancs Probe EX20V4 SN: 7349 31-Dac-15 (No. EX3-7348_Dects) Dec-16

DAE4 SN: 601 30-Dec-15 (No DAE44601_Dec1s) Dec-16

Secondary Standards DA Check Date (in houss) Scheduled Chack

Power meter EPM-242A SN: GB374B0704 07-0c115 (No. 217-02222) In houss chack: Oct-18

Power sensor HP 8481A SN: US37292783 07-0ct-15 (No, 217-02222) In houss cneck: Oct18

Power sarsar HP 84814 SM: MYA1082317 070115 (Na. 217-02223) In house check: Oct-18
| AIF genscator H&S SMT-08 SN 100972 15-Jun-15 (In house chock Jun-15) In howss check: Oct-18

Netwark Anatyzer HP 8763E | S8 US37390585 18-0¢101 (n house check Oct-15) In house sheck: Oct-18

Name Function Sgnature
Caibrated by: Michaal Wabor Latoratory Tachnician Il/ “!
Approved by: Katis Pokovic Tecnnical Manager

P

Issued: Apri 20, 2016

This calibration centilicate:atiad not be regroduced axcept o full without wrilten approval of the laboratary,

Cartilicate No: D2450V2-265_Apri6
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Calibration Laboratory of ey,

W
o/

& “, by

Schmid & Partner i&‘\—//ﬁi S w.:;.m mmr:':m

Engineering AG g C  Servizio svizzero di farstura
Zeughausstrasse 43, B004 Zurich, Switzertand % 4@\\0\3 S Swiss Calibration Service
hceregited by 1he Swiss Accraditation Seevice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag t for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 68 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Cartificata No: D2450V2-965_Aprié Page 20of8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The tollowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 38.2 1.80 mha/m
Measured Head TSL parameters (220=02)°C 400286 % 1.83 mho/m =6 %
Head TSL temperature change during test <05C e —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Whg
SAHA for nominal Head TSL parameters normalized 1o TW 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 580 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Body TSL. parameters 220"C 527 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 527x6% 1.98 mho/m =6 %
Body TSL temperature change during test <05°C - ——
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Caondition
SAR measured 250 mW input power 12.4 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Whkg
SAR for nominal Body TSL parameters nomalized to 1W 23.0 Wikg = 16.5 % (k=2)
Certificate No: D2450V2-865_Apri6 Page 30f8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 546102+ 38)Q

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed paint 510045910

Return Less -24.5dB

General Antenna Parameters and Design

| Electrical Delay (one direction) 1 1162 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole, The antanna is therefore short-circuited for DC-signals. On some of the dipoies, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the positien as explained in the
“Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive lorce must be applled to the dipoke arms, because they might bend or the soldered cannections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
Cenihcate No: D2450V2-865_Apr1é Page 4 of B
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz; o = 1.83 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.76, 7.76, 7.76); Calibrated: 31.12.2015;

Sensor-Surface: 1, 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001

DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Date: 19.04.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5mm, dy=Smm, dz=5Smm
Refercnce Value = 112.4 V/im; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 25.6 W/kg

SAR(1 g) = 12.7 W/kg; SAR(10 g) = 5.89 W/kg
Maximum value of SAR (measured) = 20.7 W/kg

dB

-5.00

-10.00

-15.00

-20.00

-25.00

0dB =207 Wikg = 13.16 dBW/kg

Centiticate No: D2450V2-865_Apri6 Page Sofé
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Impedance Measurement Plot for Head TSL

19 fApr 201E 10:23:02
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DASYS5 Validation Report for Body TSL

Date: 19.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 963

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; o= 1.98 S/m; &, = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79, 7.79); Calibrated; 31.12.2015;
« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 30.12.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

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

Dipole Calibration for Body Tissue/Pin=230 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 104.7 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 24.7 Wikg

SAR(I g) = 12.4 W/kg; SAR(10 g) = 5.78 W/kg

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

dB

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =200 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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Certificate of conformity / First Article Inspection

p_€e a g

Item Triple Modutar Flat Phantomn V5.1
Type No QD 000 P51 C
Series No 1100 and higher
Manufacturer / Origin Untersee Composites
Knebelstrasse 8, CH-B268 Mannenbach, Switzertand
Tests

The sub-units of item 1100 are identified with the designation 1100/1, 1100/2 and 1100/3. Tests were
conducted on all 3 sub-units of this phantom.

Test Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requirements. 30 points over the botiom area
Material Dielectric parameters for required | 200 MHz — 6 GHz - Material
parameters frequencies Relative permittivity 3- 5 sample
Loss tangent < 0.05.
Material The material is compatible with DGBE based simulating liquids, | Material
resistivity the liquids defined in the Observe Technical Note for Samples
standards if handled and cleaned | material compatibility.
accoerding to the instructions.
Shape Internal dimensions Internal height: > 175 mm Pre-series,
Bottom internal length: 280 mm | design
Bottom internal width: 175 mm
Nominal filling height: 155 mm
Nominal volume: 8.2 |
Sagging Depending on standard No initial sagging (negative 1100/2
preshaped, change < 0.5 mm)
Standards

[1] [IEEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

1, “Specific Absorption Rate (SAR) in the frequency range of 300 MHz to 3 GHz -

Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February

{2] IEC 62209 -

2005

[3] |EC 62208 ~ 2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Pan 2: Procedure to determine the Specific

Absorption Rate (SAR) for ..

[4] KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Conformity

. including accessories and multiple transmitters”, March 2010

Based on the dimensions and sample tests above, we cerify that this item is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.

Date 16.07.2015
Signature / Stamp
Ww Bharecirp
arrapes 13, 4004 w%ﬁn
M‘-b DN Fam 44 2459779
S)Ga.;m R l.‘kuwspoaqwn
DocNo BB1 -QDOXOPS1C-0 Page 1(1)
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Attachment 5. — SAR Tissue Characterization

The brain and muscle mixtures consist of a viscous gel using hydrox-ethyl cellulose (HEC) gelling agent and
saline solution (see Table 3.1). Preservation with a bacteriacide is added and visual inspection is made to
make sure air bubbles are not trapped during the mixing process. The mixture is calibrated to obtain proper
dielectric constant (permittivity) and conductivity of the desired tissue. The mixture characterizations used for
the brain and muscle tissue simulating liquids are according to the data by C. Gabriel and G. Hartsgrove.

Ingredients Frequency (MHz)
(% by weight) 835 1900 2450-2700
Tissue Type Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1
Sugar 57.0 44.9 0.0 0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether )
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

Composition of the Tissue Equivalent Matter
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Attachment 6. - SAR SYSTEM VALIDATION

Per FCC KCB 865664 D02v01r02, SAR system validation status should be document to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system validation,
according to the procedures outlined in IEEE 1528-2013 and FCC KDB 865664 D01v01r04. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the
valid frequency range of the probe calibration point, using the system that normally operates with the probe
for routine SAR measurements and according to the required tissue-equivalent media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

SAR Probe Dielectric Parameters CW Validation Modulation Validation

Probe SN 7
System Probe 1, Call'jt(’)ri?]tt'on Dipole|  Date  peasured  Measured Sensitiviy Probe | Probe | MOD.  Duty
. Permlttlwty Conductivity Y Linearity | Isotropy| Type | Factor

5 3903 |[EX3DV4|Head | 835 | 441 | 11.24.2016 41.5 PASS | PASS | PASS |GMSK | PASS | N/A
5 3903 |[EX3DV4 | Body | 835 | 441 | 11.25.2016 55.4 0.98 PASS | PASS | PASS |GMSK | PASS | N/A
2 1609 |[ET3DV6|Head | 1900 (5d061| 05.09. 2016 39.9 1.41 PASS | PASS | PASS |GMSK | PASS | N/A
9 3968 |[EX3DV4| Head | 1900 |5d061| 06.13. 2016 40.2 1.42 PASS | PASS | PASS |GMSK | PASS | N/A
9 3968 |EX3DV4| Body | 1900 |5d061| 06.14. 2016 53.1 1.49 PASS | PASS | PASS |GMSK | PASS | N/A
4 1605 [ET3DV6 | Body | 1900 [5d061 | 08. 09. 2016 53.5 1.49 PASS | PASS | PASS |GMSK | PASS | N/A
3 3797 |EX3DV4| Head | 2450 | 965 | 12.06.2016 39.3 1.81 PASS | PASS | PASS |OFDM| N/A | PASS
3 3797 |EX3DV4| Body | 2450 | 965 | 12.07.2016 52.8 1.94 PASS | PASS | PASS |OFDM| N/A | PASS

SAR System Validation Summary 1g

Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table above
represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r04. SAR system were validated for modulated signals with a periodic duty cycle,
such as GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664
D01v01r04.
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