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1. Attestation of Test Result of Device Under Test

Test Laboratory

Company Name: HCT Co., LTD
Address 74, Seoicheon-ro 578beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do,
17383, Rep. of Korea

Telephone +82 31 645 6300

Fax. +82 31 645 6400

Trade Name: LG Electronics, MobileComm U.S.A., Inc.

FCC ID: ZNFW281
Model: LG-W281

Additional Model Name: | LGW281, W281

EUT Type: Portable Wrist Device

Application Type: Certification

The Highest Reported SAR
Reported SAR (W/kg)

Tx. Frequency

Next-to-Mouth Extremity
LTE 5 (Cell) 824.7 ~ 848.3 TNT 0.29 2.42
802.11b 2412 ~ 2462 DTS 0.14 0.72
Bluetooth 2402 ~ 2480 DSS/DTS N/A
Simultaneous SAR per KDB 690783 D01v01r03 0.48 3.14
Date(s) of Tests: 08/22/2016 ~ 08/24/2016, 11/09/2016

F-TP22-03 (Rev.00) 4 /110 HCT CO., LTD
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2. Device Under Test Description
2.1 DUT specification

Device Wireless specification overview

Band & Mode

Operating Mode

Tx Frequency

Device Dimension

LTE Band 5 (Cell) Data 824.7 — 848.3 MHz
2.4 GHz WLAN Data 2412 -2 462 MHz
Bluetooth Data 2402 -2 480 MHz
NFC Data 13.56 MHz

Device Description

Overall Diameter: 51.6 mm
Inner Diameter: 38.4 mm
Thickness: 15.4 mm

Battery Options:

Device Serial Numbers

Battery Model: BL-S7

Battery Type: Lithium ion Polymer Battery

LTE Band 5, 2.4 GHz WLAN

073b10d70f9bc245

(Next-to-Mouth)
073b11d20f9bc210
(Extremity)

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 and 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.

2.2 DUT Wireless mode

Wireless

Modulation Band Operating Mode Duty Cycle
LTE Band 5 (Cell) | Data (QPSK, 16QAM) 100 % (FDD)

2.4 GHz WLAN Data 802.11 b, 802.11 g, 802.11 n (HT20) | 99.27 %
Bluetooth Data 42LE N/A

F-TP22-03 (Rev.00)
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2.3 LTE information

Item. \ Description

Frequency Rang LTE Band 5 (Cell) 824.7 MHz ~ 848.3 MHz

Channel Bandwidths | LTE Band 5 (Cell) 1.4 MHz, 3 MHz, 5 MHz, 10 MHz

Channel Numbers & Freq.(MHz) Low Mid High
1.4 MHz 824.7 (20407) 836.5 (20525) 848.3 (20643)
3 MH 825.5 (20415 836.5 (20525 847.5 (20635
LTE Band 5 (Cell) z (20415) (20525) (20635)
5 MHz 826.5 (20425) 836.5 (20525) 846.5 (20625)
10 MHz 829.0 (20450) 836.5 (20525) 844.0 (20600)
Item. ‘ Description
UE Category LTE Rel. 10, Category 3
Modulations Supported in UL QPSK, 16QAM
Data Only

Considering the users may install 3rd party software to enable VolIP,
Next-to- Mouth SAR was also evaluated.

The EUT incorporates MPR as per 3GPP TS 36.101 sec. 6.2.3 ~ 6.2.5

LTE MPR options The MPR is permanently built-in by design as a mandatory.

A-MPR is not implemented in the DUT.

Power reduction explanation This device doesn't implements power reduction.

This device does not support downlink and uplink Carrier Aggregation for

LTE Carrier Aggregation US region.

This device does not support full CA features on 3GPP Release 10. The
following LTE Release 10 features are not supported. Relay, HetNet,
Enhanced MIMO, elCl, WiFi offloading, MDH, eMBMA, Cross-Carrier
Scheduling, Enhanced SC-FDMA.

LTE Release 10 information

Description of the test equipment, LTE SAR Testing was performed using a CMW500.
software, etc. UE transmits with maximum output power during SAR testing.

F-TP22-03 (Rev.00) 6 /110 HCT CO,, LTD
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2.4 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 D05 SAR for LTE Devices v02r05
- FCC KDB Publication 941225 DO5A LTE Rel.10 KDB Inquiry sheet v01r02

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

- FCC KDB Publication 447498 D01 General SAR Guidance v06

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

- FCC KDB Publication 690783 D01 SAR Listings on Grants v01r03

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

F-TP22-03 (Rev.00) 7 /110 HCT CO., LTD
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2.5 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.

Mode / Band Modulated Average (dBm)
Maximum 24.2
LTE Band 5 (Cell)
Nominal 23.7
Modulated Average (dBm
Mode / Band delidBin)
Channel 1 2~10 1
Maximum 18 18 18
IEE 802.11b
Nominal 17 17 17
Maximum 16 17 15
6 ~ 18 Mbps
Nominal 15 16 14
Maximum 15 16 14
IEEE 802.11g 24 ~ 36 Mbps
Nominal 14 15 13
Maximum 14 15 13
48 ~ 54 Mbps -
2.4GHzWIFI Nominal 13 14 12
Maximum 16 17 15
MCSO0 ~ MCSH1
Nominal 15 16 14
Maximum 15 16 14
MCS2 ~ MCS4
IEEE 802.11n Nominal 14 15 13
(HT20) Maximum 14 15 13
MCS5
Nominal 13 14 12
Maximum 13 14 12
MCS6 ~ MCS7
Nominal 12 13 11

Mode/Band Modulated Average (dBm)
Maximum 9.5
Bluetooth (1Mbps, GFSK)
Nominal 8.5
Maximum 9
Bluetooth (2Mbps, GFSK)
Nominal 8
Maximum 9
Bluetooth (3Mbps, GFSK)
Nominal 8
Bluetooth LE Maximum 0
F-TP22-03 (Rev.00) 8 /110 HCT CO., LTD
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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.

2.7 DUT Antenna Locations

. A diagram showing the location of the DUT antenna can be found in SAR _ Setup_ photos.

2.8 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 Path 2

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.

Applicable Combination Next-to-Mouth Extremity
LTE + 2.4 GHz WiFi Yes Yes
LTE + 2.4 GHz Bluetooth Yes 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. This device does not support VoLTE.

4. LTE is considered pre-installed VOIP applications.

5. Wi-Fi Direct/ Hotspot are not supported.

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

F-TP22-03 (Rev.00) 9 /110 HCT CO,, LTD



aCT

HCTCO,LLTD

FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4

2.9 SAR Test Exclusions Applied

-BT & BTLE

Per FCC KDB 447498 D01v06, The 1g SAR exclusion threshold for distance < 50 mm is defined by the
following equation:

Max Power of Channel(mW)

* \/Frequency(GHz) < 3.0

Test Separation Distance (mm)

Frequency Maximum Separation
Allowed Power Distance
[MHz] [mW] [mm)]
Bluetooth 2480 9 10 1.4
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 [(9/10)*V2.480] = 1.4 < 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.

Per FCC KDB 447498 D01v06, The 10g SAR exclusion threshold for distance < 50 mm is defined by the
following equation:

Max Power of Channel(mW)

* \/Frequency(GHz) < 7.5

Test Separation Distance (mm)

Frequency Maximum Se_paration
Allowed Power Distance
[MHz] [mW] [mm]
Bluetooth 2480 9 5 2.8
Bluetooth LE 2480 1 5 0.3

Based on the maximum conducted power of Bluetooth and antenna to use separation distance, Extremity
Bluetooth SAR was not required [(9/5)*V2.480] = 2.8 < 7.5

Based on the maximum conducted power of Bluetooth LE and antenna to use separation distance, Extremity
Bluetooth LE SAR was not required [(1/5)*V2.480] = 0.3 < 7.5

F-TP22-03 (Rev.00) 10 /110 HCT CO,, LTD
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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 D0O1v06 4.3.22, the following equation must be used to estimate the standalone 1-g and 10g SAR for
simultaneous transmission assessment involving that transmitter.

Estimated 19 SAR = Jf(GHZ) " (Max Power of channel mW)

7.5 Min Seperation Distance

Frequency Maximum Separation Distance Estimated 1g SAR
Allowed Power (Body) (Body)
[MHz] | [mW] [mm] [W/kg]
Bluetooth 2480 9 10 0.189
Bluetooth LE 2480 1 10 0.021

Estimated 10g SAR =

Jf(GHZ) (Max Power of channel mW)
*

18.75 Min Seperation Distance
Frequency Maximum Separation Distance Estimated 10g SAR
Allowed Power (Body) (Body)
[MHz] | [mW] [mm] [W/kg]
Bluetooth 2480 9 5 0.151
Bluetooth LE 2480 1 5 0.017

Note:

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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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 = d (d U)
o dt\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)
p = mass density of the tissue-simulant material (kg/m’)
E = Total RMS electric field strength (V/m)

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) 12 /110 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 Il 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.

S W N N M

/—'
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b
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Robot

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 16bit 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) 13 /110 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
5.0mm 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 1528-2013.

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.

F-TP22-03 (Rev.00) 14 /110 HCT CO,, LTD
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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 51 mm 1/, 8 In(2)£0.5 mm
(geometric center of probe sensors) to phantom surface
Maxi b le fi be axis to phantom surf:
aximum probe angle from probe axis to phantom surface 30941 ° 20941

Maximum area scan Spatial resolution: AXarea, AYArea

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

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

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

point on the test device.

Maximum zoom scan Spatial resolution: AxXzoom, Ayzoom

<2 GHz: <8mm
2-3 GHz: <5mm*

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
Spatial resolution AZzoom(1): between 1 3-4 GHz: <3 mm
normal to phantom two Points closest to <4 mm 4-5 GHz: <2.5 mm
surface graded | Phantom surface 5-6 GHz: <2 mm
grid
A zoom >1 :
Zzoom(n>1) b?tween <1.5-Azsoom(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

2011 for details.

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

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

F-TP22-03 (Rev.00)
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6. DESCRIPTION OF TEST POSITION

6.1 Wrist watch and wrist-worn transmitters

Transmitters that are built-in within a wrist watch or similar wrist-worn devices typically operate in speaker
mode for voice communication, with the device worn on the wrist and positioned next to the mouth. Next to
the mouth exposure requires 1-g SAR and the wrist-worn condition requires 10-g extremity SAR.58 The 10-g
extremity and 1-g SAR test exclusions may be applied to the wrist and face exposure conditions. When SAR
evaluation is required, next to the mouth use is evaluated with the front of the device positioned at 10 mm
from a flat phantom filled with head tissue-equivalent medium. The wrist bands should be strapped together to
represent normal use conditions. SAR for wrist exposure is evaluated with the back of the device positioned in
direct contact against a flat phantom filled with body tissue-equivalent medium. The wrist bands should be
unstrapped and touching the phantom. The space introduced by the watch or wrist bands and the phantom
must be representative of actual use conditions; otherwise, if applicable, the neck or a curved head region of
the SAM phantom may be used, provided the device positioning and SAR probe access issues have been
addressed through a KDB inquiry. When other device positioning and SAR measurement considerations are
necessary, a KDB inquiry is also required for the test results to be acceptable; for example, devices with rigid
wrist bands or electronic circuitry and/or antenna(s) incorporated in the wrist bands. These test configurations
are applicable only to devices that are worn on the wrist and cannot support other use conditions; therefore,
the operating restrictions must be fully demonstrated in both the test reports and user manuals.

Detailed descriptions of the sides of SAR testing are included in the W281_Main Operational Description.
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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 * 160 8.00
(Brain) ' '
SPATIAL AVERAGE SAR **
(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 FCC KDB 690783
D01v01r03.

8.2 SAR Measurement Conditions for LTE

LTE modes are tested according to FCC KDB 941225 D05v02r05 publication. Establishing connections with
base station simulators ensure a consistent means for testing SAR and are recommended for evaluation SAR
[4]. The R&S CMW500 or Anritsu MT8820C simulators are used for LTE output power measurements and
SAR testing. Closed loop power control was used so the UE transmits with maximum output power during
SAR testing. SAR tests were performed with the same number of RB and RB offsets transmitting on all TTI
frames (maximum TTI).

8.2.1 Spectrum Plots for RB Configurations
A properly configured base station simulator was used for SAR tests and power measurements. Therefore,
spectrum plots for RB configurations were not required to be included in this report.

8.2.2 MPR

MPR is permanently implemented for this device by the manufacturer. The specific manufacturer target MPR
is indicated alongside the SAR results. MPR is enabled for this device, according to 3GPP TS36. 101 Section
6.2.3 — 6.2.5 under Table 6.2.3-1.

8.2.3 A-MPR
A-MPR (Additional MPR) has been disabled for all SAR tests by setting NS=01 on the base station simulator.

8.2.4 Required RB Size and RB offsets for SAR testing
According to FCC KDB 941225 D05v02r05

a. Persec4.2.1, SAR is required for QPSK 1 RB Allocation for the largest bandwidth
i. The required channel and offset combination with the highest maximum output power is required

for SAR.

ii. When the reported SAR is < 0.8 W/Kg, testing of the remaining RB offset configurations and
required test channels is not required. Otherwise, SAR is required for the remaining required test
channels using the RB offset configuration with highest output power for that channel.

iii. When the reported SAR for a required test channel is > 1.45 W/kg, SAR is required for all RB
offset configurations for that channel.

b. Per Sec 4.2.2, SAR is required for 50% RB allocation using the largest bandwidth following the same
procedures outlined in Sec 4.2.1.

c. Per Sec. 4.2.3, QPSK SAR is not required for the 100% allOcation when the highest maximum output
power for the 100% allocation is less than the highest maximum output power of the 1 RB and 50% RB
allocations and the reported SAR for the 1 RB and 50% RB allocations is < 0.8 W/kg.

d. Per Sec. 4.2.4 and 4.3, SAR test for higher order modulations and lower bandwidths configurations are
not required when the conducted power of the required test configurations determined by Sec. 4.2.1
through 4.2.3 is less than or equal to 1/2 dB higher than the equivalent configuration using QPSK
modulation and when the QPSK SAR for those configurations is < 1.45 W/Kg.
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8.3 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.

8.3.1 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.

8.3.2 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.

8.3.3 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.

F-TP22-03 (Rev.00) 19 /110 HCT CO,, LTD



aCT

HCTCO,LLTD

FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

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.

9.1LTE

- LTE Band 5 Maximum Conducted Power

1.4 MHz

MPR
Max. Average Power (dBm) Allowed MPR
Bandwidth Modulation RB Size O?fget Per 3GPP
20407 20525 20643 |
824.7 MHz 836.5 MHz | 848.3 MHz | [4B]  [dB]
1 0 23.54 23.29 23.52 0 0
1 3 23.66 23.48 23.68 0 0
1 5 23.33 23.55 23.70 0 0
QPSK 3 0 23.68 23.58 23.58 0 0
3 1 23.70 23.51 23.61 0 0
3 3 23.67 23.50 23.50 0 0
6 0 22.60 22.61 22.70 0-1 1
1 0 22.04 22.66 22.28 0-1 1
1 3 21.79 22.69 22.31 0-1 1
1 5 21.64 22.61 22.21 0-1 1
16QAM 3 0 21.81 2254 21.91 0-1 1
3 1 21.97 22.59 21.94 0-1 1
3 3 21.94 22.56 21.87 0-1 1
6 0 21.54 21.60 21.70 0-2 2

Max.Average Power (dBm) Allowed MPR
Bandwidth Modulation RB Size hD Per 3GPP
Offset 20415 20525 | 20635 |

825.5 MHz 836.5 MHz | 847.5 MHz | [dB] [dB]
1 0 23.55 23.39 23.61 0 0
1 7 23.70 23.70 23.64 0 0
1 14 23.54 23.56 23.68 0 0
QPSK 8 0 22.68 22.70 22.67 0-1 1
8 3 22.63 22.69 22.69 0-1 1
8 7 22.66 22.65 22.66 0-1 1
3 MHz 15 0 22.70 22.69 22.67 0-1 1
1 0 22.64 22.70 22.62 0-1 1
1 7 22.39 22.70 22.51 0-1 1
1 14 22.60 22.64 22.50 0-1 1
16QAM 8 0 21.64 21.64 21.69 0-2 2
8 3 21.61 21.62 21.69 0-2 2
8 7 21.64 21.66 21.57 0-2 2
15 0 21.66 21.54 21.59 0-2 2
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Bandwidth Modulation

5 MHz

Bandwidth Modulation

10 MHz

MPR
Allowed MPR
. -z Max.Average Power (dBm) Per 3GPP  [dB]
RBSize | (it [dB]
20425 20525 20625 [dB] [dB]
826.5 MHz 836.5 MHz 846.5 MHz
1 0 23.42 23.52 23.55 0
1 12 23.70 23.70 23.67 0
1 24 23.66 23.53 23.47 0
QPSK 12 22.70 22.64 22.70 0-1 1
12 6 22.69 22.69 22.64 0-1 1
12 11 22.69 22.54 22.56 0-1 1
25 0 22.64 22.65 22.68 0-1 1
1 0 22.50 22.36 22.39 0-1 1
1 12 22.40 22.48 22.26 0-1 1
1 24 22.12 22.55 22.29 0-1 1
16QAM 12 0 21.56 21.52 21.58 0-2 2
12 6 21.63 21.59 21.54 0-2 2
12 11 21.68 21.51 21.57 0-2 2
25 0 21.54 21.58 21.59 0-2 2
MPR
Max.Average Power (dBm) Allowed MPR
RBSize 0 _Per3GPP |
Offset 20525
[dB] [dB]
836.5 MHz
1 0 23.58 0
1 24 23.68 0
1 49 23.65 0
QPSK 25 0 22.66 0-1 1
25 12 2258 0-1 1
25 24 22.69 0-1 1
50 0 22.64 0-1 1
1 0 22.59 0-1 1
1 24 22.67 0-1 1
1 49 22.58 0-1 1
16QAM 25 0 21.59 0-2 2
25 12 21.54 0-2 2
25 24 21.53 0-2 2
50 0 21.59 0-2 2

Note: LTE Band 5 at 10 MHz Bandwidth does not support three non-overlapping channels. Per KDB 941225
D05v02r05, when a device supports overlapping channel assignment in a channel bandwidth configuration,
the mid channel of the group of overlapping channels should be selected for testing.
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9.2 WiFi

IEEE 802.11 Average RF Power

IEEE 802.11 (2.4 GHz)

Conducted Power

Channel
[dBm]
2412 1 17.41
802.11b 2437 6 17.25
2462 11 17.27
2412 1 15.12
802.11g 2437 6 16.07
2462 11 14.17
60211 2412 1 15.12
11N
(HT20) 2437 6 16.24
2462 11 14.30

Justification for test configurations for WLAN per FCC 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

Coax Cable

Spectrum Analyzer
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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

Tissue Tissue Freq. Measur_et_i M_easurt?d Targe_t - .Target-

Temp. Type (MHz) Conductivity | Dielectric Conductivity | Dielectric | % devo | % deve
(°C) o (S/m) Constant, € o (S/m) Constant, €

820 0.891 41.134 0.899 41.578 -0.89% -1.07%
08/22/2016 18.1 835H 835 0.905 40.800 0.900 41.500 0.56% -1.69%
850 0.920 40.651 0.916 41.500 0.44% -2.05%
2400 1.754 38.054 1.756 39.290 -0.11% -3.15%
08/24/2016 19.4 2450H 2450 1.810 37.900 1.800 39.200 0.56% -3.32%
2500 1.866 37.712 1.855 39.140 0.59% -3.65%

Table for Body Tissue Verification

Tissue e Measur_ec_i M_easurt?d & jl'arget-

Temp. (MHz) Conductivity | Dielectric | Conductivity | Dielectric % dev &
({9) o (S/m) Constant, € Constant, €

820 0.954 54.126 0.969 55.258 -1.55% | -2.05%
11/09/2016 22.0 835B 835 0.966 54.102 0.970 55.200 -0.41% | -1.99%
850 0.977 54.079 0.988 55.154 111% | -1.95%
2400 1.866 52.013 1.902 52.770 -1.89% | -1.43%
11/09/2016 20.9 2450B 2450 1.945 51.763 1.950 52.700 -0.26% | -1.78%
2500 2.017 51.692 2.021 52.640 -0.20% | -1.80%
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10.2 System Verification
Prior to assessment, the system is verified to the £ 10 % of the specifications at 835 MHz/ 2 450 MHz by using
the system Verification kit. (Graphic Plots Attached)

System Verification Results —Head Liquid (Next-to-Mouth) 1g SAR

... 1W Target 1w .
Amb. Liquid Measured . - Limit

Freq. Probe Dipole T SAR1g Normalized Deviation
ATyt emp. Temp. SAR1g [%]
[MHz] [°C] [°C] [W/kg] [W/kg] [W/kg] [%] [%]
835 08/22/2016 | 1609 4d165 Head 18.3 18.1 9.06 0.932 9.32 +2.87 +10
2450 | 08/24/2016 | 3797 965 Head 19.6 19.4 50.6 5.18 51.8 +2.37 +10

System Verification Results — Body Liquid (Extremity) 10g SAR

1 W Target 1w

Amb. | Liquid Measured . " Limit

Probe Dipole . . Temp. Temp. SAR10g SAR10 Normalized Deviation [%]

[Wikg] [Wikg] [W/kg] [%] [%]

835 11/09/2016 | 3968 4d165 Body 222 22.0 6.25 0.625 6.25 +0.00 +10
2450 | 11/09/2016 | 3967 965 Body 21.1 20.9 23.0 2.31 23.1 +0.43 +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 SAR Measurement Results (Next-to-Mouth)

LTE Band 5 (Cell) 1g SAR
Band Tune-J Meas. | Power Test Distance MPR - = | I\geAa;.

Scaling

Factor

Power | Drift
Size offset Cycle
(W)

Frequenc
quency Mode  Width |Up Limi
(MHz) ‘ (dBm) ‘ dBm) ‘

836.5 | 20525 | QPSK 10 24.2 | 23.68 | 0.029 | Front 10
836.5 | 20525 | QPSK 10 23.2 | 22.69 | -0.009 | Front 10 1 25 24 1:1
Head

1.6 W/kg
Averaged over 1 gram

‘ side
(mm) ‘ (dB)

0 1 24 1:1 0.261 1.127 | 0.294 1

MHz Ch.

0.195 | 1.125 | 0.219 -

ANSI/ IEEE C95.1 - 1992— Safety Limit
Spatial Peak
Uncontrolled Exposure/ General Population

DTS Band 1g SAR
Band| Data | Tune- | Meas. | Power Test Distance Dut Area Scan Meas. Scalin Scaling | Scaled Plot
= "Y' peak SAR SAR | 2% Eactor | SAR || ©
Factor No.
| (Duty) | (Wkg) |
1.146 1.007 0.141 2

F
UMY Mode width| Rate Up Limit Power Drift | .
side ycle
(mm) (W/kg)  (W/kg)

MHz  Ch. | (MHz)(Mbps) (dBm) | (dBm) | (dB) |
2412 | 1 |80211b| 22 | 1 | 180 | 17.41 |-0.102 | Front
Head
1.6 Wkg
Averaged over 1 gram

10 |99.27| 0.173 0.122

ANSI/ IEEE C95.1 - 1992— Safet16.5y Limit
Spatial Peak
Uncontrolled Exposure/ General Population

HCT CO., LTD
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11.2 SAR Measurement Results (Extremit
LTE Band 5 (Cell) 10g SAR

Frequenc Band | Tune- | Meas. Power Test Distance MPR Meas. Scaled
quency width |[Up Limit Power | Drit RB RB Duty 1pgsaR Scaling 1pg saR| Plot
side Size offset Cycle Factor No

Ch. (MHz) | (dBm) | (dBm) @ (dB) (mm)  (dB) (W/kg) (W/kg)
836.5 | 20525 | QPSK 10 242 | 23.68 | 0.00 | Back 0 0 1 24 1:1 2.15 1.127 | 2.423 3
836.5 | 20525 | QPSK 10 23.2 | 22.69 | -0.05 | Back 0 1 25 24 1:1 1.73 1.125 1.946 -
836.5 | 20525 | QPSK 10 23.2 | 22.64 | 0.10 | Back 0 1 50 0 1:1 1.86 1.138 2117 -

ANSV/ IEEE C95.1 - 1992— Safety Limit Extremity SAR
4.0 W/kg

Spatial Peak(Hands / Feet / Ankle / Wrist)
Uncontrolled Exposure/ General Population

Averaged over 10 gram

S Band 10g SAR

Frequenc Bal Data | Tune- | Meas. | Power
< y Mode width| Rate |Up Limit| Power
| MHz  Ch. | (MHz)(Mbps) (dBm) | (dBm) (dB)

2412 1 802.11b| 22 1 18.0 | 17.41 | -0.19

Test Distance Duty

Cycle

[
g

(W/kg)

Meas. 10g SAR Scaling
Factor

Scaling | Scaled
Plot

Factor | 10g SAR
No.

(Duty (W/kg)

ANSI/ IEEE C95.1 - 1992— Safety Limit
Spatial Peak(Hands / Feet / Ankle / Wrist)
Uncontrolled Exposure/ General Population

Extremity SAR

4.0 W/kg

Averaged over 10 gram
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11.3 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.

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

4. 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. Per FCC KDB865664 D02v01, variability SAR test were performed when the measured SAR results
for a frequency band were greater than 0.8 W/Kg for 1g SAR and 2.0 W/kg for 10g SAR. Please see
section 13 for variability analysis.

6. SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC KDB
447498 D0O1v06...

7. Per FCC KDB 447498 D01vO086, if the reported (scaled) SAR measured at the middle channel or
highest output power channel for each test configurationis < 0.8 W/kg for 1g SAR/ < 2W/kg for
10g SAR 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.

8. Per FCC guidance, the device was positioned with the wristband hinge of the antenna being
evaluated held against the jaw of the SAM phantom, with the strap ends falling under the nose and
under the ears for extremity SAR. After positioning the DUT around the phantom, the distance
between the DUT and the phantom was minimized to represent the spacing created by actual use
conditions.

9. There is a 4mm gap at the wristband hinge of DUT that reflects actual use conditions.

LTE Notes:

1. LTE Considerations: LTE test configurations are determined according to SAR Evaluation
Consideration for LTE Devices in FCC KDB 941225 D05v02r05.
2. According to FCC KDB 941225 D05v02r05.
When the reported SAR is < 0.8 W/kg for 1g SAR/ < 2W/kg for 10g SAR, testing of the 100%RB
allocation and required test channels is not required. Otherwise, SAR is required for the remaining
required test channels using the 1RB, 50%RB and 100%RB allocation with highest output power for
that channel.
Only one channel, and as reported SAR values for 1RB allocation and 50%RB allocation were less
than 1.45W/Kg only the highest power RB offset for each allocation was required.
3. MPR is permanently implemented for this device by the manufacturer. The specific manufacturer
target MPR is indicated alongside the SAR results. MPR is enabled for this device, according to
target MPR is indicated alongside the SAR results.
A-MPR was disabled for all SAR tests by setting NS=01 on the base station simulator.
SAR test reduction is applied using the following criteria:
Start with the largest channel bandwidth and measure SAR for QPSK with 1 RB, and 50% RB
allocation, using the RB offset and required test channel combination with the highest maximum
output power among RB offsets at the upper edge, middle and lower edge of each required test
channel. When the reported SAR is >0.8 W/kg, testing for other Channels is performed at the highest
output power level for 1RB, and 50% RB configuration for that channel. Testing for 100% RB
configuration is performed at the highest output power level for 100% RB configuration across the
Low, Mid and High Channel when the highest reported SAR for 1 RB and 50% RB are >0.8 W/kg,
Testing for the remaining required channels is not needed because the reported SAR for 100% RB
Allocation <1.45 W/kg. Testing for 16-QAM modulation is not required because the reported SAR for
QPSK is <1.45 W/kg and its output power is not more than 0.5 dB higher than that a QPSK. Testing
for the other channel bandwidths is not required because the reported SAR for the highest channel
bandwidth is <1.45 W/kg and its output power is not more than 0.5 dB higher than that of the highest
channel bandwidth.

ok

F-TP22-03 (Rev.00) 27 /110 HCT CO,, LTD



-~
‘—.’C'- FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4

HCTCO,LLTD

WLAN Notes:

1. 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. .

2. 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.

3. 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 Next-to-Mouth

Simultaneous Transmission Summation Scenario with 2.4 GHz WLAN
WWAN SAR 2.4 GHz WLAN SAR > 1-g SAR

Exposure Distance
condition (mm)

Band
(W/kg) (W/kg) (W/kg)

Next-to-Mouth 10 LTE Band 5 0.294 0.141 0.435

Simultaneous Transmission Summation Scenario with Bluetooth

Exposure Distance WWAN SAR Bluetooth SAR z 1'g SAR
condition e (W/kg) (W/kg)

Next-to-Mouth 10 LTE Band 5 0.294 0.189 0.483

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

12.2 Simultaneous Transmission Summation for Extremity
Simultaneous Transmission Summation Scenario with 2.4 GHz WLAN
‘ WWAN SAR 2.4 GHz WLAN SAR > 1-g SAR

Exposure Distance ‘

condition (mm) Band

(10 W/kg) (W/kg) (W/kg)
Extremity 0 LTE Band 5 2.423 0.715 3.138

Simultaneous Transmission Summation Scenario with Bluetooth

. ‘ WWAN SAR ‘ Bluetooth SAR > 1-g SAR
an

| C Wkg)  (Wkg) (Wikg)
Extremity 0 LTE Band 5 2.423 0.151 2574

Exposure Distance ‘

condition (mm)

Note: Bluetooth SAR was not required to be measured per FCC KDB 447498 D01v06.Estimated SAR results
were used for SAR summation for Extremity configuration at 0 mm to determine simultaneous transmission
SAR test exclusion.
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12.3 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.

Plot

Original | Repeated |Largestto
No.

Frequenc
b i Configuration Test Side H8 a8 10g SAR 10g SAR | Smallest

Size offset

MHz Channel (Wkg)  (W/kg) SAR Ratio

836.5 20525 LTE Band 5 Back 1 24 2.15 1.99 1.08 5

14. MEASUREMENT UNCERTAINTY

The measured SAR was <1.5 W/kg for 1g and SAR < 3.75 W/kg for 10g for all frequency bands. Therefore,
per KDB publication 865664 D01v01, the extended measurement uncertainty analysis per IEEE1528-2013
was not required.
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15. SAR TEST EQUIPMENT
Manufacturer Type / Model

Calib. Date | Calib.Interval| Calib.Due
N/A N/A

SPEAG SAM Phantom - N/A

HP SAR System Control PC - N/A N/A N/A

Staubli Robot RX90B L FO1/ 5K08A1/ A/ 01 | N/A N/A N/A

Staubli Robot RX90B L FO1/ 5K09A1/ A/ 01 | N/A N/A N/A

Staubli Robot TX90 Xlspeag F10/ 5D1CA1/ A/ 01 | N/A N/A N/A

Staubli Robot ControllerCS7MB F10/ 5D1CA1/ C/ 01| N/A N/A N/A

Staubli Robot ControllerCS7MB FO1/ 5K09A1/ C/ 01 | N/A N/A N/A

Staubli CS8Cspeag-TX60 FO1/ 5K08A1/ C/ 01 | N/A N/A N/A

Staubli Teach Pendant (Joystick) D22134001 1 N/A N/A N/A

Staubli Teach Pendant (Joystick) D221340.01 N/A N/A N/A

Staubli Teach Pendant (Joystick) D21142106 N/A N/A N/A

SPEAG DAE3 466 02/17/2016 Annual 02/17/2017

SPEAG DAE4 652 01/22/2016 Annual 01/22/2017

SPEAG DAE3 504 07/26/2016 Annual 07/26/2017

SPEAG E-Field Probe EX3DV4 3797 11/24/2015 Annual 11/24/2016

SPEAG E-Field Probe ET3DV6 1609 03/18/2016 Annual 03/18/2017

SPEAG E-Field Probe EX3DV4 3968 05/31/2016 Annual 05/31/2017

SPEAG E-Field Probe EX3DV4 3967 12/16/2015 Annual 12/16/2016

SPEAG Dipole D835V2 4d165 11/24/2015 Annual 11/24/2016

SPEAG Dipole D2450V2 965 04/19/2016 Annual 04/19/2017

Agilent Power Meter N1991A MY45101406 10/03/2015 Annual 10/03/2016

Agilent Power Meter N1911A MY45101406 09/28/2016 Annual 09/28/2017 **

Agilent 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 02/05/2016 Annual 02/05/2017

HP Signal Generator N5182A MY47070230 05/13/2016 Annual 05/13/2017

Hewlett Packard 11636B/Power Divider 58698 02/27/2016 Annual 02/27/2017

TESTO 175-H1/Thermometer 40332651310 02/12/2016 Annual 02/12/2017

TESTO 175-H1/Thermometer 40331939309 02/12/2016 Annual 02/12/2017

EMPOWER RF Power amplifier 1011 10/20/2015 Annual 10/20/2016

EMPOWER RF Power amplifier 1011 10/17/2016 Annual 10/17/2017 **

Agilent Attenuator(3dB) 52744 10/20/2015 Annual 10/20/2016

Agilent Attenuator(3dB) 52744 10/16/2016 Annual 10/16/2017 **

Agilent Attenuator(20dB) 52664 10/20/2015 Annual 10/20/2016

Agilent Attenuator(20dB) 52664 10/16/2016 Annual 10/16/2017 **

HP Notebook(DAKS) - N/A N/A N/A

HP Dual Directional Coupler 16072 10/20/2015 Annual 10/20/2016

HP Dual Directional Coupler 16072 10/16/2016 Annual 10/16/2017 **

R&S WT'e‘ifgfg?\A'\j\fg(')% Communication| {75 09/18/2015 Annual 09/18/2016

R&S géi??fg?\;\;\?g:)% Communication| 45,964 11/30/2015 Annual 11/30/2016 **
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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Attachment 1.— SAR Test Plots
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Test Laboratory: HCT CO., LTD

EUT Type: Portable Wrist Device
Liquid Temperature: 181 C

Ambient Temperature: 18.3 C

Test Date: 08/22/2016

Plot No.: 1

DUT: LG-W281

Communication System: LTE Band 5; Frequency: 836.5 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.5 MHz; o = 0.907 mho/m; & = 40.8; p = 1000 kg/m3
Phantom section: Flat Section

DASY4 Configuration:

Probe: ET3DV6 - SN1609; ConvF(6.48, 6.48, 6.48); Calibrated: 2016-03-18
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn466; Calibrated: 2016-02-17

Phantom: SAM

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

LTE 5 Next to mouth QPSK 10MHz 1RB 24offset 20525ch/Area Scan (6x6x1): Measurement grid:
dx=15mm, dy=15mm
Maximum value of SAR (measured) = 0.244 mW/g

LTE 5 Next to mouth QPSK 10MHz 1RB 24offset 20525ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 16.7 V/m; Power Drift = 0.029 dB

Peak SAR (extrapolated) = 0.369 W/kg

SAR(1 g) = 0.261 mW/g; SAR(10 g) = 0.180 mW/g
Maximum value of SAR (measured) = 0.277 mW/g

dB
0.000

-2.12

-4.24

-b.36

-8.48

-10.6

0 dB = 0.277mW/g
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Test Laboratory: HCT CO., LTD

EUT Type: Portable Wrist Device
Liquid Temperature: 194 C

Ambient Temperature: 19.6 C

Test Date: 08/24/2016

Plot No.: 2

DUT: LG-wW281

Communication System: 2450MHz FCC; Frequency: 2412 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 2412 MHz; o = 1.77 mho/m; & = 38; p = 1000 kg/m3
Phantom section: Flat Section

DASY4 Configuration:

Probe: EX3DV4 - SN3797; ConvF(6.9, 6.9, 6.9); Calibrated: 2015-11-24
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2016-01-22

Phantom: SAM

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

802.11b Next to mouth 1Mbps 1ch/Area Scan (7x7x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 0.162 mW/g

802.11b Next to mouth 1Mbps 1ch/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 8.68 V/m; Power Drift = -0.102 dB

Peak SAR (extrapolated) = 0.210 W/kg

SAR(1 g) =0.122 mW/g; SAR(10 g) = 0.076 mW/g

dB
0.000

-

-3.76
-f.h2
-11.3
-15.0

-18.8

0 dB = 0.162mW/g
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Test Laboratory: HCT CO., LTD

EUT Type: Portable Wrist Device
Liquid Temperature: 220 C

Ambient Temperature: 222 T

Test Date: 11/09/2016

Plot No.: 3

DUT: LG-wW281

Communication System: UID 0, LTE Band 5; Frequency: 836.5 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.5 MHz; 6 = 0.967 S/m; & = 54.101; p = 1000 kg/m?3
Phantom section: Right Section

DASY Configuration:

Probe: EX3DV4 - SN3968; ConvF(9.66, 9.66, 9.66); Calibrated: 2016-05-31;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2016-01-22

Phantom: SAM Phantom

Measurement SW: DASY4, Version 4.7 (80);

LTE 5 Extremity SAR QPSK 10MHz 1RB 24offset 20525ch/Area Scan (7x9x1): Measurement grid:
dx=15mm, dy=15mm
Maximum value of SAR (measured) = 6.43 W/kg

LTE 5 Extremity SAR QPSK 10MHz 1RB 24offset 20525ch/Zoom Scan (5x5x7)/Cube 0: Measurement
grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 3.368 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 14.9 W/kg

SAR(1 g) = 4.9 W/kg; SAR(10 g) = 2.15 W/kg
Maximum value of SAR (measured) = 7.04 W/kg

-10.00

-20.00

-30.00

-40.00

-50.00

0 dB = 6.43 W/kg = 8.09 dBW/kg
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Test Laboratory: HCT CO., LTD

EUT Type: Portable Wrist Device
Liquid Temperature: 209 C

Ambient Temperature: 211 T

Test Date: 11/09/2016

Plot No.: 4

DUT: LG-W281

Communication System: UID 0, 2450MHz FCC; Frequency: 2412 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 2412 MHz; o = 1.881 S/m; & = 51.961; p = 1000 kg/m3
Phantom section: Right Section

DASY Configuration:

Probe: EX3DV4 - SN3967; ConvF(7.31, 7.31, 7.31); Calibrated: 2015-12-16;
Sensor-Surface: 2mm (Mechanical Surface Detection)

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

Phantom: SAM Phantom

Measurement SW: DASY52, Version 52.8 (1);

802.11b Extremity SAR 1Mbps 1ch/Area Scan (9x11x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 1.73 W/kg

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

Reference Value = 3.850 V/m; Power Drift = -0.19 dB

Peak SAR (extrapolated) = 2.93 W/kg

SAR(1 g) = 1.3 W/kg; SAR(10 g) = 0.620 W/kg

Maximum value of SAR (measured) = 1.81 W/kg

802.11b Extremity SAR 1Mbps 1ch/Zoom Scan (7x7x7)/Cube 1: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 3.850 V/m; Power Drift = -0.19 dB

Peak SAR (extrapolated) = 2.96 W/kg

SAR(1 g) =0.784 W/kg; SAR(10 g) = 0.360 W/kg

Maximum value of SAR (measured) = 1.82 W/kg

-10.00
-20.00
-30.00

-40.00

-50.00

0dB=1.73 W/kg = 2.37 dBW/kg
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Test Laboratory: HCT CO., LTD

EUT Type: Portable Wrist Device
Liquid Temperature: 220 C

Ambient Temperature: 222 T

Test Date: 11/09/2016

Plot No.: 5

DUT: LG-wW281

Communication System: UID 0, LTE Band 5; Frequency: 836.5 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.5 MHz; 6 = 0.967 S/m; & = 54.101; p = 1000 kg/m?3
Phantom section: Right Section

DASY Configuration:
e Probe: EX3DV4 - SN3968; ConvF(9.66, 9.66, 9.66); Calibrated: 2016-05-31;
e Sensor-Surface: 2mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn652; Calibrated: 2016-01-22
e Phantom: SAM Phantom
o Measurement SW: DASY4, Version 4.7 (80);

LTE 5 Extremity SAR QPSK 10MHz 1RB 24offset repeat 20525ch/Area Scan (7x9x1): Measurement grid:
dx=15mm, dy=15mm
Maximum value of SAR (measured) = 5.42 W/kg

LTE 5 Extremity SAR QPSK 10MHz 1RB 24offset repeat 20525ch/Zoom Scan (5x5x7)/Cube 0:
Measurement grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 4.674 V/m; Power Drift = -0.13 dB

Peak SAR (extrapolated) = 8.77 W/kg

SAR(1 g) = 3.8 W/kg; SAR(10 g) = 1.99 W/kg
Maximum value of SAR (measured) = 5.32 W/kg

-10.00
-20.00
-30.00

-40.00

-50.00

0 dB = 5.42 W/kg = 7.34 dBW/kg
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Attachment 2. — Dipole Verification Plots
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B Verification Data (835 MHz Head Liquid (Next-to-Mouth) 1g SAR)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 18.1 C
Test Date: 08/22/2016

DUT: Dipole 835 MHz; Type: D835V2

Communication System: CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 835 MHz; 6 = 0.905 mho/m; & = 40.8; p = 1000 kg/m3
Phantom section: Flat Section

DASY4 Configuration:

Probe: ET3DV6 - SN1609; ConvF(6.48, 6.48, 6.48); Calibrated: 2016-03-18
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn466; Calibrated: 2016-02-17

Phantom: SAM

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

Verification 835 MHz/Area Scan (7x9x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 1.00 mW/g

Verification 835 MHz/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 34.6 V/m; Power Drift = -0.032 dB

Peak SAR (extrapolated) = 1.35 W/kg

SAR(1 g) =0.932 mW/g; SAR(10 g) = 0.611 mW/g

Maximum value of SAR (measured) = 1.01 mW/g

db
0.000

-2.12

-4.24

-b.36

-8.48

-10.6

0dB=1.01mW/g
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B Verification Data (2 450 MHz Head Liguid (Next-to-Mouth) 1g SAR)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 194 C

Test Date: 08/24/2016

DUT: Dipole 2450 MHz; Type: D2450V2

Communication System: CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.81 mho/m; & = 37.9; p = 1000 kg/m3
Phantom section: Flat Section

DASY4 Configuration:

Probe: EX3DV4 - SN3797; ConvF(6.9, 6.9, 6.9); Calibrated: 2015-11-24
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2016-01-22

Phantom: SAM

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

Verification 2450MHz/Area Scan (9x9x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 8.15 mW(/g

Verification 2450MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 57.1 V/m; Power Drift = -0.021 dB

Peak SAR (extrapolated) = 11.6 W/kg

SAR(1 g) =5.18 mW/g; SAR(10 g) = 2.3 mW/g

Maximum value of SAR (measured) = 8.16 mW/g

dB
0.000

-4.64

-9.68

-14.5

-19.4

-24.2

0 dB =8.16mW/g
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B Verification Data (835 MHz Body Liquid (Extremity) 10g SAR)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 220 C
Test Date: 11/09/2016

DUT: Dipole 835 MHz; Type: D835V2

Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used: f = 835 MHz; o = 0.966 S/m; & = 54.102; p = 1000 kg/m?3
Phantom section: Flat Section

DASY Configuration:
e Probe: EX3DV4 - SN3968; ConvF(9.66, 9.66, 9.66); Calibrated: 2016-05-31;
e Sensor-Surface: 4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn652; Calibrated: 2016-01-22
¢ Phantom: SAM
o Measurement SW: DASY4, Version 4.7 (80);

Verification Body 835 MHz/Area Scan (7x9x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (measured) = 1.03 W/kg

Verification Body 835 MHz/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 32.80 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 1.41 W/kg

SAR(1 g) = 0.952 W/kg; SAR(10 g) = 0.625 W/kg

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

dB

-4.24
-8.49
-12.73

-16.98

-21.22

0dB=1.03W/kg = 0.12 dBW/kg
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B Verification Data (2 450 MHz Body Liquid (Extremity) 10q SAR)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 209 C

Test Date: 11/09/2016

DUT: Dipole 2450 MHz; Type: D2450V2

Communication System: UID 0, CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.945 S/m; & = 51.763; p = 1000 kg/m3
Phantom section: Flat Section

DASY Configuration:

Probe: EX3DV4 - SN3967; ConvF(7.31, 7.31, 7.31); Calibrated: 2015-12-16;
Sensor-Surface: 2mm (Mechanical Surface Detection)

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

Phantom: SAM Phantom

Measurement SW: DASY4, Version 4.7 (80);

Verification 2450MHz/Area Scan (9x9x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 8.62 W/kg

Verification 2450MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 57.56 V/m; Power Drift = -0.13 dB

Peak SAR (extrapolated) = 11.6 W/kg

SAR(1 g) = 5.19 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 8.22 W/kg

-6.73
-13.46
-20.19

-26.92

-33.65

0 dB = 8.62 W/kg = 9.36 dBW/kg
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FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 3004 Zurich, Switzerland

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

Thia calibration certificate documents the raceatslity fo national standards, which reaiize the uny
The messuremens ard the uncerainties with corfdance prodabiity am given on the follawing pages and are part of the certificate.

Caulibtstion Equipmant used (IMETE criteal for calibration)

A o (s:
,@Eg s°, S

ke S

Schweizerischer Kallbrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Servicn

Accreditation No.: SCS 0108

Al calibrations have been conductad In the closed labormory taciity, erviranment temperature (22 £ 3)°C and humidity < 70%

unts af 15

This calibration cerfilicste shall not be repro

Primaty Stardurds (12} Cai Date (Cartifcate No.) Schutuled Calbraton
Power meter E44108 GBA1253374 01-Apr-14 (No. 217.02128) Mar-16
Powsr sensor E44124 MY41438087 01-Apr-15 (No. 217-021281 Mar-18
| Reference 3 d8 Attenuator SN: 55054 {3c) 01:Ape-15 (No. 217-02129) Mar-16
Referencs 20 B Atrwnusitor SN §5277 {20%) 01-Apr-15 (No. 217-02132} Mur-18
Refexence 30 dB Atenuator SN: $3129 {20n) 01-Age-16 (No. 217-02133} Mar-18
Refursnce Probe ES30V7 SN X013 31.Dec-15 (No. ES3-13013_Dects) Dec-16
DAEA SN: 660 Z3-Dec-15 (No. DAE4-550_Dec15) Dec-16
Seoondary Standards o Check Dt {in house) Scheduled Check
F HP 8548C US3BA2U01 700 &-Aug-98 (in house check Apr-13) In Nouse chick: Apr-18
leéz_qwnm US37350588 18-Oct-01 (in house chack Oct-15) In house check; Oct-18
Functian
Approved by

axcapt n Wil without weitlen approval of the laboratory

lssued: Maech 21, 2016

Cartificate No: ET2-1609_Mar18

Page 1of 11
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Calibration Laboratory of S, Schweizarischer Kalibri

Schmid & Partner i t‘// = g Sorvice suisse d'étalannage
Engineering AG % g Servisio svizzero di taratura

Zeughausstrasss £3, 3004 Zurich, Switzerland £ ,_ﬁ.\_.\- Swiss Calibration Service

Accredited by ihe Swiss Acoreditation Senvice (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 liquid

NORMx.y.z sansiivity in free space

ConvF sansitivity in TSL / NORMx,y.z

DCP diode compression point

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

A B.C,D modutation dependent linearization parameters

Polarization o 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 o the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

g}

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

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)", Fabruary 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

KDB 865664, "SAR Measurement Requirements for 100 MHz fo 8 GHz"

Methods Applied and Interpretation of Parameters:

NORMY.y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguude)
NORMzx,y,z are only mtermediate values, i.€., the uncertainties of NORMx,y,z does not affect the E “field
uncetainty inside TSL (see befow ConvF)

NORM(Nx.y.z = NORMx,y,z * frequency_response (see Frequency Response Chart), This linearization |s
implemented in DASY4 software versions tater 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 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

Axy.z: Bx,y,z Cx.y,z; Dx,y,z, 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 is the maximum calibeation range expressad in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field {(or Temperature Transfer
Standard for f < 800 MHz) and Inside waveguide using analytical fieid distributions based on power
meaasurements for f > 800 MHz The same selups 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 * CanvF whereby the uncertainty corresponds 1o that given for CaonvF. 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 2 field of low gradients realized using a flat phantom
axposed by a patch antenna.

Sensor Offset: The sensor offset cormesponds to the offset of virtual measurement center from the probe tip
(on probe awis), No tolerance required.

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

Centificate No: ET3-1600_Mar16 Page 2 of 11
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FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4

ET3DVE - SN: 1809

March 18, 2016

Probe ET3DV6

SN:1609

Manufactured:  July 27, 2001
Calibrated: March 18, 2016

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)

Certficate No: ET3-1609_Mar16 Page3of 11
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ET30VE- SN:1809

March 18, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVi(Vim}’)® 2.00 1.681 1.82 £101 %
DCP (mV)" 102.0 100.5 0¢85 | |
Modulation Calibration Parameters
uib c ication System Name A 8 c ) VR Une'
\ . | @8 |@eBVpv| | dB | mV | (k=2) |
0 | X 00 | 00 [ 10 | 000 | 2660 | 433%
Y 0.0 0.0 1.0 266.9
| 2 0.0 0.0 1.0 2592

probability of approximately 95%.

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

" The uncarariias of Nom X.Y,Z do nat affect the E*-Seid uncertainty inside TSL (see Pages & and 6).

¥ Numarcal inganzaticn parameter: uncertanty not reguied

" Uncertainty & determined using the max. deviation from irear response applying rectanculsr dutribiution snd |s exprassad for the sousns of the

field vake

Cerfificate No: ET3-1609_Marté

Page 4 of 11
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ETIDVE- SN:1609 March 18, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Une

T{MHz)® | Permittivity" (Sim)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.81 6.81 6.81 042 232 +120%
83§ 41.5 0.90 6.48 6.48 8.48 045 2.22 £12.0%
900 41.5 0.97 6.33 6.33 6.33 0.34 2.61 +120%
1450 405 1.20 5.61 5.61 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 0.78 205 +12.0 %
1950 40,0 1.40 5.04 5.04 5.04 0.80 2.16 +12.0 %
2300 39.5 1.67 4,88 4.88 4.88 0.80 1.94 +120%

© Fraquenty valdty sbove 300 MHz of = 100 MHz only apphies for DASY vd 4 and tighar (see Page 2), elso & & restricted to + 50 Mz The
uncedainty & the RSS of the Com® uncanainty 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 assessmonts at 30, B4, 128, 150 and 220 MMz respactesy, Above § GHz frequency
valdty can be axtended o £ 110 MHz

Al requencies below 3 GHL the valldity of 15508 parsmeters (¢ and o) can be relaxad 10 = 10% i liquid compensation formula is appiied to
measurad SAR values. Al frequencies above 3 GHz, the validty of issue parametens (c and o) @ restncad 1o £ 5% The uncertanty & the RSS of
the ConvF uncertainty for indicaled targel lissue paramesers,

“ Alpha/Depth ars wi duting caltrasion. SPEAG warrants at the remaning deviation dus to the bouncdary effect after compersation is
alwarys less than 4 1% for frequencies bilaw 3 GHz and below = 7% for fraguancies batwean 3-6 GHz at any cistance larger than half the probe fip
digmetes from the Doundary

Certificate No: ET3-1609_Mar16 Page 5ol 11
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ET30VE- SN:1609 March 18, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relati Conductivity Dopth ™ Unc

1(MHz)© | Permittivity" {Stm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55,5 0.96 6.25 6.25 6.25 0.31 2.75 £12.0%
835 55.2 097 6.16 6.16 6.16 032 | 2713 | +£120%
1750 53.4 1.49 4,86 4.88 4.86 0.80 245 £120%
1800 53.3 152 4.68 4.68 4.68 0.80 231 £120%

“ Froguancy volidity above 300 MHz of 4 100 MHz anly appies far DASY w4 and higher (see Page 2§, clse # is restrictod to £ 50 MMz The
uncertanty is the RSS of the Canvi® uncensinty at caltration frequency and the uncertainty for the indicated frequancy banc. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ComF assessments af 30, B4, 128, 150 and 220 MHZ respectively. Above 5§ GHz frequency
valdity can be extended to + 110 MKz

¥ AL frequences below ) GHz, the vakdty of issue pararnetens (¢ 2nd o) can be rstaxed 1o 2 10% I iquid compansation Sarmul is sppled 1o
measured SAR values, At froquencies above 3 GHz. the validity of tissue parameters (¢.and o) Is resticind to + &% The uncartainty is the RSS of
the ConvF uncestamty for indicated target Sssue poramelers.

" Alpha'Dapth are ined duting calibration. SPEAG warants thal the remnaining ceviabion dus to the boundary effect allér compensation is
aways jess than ¢ 1% for Irequences delow 3 GHE and below £ 2% for frequencies batween 3-8 GHe at any delance larger (han hat the prode tip
dlameter from he boundary

Certificate No: ET3-1800_Mar16 Page 6of 11
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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)
Certilicats No: ET3-1600_Mar16 Page 7 of 11

F-TP22-03 (Rev.00) 54 /110 HCT CO., LTD



-~
HCT FCC ID: ZNFW281

HCTCO,LLTD

Report No: HCT-A-1609-F006-4

ET3DV6~ SN; 1609 March 182016

Receiving Pattern (¢), 9 = 0°

=600 MHz.TEM f=1800 MHz,R22
" ; ? Tt x ; z

01-pote-o —-p-tso 0D 30 gt S0 Pt g gggs 33

Error [d5)

L
Rot 1
o - — -

T W 6C0 Wz 1200 Mk

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARcad)
(TEM cell , fyo= 1900 MHz)
10° | £
.
o p*
S‘ .
= 10 ¥
=
1] .
5 v
= -
£ 10 F
10:4 i <
»
10'{* ;
10 10- 10! 10 10 10 10
SAR [mWiem3]
] .}
not compensated compensated
1=+
ZO""‘"*"‘:-'"'.'""°.
ww I
7 102 102 100 *.I:ﬁ 01 102 10
SAR [mW/cm3|
.| L ]
nck compansated compensatec
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificals No: ET3-1608_Mar16 Page 9 of 11
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Conversion Factor Assessment

1= 835 MHz, WGLS R9 (H_comF)

w " £ = -

# )
21
vl e

= 1900 MHz WGLS R22 (H_convF)

X x| 8
ey whoen

Deviation from Isotropy in Liquid
Error (4, 9), f =900 MHz

10 08 08 -04
Uncertainty of Spherical isotropy Assessment:  2.6% (k=2)

02 00 D2 04 08 08 10

Cartficate No: ET3-1609_Mar16
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

Sensor Arrangement Triangukar
" Connector Angle (*) T4 |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
| Probe Overall Length o 337 mm |
iL Probe Body Diamneter 10 mm |
{ Tip Length 10 mm
[ Tip Diamater 6.8 mm
“Probe Tip to Sensor X Calibration Point | 27 mm
| Probe Tip to 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 11 ol 11
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Report No: HCT-A-1609-F006-4

HCTCO,LTD
Calibration Laboratory of S,
Schmid & Partner =2 (YWY 2 sevicsares ruconses
Engineering AG 2 - Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzarland %{/“'\o‘ Nt/ 8 nviss Outloration Bervice

Accredited by the Swiss Accredtation Sarvice (SAS)
The Swiss Accreditation Secvice is one of the signatories to the EA
Muititateral Agreement far the recognition of callbration certificates

Client

Accreditation No.: SCS 0108

This calibration camficate shall nat ba reproduced except in full without wntten soproval of e lsbomstory.

This catbeation canficate the Y %o , which realze the phy units of 151
The masaur and the with confidence probabifty are given on the following peges and are part of the cenificate.
All caibeations have been cond in the diosed lab y faciity: (22 £ 3)°C and humidity < 70%.
Catbraton Equipment used (MATE critical for calibration)
Primary Standards 0 Cal Date (Cartficate Na ) Schedued Calbraton
Power mater E44158 GBLI203872 Ot-Apr-15 (No. 217-02128) Mar-10
Poww sensor E4412A MY4 1458087 O1-Apr-15 (No 217-02128) Mar-18
Refarence 3 4B Atenuatol SN 55054 (3¢} Q1-Apr-15 (No. 217-02120) Mar-10
Referencs 20 uB Attonualor SN 85277 (20%) O1-Apr-15 (N 217-02132) Mar-1d
Reference 30 0B Anenuator SN. 55129 (300) QtApr-15 (No. 257-02133) Mar-16
Reterance Probe ES30VZ 5N 3013 30-Dec-14 {Na. E53.3013_Dec14) Dec-18
DAE4 SN 660 14-Jan-15 (No. DAE4-8E0_Jan15) Jan-16

Standands 0 Chack Data (n housal} Schedules Check
RF o HF BS48C US3IB42U01700 4-Aug-85 {in house check Apr-13) In hause check: Apr-18
Network Analyzer HP 87538 US3TIN0585 1E-Oct-01 (in house check Oct-15) In hause check: Ogt-18
Cattwatad by
Aporaved by
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Calibration Laboratory of \\\‘\\'/_Z,,, S  Schweizeriacher Kalibriecdi

Schmid & Partner % ¢ Service auisse détalonnage
Engineering AG g Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzarland /‘,’m\ W S Swiss Calibration Service

Accredied by (he Swiss Accredtalion Service (SAS) Aceroditation No.: SCS 0108

The Swiss Accroditation Servics is one of the signatories to the EA

Multilateral Agreement for the recognition of caiibration centificates

Glossary:

TSL issue 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

AB.CD maodulation dependent linearization parameters

Polarization p o rotation around probe axis

Polarization 9 8 rotation around an axis that is in the plane normal Lo probe axis (al measuremant centar),

Le, 8 =0 & normal to probe axis
Conneclor 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 Speacific
Absorption Rate {SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques®, June 2013

b) IEC 62209-1, "Procedure to measura 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 622092, "Procedure 0 determine the Spacific 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) KOB 565664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:
NORMzx.y,z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; | > 1800 MHz: R22 wavagu-de)
NORMx,y,z are only intermediate values, | 6., the uncertainties of NORMx,y.z does not affect the E”-fisld
uncertainty ingide TSL (see below ConvF),

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

s DCPxy,z: DCP are numerical lingarization parameters assessed basaed on the data of power sweep with CW
signal (no unceriainty required). DCP does not depend on frequency nor media.

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

o Axy.z Bxy.z Cx.y.z Dx.y.z; VRxyz: A B, C, D are numerical lingarization parameters assessed based on
the data of power swaep for specific modutation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

«  ConvF and Boundary Effect Parameters. Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions 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 typical uncenainty 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 * CanvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
Convf is used in DASY version 4.4 and higher which allows extending the vaidity from + 50 MHz to = 100
MHz,

» Spherical isotropy (3D deviation from isctropy): in a field of low gradients reafized using a flat phantom
axposed by a patch antenna.

= 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),

Centificate Na. EX3-3797_Nov15 Page 20! 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

rBasic Calibration Parameters

N Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVi{Vim)')* 0.62 0,58 0.56 +10.1 %
| DCP (m\v)” 995 97.0 98.4 ]
Modulatipn Calibration Parameters
uip Communication System Name A 8 (] D VR Ung®
. A d8 dByuV daB mv (k=2)
0 cw X 0.0 0.0 1.0 D00 | 1775 | 225%
) ¢ 0.0 0.0 1.0 1769
Z 0.0 00 10 1718

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

* The uncartainties of Norm X Y.Z do not affect the E*fisld uncetsrty inside TSL (see Pages 5 and 6)

" Numerics! lineanzstion parsmeter unosrtainty not requined.

 Uncertaity ts determinad LEing e max. davialion from ineer respanss Apeiying rectangulian distinbul

fisld vale

\ AN & exp

Cantificate Na: EX3-3787_Nov15
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HCTCO,LTD

EX30Va-SN:3797 November 24, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth * Une
fiMHz)® | Pormittivity” (sm)" ConvEX | ConvFY | ConvEZ | Alpha® | (mm) | (k=2)
750 41.9 0.89 9.38 9.38 9.38 0.32 086 | +120%
835 415 0.90 5.98 B.98 8.98 0.16 178 | £120%
800 415 0.97 8.86 B.86 8.86 021 153 | +120%
1450 40.5 1.20 7.73 7.73 7.73 0.15 177 | +120%
1750 40.1 1.37 7.85 7.85 7.85 0.35 080 | +120%

1900 400 1.40 7.61 7.61 7.61 0.34 080 | +120% |
1950 40.0 1.40 7.32 7.32 7.32 0.39 083 | +120%
2300 395 1.67 .27 .27 7.27 0.39 085 | £120%
2450 39.2 1.80 6.90 6.90 6.90 0.40 080 | £120%
2600 39.0 1.96 6.68 6.68 6.68 0.48 080 | £120%
3500 378 2.91 8.61 6.61 6.61 0.39 099 | =131%
5200 36.0 4.66 4.80 4.80 480 | 040 180 | 2131%
5300 35.9 476 4,59 459 4.59 0.40 180 | 2131 %
5500 35.6 4.96 452 4,52 4,52 0.45 180 | #131%
5600 355 5.07 421 421 4.21 0.50 1.80 | +131%
5800 353 5.27 4.20 4.20 4.20 050 | 180 | +131%

" Fraquency validey above 300 MHz of = 100 MHz only apgies for DASY w4 4 and hghar {see Paga 2), eise It is restricted 1o = 50 MMz, The
uncertainty @ the RSS of the Comd® uncenainly #t caltaaton frequancy and the uncerainty for the indcated frequency band. Frequency valicity
below 300 MHz is ¢ 10, 25, 40, 50 ana 70 MHz for ComF assessments at 30, 54, 128, 150 and 220 Mz respectively. Above § GHz frequency
valdity can be exendad 10 = 110 MHz

" At froquencies bolow 3 Gz, the valdity of lissus parametens (c and o) can ba refaxed 10 + 10% ¥ igud compensation formua s applied to
measured SAR vaduas, Al froquencies above 3 GHz. the validity of tssue parameters (¢ and o} is restricted to = 5%, The uncentsinty & tha RSS of
1he ConvF uncerainty for ndicated target tszue parametars.

“ Alpha'Depth are during SPEAG thal the remaining devistion dus 10 the boundary sffect sfter compansation
atways less than £ 1% far frequencies below J GHEZ ana bélow £ 2% for frequencaes batwesn 3-5 GHz &t any distance larger than half the probe tip
diameler from the boundary

Certificate No. EX3-3787_Novis Page 5 of 11

F-TP22-03 (Rev.00) 63 /110 HCT Co., LTD



CT

HCTCO,LTD

FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

EX30VA4.- SN.3797

November 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

3 Relative | Conductivity 2 | e Unc
f (MHz) Permittivity {Sfm) ConvFX | ConwFY | ConvFZ | Alpha™ | (mm) |  (k=2)
750 55.5 0.96 9.39 9.39 9.39 029 . 1.16 +£12.0%
835 55.2 0.97 8.17 0.17 9.17 0.32 1.08 +120%
1750 534 1.40 7.52 7.52 7.52 042 0.80 £120%
1900 533 1.52 7.32 7.32 7.32 0.31 0.97 +120%
2450 52.7 1.85 65.91 6.91 6.91 0.34 0.85 +120%
2600 525 216 6.75 6.75 6.75 0.16 0.99 £120%
5200 49.0 5.30 424 4.24 424 0.50 1.90 +13.1%
5300 48.9 542 407 4.07 4.07 0.80 1.90 | £ 131 %
5500 486 565 380 | 380 380 | 055 | 190 | 2131%
5600 48 5 577 354 3.54 3.54 0.60 1.90 131 %
5800 482 6.00 384 384 384 | 060 1.90 +13.1%

" Frequency validity sbove 300 MHz of = 100 Mz orvy applies for DASY vl 4 and highes (sse Page 2), aise £ s restricted Lo + 50 MHz. Thw
uncarntainty is the RSS of me ConyF uncenanty st calibeation Sequency and tha uncartainty for the ndizated frequency band. Fraquancy valkity
Daow 300 MHZ is = 10, 25, 40, 50 and 70 MHz for ConvF assessments @t 30, 64, 128, 150 and 220 MHz respectively. Above 5 Gz frequancy

validity can be extended to £ 110 M-z

' AL Irequencies below 3 GHz, tha validity of tesue paramaters (s and ) can be relaxed 10 = 10% I lquid compensation formida is apphed 1o

measired SAR values. At frequencies above 3 GHz, the validty of hissue parametens (¢ and o) & resircied (o £ 5%, The uncertanty is he RSS of
the ComwF Lnoertainty for indicated target lissue paramebers.

AphaDepth ore delermined during caiibrution. SPEAG wurtanis that (he remaining deviation due 10 tha bounasey effect afier compensation is

aways Jess than = 1% for frequancias besow 3 GHz and belw = 2% for fraguencies betwwen 3-6 GHz at any astanca larger than had the probe op

diametar from the boundary
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Frequency response (normalized)

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

November 24, 20156

500 1000 1500 2000 2500
f [MHz]

Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)

3000
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ivi -
Receiving Pattern (¢), 9 =0
=600 MHz, TEM =1800 MHz,R22
» o Y 7 / _'; % »
" L] . . . .
Tox Y z Tt X Y z
i
g
E 001 8=Fggegirg s o o e R B S N s e e
it ‘
" - I_———‘— T ,' - 1
1 AL 0 1A 5
Roll [1]
1‘.'5’,7!« 6t T:_.'IA_- -E.Tv"'?l—« b .'._"-'-‘.";
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}zaq)
(TEM cell , foyu= 1900 MHz)

November 24, 2015
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rotl COMpanssteo COMpansatog

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
f= 835 MHz, WGLS R9 (H_comF) = 1900 MHz WGLS R22 (H_convF)
3 : n‘;
! t
§ Ll £
2 e g
¥ ie
Deviation from Isotropy in Liquid
Error (¢, 9), f= 900 MHz
10 08 06 04 02 00 02 04 O8 08 10
Unceartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters

i Sensor Arrangement Trianguiar
i Connector Angle (") 67.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode . disabled
[ Probe Cverall Length 337 mm
Probe Body Diameter = 10 mm
Tip Length amm
Tip Diameter 2.5mm
‘Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point | 1 mm
Probe Tip to Sensor Z Calibration Point . 1 mm
Recommended Measuroment Distance from Surface 1.4 mm
Cartificate No: EX3-3787_Nov15 Page 11 o 11
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FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzertand

Accredited by the Swiss Acoredtation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multiateral Agreament for the recognition of calitiration certificates

Thin calioranon cedtficate documents the raceabdity 10 nations! standards. which realize the phy
The messurements and the uncertainties with confidenca probiabdy #re givan on the folowing pages end e pon of the cartificate.

Calbraton Equipment used (MATE crical for cafibration)

NN
o

©

Schweizerischar Kalibrierdienst
Saervice sulsse d'étalonnage
Servizia svizzero & taratura
Swiss Caliiration Sorvice

Accroditation No.; SCS 0108

units of (5.

All calirations have been conducted ) the dosed laboratary taciity. erronmant iemearaturs (22 + 31°C and humidty < 70%.

Primary Standaos n Cal Date |Certificate Na ) Scheduled Caltiratian
Pawer mater NRP SN 104778 06-Apr-16 [No. 217-02288/02289) Apr17
Pawer sensar NRP-291 SN 103244 08-Apr-18 [No. 217-12288] Apr-17
Pawer sensar NRP-291 SN- 103245 06-Apr-16 (No. 217-02288) Apr-17
Raf 20 ¢f) Atenuator | SN- S5277 (20x) 05-Apr-18 (No. 297-02263) Apr-17
R Probe ES30V2 5N 3013 31-Dec-15 (No. E53-3013_Deo15) Dec-16
OaEL SN 680 23-Dec-15 (No. DAE4-660_Dac15) Dec-18
S dary Standarc! 0 Charck Date (n heuse) Schaduld Check
Pawer meter 44158 SN GBA12GI874 GSApr-18 (No. 217-0228502284) In house check: Jun-16
Power sensar E4412A SN MY41468007 O8-Apr-18 (No. 297-02288) in house chack: Jun-16
Power sensor E4412A SN 000110210 G-Apr-18 (No_217-02284) In house check: Jun-16
RF g HP 86480 SN US3642001700 04-Aug-88 {in house chack Apr-13) in house chack: Jun-16
N A HP BTSIE SN- US37300508 1£-0c1.01 (in housa chack Oct- 15) In house check: Oct- 186
Narme Function

Calibrated by: Jeton K abor s

Approved by

Thes calbeation cemficste shall not be reproduced sxcapt in full without weitten Approval of the aborstonry,
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h'a- FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4
HCT CO,LTD
Calibration Laboratory of O, Sotetatentiar KsREerd
Schmi_d & Partner SN g Sarvice suisse d'italonnage
Engineering AG ) - Servizio svizzoro di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland ﬁq"ﬁv‘s? S swiss Calibeation Service
Accrodited by the Swss Accradilation Seevice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agre for the recognition of calibration cortificates
Glossary:
TSL tissue simulating liquid
NORMzx.y.2 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.B.C.D modulation dependent linearization parameters
Palarization ¢ » rotation around probe axis
Polarization 8 & rotation around an axis that s in the plane normal to probe axis (at measurement canter),
i, 8 =0 is normal to probe axis
Connactor Angle Information used in DASY system 10 align probe sensor X 1o the robot coordinate system
Calibration is Performed According to the Following Standards:
a) IEEE Sud 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} 1EC 62208-1, "Procedure to measure the Spacific Absarption Rata (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MHz to 3 GHz)", February 2005
c) IEC 622092, "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) KOB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx.y,z: Assessed for E-field polarization 8 = 0 (f < 500 MHz in TEM-celi; f > 1800 MHz: R22 wavegu-de)
NORMx.y,z are only infermediate values, i e., the uncertainties of NORMx,y.z does not affect the E7-field
uncertainty inside TSL (see below ConvF).

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

OCPx.y.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 Ratlo that s not calibrated but determined based on the signal
characteristics

Axy.z: Bay.z; Cx.y.z; Dny.z; VRxyz A, B, C. D are numerical lingarization parameters assessed based on
the data of power sweep for specific modutation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibeation range expressed in RMS voltage across the diode,

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < BO0 MHz) and inside waveguide using analytical field distributions based on power
measurements for { > BOO MHz The same setups are used for assessment of the parameters spplied for
boundary compensation {alpha, depth) of which typical uncerainty 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 * Convi whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz,

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

Sansor Offset: The sensor offset corresponds to the offset of virtual measureament center from the probe tip
{on probe axis). No lolerance required.

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

Certificats No: EX3-3863_May16 Page 24l 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Basic Calibration Parameters

B Sensor X Sensor Y | Sensor Z | Unc (k=2)
Noem (p\ViVImY)) 0.36 0.35 0,42 +10.1 %
DCP (mV)* 101.7 102.0 a7 4

Modulation Calibration Parameters

uiD | Communication System Name | A B [ [3) VR Unec"
dB dBvuV dB mv (k=2)
0 ow x| oo D0 | 10 | 000 | 1344 | 25%
Y 0.0 0.0 10 | 1315
z 00 | 00 1.0 146.5

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

* The uncerainties of Nam X.Y.Z do not affect the E-fielg uncertsinty Inside TSL [see Pages § and 6]

¥ Numenical Inearzation parameter: uncerainty not regurad

¥ Untertainty is determined using the max. deviation from inear msponse FOPYING rectanguia dElribubon and is expressed for the square of the
fald value

Cartficate No: EX3-3960_May16 Page 4 of 11
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May 31, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © pem%' °°'("’sf.'..°,"""’ ConvF X | ConwvFY | ConvFZ | Alpha® (mm;l (n:g)
150 52.3 0,76 1317 13.17 13.17 0.00 1.00 | +133%
300 453 0.87 12.10 12.10 12.10 0.08 110 | +133%
450 435 0.87 10.73 10.73 10.73 0.16 120 | +133%
750 419 0.89 10.27 10.27 10.27 0.51 080 | £120%
836 415 0.80 2.97 9,97 9.97 0.42 087 | #120%
800 415 0.97 9.62 9.62 9.62 0.25 120 | £120%
1450 40.5 120 8.55 8.55 8.55 0.34 080 | +120%
1750 40.1 1.37 8.45 8.45 B.A45 0.33 080 | +120%
1000 40.0 1.40 8.14 814 8.14 0.31 080 | £120%
1850 40.0 1.40 7.89 7.89 7.89 0.37 080 | +120%

2300 395 1.67 7.72 7.2 7.72 0.30 0.89 +12.0 %
2450 382 1.80 7.30 7.30 7.30 0.35 0.80 £12.0%
2600 39.0 1.96 7.24 7.24 7.24 0.37 080 | #120%
5250 35.0 4.71 535 5.35 5.35 0.30 180 | #13.1%
5600 35.5 5.07 4.66 4,66 4.66 0.40 180 | #131%
5750 354 522 4.78 4.78 4.78 0.40 180 | #£131%

© Fraquancy validity abave 300 Mz of + 100 MHz oréy spplies for DASY v4,4 and higher (ses Fage 2), ele 2 s resirksed to + 50 MHz. The

uncertainty & the RSS of the CanvF uncermnty at calibration frequency snd the uncenanty for the indicated frequency bandl. Frequency validity
below 100 Mz is 2 10, 25, 40, 50 and 70 MMz for ConvF assessmants at 30, 84, 128150 and 220 MKz respactively. Abava 5 GHz froquancy

vakdy can be eztended 10 £ 110 MHz

" Al froquencies below 3 GHz, tha valoty of 15546 DAramezarns (¢ 30 «) can be relaxed 10 = 10% Il lquid compensation fomula is appked 10
maasured SAR values, Al frequencies sbove 3 GHE, the vaidity of tissus paramelers (¢ and o} & resircted to £ 5%. The uncartamty is the RES of

the ConvF uncoranty for edicated target tesus parameters,

Y Alpha/Depth are detarmined duning calibration. SPEAG warrants that the remaining devistion dus to (he bouncary effect afler compensation iy
always less than £ 1% for frequences below 3 GHz and below £ 2% for frequences between 3-8 GHz at any distance largar than half the pobe bp
dinmeter fran the booadary
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HCTCO,LTD

EX30V4- SN:3968 May 31, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

_ t{MHz)® nm:y' co?w ConvF X | ConvFY | ConvFZ [ Alpha® "(Z.'.’.',.",‘ (2:)
150 61.9 0.80 1246 1246 1246 | 000 100 | +133%
300 58.2 0.92 11.57 11.57 11.57 | 008 1.1 £133%
450 56,7 0.94 11.24 11.24 11.24 0.10 120 | £133%
750 55.5 0.96 9.65 8.65 9.65 0.40 092 | =120%
835 552 0.97 9.66 9.66 9.66 0.49 080 | £120%
1750 534 1.40 816 8.16 8.16 0.34 080 | +120%
1900 53.3 1.52 7.89 7.89 7.89 0.40 080 | +£120%
2450 52.7 1.95 731 7.31 7.31 0.41 080 | +120%
2600 §2.5 216 7.11 711 7.1 0.34 080 | £120%
5250 48.9 5.36 4.37 4.37 437 0.50 190 | +131%
5600 485 577 3.78 378 378 0.55 180 | +131%
5750 48.3 5.94 3.92 3.92 392 0.60 190 | +131%

“quunru:yvalmymnmumd:IOOMiQMNGWMMDASVMQMNW(MPQ@Z)WH&@MMN:MM The
uncertainty i the RSS of the Comn unoenainty at calbration frequency and the uncanainty for the indicated frequency band. Frequency validity
belaw 300 MHz = £ 10 25, 20, 50 and 70 MMz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz fequency
mmnycmbemndcdw‘ 110 MHz.

" At frequencios betow 3 GHz. the validity of 165U pRrBMEters (= 8rd ) can be relaxed 10 + 10% If liquid compansation formids s applied to
measwred SAR values. Al fraguencies sbove 3 GHz, the validiy of lissue parsmeters (¢ and q) is restricied to = §%. The uncertainty is the RSS of
mo Comt uncartainty for indicated targat lissue paramesan

% Alphaapeh are determined during 1. SFEAG it M remanng GeMaton 0us 1o e boundary effect afler compecsation s
Mysluunan:mfuﬁmncmwmamc:mmw:7%lumwwmuﬁmuammlnumnhaummmm
daymeter 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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HCT FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4
HCTCO,LTD

EX30V4.- 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: ZNFW281

Report No: HCT-A-1609-F006-4

EX30V4- SN:3968

Input Signal [uV)

Dynamic Range f(SAR;¢.q)

(TEM cell , fo.s= 1900 MHz)

May 31, 2016
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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h'a- FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4
HCTCO,LTD
EX30V4- SN3968 May 31, 2016
Conversion Factor Assessment
=835 MHz WGLS RS (H_comfF) = 1900 MHz WGLS R22 (H_convf)
-§ -2 1 £ ""‘i
70 £ E
3 ™
‘
"“, 4 :". » - e s l:n k] “I » ‘l.:"; s b ] ;-2 -
-‘:ét --_-’;-J- . —i!&-
Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
10 08 06 04 02 00 02 04 D& 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,LTD

EX3DV4- SN:3968 May 31, 2016

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

Other Probe Parameters

Sensof Arrangement Triangular
“Cannector Angle (*) 634
Mechanical Surface Detection Mode enabled
Opfical Surface Detection Mode disabled
" Probe Cverall Length 337 mm
| Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 25mm
| Probe Tip to Sensor X Calibration Point T imm |
Probe Tip to Sensor Y Calibraton Point 1 mm
Probe Tip to Sensor Z Calibration Point o 1 mm
Recommended Measutement Distance from Surface . 1.4mm
Cenificate No: EX3-3868_May16 Page 11 of 11
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FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

Acoedead by the Swiss Accredtation Servics (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Al caibrations have been

The and the ur

Caibration Eqgupmant used (METE orftical for calbration)

This caibeation carficale documents the raceabfity 1o naticea! standaeds. which reallzs 1he physical unis of messuaments (SI).
srities with: confidence protabiity are given on the following pages and are part of the certificate,

cuctad (n the closed abaratory faciity: environmant temperature (22 = 3Y°C and hamidity < 70%

HCTCO,LTD
Calibration Laboratory of Solvwitiarsther Kallbrieedieviat
Schmid & Partner g Service suisso d'::lmo
Engineering AG Survizio svizzero & taraturs
Zoughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accreditation No.: SCS 0108

|_Prinary Standards (] Cal Date (Cenfficats No ) Scnecued Calteuton
Power meler E44 166 GBA129G374 G1-Ape-15 (No. 217-02128) Mat-16
| Power gensar £4412A MY&1498067 01-Apr-15 (No. 217-02126) Mar-16
Ralerence 3 d5 Attenuatar SN 55054 (3c) 01-Ape-15 (No. 297-02129) Mar-16
Refeesncs 20 4B Anenuaton BN S5277 (20x) 01-Apr-15 (No 217-02132) Mar-18
Reference 30 4B Anenuator SN 55129 {300) 01-Ape-16 (No, 217-02133) Mar 18
Refersnce Probe ESIOVI SN: 3013 30-Dec-14 (No ES3-3013_Dectd) Dec-15
OAE4 SN 650 14-Jan-15 (No. DAEL-E60_Jan15) Jan-18
Secordary Standards ) CheckDafe(inhouse) | Scheduled Check
| RF genaritor HP BE48C US3642001 700 4-Aug-93 (in house check Apr-13) In house check. Apr-18
Network Anatzer HP B753E US37360585 18.Qct-(1 {in house check Oct-15) In house check: Oct-16
Function Signaturs
Calbrated by. o
Approved by

This caltnaton cedificate shal not be reproduced excapl I RE wihout wrtien approval of the laboratory

Certificale No, EX3-3967_Dec15
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FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4
HCTCO,LTD
Calibration Laboratory of SN, Schwetisrsohier Kallbi
Schmid & Partner % 7 .\ (S: Servics suisse d‘mmu
Engineering AG g Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland i /ﬁ\“\} ‘\. ‘e" S Swiss Calibratian Service
Accreditad by the Swiss Acoreatation Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service ks one of the signatories to the EA
Multilateral Agroemaent for the rocognition of calibeation certificates
Glossary:
TSL tissue simulating liguid
NORMx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx.y,z
oce diode compression point
CF crast factor (1/duty._cycle) of the RF signal
A, B,CD modulstion dependent linearization parameters
Polarization ¢ W rotation around probe axis
Polarization 8 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),
12, 8 =0 is normal to probe axis
Connector Angle information used in DASY systemn to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
¢l

d)

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

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

1EC 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

KDB 865664, "SAR Measuremant Requirements for 100 MHz io 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMYx,y,z: Assessed for E-field polarzation § = 0 (f < 900 MHz In TEM-cell;, f > 1800 MHz: R22 wavegulide).
NORMAx,y,z are only intermediate values. i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty Inside TSL (see below ConvF),

NORM(Mx v,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4,2. The unceriainty of the frequency response is ncluded
In the stated uncertainty of ConvF,

OCPy,y.z: DCP ara numerical lineanzation parameters assessed based on the data of power sweep with CW
signal {no uncartainty required). DCP does not depend on frequency nor media.

PAR: PAR s the Peak 1o Average Ratio that Is not calibrated but determined based on the signal
characteristics

Ax.y,2 Bx.y.z. Cx.y.z Ox.y.z. VRx.y,2. 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 s the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed In flat phantomn using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analyfical fieid distributions based on power
measuremeants for > B00 MHz The same setups are used for assessment of the parameters applied for
baundary compensation {alpha, depth) of which typical uncertainty vaiues are given, These parameters are
used in DASY4 softwars to improve probe accuracy ¢lose 10 the boundary. The sensitivity in TSL corresponds
1o NORMx,y.z * ConvF whereby the uncertainty cormesponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from 2 50 MHz to £ 100
MHz.

Spherical isotropy (30 deviatlon from isotropy): in 8 field of low gradients realized using a flat phantom
axposed by a patch antenna

Sensor Offset: The sensor ofiset corresponds to the offset of virual measurement center from the probe tip
{on probe axis}, No tolerance required.

Cannectar Angle: The angle Is assessed using the Information gained by determining the NORMx (no
uncertainty required).

Certificate No: EX3-3967_Dec15 Page 2of 11
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FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

EX30V4 - SN:3967

Decamber 16, 2015

Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated:; December 16, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systemn!)
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FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

EX3DV4- 5N:3067

Decembaer 16, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Basic Calibration Parameters

Sensor X Sansor Y Sensor Z Unc (k=2)
Norm (uViVim))" 0.54 0.38 (.48 210.1 %
DCP (mV)" 101.3 97.8 101.0 |
Modulation Calibration Parameters
uiD Communication System Name A B8 I e D VR Ung~
dB a8V da mv (k=2}
0 |CW [ x| oo 0.0 10 | 000 | 1450 | +35%
Y| o0 00 1.0 143.7
| Z 0.0 00 | 10 1382

probability of approximately 95%.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multipiied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

* The uncartarnbes of Notm XY Z do not oect the E7fiels uncertainty inside TSL {see Pages S and &)

" Numencal linearizalion parameter uncensnty nol requred

) Uncartaiy = determined using Me max, oaviafion from Snest rasponss spohing rectsnguiar datriiution and s expressad for the sguare of the

field vahia

Centificate No: EX3-3867_Dect5
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h'a- FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4

HCTCO,LTD

EX3DVa- SN:3967 December 16, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth “
f(MHz)® | Permittivity” (Sim)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 1027 | 1027 10.27 0.21 130 | £120%
835 415 0.20 9.87 9.87 9.87 0.20 138 | £120%
900 415 0.97 9.70 9,70 9.70 0.25 115 | #120%
1450 40.5 1,20 8,19 B.19 .19 0,29 092 | +£120%
1750 401 1.37 838 B.38 8.39 0.25 088 | 2120%
1900 40.0 1.40 8.11 B.11 B.11 0.39 080 | £120%
1950 40.0 1.40 7.80 7.80 7.90 0.38 086 | £120%
2300 395 1.67 773 7.73 7.73 0.37 084 | 2120%
2450 302 1.80 742 7.42 7.42 040 080 | £120%
2600 39.0 1.08 717 717 747 0.41 083 | +120%
3500 3749 2.9 7.69 769 | 769 0.84 063 | £131%
5200 36.0 4.66 5.37 537 | 537 0.35 180 | +131%
5300 359 478 5.04 5.04 5.04 0.40 180 | +131%
5500 356 4.96 4.87 4.87 4.87 0.45 180 | £131%
5600 355 5.07 4.65 485 4.65 0.50 180 | $£181%
5800 353 527 489 | 489 469 | 050 180 | £131% |

“ Frequency valldy above 300 MHz of = 100 Mz anly applies for DASY vd.4 and higher (see Page 2), elss 2 & restrcted to + 50 MHz. The
uncetanty % the RSS of the ConvF uncertainty o calbeation frequency and the uncertaity for the ndicated equency band. Frequency valdty
below 300 MHz s £ 10, 25, 40, 50 and 70 MMz for ConvF assessmenss al 30, B4, 128, 150 and 220 MHz respactvely. Above 5 GHz frequency
valdty can bo extonded o = 110 Mz,

" At frequences Delow 3 GHZ, 1he vaiolty of tissun parameters (c and o) can be relaxed to = 10% If liquid compensation fonmula is appled o
measurec SAR values, Al Fequencies sbove 3 GHz, e validity of ss0e parametars {« and o) & restricted to 4 5% Tha uncertainty is the RSS of
the CanvF uncestanty for ndicaled target bssue paramaters

% Alpha/Depth are detamingd during calivtaton. SPEAG warrants that the remaining deviation due 16 the boundary effect a6l compensaton is
plways Jass 1han + 1% for requences below 3 GHz and belaw ¢ 2% for frequencies batween 3-6 GHZ st any Bs1500H 1argar than half the probe tip
giamater from the boundary

Cenificate No. EX3-3967_Dec15 Page 5 of 11
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HCTCO,LTD

EX30V4- SN:3667 December 18, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz) © m:u'q' c«(lg,u"(;.;Mty ConvF X | ConvFY | ConvFZ | Alpha® D(..::)G (:gp
750 55.5 0.96 9.92 9.92 9.92 0.22 141 +120%
835 55.2 0.97 9.76 9.78 9.76 0.24 128 | +120%
1750 53.4 1.49 B.04 8.04 8.04 0.40 085 | +120%
1800 53.3 1.62 7.95 7.95 7.95 0.35 092 | +120%
2450 52.7 195 7.31 7.31 7.31 0.40 086 | +120%
2600 52.5 216 7.19 718 7.18 0.25 1.05 | £120%
3500 51.3 3.31 6.86 6.86 6.86 0.36 114 | £131%
5200 48.0 5.30 432 432 432 0.55 1.80 | +13.1%
5300 48.9 542 423 | 423 423 | D55 180 | £13.1%
5500 4858 5.65 3.30 3.80 3.80 0.60 180 | +131%
5600 485 577 3.70 3.70 3.70 0.60 190 | #131%
5800 4872 6.00 382 3.82 3.82 0.60 190 | £131%

“qumcvukﬁyabwemumaz100MH¢aﬂy&olmluDASVv4‘athh«[mP&e¢2] efse It is resticted 1o = 50 MHZ The
uncertainty & (e RSS of the ComE uncertanty at calibration Sequency and tha uncatanty o1 Ihe indcated frequency hand Freguency validity
betow 300 MHz & £ 10, 25 40, 50 and 70 MHz for ConvF assessmaents at 30, 64. 128, 150 ang 220 MHz respectively, Above & GHz Sequency
valdity can be oxtended to = 110 MHz

" Al frequencies below 3 GHz. e validily of bssue parsmeters (n 4nd «) can be relaxed 10 + 10% & bgud somp 1 fomiuta & applind o
measured SAR values At froquencies abave 3 Gz, the valicity of fissus parameters (¢ and o} is restricted 10 = 5%. The uncertsinty i the RSS of
the ComvF uncertainty for indicated target tissue paramelens

“ Aoha/Depth e deteemined during caltration SPEAG warrants (hat the remaning daviation due to the dary affect after comp

Blways less Man = 1% for freguencies befow 3 GHz and bolow = ?%iumqumbotvucnS-OGMzmmydmnawwmnnmmhnpwbem
digmeter from the boundary

Centificate No; EX3-3967_Dec15 Page 6 of 11
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FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

EX3DVa- SN:3967

Frequency response (normalized)
o
i

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

December 16, 2015
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Uncertainty of Frequency Response of E-field:  6.3% (k=2)
Cartficate No: EX3-3867_Dec15 Page 7ot 11

F-TP22-03 (Rev.00)

87 /110

HCT CO., LTD



-
ha- FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4
HCTCO,LLTD

EX3DV4.- SN:2SE7

December 16, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFW281

Report No: HCT-A-1609-F006-4

EX3DV4- SN-2967

Dynamic Range f(SAR}ead)
(TEM cell , fou= 1900 MHz)

Dacamber 16, 2015
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Report No: HCT-A-1609-F006-4

EX3DVA- SN.3967

Conversion Factor Assessment

December 16, 2015

=835 MMz, WGLS RS (H_conf) f= 1900 MHz WGLS R22 (H_conv¥)
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Deviation from Isotropy in Liquid
Error (9, 8), f = 900 MHz

10 08 08 04 02 00 02 04 08 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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h'a- FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4

HCTCO,LTD

EX3DV4- SN.3967 December 16, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

| Sensor Arrangement ‘ Triangular
Caonnector Angle (") 208

"Mechanical Surface Detection Mode o enabled
Optical Surface Detection Mode disabled |

“Probe Overall Length 337 mm

Wbe_é—oa?ﬁéﬁwéa = 10 mm
Tip Length i 9 mm

| Tip Diameter 2.5mm
Probe Tip to Sensor X Catibration Point tmm |
Probe Tip fo Sensor Y Calibration Point ‘ Tmm
Probe Tip 10 Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface I 1.4 mm

Corlificsie No: EX3-3967_Dec15 Page 11 of 11
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h'a- FCC ID: ZNFW281 Report No: HCT-A-1609-F006-4

HCT CO,LTD
Callbfation Laboratory of :‘\‘f,',, S Schweirerischer Kalibrierdianst
Schmid & Partner M c Sarvice suisse d'éalonnage
Engineering AG T Sarvizic svizzero di taratura
Zeughausstrasss 43, 5004 Zurich, Switzeriand N S Swiss Calibration Service
T
Actrediied by the Swiss Accrodgation Sendce (SAS) Accreditation No.: SCS 0108

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

ciient  HCT (Dymstec) Cartificato No: DB35V2-4d165_Novi5
[CALIBRATION CERTIFICATE

| Cbject DB35V2 - SN: 4d165

Calbration procadur(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Cafbtration date: November 24, 2015

This caiibeation certiicata documants the traceability 1o national standards, which reakize the physical units of measurements {S1).
Thar and tha unc figs with confidence probabiity are given on the following pages and are part of the certdicate.

Al calibrations have been canducied In the ciosed laboratory facility: emsronment temparaturs (22 = 3}°C and humidity < 70%

Caltration Equipment used (MATE critical for calitration)

Primary Standards 1D # Cail Dats (Certificate Na.) Schaduled Caibration

Pawar meter EPM-4424 GR3I7TAEDT04 G7-0c1-15 (No, 217-02222) Oct-18

Pawar sansor HP 84814 US37292763 07-Oct-15 (No, 217-02222) Cet-18

Fowar sansor HP B481A | MY41092317 07-Oct-15 (No. 217-02223) Qct-16

fisterance 20 dB Atiequator SN BO58 (20k) 01-Ape15 (N 217-02131) Mar-18

Type-N mismaich combirstion SN 5047.2 /06327  01-Apr-15 (No. 217-02134) Mas-16

Reterence Probe EX3DVA SN: 7348 30-Dac-14 (No. EX3-7342_Dect4) Dec-15

DAE4 SN DY 17-Aug-15 (No. DAES-601_Aug15) Aug-16

Secondary Standards liow Cheex Date (in house) Scheduled Check

AF generatoe AAS SMT-06 | 100072 15-2un-15 {In house check Jun-15) In houss check Jun-18

Netwark Anatyzer HP 8753E | US37900585 S4206  18-Oct-01 (n houso check O-15) in house check. Oct-18
Nama Function Sigrature

Calibrated by: Michast Weber Labaratory Technician /’ M
Agproved by: Katja Poxovic Technical Manager %g

lesued: November 24, 2015

Tlla calinration gerdificate shall not be reproduced axcept in Il without wittten approval of the Iabonsiory
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HCTCO,LTD
Calibration Laboratory of \\l\\;.//'/j,, S Schwelzerischer Kallbrisrdienst
Schmid & Partner % c Service sulsse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ,@ S swias Cafibration Service
ity e?
Accreditad by tha Swiss Accredilaticn Sarvica {SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL fissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
8) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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 fiat phantom section, with the arms oriented
parallel to the body axis.

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

« 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%.
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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 Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 Mz = 1 MHz
Head TSL parameters
The {ollowing parameters and calculations were applied,
Tomperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 4.5 0,90 mho/m
Measured Head TSL parameters (220x02)°C 426+£6% 092 mhaim £ 6 %
Head TSL temperature change during test <05'C - —
SAR result with Head TSL
SAR averaged over 1 eny’ (1 g) of Head TSL Condition
SAR measurad 250 mW Input power 2.29 Wikg
SAR for nomenal Head TSL parameters normalized 1o 1W 9.06 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 149 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.90 W/kg = 16,5 % (k=2)
Body TSL parameters
The following pararneters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters {220=02)°C 55626% 0.99 mho/m £ 6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 cm? (1 g) of Body TSL Condition
SAR measuted 250 mW input power 2.40 Wikg
SAR lor nominal Body TSL parameters normakzed to 1W 9,47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measurad 250 mW input power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6,25 W/kg % 16,5 % (k=2)

Cenilicate No: DB3SV2-44165_Novis
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5210-47K2
Retum Loss -26.0dB

Antenna Parameters with Body TSL

Impedance, tranaformed to feed point 4780Q-681Q
Retumn Loss -22.7dB

General Antenna Parameters and Design

| Electrical Delay (one direction) l 1.440 ns ]

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

The dipole is made of standard semengid coaxial cable. The center conductor of the feeding line s directly connected 1o the
second arm of the dipole, The antenna is therefore short-clroulted for OC-signals, On some of the dipoles, small end caps
are adgded o the dipole arms in order to improve matching when loaded according to the positicn as explained in the
"Measurament Conditions® paragraph. The SAR data are not atfected by this change. The overall dipole length |s still
according to the Standard,

No excessive force must be appiied to the dipole arms, because thay might bend or the soldered connections near the
{eedpoint may be damaged.

Additional EUT Data

Manufaciurod by SPEAG
Manulactured on December 28, 2012
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DASYS5 Validation Report for Head TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 4d165

Communication System: UID (0 - CW; Frequency: 835 MHz

Medium parameters used: = 835 MHz; o =092 S/m; & =426, p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77): Calibrated: 30.12.2014;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Serial: 1001

o DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 60.39 V/im; Power Drft = 0.02 dB

Peak SAR (extrapolated) = 3.40 W/kg

SAR(1 g) = 2.29 W/kg: SAR(10 g) = 1.49 W/kg

Maximum value of SAR (measured) = 3.03 Wikg

SLE

0dB =3.03 Wikg =481 dBW/kg

Canificate No: DB35V2-40165_Nov15 Paga5olB
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35V2 - SN: 4d165

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz: o = 0.99 S/m; & = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.72, 9,72, 9.72). Calibrated: 30.12.2014;
o Sensor-Surface: |.4mm (Mechanical Surface Detection)
o  Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 4.9L; Type: QDOGOP49AA; Serial: 1001

o DASYS5252.8.8(1222), SEMCAD X 14.6,1((7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube (:
Measurement grid: dx=5mm, dy=>mm, dz=S5mm

Reference Value = 61.95 Vim; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(! g) = 2.4 W/kg: SAR(10 g) = L.58 W/kg

Maximum value of SAR (measured) = 3.17 Wikg

SLBL

0dB =3,17 Wikg = 5.01 dBW/kg

Centificate No: DB35V2-4a165_Nav15 Page 7of &
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S8, Schweizerischer Kalibrierdienst
Schmid & Partner %& Service sulsse d'étalonnage
Engineering AG T Secvizio svizzero di taratura

Zoughausstrasss 43, B004 Zurich, Switzerland A ,'/’FI\\“\_.\-’ Swiss Calibration Service
Accredited by the Swiss Accreddatian Sendce (SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Muttilateral Agr for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: D2450V2-965_Apr16
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 965

Caibraticn procedura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz
Calitratian date: April 19, 2016

This calibeation centficate documents tha raceability to national standards, which realize the physicsf units of measurements (S1).
Tha measuroments and the uncenainties with confidence probabiity are givan on tha folkswing papes and are part of the canificate.

Al calitvations have baen condugiod in the closed Iabormiory faciiity: enviconment temperature {22 + 3y°C and humidity < 70%,

Caitirnbion Equipment used (METE critical for calibration)

Primary S IDa Cal Date (Cerificate No.) Scheduled Calration

Pawar meter NAP SN: 104778 O6-Ape-16 (No. 217-022B8/02289) Apri7

Powar sensor NRP-Z81 SN: 103244 06-Apr-16 (No. 297-02288) Aprd7

Powar sensor NRP-281 SN 103245 D6 Ape16 (Na, 217-02208) AprAT

Heferonca 20 dB Attenuaior SN 5053 (20K) 05-Apr-16 (Na. 217-02282) Apr17

Type-N mismatch combination SN: 5047,2 1 06327 D5-Apr-16 (No, 217-02295) ApeT

Aeferanca Proba EX30V4 SN 7349 31-Doc15 (No. EX3-7348_Dec15) Dec-16

DAE4 SN: 601 30-Dec-15 (No DAE4401_Decis) Dec-16

Secondary Standards DA Check Date (i heuss) Scheduled Chack

Powar meter EPM-242A SN: GB37450704 O7-Oct-15 (No. 217-02222) In house check: Oat-18

Power sensar HP 8481A SN: US37292783 07-Oct-15 (No, 217-02222) In house check: Oct18

Power sersar HP 84814 SN MYA41092317 070115 (Na, 217-02223) In house check: Oct-18
| AIF genacator H&S SMT-04 SH: 100972 15-Jun-15 {In house chock Jun-15) In howss check: Oct-18

Network Anatyzar HP 8753E | SA: US37380585 1800101 (in house check Oct-15) In house check: Oct-16

Name Function Signature

Caibyratad by: Michaal Webior Latoratory Technician m!*r

Appiounsd by: Katia Pokovic Tecnnical Managar //5% %%/

Issued: Aprf 20, 2016

This calibadion centiticate ahial not be reproduced except i full without wrilten appeoval of the laboratary.
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Zeughausstrasse 43, 8004 Zurich, Switzertand S Swiss Calibration Service

Accredited by 1he Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) |IEC 62209-1, "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:

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%.

Canificate No: D2450V2-965_Aprlé Page20f8
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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 — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Whg
SAR 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 5.89 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 18.5 % (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 (22.0+02)°C 527 6% 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 tor nominal Body TSL parameters normalized 1o 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 ecm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Wikg
SAR for nominal Body TSL parameters nomalized to TW 23.0 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-865_Apri6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 54610+ 38)Q

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51004590

Retumn Less -245dB

General Antenna Parameters and Design

[Eiectncal Delay (one direction) ] 1162 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 leeding line is directly connected to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipcies, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
Cenlificate No: D2450V2-865_Aprié Page 4 0of B
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DASYS5 Validation Report for Head TSL

Fest 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: = 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=5Smm, dz=5Smm
Refercnce Value = 112.4 Vim; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 25.6 Wi/kg

SAR(1 g) = 12.7 W/kg; SAR(10 g) = 5.89 W/kg
Maximum value of SAR (measured) = 20.7 W/kg

-5.00

-10.00

-15.00

-20.00

-25.00

0 dB =20.7 Wikg = 13.16 dBW/kg
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Impedance Measurement Plot for Head TSL
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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 parumeters 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=250 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(1 g) = 12,4 W/kg: SAR(10 g) = 5.78 W/kg

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

-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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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) 2450-2700
Tissue Type Head Body Head Body
Water 40.45 53.06 71.88 73.2
Salt (NaCl) 1.45 0.94 0.16 0.1
Sugar 57.0 44.9 0.0 0.0
HEC 1.0 1.0 0.0 0.0
Bactericide 0.1 0.1 0.0 0.0
Triton X-100 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 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

F-TP22-03 (Rev.00)
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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.

Prob Probe Dlelectrlc Parameters CW Validation Modulation Validation
robe o
ype Calibration | Dipole Date Measured = Measured Sensitivi Probe | Probe | MOD. Duty

Point  Permittivity Conductivity yLlnearlt Isotropy| Type Factor

2 1609 |ET3DV6 | Head | 835 | 4d165 | 2016.04.04 41.6 0.92 PASS | PASS | PASS | N/A

3 | 3797 |EX3DV4 | Head |2450| 965 |2016.05.02 39.1 1.78 PASS | PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary 1g

Prob Probe Dlelectrlc Parameters CW Validation Modulation Validation
robe o
vpe Calibration Dipole | Date Measured Measured | ...~ Probe Probe MOD. Duty ., .
Point  Permittivity Conductivity yLlnearltylsotropy Type Factor
N/A | N/A

9 | 3968 EX3DV4 | Body | 835 | 4d165 | 2016.06.14 55 0.98 PASS | PASS | PASS | N/A

8 | 3967 EX3DV4 | Body |2450| 965 |2016.05.03 52.4 1.96 PASS | PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary — Extremity SAR Considerations

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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