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1. 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, 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
(dwW) 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(dU)— d (dU)
S dt \dm/ — dt pdv

Figure 1. SAR Mathematical Equation

SAR is expressed in units of Watts per Kilogram (W/kg)
SAR = o E*/p

Where:

o conductivity of the tissue-simulant material (S/m)

o 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.
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC KDB Procedure, IEEE Standard
1528-2003 & IEEE 1528a-2005 and the following published KDB procedures.

- FCC KDB Publication 941225 D01 3G SAR Procedures v03
- FCC KDB Publication 941225 D06 Hot Spot SAR v02

- FCC KDB Publication 941225 D05 SAR for LTE Devices v02r03

- FCC KDB Publication 248227 D01 SAR Consideration for 802.11 Devices v01r02
- FCC KDB Publication 447498 D01 General SAR Guidance v05r02

- FCC KDB Publication 648474 D04 Handset SAR v01r02

- FCC KDB Publication 865664 D01 SAR measurement 100 MHz to 6 GHz v01r03
- FCC KDB Publication 865664 D02 SAR Reporting v01r01

- October 2013 TCB Workshop Notes (GPRS testing criteria)
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3. DESCRIPTION OF DEVICE

Environmental evaluation measurements of specific absorption rate (SAR) distributions in emulated human
head and body tissues exposed to radio frequency (RF) radiation from wireless portable devices for
compliance with the rules and regulations of the U.S. Federal Communications Commission (FCC).

GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),

EUT Type VoIP, Hotspot support
FCC ID: ZNFH440V
Model: LG-H440v

Additional Model Name:

LGH440v, H440v

Trade Name: LG Electronics, MobileComm U.S.A., Inc.
Application Type: Certification
Production Unit or Identical Prototype: Prototype
Band Tx. Frequency Equipment Reported 1g SAR (W/Kg)
(MHz) Class Head |Body-Worn |Hotspot
NS R | 824.2-8488 PCE 0.78 0.88 0.88
SRS | 1850.2-19008 |  PCE 0.33 0.41 0.48
Max. SAR: WCDMA 850 826.4 - 846.6 PCE 0.57 0.54 0.54
LTES 824.7 - 843 PCE 0.48 0.50 0.50
802.11b 2412.0-2462.0 DTS 0.47 0.30 0.30
Bluetooth 2402 -2 480 DSS/DTS - 0.23* -
Simultaneous SAR per KDB 690783 D01v01r03 1.13 1.18 1.18

Date(s) of Tests:

February 02, 2015 ~ February 06, 2015

Antenna Type:

Integral Antenna

GPRS/EDGE:

Multi-slot Class 33

Key Feature(s)

This device supports Mobile Hotspot.

* Note : BT Body-worn SAR value is estimate SAR value that should not be reported standalone SAR on grants of

equipment approval.
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3.1 KDB 941225 LTE information
Item. Description
Frequency Range: Band 5: 824.7 MHz ~ 848.3 MHz
Channel Bandwidth: Band 5: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz
Band 5
1.4 MHz 3 MHz 5 MHz 10 MHz

Freq. Freq. Freq. Freq.

Channel Number & Frequency: (MHz) Ch. (MHz) Ch. (MH2) Ch. (MHz) Ch.
824.7 20407 | 825.5| 20415 826.5 20425 829.0 20450
836.5 20525 | 836.5| 20525 836.5 20525 836.5 20525
848.3 20643 | 847.5| 20635 846.5 20625 844.0 20600

UE Category & Uplink Modulation

UE Category 3, QPSK, 16QAM

Description of the LTE
Transmitter & antenna

This model has two Tx. paths.

One is for GSM and WCDMA and LTE. It can not transmit simultaneously.

The other is for BT & WLAN. It can not transmit simultaneously.

Please find the section 12

LTE voice/data requirements

Data Only,

LTE voice is available via VolIP.
Considering the users may install 3rd party software to enable VolIP,
LTE Head SAR is also evaluated.

Identify if MPR is optional or
mandatory optional or mandatory

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

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

A-MPR is not implemented in the EUT.

See section 11.4 RF output power measurements in the SAR report.

Maximum average conducted output power(dBm) Identify
all other U.S. wireless operating modes, device exposure
configurations and frequency bands.

GSM850/ GSM1900, WCDMAS850 and LTE Band 5

Head & Body SAR are required.

Maximum average conducted output power for other

Wireless mode and frequency

See section 11 RF output power measurements in the
SAR report.

Simultaneous Transmission
condition

This device supports simultaneous transmission. Please find the section 15.

Power reduction explanation

This device doesn't implements power reduction.

Description of the test equipment,
software, etc.

LTE SAR Testing was performed using a CMW500.
UE transmits with maximum output power during SAR testing.
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4. DESCRIPTION OF TEST EQUIPMENT

4.1 SAR MEASUREMENT SETUP

These measurements are performed using the DASY4 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 consists of the HP Pentium IV 3.0 GHz computer with
Windows XP system and SAR Measurement Software DASY4, 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.
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Figure 2. HCT SAR Lab. Test Measurement Set-up

The DAE4 consists of a highly sensitive electrometer-grade preamplifier with auto-zeroing, a channel and
gain-switching multiplexer, a fast 16 bit AD-converter and a command decoder and control logic unit.
Transmission to the PC-card is accomplished through an optical downlink for data and status information and
an optical uplink for commands and clock lines. The mechanical probe mounting device includes two different
sensor systems for frontal and sidewise probe contacts. They are also used for mechanical surface detection
and probe collision detection. The robot uses its own controller with a built in VME-bus computer. The system
is described in detail in.
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4.2 DASY E-FIELD PROBE SYSTEM
4.2.1 ET3DV6 Probe Specification

Construction Symmetrical design with triangular core
Built-in optical fiber for surface detection System
Built-in shielding against static charges

Calibration In air from 10 MHz to 2.5 GHz
In brain and muscle simulating tissue at
Frequencies of 450 MHz, 900 MHz and
1.8 GHz (accuracy: 8 %)

Frequency 10 MHz to > 3 GHz; Linearity: + 0.2 dB
(30 MHz to 3 GHz)

Directivity + 0.2 dB in brain tissue (rotation around probe axis)
+ 0.4 dB in brain tissue (rotation normal probe axis)

Dynamic 5 (W/g to > 100 mW(/g;

Range Linearity: +0.2 dB

Surface + 0.2 mm repeatability in air and clear liquids
Detection over diffuse reflecting surfaces.
Dimensions Overall length: 330 mm

Tip length: 16 mm

Body diameter: 12 mm

Tip diameter: 6.8 mm

Distance from probe tip to dipole centers: 2.7 mm

Application General dissymmetry up to 3 GHz
Compliance tests of WCDMA/LTE Phones
Fast automatic scanning in arbitrary phantoms Figure 3. Photograph of the probe

and the Phantom

The SAR measurements were conducted with the dosimetric probe
ET3DV6, designed in the classical triangular configuration and
optimized for dosimetric evaluation. The probe is constructed using
the thick film technique; with printed resistive lines on ceramic
substrates. The probe is equipped with an optical multifiber line
ending at the front of the probe tip. It is connected to the EOC box
on the robot arm and provides an automatic detection of the
phantom surface. Half of the fibers are connected to a pulsed
infrared transmitter, the other half to a synchronized receiver. As
the probe approaches the surface, the reflection from the surface
produces a coupling from the transmitting to the receiving fibers.
This reflection increases first during the approach, reaches a
maximum and then decreases. If the probe is flatly touching the
surface, the coupling is zero. The distance of the coupling
maximum to the surface is independent of the surface reflectivity
and largely independent of the surface to probe angle. The DASY4
software reads the reflection during a software approach and looks
for the maximum using a 2" order fitting. The approach is stopped
at reaching the maximum.

Figure 4. ET3DV6 E-field Probe
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4.2.2 EX3DV4 Probe Specification

Construction Symmetrical design with triangular core Interleaved sensors
Built-in shielding against static charges
PEEK enclosure material (resistant to organic solvents, e.g., DGBE)

Calibration Basic Broad Band Calibration in air
Conversion Factors (CF) for HSL 900 and HSL 1810
Additional CF for other liquids and frequencies upon request
Frequency 10 MHz to 4 GHz; Linearity: £ 0.2 dB (30 MHz to 4 GHz)

Directivity + 0.2 dB in HSL (rotation around probe axis)
+ 0.3 dB in tissue material (rotation normal to probe axis)

Dynamic Range 5 pW/g to > 100 mW/g; Linearity: + 0.2 dB

Dimensions Overall length: 330 mm (Tip: 20 mm)
Tip diameter: 3.9 mm (Body: 12 mm)
Distance from probe tip to dipole centers: 2.0 mm

Application General dosimetry up to 4 GHz
Dosimetry in strong gradient fields
Compliance tests of mobile phones

Figure 5. Photograph of the probe
and the Phantom

The SAR measurements were conducted with the dosimetric probe EX3DV4,
designed in the classical triangular configuration and optimized for dosimetric
evaluation. The probe is constructed using the thick film technique; with printed
resistive lines on ceramic substrates. The probe is equipped with an optical
multifiber line ending at the front of the probe tip. It is connected to the EOC box on
the robot arm and provides an automatic detection of the
phantom surface. Half of the fibers are connected to a pulsed infrared transmitter,
the other half to a synchronized receiver. As the probe approaches the surface, the
reflection from the surface produces a coupling from the transmitting to the
receiving fibers. This reflection increases first during the approach, reaches a
maximum and then decreases. If the probe is flatly touching the surface, the
coupling is zero. The distance of the coupling maximum to the surface is
) ] independent of the surface reflectivity and largely independent of the surface to
Figure 6. EX3DV4 E-field Probe probe angle. The DASY4 software reads the reflection during a  software
approach and looks for the maximum using a 2" order fitting. The approach is
stopped at reaching the maximum.
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4.3 PROBE CALIBRATION PROCESS
4.3.1 E-Probe Calibration

Each probe is calibrated according to a dosimetric assessment procedure with an accuracy better than + 10 %.
The spherical isotropy was evaluated with the proper procedure and found to be better than +0.25 dB. The
sensitivity parameters (NormX, NormY, NormZ), the diode compression parameter (DCP) and the conversion
factor (ConvF) of the probe is tested.

The free space E-field from amplified probe outputs is determined in a test chamber. This is performed in a
TEM cell for frequencies bellow 1 GHz, and in a waveguide above 1 GHz for free space. For the free space
calibration, the probe is placed in the volumetric center of the cavity and at the proper orientation with the field.
The probe is then rotated 360 degrees.

E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate simulated
brain tissue. The measured free space E-field in the medium correlates to temperature rise in a dielectric
medium. For temperature correlation calibration a RF transparent thermistor-based temperature probe is
used in conjunction with the E-field probe.

AT E2
SAR = C*=— saR = Ele
At P
where: where:
At = exposure time (30 seconds), o = simulated tissue conductivity,
C = heat capacity of tissue (brain or muscle), p = Tissue density (1.25 g/a’ for brain tissue)

AT =temperature increase due to RF exposure.
SAR is proportional to AT/At, the initial rate of tissue
heating, before thermal diffusion takes place.

Now it’s possible to quantify the electric field in the
simulated tissue by equating the thermally derived
SAR to the E-field;
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Figure 7. E-Field and Temperature Figure 8. E-Field and temperature
measurements at 900 MHz measurements at 1.8 GHz
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4.3.2 Data Extrapolation

The DASY4 software automatically executes the following procedures to calculate the field units from the
microvolt readings at the probe connector. The first step of the evaluation is a linearization of the filtered input
signal to account for the compression characteristics of the detector diode. The compensation depends on the
input signal, the diode type and the DC-transmission factor from the diode to the evaluation electronics. If the
exciting field is pulsed, the crest factor of the signal must be known to correctly compensate for peak power.
The formula for each channel can be given like below;

Vi =U; + U% .4 with V;  =compensated signal of channel i (i=x,y,2)
dcp . . . .
U; =input signal of channel i (i=x,y,2)
cf  =crestfactor of exciting field (DASY parameter)
dcp; = diode compression poing (DASY parameter)

From the compensated input signals the primary field data for each channel can be evaluated:

E-field probes: with v, = compensated signal of channel i (i=x,y,z)
o Norm; = sensor sensitivity of channel i (i=x,y,z)
E; = \/m uv/(V/m)? for E-field probes
v ConvF = sensitivity of enhancement in solution
E; = electric field strength of channel i in V/m

The RSS value of the field components gives the total field strength (Hermetian magnitude):

Eye = EZ + E} + E;

The primary field data are used to calculate the derived field units.

o

SAR = E;2, - — 500 with SAR = local specific absorption rate in W/g
P E.,; = totalfield strength in V/m
o = conductivity in [mho/m] or [Siemens/m]
p = equivalent tissue density in g/cm3

The power flow density is calculated assuming the excitation field to be a free space field.

E? . - ; i ; 2
Pyye = ﬁ with Powe = equwalent_poyver density o_f a plane wave in w/cm
E:,: = total electric field strength in V/m
Renort No HCT CO., LTD.
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4.4 SAM Phantom

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

Figure 9. SAM Phantom

Shell Thickness 2.0mm = 0.2 mm (6 £ 0.2 mm at ear point)
Filling Volume about 25 L
Dimensions 810 mm x 1 000 mm x 500 mm (H x L x W)

Triple Modular Phantom consists of tree identical modules which can be installed
and removed separately without emptying the liquid. It includes three reference
points for phantom installation. Covers prevent evaporation of the liquid.
Phantom material is resistant to DGBE based tissue simulating liquids. The MFP
V5.1 will be delivered including wooden support only (non-standard SPEAG
support).

Applicable for system performance check from 700 MHz to 6 GHz (MFP V5.1C)
or 800 MHz - 6 GHz (MFP V5.1A) as well as dosimetric evaluations for
body-worn operation.

Shell Thickness 2.0mm = 0.2 mm
Filling Volume approx. 9.2 L
Dimensions 830 mm x 500 mm (L x W) Figure 10. MFP V5.1 Triple Modular

Phantom

4.5 Device Holder for Transmitters

In combination with the SAM Phantom V 4.0, the Mounting Device (POM) enables the
rotation of the mounted transmitter in spherical coordinates whereby the rotation
points is the ear opening. The devices can be easily, accurately, and repeatable
positioned according to the FCC and CENELEC specifications. The device holder can
be locked at different phantom locations (left head, right head, flat phantom).

Note: A simulating human hand is not used due to the complex anatomical and
geometrical structure of the hand that may produced infinite number of configurations.
To produce the Worst-case condition (the hand absorbs antenna output power),

the hand is omitted during the tests. Figure 11. Device Holder
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4.6 Tissue Simulating Mixture Characterization

The mixture is characterized to obtain proper dielectric constant (permittivity) and conductivity of the tissue of
interest. The tissue dielectric parameters recommended in IEEE 1528 and IEC 62209 have been used as
targets for the compositions, and are to mach within 5%, per the FCC recommendations.

Ingredients Frequency (MHz)
(% by weight) 835 1900 2 450 ~ 2 700 5 200 - 5 800
Tissue Type Head Body Head Body Head Body Head Body
Water 40.45 | 53.06 54.9 70.17 | 71.88 73.2 65.52 78.66
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 44,92 | 29.44 7.99 26.7 0.0 0.0
Diethylene glycol hexyl ether - - - - - - 17.24 10.67

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

Table 4.1 Composition of the Tissue Equivalent Matter
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4.7 SAR TEST EQUIPMENT

Manufacturer Type / Model SIN Calib. Date | alib.Interval | Calib.Due
SPEAG SAM Phantom - N/A N/A N/A

SPEAG Triple Modular Phantom - N/A N/A N/A

Staubli Robot RX90B L FO01/5K09A1/A/01 N/A N/A N/A

Staubli Robot TX90 Lspeag F13/5R4XF1/A/01 N/A N/A N/A

Staubli Robot ControllerCS7MB 3403-91935 N/A N/A N/A

Staubli Robot Controller CS8Cspeag-TX90 | F13/5R4XF1/C/01 N/A N/A N/A

HP Pavilion t000_puffer KRJ51201TV N/A N/A N/A

SPEAG Light Alignment Sensor 265 N/A N/A N/A

SPEAG Light Alignment Sensor SE UKS 030 AA N/A N/A N/A

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

Staubli Teach Pendant (Joystick) D21142605 N/A N/A N/A

SPEAG DAE4 1225 Mar. 24, 2014 Annual Mar. 24, 2015
SPEAG DAE3 466 Feb. 27, 2014 Annual Feb. 27, 2015
SPEAG DAE3 446 Jan. 21, 2015 Annual Jan. 21, 2016
SPEAG E-Field Probe ET3DV6 1630 Apr. 21, 2014 Annual Apr. 21, 2015
SPEAG E-Field Probe EX3DV4 3863 Jul. 24, 2014 Annual Jul. 24, 2015
SPEAG Dipole D835V2 441 Jan. 23, 2015 Annual Jan. 23, 2016
SPEAG Dipole D1900V2 5d061 Jul. 23, 2014 Annual Jul. 23, 2015
SPEAG Dipole D2450V2 743 Jul. 24, 2014 Annual Jul. 24, 2015
Agilent Power Meter(F) E4419B MY41291386 Oct. 27, 2014 Annual Oct. 27, 2015
Agilent Power Sensor(G) 8481 MY41090680 Oct. 27, 2014 Annual Oct. 27, 2015
HP Dielectric Probe Kit 85070C 00721521 CBT

HP Dual Directional Coupler 778D 16072 Oct. 27, 2014 Annual Oct. 27, 2015
Agilent Base Station E5515C GB44400269 Feb. 09, 2015 Annual Feb. 09, 2016
HP Signal Generator 8664A 3744A02069 Oct. 27, 2014 Annual Oct. 27, 2015
Hewlett Packard | 11636B/Power Divider 58698 Mar. 03. 2014 Annual Mar. 03. 2015
Agilent N9020A/ SIGNAL ANALYZER MY50510407 Mar. 25, 2014 Annual Mar. 25, 2015
TESCOM TC-3000C / BLUETOOTH TESTER | 3000C000276 Apr. 11, 2014 Annual Apr. 11. 2015
HP Network Analyzer 8753ES JP39240221 Mar. 21, 2014 Annual Mar. 21, 2015
R&S Base Station CMW500 100990 Dec. 05, 2014 Annual Dec. 05, 2015
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 dielectric

probe system and network analyzer to determine the conductivity and permittivity
(dielectric constant) of the brain/body-equivalent material.

2. CBT(Calibrating Before Testing). Prior to testing, the dielectric probe kit was calibrated via the network analyzer, with the specified
procedure(calibrated in pure water) and calibration kit(standard) short circuit, before the dielectric measurement. The specific procedure
and calibration kit are provided by Agilent
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5. SAR MEASUREMENT PROCEDURE

The evaluation was performed with the following procedure:

1. The SAR value at a fixed location above the ear point was measured and was used as a reference value
for assessing the power drop.

2. The SAR distribution at the exposed side of the head was measured at a distance of 3.9 mm from the
inner surface of the shell. The area covered the entire dimension of the head and the horizontal grid
spacing was 15 mm x 15 mm. Based on this data, the area of the maximum absorption was determined
by spline interpolation.

3. Around this point, a volume of 32 mm x 32 mm x 30 mm was assessed by measuring 5 x 5 x 7 points. On
this basis of this data set, the spatial peak SAR value was evaluated with the following procedure:
a. The data at the surface were extrapolated, since the center of the dipoles is 2.7 mm away from the tip
of the probe 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 value, at the same location as procedure #1, was re-measured. If the value changed by more
than 5 %, the evaluation is repeated.

R
~ X-axis

Figure 12. SAR Measurement Point in Area Scan

First Area Scan is used to locate the approximate location(s) of the local peak SAR value(s).

The measurement grid within an Area Scan is defined by the grid extend, grid step size and grid offset. Next,
in order to determine the EM field distribution in a three-dimensional spatial extension, Zoom Scan is required.
The Zoom Scan is performed around the hightest E-field value to determine the averaged SASR-distribution
over 10g.

Area scan and zoom scan resolution setting follow KDB 865664 D01v01r03 quoted below
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=3 GHz =3 GHz
Maxinmum distance from closest measurement point o
(geometric center of probe sensors) to phantom surface 5%1mm 451n(2) £ 0.5 mm
Maximum probe angle from probe ax1s to phantom surface 300+ 10 300+ 12
normal at the measurement location - Sols
<2 GHz: =15 mm 3-4GHz. =12 mm
2-3GHz: =12 mm 4-6GHz: = 10 mm

Maxinmm area scan spatial resolution: AxXaw, AVaxa

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 comresponding x or y
dimension of the test device with at least one measurement

pomt on the test device.

. : - =2GHz =8mm 3-4GHz = 5mm’
Maximum zoom scan spatial resolution: AXzoee, AVzoom 73 GHz <5 mm’ 4= 6 OFz: <4 i’
3-4GHz.=4mm
uniform gnd: Azz,.(n) = 5mm 4-5GHz. <= 3mm
5-6GHz: = 2mm
Maximum zoom scan A2Zoe(1): between 17 3-4GHz:=3mm
Spmmmm two points closest to =4 mm 4-5GHz: =2 5mm
normal to phantom hantom surface 5- =2
surface graded p 6 GHz: = 2mm
grid
Azzown(n=1): befween e 8
S\lequlEl]t pomts = 15 AZz (0 1)
w 3-4GHz. =28 mm
Ijﬂmzoomscan X.V.Z =30mm 4-5GHz =25 mm
- 5—6GHz = 22 mm

2011 for details.

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

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

When zoom scan 1s required and the reporfed SAR. from the area scan based 1-g SAR estimation procedures of KDB
44749815 = 1.4 Wikg, = 8 mm, = 7 mm and = 5 mm zoom scan resolution may be applied, respectively. for 2 GHz to 3
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6. DESCRIPTION OF TEST POSITION

6.1 HEAD POSITION

The device was placed in a normal operating position

with the Point A on the device, as illustrated in following
drawing, aligned with the location of the RE(ERP) on
the phantom. With the ear-piece pressed against the
head, the vertical center line of the body of the handset
was aligned with an imaginary plane consisting of the
RE, LE and M. While maintaining these alignments, the
body of the handset was gradually moved towards the
cheek until any point on the mouth-piece or keypad
contacted the cheek. This is a cheek/touch position.
For earftilt position, while maintain the device aligned
with the BM and FN lines, the device was pivot against
ERP back for 15° or until the device antenna touch the
phantom._Please refer to IEEE 1528-2003 illustration below.

Figure 13. Side view of the phantom

vertical vertical
center line center line
wi2 , wil2| w2
A—"f horizontal
line
horizontal
line A acoustic
A output
acoustic bottom of
output
bottom of heiidsee B
handset

Figure 14. Handset vertical and horizontal reference lines
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6.2 Body Holster/Belt Clip Configurations

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

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

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

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

"See the Test SET-UP Photo"

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

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

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 19 of 122
HCT-A-1502-F008 TEL: +82 31 645 6300 FAX: +82 31 645 6401

Report No.



CT
HCTCOLLTD

FCCID: ZNFH440V

Issue Date: Feb. 25, 2015

/. MEASUREMENT UNCERTAINTY

Error Tol Prob. Standard
Description dist. Div. Gi Uncertainty Veff
(£ %) (£ %)

1. Measurement System
Probe Calibration 6.00 N 1 1 6.00 ©
Axial Isotropy 4.70 R 1.73 0.7 1.90 o
Hemispherical Isotropy 9.60 R 1.73 0.7 3.88 ©
Boundary Effects 1.00 R 1.73 1 0.58 ©
Linearity 4.70 R 1.73 1 2.71 ©o
System Detection Limits 1.00 R 1.73 1 0.58 o
Readout Electronics 0.30 N 1.00 1 0.30 ©
Response Time 0.8 R 1.73 1 0.46 o
Integration Time 2.6 R 1.73 1 1.50 o
RF Ambient Conditions 3.00 R 1.73 1 1.73 ©
Probe Positioner 0.40 R 1.73 1 0.23 ®©
Probe Positioning 2.90 R 1.73 1 1.67 o
Max SAR Eval 1.00 R 1.73 1 0.58 o

2.Test Sample Related
Device Positioning 2.90 N 1.00 1 2.90 145
Device Holder 3.60 N 1.00 1 3.60 5
Power Drift 5.00 R 1.73 1 2.89 o

3.Phantom and Setup
Phantom Uncertainty 4.00 R 1.73 1 2.31 o0
Liquid Conductivity(target) 5.00 R 1.73 0.64 1.85 o
Liquid Conductivity(meas.) 2.07 N 1 0.64 1.60 9
Liquid Permitivity(target) 5.00 R 1.73 0.6 1.73 o
Liquid Permitivity(meas.) 5.02 N 1 0.6 1.50 9
Combind Standard Uncertainty 10.85
Coverage Factor for 95 % k=2
Expanded STD Uncertainty 21.70

Table 7.1 Uncertainty (800 MHz- 2 600 MHz)
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8. ANSI/IEEE C95.1 - 1992 RF EXPOSURE LIMITS

UNCONTROLLED CONTROLLED
HUMAN EXPOSURE ENVIRONMEN.T ENVIRON.MENT
General Population Occupational
(W/kg) or (mW/g) (W/kg) or (mW/g
*
SPATIAL PEAK SAR 160 8.00
(Brain)
SPATIAL AVERAGE SAR 0.08 0.40
(Whole Body)
SPATIAL PEAK SAR _ 4.00 20.00
(Hands / Feet / Ankle / Wrist)

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.

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).
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9. SAR SYSTEM VALIDATION

Per FCC KCB 865664 D02v01r01, 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 1528-2003 and FCC KDB 865664 D01v01r03. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the
valid frequency range of the probe calibration point, using the system that normally operates with the probe
for routine SAR measurements and according to the required tissue-equivalent media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

SAR

Dielectric Parameters CW Validation Modulation Validation
System Probe P_robe_ )
# Probe Type Ca:;t:)ri?]ttlon Digzlz Measured | Measured Sensitivi Probe | Probe | MOD. | Duty PAR
Permittivity | Conductivity 7 Linearity|Isotropy| Type |Factor
7 1630 |ET3DV6 [Head| 835 | 441 41.6 0.89 PASS | PASS | PASS | GMSK [PASS| N/A
7 1630 | ET3DV6 [Body| 835 | 441 554 0.97 PASS | PASS | PASS | GMSK [PASS| N/A
1 3863 | EX3DV4 |Head|1900 |5d061 39.8 1.4 PASS | PASS | PASS | GMSK [PASS| N/A
7 1630 | ET3DV6 |Body 1900 [5d061 52.1 1.52 PASS | PASS | PASS | GMSK [PASS| N/A
1 3863 |EX3DV4 |Head|2450| 743 38.2 1.79 PASS | PASS | PASS | OFDM | N/A | PASS
7 1630 | ET3DV6 |Body (2450 743 53.2 1.95 PASS | PASS | PASS | OFDM | N/A | PASS
SAR System Validation Summary
Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table bove
represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r03. 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
DO01v01r03.
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10. SYSTEM VERIFICATION

10.1 Tissue Verification

Freq. Liquid Temp. Deviation | Limit
Date Probe | Dipole | Liquid Parameters Target Measured

[MHZ] [oc] Value Value [%] [%]
er 41.5 41.843 +0.83 5

835 Feb. 05, 2015 | 1630 Head 20.1
c 0.90 0.914 +1.56 5

441

er 55.2 53.273 - 3.49 5

835 Feb. 04, 2015 | 1630 Body 21.8
c 0.97 0.978 +0.82 5
er 55.2 54.4 -1.45 5

835 Feb. 02,2015 | 1630 | 441 | Body 20.5
c 0.97 0.994 +2.47 +5
er 40.0 38.872 -2.82 5

1900 | Feb. 03,2015 | 3863 Head 20.0
c 1.40 1.374 -1.86 5

5d061

er 53.3 52.599 -1.32 5

1900 | Feb. 04,2015 | 1630 Body 21.8
c 1.52 15 -1.32 5
er 39.2 39.775 +1.47 +5

2450 | Feb. 03, 2015 | 3863 Head 20.0
c 1.80 1.795 -0.28 +5

743

er 52.7 52.653 - 0.09 +5

2450 | Feb. 06, 2015 | 1630 Body 20.6
c 1.95 1.978 +1.44 +5

The Tissue dielectronic parameters were measured prior to the SAR evaluation using an Agilent 85070C
Dielectronic Probe Kit and Agilent Network Analyzer.
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10.2 System Verification

Prior to assessment, the system is verified to the + 10 % of the specifications at 835 MHz / 1 900 MHz / 2 450
MHz by using the system Verification kit. (Graphic Plots Attached)

System Verification Results

1 W Target 1W

Amb. | Liquid Measured : L Limit
Freq. Probe | Dipole SAR1g Normalized | Deviation
iquid | Temp. | Temp. SAR %
Date SIN) | (SIN) Liquid p P- | (sPEAG) 1g SARy [%]
[MHZ] [°C] [°C] [mW/g] [mW/g] [mW/g] [%] (%]
835 | Feb. 05,2015 | 1630 Head | 20.3 | 20.1 9.21 0.941 9.41 +2.17 | £10

835 |Feb. 04,2015 | 1630 | 441 | Body | 22.0 | 21.8 9.34 0.955 9.55 +2.25 | £10

835 | Feb. 02,2015 | 1630 Body | 20.7 | 20.5 9.34 0.998 9.98 +6.85 | £10
1900 | Feb. 03, 2015 | 3863 Head | 20.2 | 20.0 40.6 3.88 38.8 -443 | £10
1900 | Feb. 04, 2015 | 1630 dost Body | 22.0 | 21.8 40.8 4.12 41.2 +0.98 | +10
2 450 | Feb. 03, 2015 | 3863 Head | 20.2 | 20.0 53.2 5.35 53.5 +0.56 | +£10
2 450 | Feb. 06, 2015 | 1630 “ Body | 20.8 | 20.6 51.3 5.22 52.2 +1.75 | £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 equipment.

- 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 D0O1v01r03.
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11. RF CONDUCTED POWER MEASUREMENT

Power measurements were performed using a base station simulator under digital average power.

The handset was placed into a simulated call using a base station simulator in a shielded chamber.

Such test signals offer a consistent means for testing SAR and are recommended for evaluation SAR
SAR measurements were taken with a fully charged battery. In order to verify that the device was tested
and maintained at full power, this was configured with the base station simulator. The SAR measurement
Software calculates a reference point at the start and end of the test to check for power drifts. If conducted
Power deviations of more then 5 % occurred, the tests were repeated.
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11.1 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 D0O1v05r02.

GSM

GSM850 GSM1900

Target Power : 33.2 dBm Target Power : 30.2 dBm

GPRS850 PCS1900
GPRS 1tx : 33.2 dBm / EGPRS 1tx : 26.7 dBm GPRS 1tx : 30.2 dBm / EGPRS 1tx : 25.7 dBm
GPRS 2tx : 31.2 dBm / EGPRS 2tx : 26.2 dBm GPRS 2tx : 28.2 dBm / EGPRS 2tx : 25.2 dBm
GPRS 3tx : 29.2 dBm / EGPRS 3tx : 25.2 dBm GPRS 3tx : 26.2 dBm / EGPRS 3tx : 24.2 dBm
GPRS 4tx : 28.2 dBm / EGPRS 4tx : 24.2 dBm GPRS 4tx : 25.2 dBm / EGPRS 4tx : 23.2 dBm

Tune-up Tolerance : -1.5 dB/ +0.5 dB

WCDMA

WCDMABS850

Target Power : 23.2 dBm

HSDPA/DC-HSDPA Sub-testl | Target Power : 23.2 dBm | HSUPA Sub-testl Target Power : 23.2 dBm

HSDPA/DC-HSDPA Sub-test2 | Target Power : 23.2 dBm | HSUPA Sub-test2 Target Power : 21.2 dBm

HSDPA/DC-HSDPA Sub-test3 | Target Power : 22.7 dBm | HSUPA Sub-test3 Target Power : 22.2 dBm

HSDPA/DC-HSDPA Sub-test4 | Target Power : 22.7 dBm | HSUPA Sub-test4 Target Power : 22.2 dBm

HSUPA Sub-test5 Target Power : 23.2 dBm

Tune-up Tolerance : -1.5 dB/ +0.5 dB

MPR Tolerance : -1 dB/ +1 dB

* The HSUPA transmitter power will not exceed the R99 maximum transmit power in devices based on
Qualcomm’s HSPA chipset solutions

LTE
Mode/Band LTE Band 5
Target Power 23.2dBm

Tune-up Tolerance : -1.5 dB/ +0.5 dB

Wifi
IEEE 802.11 (in dBm)
Mode / Band a b g N (20MHz) N (40MHz)
2-3\/ I(|3:'|42 Maximum N/A 15.0 12.0 11.0 N/A
Nominal N/A 14.0 11.0 10.0 N/A

Tune-up Tolerance : +1dB/-1dB

BT.
(in dBm) DH5 2-DH5 3-DH5 Bluetooth LE
Bluetooth Maximum 10.5 8 8 0
(Average Power)
Nominal 9.5 7 7 -1.0

Tune-up Tolerance : +1dB/-1dB
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11.2 GSM

Conducted output power measurements were performed using a base station simulator under digital average
power.

Base Station Simulator
RF Connector EUT

SAR Test for WWAN were performed with a base station simulator Agilent E5515C. Communication between
the device and the emulator was established by air link. Set base station emulator to allow DUT to radiate
maximum output power during all tests. Please refer to the below worst case SAR operation setup.

- GSM voice: Head SAR, Body SAR

- GPRS Multi-slots : Body SAR with GPRS/EDGE Multi-slot Class 33 with CS 1 (GMSK)

Note;

This EUT’S GSM, GPRS and EDGE device class is B, DTM Multislot class :N/A

Per KDB 941225 D01v03, GMSK GPRS and EDGE mode is the primary mode.

CS1/MCS7 coding scheme was used in GPRS/EDGE output power measurements and SAR Testing, as a
condition where GMSK modulation was ensured. Investigation has shown that CS1 - CS4/ MCS5 — MCS9
settings do not have any impact on the output levels in the GPRS/EDGE modes.

GSM Conducted output powers (Burst-Average)

Voice GPRS(GMSK) Data — CS1 EDGE Data
Band | Channel [ o, | GPRS | GPRS | GPRS | GPRS | EDGE | EDGE | EDGE | EDGE
1TXSlot | 27X Slot | 3TX Slot | 4TX Slot | 1 TX Slot | 2 TX Slot | 3TX Slot | 4 TX Slot
©@m) | “ggm) | @Bm) | @Bm) | @Bm) | (dBm) @m) | @Bm) | (dBm)
128 33.47 33.44 31.65 29.62 28.36 26.79 26.44 25.35 24.46
G8§(I;/| 190 33.50 33.47 31.34 29.57 28.35 26.61 26.23 25.08 24.34
251 33.61 33.61 31.53 29.58 28.11 26.53 26.23 25.09 24.19
512 30.03 30.03 28.40 26.46 25.48 25.91 25.38 24.30 23.25
fl.;;)'\g 661 30.01 29.98 28.34 26.32 25.38 25.78 25.28 24.19 23.15
810 30.07 30.04 28.50 26.46 25.48 25.87 25.33 24.27 23.22
GSM Conducted output powers (Frame-Average)
Voice GPRS(GMSK) Data — CS1 EDGE Data
Band | Channel [ .o | GPRS | GPRS | GPRS | GPRS | EDGE | EDGE | EDGE | EDGE
1TXSlot | 27X Slot | 3TX Slot | 4TX Slot | 1 TX Slot | 2 TX Slot | 3TX Slot | 4 TX Slot
@Bm) | “m) | @Bm) | @Bm) | @Bm) | (dBm) @m) | @Bm) | (dBm)
128 24.44 24.41 25.63 25.36 25.35 17.76 20.42 21.09 21.45
(38?(\)/' 190 24.47 24.44 25.32 25.31 25.34 17.58 20.21 20.82 21.33
251 24.58 24.58 25.51 25.32 25.10 17.50 20.21 20.83 21.18
512 21.00 21.00 22.38 22.20 22.47 16.88 19.36 20.04 20.24
fgsol\g 661 20.98 20.95 22.32 22.06 22.37 16.75 19.26 19.93 20.14
810 21.04 21.01 22.48 22.20 22.47 16.84 19.31 20.01 20.21
Note:

Time slot average factor is as follows:

1 Tx slot = 9.03 dB, Frame-Average output power = Burst-Average output power — 9.03 dB
2 Tx slot = 6.02 dB, Frame-Average output power = Burst-Average output power — 6.02 dB
3 Tx slot = 4.26 dB, Frame-Average output power = Burst-Average output power — 4.26 dB
4 Tx slot = 3.01 dB, Frame-Average output power = Burst-Average output power — 3.01 dB
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11.3 WCDMA

Body SAR is not required for handsets with HSDPA/HSUPA capabilities when the maximum average output
of each RF channel with HSDPA active is less than % dB higher than that measured without HSDPA using
12.2 kbps RMC and the maximum SAR for 12.2 kbps RMC is < 75 % of the SAR limit. Otherwise, SAR is
Measured for HSDPA, using an FRC with H-Set 1 in Sub-test 1 and a 12.2 kbps RMC configured in Test Loop
Mode 1, using the highest body SAR configuration in 12.2 kbps RMC without HSDPA, on the maximum output
channel with the body exposure configuration that results in the highest SAR in 12.2 kbps RMC for that RF
channel.

11.3.1 Output Power Verification

Maximum output power is verified on the High, Middle and Low channels according to the general
descriptions in section 5.2 of 3 GPP TS 34.121, using the appropriate RMC or AMR with TPC(transmit power
control) set to all “1s”.

11.3.2 Head SAR Measurements

SAR for head exposure configurations is measured using the 12.2 kbps RMC with TPC bits configured to all
“1s”. SAR in AMR configurations is not required when the maximum average output of each RF

channel for 12.2 kbps AMR is less than % dB higher than that measured in 12.2 kbps RMC. Otherwise,
SAR is measured on the maximum output channel in 12.2 AMR with a 3.4 kbps SRB (signaling radio
bearer using the exposure configuration that results in the highest SAR for that RF channel in 12.2 RMC.

11.3.3 Body SAR Measurement
SAR for body exposure configurations is measured using the 12.2 kbps RMC with the TPC bits all “1s”.

11.3.4 Handsets with Release 5 HSDPA

Body SAR is not required for handsets with HSDPA capabilities when the maximum average output of each
RF channel with HSDPA active is less than % dB higher than that measured without HSDPA using 12.2 kbps
RMC and the maximum SAR for 12.2 kbps RMC is < 75 % of the SAR limit. Otherwise, SAR is Measured for
HSDPA, using an FRC with H-Set 1 in Sub-test 1 and a 12.2 kbps RMC configured in Test Loop Mode 1,
using the highest body SAR configuration in 12.2 kbps RMC without HSDPA, on the maximum output channel
with the body exposure configuration that results in the highest SAR in 12.2 kbps RMC for that RF channel.

Sub-Test 1 Setup for Release S HSDPA

Sub-test Be Ba (E;_) /Ba Bus @ CM (dB)~
1 2/15 15/15 64 2/15 4/15 0.0
2 12/15¢ 15/15% 64 12/15% 24/15 1.0
3 15/15 8/15 64 15/8 30/15 1.5
4 15/15 4/15 64 15/4 30/15 1.5

Note 1: AACK- A.\'ACK and ACQI =8& Ah: = Bh&"BC =30/15< Bk): 30/15 *BC

Note 2: CM = 1 for Bc/Ba =12/15, Bu/B=24/15.

Note 3: For subtest 2 the B/p4 ratio of 12/15 for the TFC during the measurement period (TF1, TFO) 1s achieved by
setting the signaled cain factors for the reference TFC (TF1. TF1) to .= 11/15 and Ba= 15/15.
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11.3.5 Handsets with Release 6 HSPA (HSDPA/HSUPA)

Body SAR is not required for handsets with HSPA capabilities when the maximum average output of
each RF channel with HSUPA/HSDPA active is less than % dB higher than that measured without
HSUPA/HSDPA using 12.2 kbps RMC and the maximum SAR for 12.2 kbps RMC is < 75 % of the SAR
limit. Body SAR for HSPA is measured with E-DCH Sub-test 5, using H-Set 1 and QPSK for FRC and a
12.2 kbps RMC configured in Test Loop Mode 1 with power control algorithm 2, according to the highest
body SAR configuration in 12.1 kbps RMC without HSPA. When VOIP is applicable for head exposure,
SAR is not required when the maximum output of each RF channel with HSPA is less than % dB higher
than that measured using 12.2 kbps RMC; otherwise, the same HSPA configuration used for body
measurement should be used to test for head exposure.

Bea Ba | CM?P | MPR | AGY | E-

St‘el:)t Pe Ba (SE) B/Ba | Bu” Bec Pea (SE) | (codes) | (dB) | (dB) | Index | TFCI
1 | 117159 | 15159 | 64 | 11/15% | 22715 | 209/225 | 1039/225 | 4 1 1.0 0.0 20 75
2 6/15 1515 | 64 | 6115 | 12115 | 1215 94/75 4 1 3.0 2.0 12 67
3 | 1sias | ons | 64 | 150 | 3015 | 3015 g:’ Y| % 2 20 | 10 | 15 92
4 2115 1515 | 64 | 215 | 415 | 2/15 56/75 4 1 3.0 2.0 17 71
5 | 15159 | 15159 | 64 | 1515® | 3015 | 24715 134/15 4 1 1.0 0.0 21 81

Note 1: Ayck. Ayack and Acgr = 8 & Ay, = By/B. = 30/15 & Bp=30/15 *B..

Note 2: CM = 1 for B./Ba =12/15, Bn/PB=24/15. For all other combinations of DPDCH. DPCCH, HS- DPCCH. E-DPDCH and E-
DPCCH the MPR 1s based on the relative CM difference.

Note 3: For subtest 1 the B./B; ratio of 11/15 for the TFC during the measurement period (TF1. TFO) 1s achieved by setting the
signaled gain factors for the reference TFC (TF1. TF1) to B = 10/15 and B4 = 15/15.

Note 4: For subtest 5 the B./B, ratio of 15/15 for the TEC during the measurement period (TF1. TFO) 1s achieved by setting the
signaled gain factors for the reference TFC (TF1. TF1) to B. = 14/15 and B = 15/15.

Note 5: Testing UE using E-DPDCH Physical Layer category 1 Sub-test 3 1s not required according to TS 25.306 Table 5.1g.

Note 6: .4 can not be set directly: it 1s set by Absolute Grant Value.

Note : Per KDB 941225 D01v03, the 12.2kbps RMC is the primary mode.

11.3.6 DC-HSDPA

UMTS SAR was tested under RMC 12.2 kbps with HSPA inactive per KDB publication 941225 D01v02.
HSPA SAR was not required since the average output power of the HSPA subtests was not more than
0.25 dB higher than the RMC level and SAR was less than 1.2 W/kg.

DC-HSDPA Considerations:
- 3GPP Specification 34.121-1 Release 8 Ver 8.10.0 was used for DC-HSDPA guidance
- H-Set 12(QPSK) was confirmed to be used during DC-HSDPA measurements
- Measured maximum output powers for DC-HSDPA were not greater than 1/4 dB higher than the
WCDMA 12.2 kbps RMC maximum output and as a result, SAR is not required for DC-HSDPA
- The DUT supports UE category 24 for HSDPA

It is expected by the manufacturer that MPR for some HSUPA subtests may be up to 1 dB more than
specified by 3GPP, but also as low as 0 dB according to the chipset implementation in this model.

<

“"RF Connector | Wireless Devise
DUT

Base Station Simulator
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WCDMAS850
3GPP 3GPP 34.121
Cellular Band [dBm]
Release Mode Subtest
Version UL 4132 UL 4183 UL 4233
DL 4357 DL 4408 DL 4458
99 WCDMA 12.2 kbps RMC 23.60 23.46 23.30
99 WCDMA 12.2 kbps AMR 23.54 23.44 23.30
5 Subtest 1 23.41 23.35 23.19
5 Subtest 2 23.44 23.38 23.19
HSDPA
5 Subtest 3 22.98 22.85 22.71
5 Subtest 4 22.98 22.90 22.71
6 Subtest 1 22.45 22.41 22.22
6 Subtest 2 21.72 21.86 21.61
6 HSUPA Subtest 3 22.05 22.12 21.74
6 Subtest 4 21.77 21.63 21.74
6 Subtest 5 22.50 22.40 22.21
8 Subtest 1 23.41 23.25 23.02
8 Subtest 2 23.51 23.27 23.00
DC-HSDPA
8 Subtest 3 23.01 22.78 22.50
8 Subtest 4 23.02 22.68 22.51
WCDMA Average Conducted output powers
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114 LTE

SAR testing was performed according to the FCC KDB 941225 D05v02r03 publication.

This DUT is developed base on MPR. The MPR is mandatory.

The device will not operate with any other MPR setting than that stated in the table as indicated.

SAR Testing was performed using a CMW500. UE transmits with Maximum output power during SAR testing.
A-MPR has been disabled for all SAR tests by setting NS=01 on the R&S CMW500.

-LTEBand 5

Max.Average Power (dBm)
Bandwidth | Modulation | RB Size | RB Offset

20407 20525 20643
824.7 MHz 836.5 MHz 848.3 MHz
1 0 23.23 23.31 23.12
1 3 23.34 23.41 23.37
1 5 23.33 23.23 23.36
QPSK 3 0 23.49 23.21 23.48
3 1 23.64 2317 23.21
3 3 23.47 23.11 23.08
6 0 22.53 22.34 22.16
1.4 MHz 1 0 22.66 21.61 22.25
1 3 22.59 22.39 22.12
1 5 22.60 21.63 22.69
16QAM 3 0 22.10 22.54 22.22
3 1 22.43 22.16 21.91
3 3 22.47 22.19 22.07
6 0 21.45 21.38 21.66

Max.Average Power (dBm)

Bandwidth | Modulation | RB Size | RB Offset

20415 20525 20635
825.5 MHz 836.5 MHz 847.5 MHz

1 0 23.62 23.34 23.28

1 7 23.65 23.60 23.32

1 14 23.47 23.25 23.35

QPSK 8 0 22.52 22.41 22.41

8 3 22.40 22.34 22.23

8 7 22.48 22.31 22.31

15 0 22.40 22.34 22.37

3 MHz 1 0 22.66 2257 22.26

1 7 22.50 21.95 22.48

1 14 22.45 22.04 22.61

16QAM 8 0 21.57 21.46 21.07

8 3 21.49 21.29 20.94

8 7 21.65 21.36 21.23

15 0 21.64 21.19 21.30
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Max.Average Power (dBm)

Bandwidth | Modulation RB Size RB Offset 20425 20525 20625
826.5 MHz 836.5 MHz 846.5 MHz

1 0 23.35 23.37 23.00

1 12 23.35 23.46 23.19

1 24 23.32 23.35 23.09

QPSK 12 0 22.43 22.44 22.19

12 6 22.52 22.24 22.24

12 11 22.46 22.24 22.29

25 0 22.54 22.32 22.24

5 MHz 1 0 21.71 22.57 22.42

1 12 22.31 22.62 22.35

1 24 22.43 22.08 22.59

16QAM 12 0 21.55 21.19 21.33

12 6 21.51 21.67 21.2

12 11 21.25 21.68 21.35

25 0 21.43 21.28 21.29

Max.Average Power (dBm)

Bandwidth | Modulation RB Size RB Offset 20450 20525 20600
829 MHz 836.5 MHz 844 MHz

1 0 23.51 23.57 23.46

1 24 23.54 23.38 23.31

1 49 23.55 23.55 23.29

QPSK 25 0 22.46 22.59 22.45

25 12 22.54 22.36 22.25

25 24 2251 22.44 22.27

50 0 22.65 22.49 22.30

10 MHz 1 0 2251 22.66 22.45

1 24 22.20 22.32 22.67

1 49 22.20 22.47 21.88

16QAM 25 0 21.35 21.60 21.66

25 12 21.47 21.44 21.68

25 24 21.44 21.64 21.46

50 0 21.45 21.46 21.51

Note: LTE Band 5 at 10 MHz Bandwidth does not support three non-overlapping channels. Per KDB 941225
DO05v02r03, 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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11.5 WiFi
11.5.1 SAR Testing for 802.11b/g/n modes

General Device Setup

Normal Network operating configurations are not suitable for measuring the SAR of 802.11 a/b/g transmitters.
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.

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. The test frequencies should correspond to actual channel frequencies
defined for domestic use. SAR for devices with switched diversity should be measured with only one antenna
transmitting at a time during each SAR measurement, according to a fixed modulation and data rate. The
same data pattern should be used for all measurements.

Frequency Channel Configurations

802.11 a/b/g and 4.9 GHz operating modes are tested independently according to the service requirements in
each frequency band. 802.11 b/g modes are tested on channels 1, 6 and 11.802.11a is tested for UNII
operations on channels 36 and 48 in the 5.15-5.25 GHz band; channels 52 and 64 in the 5.25-5.35 GHz band;
Channels 104, 116, 124 and 136 in the 5.470-5.725 GHz band; and channels 149 and 161 in the 5.8 GHz
band. When 5.8 GHz § 15.247 is also available, channels 149, 157 and 165 should be tested instead of the
UNII channels. 4.9 GHz is tested on channels 1, 10 and 5 or 6, whichever has the higher output power, for 5
MHz channels; channels 11,15 and 19 for 10 MHz channels; and channels 21 and 25 for 20 MHz channels.
These are referred to as the “default test channels”. 802.11g mode was evaluated only if the output power
was 0.25 dB higher than the 802.11b mode.

Turbo “Default Test Channels”
Mode GHz Channel §15.247
Channel 802.11b 802.11g UNII
2412 1# N V
802.11b/g 2.437 6 6 N M
2.462 11# N V
5.18 36 v
5.20 40 *
. = 42 (5.21 GHz) —
5.24 48 v
26 > 50 (5.25 GHz) 7
5.28 56 &
=30 &0 58 (5.29 GHz) —
5.32 64 v
5.500 100 *
UNII 5.520 104 v
5.540 108 *
5.560 112 *
802.11a 5.580 116 v
5.600 120 Unknown E3
5.620 124 N
5.640 128 &
5.660 132 *
5.680 136 v
5.700 140 *
5.745 149 v 7
Uc’)\‘r” 5.765 153 157 (5.76 GH2) = =
§15.247 5.785 157 v *
' 5.805 161 160 (5.80 GHz) = v
§15.247 5.825 165 v
802.11 Test Channels per FCC Requirements
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IEEE 802.11b Average RF Power
Fre 802.11b (2.4 GHz) Conducted Power [dBm]
Mode 4 Channel Data Rate (Mbps)
[MHZ] 1 2 55 11
2412 1 14.12 14.08 14.06 14.12
802.11b 2437 6 14.07 14.19 14.15 14.31
2462 11 14.88 14.84 14.78 14.63
IEEE 802.11g Average RF Power
Fre 802.119g (2.4 GHz) Conducted Power [dBm]
Mode 9: Channel Data Rate (Mbps)
[MHZ] 6 9 12 18 24 36 48 54
2412 1 10.87 10.72 10.75 10.78 10.80 10.79 10.78 10.79
802.11g 2437 6 10.61 10.63 10.93 10.58 10.92 10.58 10.65 10.55
2462 11 11.25 11.22 11.23 11.32 11.25 11.28 11.55 11.33
IEEE 802.11n Average RF Power
Fre 802.11n (2.4 GHz) Conducted Power [dBm]
Mode 9| channel Data Rate (Mbps)
[MHZ] 6.5 13 19.5 26 39 52 58.5 65
2412 1 9.84 9.79 9.90 9.81 9.78 9.85 9.87 9.83
802.11n
(20MH2) 2437 6 9.70 9.37 9.70 9.73 9.75 9.73 9.69 9.81
2462 11 10.24 10.31 10.26 10.26 10.27 10.20 10.25 10.27
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11.6 SAR Test Exclusions Applied

11.6.1 WCDMA

Per FCC KDB 941225 D01V03, 12.2 kbps RMC is the primary mode and HSPA (HSUPA/HSDPA with RMC) is
the secondary mode.

Per KDB 941225 D01v03, The SAR test exclusion is applied to the secondary mode by the following
equation.

Secondary Max tune — up (mW)

Adjusted SAR = Highest R ted SAR <1.2W/kg.
juste ighest veporte . Primary Max tune tune — up(mW) — /ke

Based on the highest Reported SAR, the secondary mode is not required.
[0.570 * (234/234)] = 0.570 W/kg < 1.2 W/kg

And the the maximum output power and tune-up tolerance in secondary mode is < 0.25 dB higher than the
primary mode.
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11.6.2BT

Per FCC KDB 447498 D01v05r02, The SAR exclusion threshold for distance < 50 mm is defined by the
following equation:

Max Power of Channel(mW)
Test Separation Distance (mm)

* \/Frequency(GHz) < 3.0

Frequency Maximum Separation
Mode Allowed Power Distance <3.0
[MHZ] [mW] [mm]
Bluetooth 2 480 11 10 1.73

Based on the maximum conducted power of Bluetooth and antenna to use separation distance, Bluetooth
SAR was not required [(11/10)*V2.480] = 1.73 < 3.0.

This device contains transmitters that may operate simultaneously. Therefore simultaneous transmission
analysis is required. Per FCC KDB 447498 D01v05r02 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 D01v05r02 4.3.22, the following equation must be used to estimate the standalone 1-g

SAR for simultaneous transmission assessment involving that transmitter.

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

7.5 Min Seperation Distance
Frequenc Maximum Separation Estimated SAR
Mode q y Allowed Power Distance (Body) (Body)
[MHZ] [mW] [mm] [Wikg]
Bluetooth 2480 11 10 0.23

Note :

1) Held-to ear configurations are not applicable to Bluetooth operations and therefore were not considered for
simultaneous transmission. The Estimated SAR results were determined according to FCC KDB447498
D01v05r02.

2) The frequency of Bluetooth using for estimated SAR was selected highest channel of Bluetooth for highest
estimated SAR.
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12. SAR Test configuration

12.1 Mobile Hotspot sides for SAR Testing Confiqurations

Mode Rear Front Left Right Bottom Top
GSM/GPRS 850 Yes Yes Yes Yes Yes No
GSM/GPRS 1900 Yes Yes Yes Yes Yes No

WCDMA 850 Yes Yes Yes Yes Yes No
LTE Band 5 Yes Yes Yes Yes Yes No
2.4 GHz WLAN Yes Yes Yes Yes No Yes
* Note; All test configurations are based on front view.
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13. SAR TEST DATA SUMMARY

13.1-1 Measurement Results (GSM850 Head SAR)

Frequency ode TunZC_)\L/JVSr (g(l)an:;)cted PB\r,},f(tar sattery Phantom Meaz%red Sealing nglsd Plot
MHz | Ch. Limit | Power | (dB) Posttion | mwig) | Factor | mwig) | N
836.6 | 190 337 | 3350 | -0.09 | Standard | LeftEar | 0.507 1.047 | 0531 | -
836.6 | 190 | gy | 337 | 3350 | -0.07 | Standard | LeftTit | 0.318 1.047 | 0333 | -
836.6 | 190 | 850 337 3350 | -0.15 | Standard | RightEar | 0.567 1.047 | 0.594 ;
836.6 | 190 337 | 3350 | -0.08 | Standard | RightTilt | 0.338 1.047 | 0354 | -
836.6 | 190 317 | 31.34 | -0.06 | Standard | LeftEar | 0.607 1.086 | 0659 | -
836.6 | 190 | gprg | 317 | 31.34 | -0.13 | Standard | LeftTit | 0.395 1.086 | 0429 | -
836.6 | 190 | 2TX 317 | 31.34 | -0.04 | Standard | RightEar | 0.718 1.086 | 0.780 | 1
836.6 | 190 31.7 | 31.34 | -0.12 | Standard | RightTilt | 0.421 1.086 | 0457 | -

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

13.1-2 Measurement Results (GSM1900 Head SAR)

e | on | Mode [ToneUol cumuea | i | eatery | Fiiom | RS ocalng | SR R
1880.0 | 661 30.7 | 30.01 | 0.18 | Standard | LeftEar | 0.241 1172 | 0282 | -
1880.0 | 661 | ggv | 307 | 30.01 | 001 | Standard | LeftTilt 0.144 1172 | 0169 | -
1880.0 | 661 | 1900 | 307 | 30.01 | -0.14 | Standard | RightEar | 0.167 1.172 | 0.196 .
1880.0 | 661 30.7 | 30.01 | -0.01 | Standard | RightTilt | 0.130 1172 | 0152 | -
1880.0 | 661 257 | 25.38 | 0.15 | Standard | LeftEar | 0.305 1.076 | 0328 | 2

1880.0 | 661 | gprs | 257 | 25.38 | 011 | Standard | LeftTit | 0.185 | 1.076 | 0.199

1880.0 | 661 | 4TX 257 | 25.38 | 0.05 | Standard | RightEar | 0.214 1.076 | 0.230

1880.0 | 661 25.7 25.38 0.04 Standard | Right Tilt 0.154 1.076 0.166 -
ANSI/ IEEE C95.1 - 1992 Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
HCT CO., LTD.
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13.1-3 Measurement Results (WCDMAB850 Head SAR)

Frequency Vode _II_DU‘:]‘;"er (cc(j)anle)ted PB"f}’f?r Battery Fl;hanttom SI\AeRasuVr\(/e/d ?:caling ScaI%(\j/ /SAR Elot
MHz Ch. Up Limit| Power (dB) osition (mWi/g) actor (mW/qg) 0.
836.6 | 4183 23.7 | 23.46 | 0.14 | Standard | Left Ear 0.428 1.057 0.452 -
836.6 | 4183 | \wcDMA | 23.7 | 23.46 | -0.04 | Standard Left Tilt 0.291 1.057 0.308 -
836.6 | 4183 | 850 23.7 | 2346 | 0.07 | Standard | RightEar | 0.539 1.057 0.570 3
836.6 | 4183 23.7 | 23.46 | 0.16 | Standard | Right Tilt 0.324 1.057 0.342 -

ANSI/ IEEE C95.1 - 1992 Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
13.1-4 Measurement Results (LTE Band 5 10MHz Head SAR)

Frequency Power (dBm)

Mode | Tune- |Conducted PB\r/}/f(tar Battery I;hant_om g_B O]EQfB Megzlged SFcaIing ng\lsd Elot
MHz ch. Up Limit Power | (dB) osition ize set (MW/g) actor (mwig)| NO-
836.5 | 20525 23.7 | 23.57 | -0.02 | Standard | LeftEar | 1 0 0.411 |1.030 | 0.423 | -
836.5 | 20525 22.7 | 2259 | 0.13 | Standard | LeftEar | 25 0 0.310 | 1.026 | 0.318 | -
836.5 | 20525 23.7 | 23.57 | -0.02 | Standard | Left Tilt 1 0 0.263 | 1.030 | 0.271 | -
836.5 | 20525 22.7 | 2259 | -0.01 | Standard | LeftTilt | 25 0 0.201 | 1.026 | 0.206 | -

QPSK
836.5 | 20525 23.7 | 23,57 | -0.12 | Standard |RightEar| 1 0 0.468 | 1.030|0.482 | 4
836.5 | 20525 22.7 | 2259 | 0.03 Standard |Right Ear| 25 0 0.379 | 1.026 | 0.389 -
836.5 | 20525 23.7 | 23.57 | -0.19 | Standard |Right Tilt 1 0 0.293 | 1.030 | 0.302 -
836.5 | 20525 22.7 | 2259 | 0.07 Standard |Right Tilt| 25 0 0.233 | 1.026 | 0.239 -

ANSI/ IEEE C95.1 - 1992 Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
Report N HCT CO., LTD.
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13.1-5 Measurement Results (DTS Head SAR)

Frequenc Power (dBm
o | Mot [ e | sater | BT | R S (S | EE (R
2462 | 11 15.0 | 14.88 | 0.12 | Standard | LeftEar | 1Mbps | 0.457 1.028 0.470 5
2462 | 11 15.0 | 14.88 | 0.05 | Standard | LeftTilt | 1Mbps | 0.344 1.028 0.354 -
2462 | 11 802110 15.0 | 14.88 | 0.11 | Standard | Right Ear | 1Mbps | 0.254 1.028 0.261 -
2462 | 11 15.0 | 14.88 | -0.08 | Standard | RightTilt | 1Mbps | 0.234 1.028 0.241 -

ANSI/ IEEE C95.1 - 1992 Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
13.2-1 Measurement Results (GSM850 Hotspot SAR)

Frequency Vode TPU‘:]‘;V_er S)Zﬁed PB‘r’}’f?r Configuration SSparation Measured | Scaling |Scaled SAR| Plot
MHz | ch. Up Limit| Power | (dB) Istance |[SAR(mW/g)| Factor (mW/g) | No.
824.2 | 128 31.7 | 31.65 | -0.13 Rear 1.0cm 0.844 1.012 0.854 6
836.6 | 190 31.7 | 31.34 | -0.09 Rear 1.0cm 0.807 1.086 0.877 -
848.8 | 251 31.7 | 31.53 | -0.05 Rear 1.0cm 0.685 1.040 0.712 -
836.6 | 190 GZ_I?XS 31.7 | 31.34 | -0.07 Front 1.0cm 0.624 1.086 0.678 -
836.6 | 190 31.7 | 31.34 | -0.01 Left 1.0cm 0.467 1.086 0.507 -
836.6 | 190 31.7 | 31.34 | 0.05 Right 1.0cm 0.548 1.086 0.595 -
836.6 | 190 31.7 | 31.34 | -0.17 Bottom 1.0cm 0.231 1.086 0.251 -

ANSI/ IEEE C95.1 - 1992 Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
13. 2-2 Measurement Results (GSM1900 Hotspot SAR)

Frequency Vode TF;(:]\;v_er ((:?)Edmed PB‘r’}’f?r Configuration sSparation Measured | Scaling |[Scaled SAR| Plot

MHz ch. Up Limit| Power | (dB) Istance [SAR(mW/g)| Factor (mW/qg) No.
1880.0| 661 25.7 | 25.38 | 0.06 Rear 1.0cm 0.376 1.076 0.405 7
1880.0| 661 25.7 | 25.38 | 0.08 Front 1.0cm 0.450 1.076 0.484 8
1880.0| 661 GZ_I?XS 25.7 | 25.38 | -0.03 Left 1.0cm 0.195 1.076 0.210 -
1880.0| 661 25.7 | 25.38 | 0.02 Right 1.0cm 0.068 1.076 0.073 -
1880.0| 661 25.7 | 25.38 | -0.06 Bottom 1.0cm 0.241 1.076 0.259 -

ANSI/ IEEE C95.1 - 1992 Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
HCT CO., LTD.
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13.2-3 Measurement Results (WCDMAS850 Hotspot SAR)

Frequency Vode _I'_Du‘:]‘;"er gzmed Pg‘r'}’f?r Configuration SSparation SI\A%asuvr\?/d ?:caling Scalev(\j/ /SAR Elot
MHz ch. Up Limit| Power (dB) Istance (mW/qg) actor (mW/qg) 0.
836.6 | 4183 23.7 | 23.46 | -0.04 Rear 1.0cm 0.512 1.057 0.541 9
836.6 | 4183 23.7 | 2346 | 0.01 Front 1.0cm 0.442 1.057 0.467 -
836.6 | 4183 WESD(')\AA 23.7 | 23.46 | 0.03 Left 1.0cm 0.298 1.057 0.315 -
836.6 | 4183 23.7 | 23.46 | -0.04 Right 1.0cm 0.379 1.057 0.401 -
836.6 | 4183 23.7 | 23.46 | 0.17 Bottom 1.0cm 0.189 1.057 0.200 -

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

13.2-4 Measurement Results (LTE Band 5 10MHz Hotspot SAR)

A ot [ Tune el "SI onuion £5 RS A el SE2E? | o
MHz | Ch. Up Limit Power | (dB) (mWig) (mwig) '
836.5 | 20525 23.7 | 23.57 | 0.015 Rear 1 0 1.0cm 0.487 1.030 | 0.502 | 10
836.5 | 20525 22.7 | 22.59 | 0.021 Rear 25 0 1.0cm 0.352 1.026 | 0.361 -
836.5 | 20525 23.7 | 23.57 | 0.002 Front 1 0 1.0cm 0.450 | 1.030 | 0.464 -
836.5 | 20525 22.7 | 22.59 | -0.080 Front 25 0 1.0cm 0.322 1.026 | 0.330 -
836.5 | 20525 23.7 | 23.57 | 0.161 Left 1 0 1.0cm 0.345 | 1.030 | 0.355 -
836.5 | 20525 QPsK 22.7 | 22.59 | -0.046 Left 25 0 1.0cm 0.243 1.026 | 0.249 -
836.5 | 20525 23.7 | 23.57 | -0.108 Right 1 0 1.0cm 0.399 1.030 | 0.411 -
836.5 | 20525 22.7 | 22.59 | 0.032 Right 25 0 1.0cm 0.286 1.026 | 0.293 -
836.5 | 20525 23.7 | 23.57 | -0.104 | Bottom 1 0 1.0cm 0.172 1.030 | 0.177 -
836.5 | 20525 22.7 | 22.59 |-0.049 | Bottom 25 0 1.0cm 0.126 1.026 | 0.129 -

ANSI/ IEEE C95.1 - 1992 Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
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13. 2-5 Measurement Results (WLAN Hotspot SAR)
Frequency Power (dBm)
Power .-~ |Measured ; Scaled
: : ; Data |Separation Scaling Plot
Mode _ Drift |Configuration SAR SAR
MHz | ch. U'LUC& g Clgrgj\ijcé?d (dB) Rate | Distance | (yzoy | Factor | (g | No.
2462| 11 15.0 14.88 | 0.14 Rear 1Mbps| 1.0cm 0.291 1.028 | 0.299 | 11
2462( 11 15.0 14.88 0.07 Front 1Mbps| 1.0cm 0.141 1.028 0.145 -
2462| 11 | 802.11b 15.0 14.88 0.02 Left 1Mbps| 1.0cm 0.014 1.028 0.014
2462( 11 15.0 14.88 0.12 Right 1Mbps| 1.0cm 0.121 1.028 0.124 -
2462 11 15.0 14.88 | 0.03 Top 1Mbps| 1.0cm 0.123 1.028 0.126 -
ANSI/ IEEE C95.1 - 1992 Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
13.3-1 Measurement Results (DTS Body-worn SAR)
Frequency Power (dBm)
Power .~ |Measured ; Scaled
: ; ; Data [Separation Scaling Plot
Mode - Drift | Configuration AR SAR
MHz | ch. U-LuLnﬁn " Clgrgj\?vcéerd (dB) g Rate | Distance | (mivig) | Factor | mwig) | No-
2462 11 | 802.11b 15.0 14.88 0.14 Rear 1Mbps| 1.0cm 0.291 1.028 0.299 11
ANSI/ IEEE C95.1 - 1992 Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
13.3-2 Measurement Results (Body-worn SAR)
Frequency Power (dBm) | Power g Measured n Scaled
VH on Mode Tune- IConducied| Prift | Configuration SSiF; ?;?lt(':gn SAR ?:(;2;2? SAR Elg_t
z - Up Limit| Power | (dB) (mw/g) (mw/g)
836.6 | 190 | GSM 850 33.7 | 33.50 | -0.01 Rear 1.0cm 0.662 1.047 0.693 | 12
824.2 | 128 | GPRS 2Tx 31.7 31.65 | -0.13 Rear 1.0cm 0.844 1.012 0.854 6
836.6 | 190 | GPRS 2Tx 31.7 31.34 | -0.09 Rear 1.0cm 0.807 1.086 0.877 -
848.8 | 251 | GPRS 2Tx 31.7 31.53 | -0.05 Rear 1.0cm 0.685 1.040 0.712 -
1880 | 661 [ GSM 1900 | 30.7 | 30.01 | 0.13 Rear 1.0cm 0.297 1.172 0.348 | 13
1880 | 661 | GPRS4Tx | 25.7 | 25.38 | 0.06 Rear 1.0cm 0.376 1.076 0.405 7
836.6 | 4183 (WCDMA 850 23.7 23.46 | -0.04 Rear 1.0cm 0.512 1.057 0.541 9
836.5 [20525| LTE Band 5| 23.7 | 23.57 | 0.015 Rear 10cm | 0487 | 1.030 | 0502 | 10
(1RB, Ooffset)
Rear
.5 [20525|LTE B 22.7 22. .021 1. .352 1.026 0.361 -
836.5 | 20525 and 5 59 | 0.0 (25RB, Ooffset) 0Ocm 0.35
ANSI/ IEEE C95.1 - 1992 Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
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13.4

SAR Test Notes

General Notes:

1.

2.

The test data reported are the worst-case SAR values according to test procedures specified in IEEE
1528-2003, FCC KDB Procedure.

Batteries are fully charged at the beginning of the SAR measurements. A standard battery was used
for all SAR measurements.

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

The manufacturer has confirmed that the device(s) tested have the same physical, mechanical and
thermal characteristics and are within operational tolerances expected for production units.

SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC KDB
447498 D0O1v05r02.

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

Per FCC KDB 648474 D04v01r02, SAR was evaluated without a headset connected to the device.
Since the standalone reported SAR was < 1.2 W/kg, no additional SAR evaluation using a headset
cable were required.

GSM/GPRS Test Notes:

1.
2.

3.

This EUT’S GSM, GPRS and EDGE device class is B.

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

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

Justification for reduced test configurations per KDB 941225 DO01v03: The source-based
time-averaged output power was evaluated for all multi-slot operations. The multi-slot configuration
with the highest frame averaged output power was evaluated for SAR.

Per FCC KDB 447498 D01v05r02, if the reported (scaled) SAR measured at the middle channel or
highest output power channel for each test configuration is < 0.8 W/kg then testing at the other
channels is not required for such test configuration(s). When the maximum output power variation
across the required test channels is 1/2 dB, instead of the middle channel, the highest output power
channel must be used.

Justification for reduced test configurations per KDB Publication 941225 D01v03 and October 2013
TCB Workshop Notes: The source-based frame-averaged output power was evaluated for all
GPRS/EDGE slot configurations. The configuration with the highest target frame averaged output
power was evaluated for hotspot SAR. When the maximum frame-averaged powers are equivalent
across two or more slots (within 0.25 dB), the configuration with the most number of time slots was
tested.

UMTS Notes:

1. The 12.2 kbps RMC mode is the primary mode.

2. UMTS mode in Body SAR was tested under RMC 12.2 kbps with HSPA inactive per KDB 941225
D01v03. HSPA SAR was not required since the average output power of the HSPA subtests was
not more than 0.25 dB higher than the RMC level and Adjusted SAR value was less than 1.2
W/kg.

3. Per FCC KDB 447498 D01v05r02, if the reported (scaled) SAR measured at the middle channel
or highest output power channel for each test configuration is < 0.8 W/kg then testing at the
other channels is not required for such test configuration(s). When the maximum output power
variation across the channel highest output power channel was used.

4. UMTS SAR was tested under RMC 12.2 kbps with HSPA inactive per KDB publication 941225
D01v03. HSPA SAR was not required since the average output power of the HSPA subtests was
not more than 0.25 dB higher than the RMC level and SAR was less than 1.2 W/kg.

Report No.
HCT-A-15

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 43 of 122
02-F008 TEL: +82 31 645 6300 FAX: +82 31 645 6401



CT
HCTCOLLTD

FCCID: ZNFH440V Issue Date: Feb. 25, 2015

LTE Notes:

1. LTE Considerations: LTE test configurations are determined according to SAR Evaluation
Consideration for LTE Devices in FCC KDB 941225 D05v02r03.

2. According to FCC KDB 941225 D05v02r01.:
When the reported SAR is < 0.8 W/kg, 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.

4. A-MPR was dialed for all SAR tests by setting NS=01 on the base station simulator.

5. Pre-installed VOIP applications are considered.

6. SAR test reduction is applied using the following criteria:

7. 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/Kkg.
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

WLAN Notes:

1. Justification for reduced test configurations for WIFI channels per KDB 248227 D01v01r02 and Oct.
2012 FCC/TCB Meeting Notes for 2.4 GHz WIFI: Highest average RF output power channel for the
lowest data rate was selected for SAR evaluation in 802.11b. Other IEEE 802.11 modes (including
802.11 g/n) were not investigated since the average output powers over all channels and data rates
were not more than 0.25 dB higher than the tested channel in the lowest data rate of IEEE 802.11b
mode.

2. Since the maximum extrapolated peak SAR of the zoom scan for the maximum output channel was
< 1.6 W/kg and the reported 1g averaged SAR was < 0.8 W/kg, SAR testing on other default
channels was not required.
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14. SAR Measurement Variability and Uncertainty

In accordance with published RF Exposure KDB procedure 865664 D01v01r03 SAR measurement 100 MHz
to 6 GHz. These 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.

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

2) When the original highest measured SAR is = 0.80 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 (~ 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 and the ratio of largest to smallest SAR for the original, first and second repeated measurements is >
1.20.

Frequency Original Repeated | Largest to Plot
Modulation Battery | Configuration SAR SAR Smallest No
MHz | Channel (mW/g) (mW/g) | SAR Ratio '
824.2 128 GSM 850 Standard Rear 0.844 0.843 1.00 14
R N HCT CO., LTD.
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15. SAR Summation Scenario

Position Applicable Combination Note

GSM 850 Voice + 2.4 GHz WiFi

GSM 1900 Voice + 2.4 GHz WiFi

GPRS 850 Data + 2.4 GHz WiFi

Head GPRS 1900 Data + 2.4 GHz WiFi

WCDMAS850 + 2.4 GHz WiFi

*Pre-installed VOIP applications
are considered.

LTE Band 5 Data + 2.4 GHz WiFi

GPRS 850 Data + 2.4 GHz WiFi

GPRS 1900 Data + 2.4 GHz WiFi

Hotspot WCDMA 850 + 2.4 GHz WiFi

LTE Band 5 Data + 2.4 GHz WiFi *Pre-installed VOIP applications

are considered.
Simultaneous GSM 850 Voice + 2.4 GHz WiFi

Transmission GPRS 850 Data + 2.4 GHz WiFi

GSM 1900 Voice + 2.4 GHz WiFi

GPRS 1900 Data + 2.4 GHz WiFi

WCDMA 850 + 2.4 GHz WiFi

LTE Band 5 Data + 2.4 GHz WiFi

Body-worn -
GSM 850 Voice + 2.4 GHz Bluetooth

GPRS VolP 850 + 2.4 GHz Bluetooth

GSM 1900 Voice + 2.4 GHz Bluetooth

GPRS VolIP 1900 + 2.4 GHz Bluetooth

WCDMA 850 + 2.4 GHz Bluetooth

LTE Band 5 Data + 2.4 GHz Bluetooth

* BT and WLAN are not simultaneous transmission.
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15.1 Simultaneous Transmission Summation for Head

Simultaneous Transmission Summation with 2.4 GHz WIFI

Scaled SAR 254 C?Hdzs\,lxlrf ' S 1-g SAR
Band Configuration cae
(W/kg) (Wikg) (Wikg)
Left Cheek 0.531 0.470 1.001
Left Tilt 0.333 0.354 0.687
GSM 850
Right Cheek 0.594 0.261 0.855
Right Tilt 0.354 0.241 0.595
Left Cheek 0.659 0.470 1.129
Left Tilt 0.429 0.354 0.783
GPRS 850
Right Cheek 0.780 0.261 1.041
Right Tilt 0.457 0.241 0.698
Left Cheek 0.282 0.470 0.752
Left Tilt 0.169 0.354 0.523
GSM 1900
Right Cheek 0.196 0.261 0.457
Right Tilt 0.152 0.241 0.393
Left Cheek 0.328 0.470 0.798
Left Tilt 0.199 0.354 0.553
GPRS 1900
Right Cheek 0.230 0.261 0.491
Right Tilt 0.166 0.241 0.407
Left Cheek 0.452 0.470 0.922
Left Tilt 0.308 0.354 0.662
WCDMA 850
Right Cheek 0.570 0.261 0.831
Right Tilt 0.342 0.241 0.583
Left Cheek 0.423 0.470 0.893
Left Tilt 0.271 0.354 0.625
LTE Band 5
Right Cheek 0.482 0.261 0.743
Right Tilt 0.302 0.241 0.543
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15.2 Simultaneous Transmission Summation for Body-Worn

Simultaneous Transmission Summation with Wifi (1 cm)

Scaled SAR Znicata S 1-g SAR
Band Configuration Scaled SAR
(W/kg) (Wkg) (Wikg)
GSM 850 Rear 0.693 0.299 0.992
GPRS 850 Rear 0.877 0.299 1.176
GSM 1900 Rear 0.348 0.299 0.647
GPRS 1900 Rear 0.405 0.299 0.704
WCDMA 850 Rear 0.541 0.299 0.840
LTE Band 5 Rear 0.502 0.299 0.801
Simultaneous Transmission Summation with Bluetooth (1 cm)
Scaled SAR ESHMENEE SR S 1-g SAR
Band Configuration BT SAR
(W/kg) (Wikg) (Wkg)
GSM 850 Rear 0.693 0.23 0.923
GPRS 850 Rear 0.877 0.23 1.107
GSM 1900 Rear 0.348 0.23 0.578
GPRS 1900 Rear 0.405 0.23 0.635
WCDMA 850 Rear 0.541 0.23 0.771
LTE Band 5 Rear 0.502 0.23 0.732
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15.3 Simultaneous Transmission Summation for Hotspot

Simultaneous Transmission Summation with 2.4 GHz WIFI (1 cm)

Scaled SAR 2.4 ?Hdz VX'F': ' S 1-g SAR
Band Configuration Scaled S

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

Rear 0.877 0.299 1.176

Front 0.678 0.145 0.823

Left 0.507 0.014 0.521

GSM 850

Right 0.595 0.124 0.719

Bottom 0.251 0.251

Top 0.126 0.126

Rear 0.405 0.299 0.704

Front 0.484 0.145 0.629

Left 0.210 0.014 0.224

GSM 1900

Right 0.073 0.124 0.197

Bottom 0.259 0.259

Top 0.126 0.126

Rear 0.541 0.299 0.840

Front 0.467 0.145 0.612

Left 0.315 0.014 0.329

WCDMA 850

Right 0.401 0.124 0.525

Bottom 0.200 0.200

Top 0.126 0.126

Rear 0.502 0.299 0.801

Front 0.464 0.145 0.609

Left 0.355 0.014 0.369

LTE Band 5

Right 0.411 0.124 0.535

Bottom 0.177 0.177

Top 0.126 0.126

15.4 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 D0O1v05r02.
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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.
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Attachment 1. — SAR Test Plots

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 52 of 122
HCT-A-1502-F008 TEL: +82 31 645 6300 FAX: +82 31 645 6401

Report No.



A CT

HCTCOLLTD
FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 201 C
Ambient Temperature: 203 7T
Test Date: Feb. 05, 2015
Plot No. 1

DUT: LG-H440v; Type: Bar

Communication System: UID 0, GSM850 GPRS 2TX (0); Frequency: 836.6 MHz;Duty Cycle: 1:4.14954
Medium parameters used (interpolated): f = 836.6 MHz; o = 0.916 S/m; ¢, = 41.823; p = 1000 kg/m*
Phantom section: Right Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.67, 6.67, 6.67); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn466; Calibrated: 2014-02-27

Phantom: SAM (20deg probe tilt) with CRP v5.0_Left

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/GSM850 Right Touch GPRS 2Tx 190ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm,
dy=1.500 mm
Maximum value of SAR (interpolated) = 0.772 W/kg

LG-H440v/GSM850 Right Touch GPRS 2Tx 190ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 8.589 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 0.945 W/kg

SAR(1 g) =0.718 W/kg; SAR(10 g) = 0.542 W/kg
Maximum value of SAR (measured) = 0.750 W/kg

Wikg
0.750

0.6
0.451
0.302

0.153

0.00412
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FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 200 C
Ambient Temperature: 202 C
Test Date: Feb. 03, 2015
Plot No. 2

DUT: LG-H440v; Type: Bar

Communication System: UID 0, GSM 1900 4TX (0); Frequency: 1880 MHz;Duty Cycle: 1:2.07491
Medium parameters used: f = 1880 MHz; o = 1.354 S/m; €, = 38.944; p = 1000 kg/m®
Phantom section: Left Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF(8.02, 8.02, 8.02); Calibrated: 2014-07-24;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2014-03-24

Phantom: SAM with CRP v5.0

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/GSM1900 Head Left Touch 4Tx 661ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm,
dy=1.500 mm
Maximum value of SAR (interpolated) = 0.430 W/kg

LG-H440v/GSM1900 Head Left Touch 4Tx 661ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 6.679 V/m; Power Drift = 0.15 dB

Peak SAR (extrapolated) = 0.512 W/kg

SAR(1 g) = 0.305 W/kg; SAR(10 g) = 0.181 W/kg

Maximum value of SAR (measured) = 0.409 W/kg

S5

-3.21

-6.42

-9.63

-12.84

-16.05

0 dB = 0.409 W/kg = —3.88 dBW/kg
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Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 20.1 C
Ambient Temperature: 203 7T
Test Date: Feb. 05, 2015
Plot No. 3

DUT: LG-H440v; Type: Bar

Communication System: UID 0, WCDMAB850 (0); Frequency: 836.6 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.6 MHz; o = 0.916 S/m; €, = 41.823; p = 1000 kg/m*
Phantom section: Right Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.67, 6.67, 6.67); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn466; Calibrated: 2014-02-27

Phantom: SAM (20deg probe tilt) with CRP v5.0_Left

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/WCDMAS850 Right Touch 4183ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm,
dy=1.500 mm
Maximum value of SAR (interpolated) = 0.570 W/kg

LG-H440v/WCDMAS850 Right Touch 4183ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 6.654 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 0.713 W/kg

SAR(1 g) = 0.539 W/kg; SAR(10 g) = 0.404 W/kg
Maximum value of SAR (measured) = 0.567 W/kg

dB
0

-1.95
-3.90
-h.Bh

il

-9.75

0 dB = 0.567 W/kg = -2.46 dBW/kg
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Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 20.1 C
Ambient Temperature: 203 7T
Test Date: Feb. 05, 2015
Plot No. 4

DUT: LG-H440v; Type: Bar

Communication System: UID 0, LTE Band 5 (0); Frequency: 836.5 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.5 MHz; o = 0.916 S/m; €, = 41.824; p = 1000 kg/m*
Phantom section: Right Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.67, 6.67, 6.67); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn466; Calibrated: 2014-02-27

Phantom: SAM (20deg probe tilt) with CRP v5.0_Left

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/LTE band 5 Right Touch QPSK 10MHz 1RB Ooffset 20525ch/Area Scan (61x101x1):
Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 0.509 W/kg

LG-H440v/LTE band 5 Right Touch QPSK 10MHz 1RB Ooffset 20525ch/Zoom Scan (5x5x7)/Cube O:
Measurement grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 7.003 V/m; Power Drift = -0.12 dB

Peak SAR (extrapolated) = 0.628 W/kg

SAR(1 g) = 0.468 W/kg; SAR(10 g) = 0.351 W/kg

Maximum value of SAR (measured) = 0.498 W/kg

-3.57
-5.36

-7.15

-8.93

0 dB =0.498 W/kg = -3.03 dBW/kg
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Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 20.0 C
Ambient Temperature: 202 C
Test Date: Feb. 03, 2015
Plot No. 5

DUT: LG-H440v; Type: Bar

Communication System: UID 0, 2450MHz FCC (0); Frequency: 2462 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 2462 MHz; o = 1.814 S/m; ¢, = 39.749; p = 1000 kg/m®
Phantom section: Left Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF(7.15, 7.15, 7.15); Calibrated: 2014-07-24;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2014-03-24

Phantom: SAM with CRP v5.0 Front

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/802.11b Head Left Touch 1Mbps 11ch/Area Scan (71x131x1): Interpolated grid: dx=1.200 mm,
dy=1.200 mm
Maximum value of SAR (interpolated) = 0.581 W/kg

LG-H440v/802.11b Head Left Touch 1Mbps 11ch/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 14.30 V/m; Power Drift = 0.12 dB

Peak SAR (extrapolated) = 0.902 W/kg

SAR(1 g) = 0.457 W/kg; SAR(10 g) = 0.215 W/kg

Maximum value of SAR (measured) = 0.668 W/kg

dB

-10.00
-20.00
-30.00
-40.00

-h0.00

0 dB = 0.581 W/kg = -2.36 dBW/kg
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Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 21.8 T
Ambient Temperature: 220°7C
Test Date: Feb. 04, 2015
Plot No. 6

DUT: LG-H440v; Type: Bar

Communication System: UID 0, GSM850 GPRS 2TX (0); Frequency: 824.2 MHz;Duty Cycle: 1:4.14954
Medium parameters used: f = 825 MHz; o = 0.971 S/m; €, = 53.279; p = 1000 kg/m®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.59, 6.59, 6.59); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/GSM850 Body Rear GPRS 2Tx 128ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm,
dy=1.500 mm
Maximum value of SAR (interpolated) = 0.889 W/kg

LG-H440v/GSM850 Body Rear GPRS 2Tx 128ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 29.92 V/m; Power Drift = -0.13 dB

Peak SAR (extrapolated) = 1.08 W/kg

SAR(1 g) = 0.844 W/kg; SAR(10 g) = 0.643 W/kg

Maximum value of SAR (measured) = 0.885 W/kg

LG-H440v/GSM850 Body Rear GPRS 2Tx 128ch/Zoom Scan (5x5x7)/Cube 1: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 29.92 V/m; Power Drift = -0.13 dB

Peak SAR (extrapolated) = 1.16 W/kg

SAR(1 g) = 0.648 W/kg; SAR(10 g) = 0.404 W/kg

Maximum value of SAR (measured) = 0.701 W/kg

dB

-3.84
-f.67
-11.51
-15.35

-19.19

0 dB =0.889 W/kg = -0.51 dBW/kg
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Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 21.8 T
Ambient Temperature: 220°7C
Test Date: Feb. 04, 2015
Plot No. 7

DUT: LG-H440v; Type: Bar

Communication System: UID 0, GSM 1900 4TX (0); Frequency: 1880 MHz;Duty Cycle: 1:2.07491
Medium parameters used: f = 1880 MHz; o = 1.478 S/m; ¢, = 52.385; p = 1000 kg/m®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(4.73, 4.73, 4.73); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/GSM1900 Body Rear GPRS 4Tx 661ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm,
dy=1.500 mm
Maximum value of SAR (interpolated) = 0.402 W/kg

LG-H440v/GSM1900 Body Rear GPRS 4Tx 661ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 5.557 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 0.520 W/kg

SAR(1 g) = 0.376 W/kg; SAR(10 g) = 0.252 W/kg

Maximum value of SAR (measured) = 0.395 W/kg

dB
0

-10.00
-20.00
-30.00
-40.00

-h0.00

0 dB = 0.402 W/kg = —-3.96 dBW/kg
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HCTCOLLTD
FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 21.8 T
Ambient Temperature: 220°7C
Test Date: Feb. 04, 2015
Plot No. 8

DUT: LG-H440v; Type: Bar

Communication System: UID 0, GSM 1900 4TX (0); Frequency: 1880 MHz;Duty Cycle: 1:2.07491
Medium parameters used: f = 1880 MHz; o = 1.478 S/m; ¢, = 52.385; p = 1000 kg/m®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(4.73, 4.73, 4.73); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/GSM1900 Body Front GPRS 4Tx 661ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm,
dy=1.500 mm
Maximum value of SAR (interpolated) = 0.493 W/kg

LG-H440v/GSM1900 Body Front GPRS 4Tx 661ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 7.124 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 0.629 W/kg

SAR(1 g) = 0.450 W/kg; SAR(10 g) = 0.298 W/kg

Maximum value of SAR (measured) = 0.482 W/kg

dB

-4.31
-8.62
-12.93
-17.23

-21.54

0 dB = 0.493 W/kg = —-3.07 dBW/kg
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HCTCOLLTD
FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 21.8 T
Ambient Temperature: 220°7C
Test Date: Feb. 04, 2015
Plot No. 9

DUT: LG-H440v; Type: Bar

Communication System: UID 0, WCDMAB850 (0); Frequency: 836.6 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.6 MHz; 0 = 0.979 S/m; ¢, = 53.271; p = 1000 kg/m?®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.59, 6.59, 6.59); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/WCDMAS850 Body Rear 4183ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm,
dy=1.500 mm
Maximum value of SAR (interpolated) = 0.535 W/kg

LG-H440v/WCDMAB850 Body Rear 4183ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 23.82 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 0.649 W/kg

SAR(1 g) =0.512 W/kg; SAR(10 g) = 0.390 W/kg

Maximum value of SAR (measured) = 0.536 W/kg

dB
]

-4.11
-8.21
-12.32
-16.42

-20.53

0 dB = 0.535 W/kg = -2.72 dBW/kg
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FCCID: ZNFH440V

Issue Date: Feb. 25, 2015

Test Laboratory:
EUT Type:

Liquid Temperature:
Ambient Temperature:
Test Date:

Plot No.

HCT CO., LTD
GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT?20),
VolIP, Hotspot support

205 T

207 C

Feb. 02, 2015
10

DUT: LG-H440v; Type: Bar

Communication System: LTE Band 5; Frequency: 836.5 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 836.5 MHz; o = 0.995 mho/m; €, = 54.4; p = 1000 kg/m®
Phantom section: Center Section

DASY4 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.59, 6.59, 6.59); Calibrated: 2014-04-21
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA

Measurement SW: DASY4, V4.7 Build 80

Postprocessing SW: SEMCAD, V1.8 Build 186

LTE Band 5 Body rear QPSK 10MHz 1RB Ooffset 20525ch/Area Scan (61x101x1): Measurement grid:

dx=15mm, dy=15mm

Maximum value of SAR (interpolated) = 0.519 mW/g

LTE Band 5 Body rear QPSK 10MHz 1RB Ooffset 20525ch/Zoom Scan (5x5x7)/Cube 0: Measurement
grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 22.9 V/m; Power Drift = 0.015 dB

Peak SAR (extrapolated) = 0.644 W/kg

SAR(1 g) = 0.487 mWI/g; SAR(10 g) = 0.367 mW/g

Maximum value of SAR (measured) = 0.510 mW/g

dB
0.000

-1.7h
-3.50
-h.2h
-7.00
-8.7h

0dB=

0.510mW/g
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HCTCOLLTD
FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 206 C
Ambient Temperature: 20.8 C
Test Date: Feb. 06, 2015
Plot No. 11

DUT: LG-H440v; Type: Bar

Communication System: UID 0, 2450MHz FCC (0); Frequency: 2462 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 2462 MHz; o = 1.997 S/m; €, = 52.619; p = 1000 kg/m®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(4.26, 4.26, 4.26); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C-2014-02-21

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/802.11b Body Rear 1Mbps 11ch/Area Scan (71x121x1): Interpolated grid: dx=1.200 mm,
dy=1.200 mm
Maximum value of SAR (interpolated) = 0.305 W/kg

LG-H440v/802.11b Body Rear 1Mbps 11ch/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 3.713 V/m; Power Drift = 0.14 dB

Peak SAR (extrapolated) = 0.847 W/kg

SAR(1 g) = 0.291 W/kg; SAR(10 g) = 0.139 W/kg

Maximum value of SAR (measured) = 0.299 W/kg

dB

-4.12
-8.24
-12.36
-16.48

-20.60

0 dB = 0.305 W/kg = -5.16 dBW/kg
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HCTCOLLTD
FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 21.8 T
Ambient Temperature: 220°7C
Test Date: Feb. 04, 2015
Plot No. 12

DUT: LG-H440v; Type: Bar

Communication System: UID 0, GSM 850 (0); Frequency: 836.6 MHz;Duty Cycle: 1:8.30042
Medium parameters used (interpolated): f = 836.6 MHz; 0 = 0.979 S/m; ¢, = 53.271; p = 1000 kg/m?®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.59, 6.59, 6.59); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/GSM850 Body Rear 190ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm, dy=1.500
mm
Maximum value of SAR (interpolated) = 0.702 W/kg

LG-H440v/GSM850 Body Rear 190ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 27.24 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 0.837 W/kg

SAR(1 g) = 0.662 W/kg; SAR(10 g) = 0.506 W/kg

Maximum value of SAR (measured) = 0.694 W/kg

LG-H440v/GSM850 Body Rear 190ch/Zoom Scan (5x5x7)/Cube 1: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 27.24 VV/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 0.962 W/kg

SAR(1 g) = 0.539 W/kg; SAR(10 g) = 0.327 W/kg

Maximum value of SAR (measured) = 0.580 W/kg

dB

-4.18
-8.37
-12.55
-16.73

-20.91

0 dB =0.702 W/kg = —1.53 dBW/kg
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HCTCOLLTD
FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 21.8 T
Ambient Temperature: 220°7C
Test Date: Feb. 04, 2015
Plot No. 13

DUT: LG-H440v; Type: Bar

Communication System: UID 0, GSM 1900 (0); Frequency: 1880 MHz;Duty Cycle: 1:8.30042
Medium parameters used: f = 1880 MHz; o = 1.478 S/m; ¢, = 52.385; p = 1000 kg/m®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(4.73, 4.73, 4.73); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/GSM1900 Body Rear 661ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm, dy=1.500
mm
Maximum value of SAR (interpolated) = 0.317 W/kg

LG-H440v/GSM1900 Body Rear 661ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 4.404 VV/m; Power Drift = 0.13 dB

Peak SAR (extrapolated) = 0.475 W/kg

SAR(1 g) = 0.297 W/kg; SAR(10 g) = 0.199 W/kg

Maximum value of SAR (measured) = 0.325 W/kg

dB

-4.44
-8.87
-13.31
-17.75

-22.19

0 dB =0.317 W/kg = —4.99 dBW/kg
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HCTCOLLTD
FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
Test Laboratory: HCT CO., LTD
EUT Type: GSM/WCDMA/LTE Phone with Bluetooth4.1, WIFI802.11 b/g/n(2.4GHz_HT20),
VolIP, Hotspot support
Liquid Temperature: 21.8 T
Ambient Temperature: 220°7C
Test Date: Feb. 04, 2015
Plot No. 14

DUT: LG-H440v; Type: Bar

Communication System: UID 0, GSM850 GPRS 2TX (0); Frequency: 824.2 MHz;Duty Cycle: 1:4.14954
Medium parameters used: f = 825 MHz; o = 0.971 S/m; €, = 53.279; p = 1000 kg/m®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.59, 6.59, 6.59); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

Measurement SW: DASY52, Version 52.8 (8);

LG-H440v/GSM850 Body Rear GPRS 2Tx 128ch/Area Scan (61x101x1): Interpolated grid: dx=1.500 mm,
dy=1.500 mm
Maximum value of SAR (interpolated) = 0.904 W/kg

LG-H440v/GSM850 Body Rear GPRS 2Tx 128ch/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 30.78 V/m; Power Drift = -0.10 dB

Peak SAR (extrapolated) = 1.09 W/kg

SAR(1 g) = 0.843 W/kg; SAR(10 g) = 0.634 W/kg

Maximum value of SAR (measured) = 0.891 W/kg

LG-H440v/GSM850 Body Rear GPRS 2Tx 128ch/Zoom Scan (5x5x7)/Cube 1: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 30.78 V/m; Power Drift = -0.10 dB

Peak SAR (extrapolated) = 1.15 W/kg

SAR(1 g) = 0.646 W/kg; SAR(10 g) = 0.406 W/kg

Maximum value of SAR (measured) = 0.705 W/kg

dB

-4.13
-8.26
-12.39
-16.52

-20.64

0 dB = 0.904 W/kg = —0.44 dBW/kg
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015

Attachment 2. — Dipole Verification Plots
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015

B Verification Data (835 MHz Head)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 20.1C
Test Date: Feb. 05, 2015

DUT: Dipole 835 MHz D835V2; Type: D835V2

Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used: f = 835 MHz; 0 = 0.914 S/m; ¢, = 41.843; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.67, 6.67, 6.67); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn466; Calibrated: 2014-02-27

Phantom: SAM with CRP v5.0_Front

Measurement SW: DASY52, Version 52.8 (8);

835MHz Head Verification/835MHz Head Verification/Area Scan (61x121x1): Interpolated grid: dx=1.500
mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 1.01 W/kg

835MHz Head Verification/835MHz Head Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 33.95 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 1.45 W/kg

SAR(1 g) = 0.941 W/kg; SAR(10 g) = 0.612 W/kg
Maximum value of SAR (measured) = 1.01 W/kg

-4.99
-9.97
-14.96

-19.95

-24.93

0dB=1.01 W/kg = 0.05 dBW/kg
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015

B Verification Data (835 MHz Body)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 21.8 T
Test Date: Feb. 04, 2015

DUT: Dipole 835 MHz D835V2; Type: D835V2

Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used: f = 835 MHz; 0 = 0.978 S/m; ¢, = 53.273; p = 1000 kg/m3
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.59, 6.59, 6.59); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

Measurement SW: DASY52, Version 52.8 (8);

835MHz Body Verification/835MHz Body Verification/Area Scan (61x121x1): Interpolated grid: dx=1.500
mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 1.04 W/kg

835MHz Body Verification/835MHz Body Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 32.91 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 1.61 W/kg

SAR(1 g) = 0.955 W/kg; SAR(10 g) = 0.584 W/kg

Maximum value of SAR (measured) = 1.04 W/kg

dB

-2.29
-4.59
-b.88
917

-11.46

0 dB=1.04 W/kg = 0.17 dBW/kg
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015

Bl Verification Data (835 MHz Body)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 205 T
Test Date: Feb. 02, 2015

DUT: Dipole 835 MHz; Type: D835V2

Communication System: 835MHz; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used: f = 835 MHz; 0 = 0.994 mho/m; ¢, = 54.4; p = 1000 kg/m3
Phantom section: Center Section

DASY4 Configuration:

Probe: ET3DV6 - SN1630; ConvF(6.59, 6.59, 6.59); Calibrated: 2014-04-21
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA

Measurement SW: DASY52, V52.8 Build 8

Postprocessing SW: SEMCAD, V1.8 Build 186

835MHz Body Verification/Area Scan (111x61x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 1.08 mW/g

835MHz Body Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 33.6 V/m; Power Drift = -0.011 dB

Peak SAR (extrapolated) = 1.57 W/kg

SAR(1 g) = 0.998 mW/g; SAR(10 g) = 0.640 mW/g

Maximum value of SAR (measured) = 1.07 mW/g

dB
0.000

-2.16
-4.32
-b.48
-8.64
-10.8

0 dB =1.07mW/g
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015

B Verification Data (1 900 MHz Head)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 200 C
Test Date: Feb. 03, 2015

DUT: Dipole 1900 MHz D1900V2; Type: D1900V2

Communication System: UID 0, CW; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1900 MHz; 0 = 1.374 S/m; ¢, = 38.872; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF(8.02, 8.02, 8.02); Calibrated: 2014-07-24;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2014-03-24

Phantom: SAM (20deg probe tilt) with CRP v5.0_Left

Measurement SW: DASY52, Version 52.8 (8);

1900MHz SAR Verification/1900MHz Head SAR Verification/Area Scan (61x61x1): Interpolated grid:
dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 5.61 W/kg

1900MHz SAR Verification/1900MHz Head SAR Verification/Zoom Scan (5x5x7)/Cube 0: Measurement
grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 64.31 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 7.20 W/kg

SAR(1 g) = 3.88 W/kg; SAR(10 g) = 2.01 W/kg
Maximum value of SAR (measured) = 5.62 W/kg

-b.46
-12.92
-19.38

-2h.84

-32.30

0 dB =5.61 W/kg = 7.49 dBW/kg

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 71 of 122
HCT-A-1502-F008 TEL: +82 31 645 6300  FAX: +82 31 645 6401

Report No.



CT
HCTCOLTD

FCCID: ZNFH440V Issue Date: Feb. 25, 2015

B \erification Data (1 900 MHz Body)

Test Laboratory: HCT CO., LTD

Input Power 100 mW (20 dBm)
Liquid Temp: 21.8 T
Test Date: Feb. 04, 2015

DUT: Dipole 1900 MHz D1900V2; Type: D1900V2

Communication System: UID 0, CW; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1900 MHz; o = 1.5 S/m; €, = 52.599; p = 1000 kg/m®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(4.73, 4.73, 4.73); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE3 Sn446; Calibrated: 2015-01-21

Phantom: Triple Flat Phantom 5.1C

e Measurement SW: DASY52, Version 52.8 (8);

Verification/1900MHz Body Verification/Area Scan (61x61x1): Interpolated grid: dx=1.500 mm, dy=1.500
mm
Maximum value of SAR (interpolated) = 4.71 W/kg

Verification/1900MHz Body Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 59.34 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 6.89 W/kg

SAR(1 g) =4.12 W/kg; SAR(10 g) = 2.19 W/kg

Maximum value of SAR (measured) = 4.63 W/kg

dB

-h.82

-11.6%
-17.47
-23.30

-29.12

0dB=4.71 W/kg = 6.73 dBW/kg
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B Verification Data (2 450 MHz Head)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 20.0 C

Test Date: Feb. 03, 2015

DUT: Dipole 2450 MHz D2450V2; Type: D2450V2

Communication System: UID 0, CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; 0 = 1.795 S/m; ¢, = 39.775; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF(7.15, 7.15, 7.15); Calibrated: 2014-07-24;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1225; Calibrated: 2014-03-24

Phantom: SAM with CRP v5.0 Front

Measurement SW: DASY52, Version 52.8 (8);

2450MHz SAR Verification/2450MHz Head SAR Verification/Area Scan (71x71x1): Interpolated grid:
dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 8.23 W/kg

2450MHz SAR Verification/2450MHz Head SAR Verification/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 58.38 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 11.2 W/kg

SAR(1 g) = 5.35 W/kg; SAR(10 g) = 2.47 W/kg

Maximum value of SAR (measured) = 8.17 W/kg

S5

-10.00

-20.00

-30.00

-40.00

-h0.00

0 dB =8.23 W/kg = 9.15 dBW/kg
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B Verification Data (2 450 MHz Body)

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

Test Date: Feb. 06, 2015

DUT: Dipole 2450 MHz D2450V2; Type: D2450V2

Communication System: UID 0, CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.978 S/m; ¢, = 52.653; p = 1000 kg/m®
Phantom section: Center Section

DASY5 Configuration:

Probe: ET3DV6 - SN1630; ConvF(4.26, 4.26, 4.26); Calibrated: 2014-04-21;
Sensor-Surface: 4mm (Mechanical Surface Detection), Sensor-Surface: 2.7mm (Mechanical Surface
Detection)
Electronics: DAE3 Sn446; Calibrated: 2015-01-21
¢ Phantom: Triple Flat Phantom 5.1C
e Measurement SW: DASY52, Version 52.8 (8);

2450Mhz SAR Verification /2450MHz Body Verification/Area Scan (61x61x1): Interpolated grid: dx=1.500
mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 6.25 W/kg

2450Mhz SAR Verification /2450MHz Body Verification/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 49.92 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 11.5 W/kg

SAR(1 g) =5.22 W/kg; SAR(10 g) = 2.62 W/kg

Maximum value of SAR (measured) = 6.93 W/kg

dB

-6.14

-12.28
-18.141
-24.545

-30.69

0 dB =6.25 W/kg = 7.96 dBW/kg
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Attachment 3. — Probe Calibration Data
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Calibration Laboratory of S, )
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Zoughausstrasse 43, 8004 Zurich, Switzeriand f‘f,ﬁ_\? S Duts Citeaton Sorvice
Accredited by the Swmss Accredtation Service (SAS) Accreditation No.: SCS 108

Report No.

mmwmumumwmnmu
meuummuwmm

|CALIBRATION CERTIFICATE 3 |
Obect ET3DV6 - SN:1630
Cadibration procedurel) QA CAL-01.v8, QA CAL-23.v5, QA CAL-25,v6

Calibration procedure for dosimetric E-field probes

Calbraton cate April 21, 2014

This colbration conficabe documants the traceabilty to rational standards, which mealize the physical units of messuwrements sty
The vents and the Tties wath confk o Y are given on ihe following peges sod aro part of the cenificale

Mnmmmbunmmmmmnuyhnw enveoomant lemperature (22 £ 3)°C and humidity < 70%

Caltiration Equipment used (MA&TE crecal for calbeation)

Frimary Standards 0 Cai Dalo {Contéicato No ) Scheduled Caliration

Powsr meter E44108 GE4 1293074 03-Apr-14 [No. 217-01911) Apr-15

Powar sensor £44124 MY4 1496087 03-Agr- 14 (No. 217-01611) Agr-15

Refarsnce 3 0B Attenuittor SN: S5054 (%) 03-Apr-14 (Na 217-01915) Agr-15

Roforonce 20 dB Attmnustor SN: 55277 {20x) 03-Apr-14 (No. 217-01619) Apr.18

Fistarance 30 8 A SN: 55126 (300} 03-Apr-14 (No. 217-01620) Agr15

Reforence Probe ESIOV2 SN 3013 30-Dec-13 (No. ES3-3013 Owc)3) Dec-14

DAE4 SN 660 13-Dec-13 (No. DAE4-650_ Dec13) Dec-14

Secondury Standards 1D Chack Date (n houso) Schedules Check

RF genwrsior MP 83400 USIB4ZU0T00 4-Aug-96 (in house check Apr-13) In house check: Apr-16

Network Analyzer B9 87535E USITIE0585 18-0¢2-01 (in housa chock Oct-13) in house check: Oct-14
Name Function

Caborntud by Ciaudic L wutier Laboratory Techeian

lasued: Apnl 31, 2014

Thes calibration centificate shail not be repeocuced except in Kl without wristen approval of the lsboralory.

Approved by: Katja Pokayic Techrical Manager %f¢

Certificade No: ET3-1630_Aprid Page 1 of 11
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015

Calibration Laboratory of e r., Bechwelerincher Kalibdendh
Schmid & Partner SN2 Sservice suisse & étalonnage

Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 41, 5004 Zurich, Switrertand % lﬁ\_,\? Swiss Callbration Service
Accredited by the Swiss Accroditaton Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service la one of the signatories 10 the EA
Multitateral Agreemant for the recognition of calibeation certificates
Glossary:
TSL tissue simulating biquid
NORMx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
pCce diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A.B,C.D modulation dependent linearization parameters
Potarization ¢ o rotation around probe axis
Polarization 3 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),

2., 8 =0is normal fo probe axis

Connector Angle Information used in DASY system to align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) [IEC 62208-1, "Procedure o 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

Mothods Applied and Interpretation of Parameters:
NORMyx,y.z: Assessed for E-fieid polarization 8 = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz R22waveguidn)
NORMx.y.z are only intermediate values, i.e . the uncerainties of NORMx,y.z does nat affect the E°-field
uncertainty inside TSL (see below ConvF).
*  NORM(Nx.y.z = NORMx.y.z * frequency _response {see Frequency Response Chart). This lineatization is
Implemented in DASY4 software versions fater than 4.2 The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

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

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

o Axyz Bryz Cxyz Dxyz VRxy.z A B, C, D are numerical lingarization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on fraquancy nor
media. VR is the maximum calibration range axprassed in RMS voltage across the diode

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

» Sphencal isotropy (30 deviation from isofropy): in a fieid of low gradients realized using a fiat phantom
exposed by a patch antenna,

»  Sansor Offset. The sensor offset corresponds 1o the offset of virtual measurement canter from the probe tip
(on probe axis). No tolerance required

» Connector Angle: The angle is assessed using the information gamned by determining the NORMx (no

uncertainty required).
Cenificate No' ET3-1630_Apri4 Page 2 of 11
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ET3DV6S - SN 1630 April 21, 2014
Manufactured:  October 12, 2001
Calibrated: April 21, 2014
Calibrated for DASY/EASY Systems
{Note: non-compatible with DASY2 system!)
Cartificate No: ET3-1830 Apri4 Page 3 of 11 :
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ETIOVE- SN.1630 April 21, 2014
DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630
Basic Calibration Parameters

Sensor X Sonsor Y Sonsor Z Unc (k=2)
Norm (WWAVim)')* 1.78 1.61 162 £10.1%
DCP (mV)” a9 2 101.0 985
Modulation Calibration Parameters
uiD /e ication System Name A 8 c [ VR Une"
d8 dBvVuv dB mV (k=2)
0 | CW x 0.0 00 1.0 000 | 2523 | +35%
Y 0.0 00 1.0 2523
z 0.0 0.0 1.0 2461

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 uncananes of NormX Y Z do nat affect the E'-fleld uncentainty inside TSL (see Pages % and 6)

"Ny 0 Y parametsr
'um-nnnyloetmumwnomm Geviation fram lincar responss applying rectanguler dstrbution and & expressod for the square of tha

field viviue

¥ not rogurod

Certificate No: ET3-1630_Apr14
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ET3DVE- SN: 1630 Aprll 21, 2014

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz)© r.m,' co'(‘dsmw ConvF X | ConvFY | ConvFZ | Alpha® m' u(kn-ez;
835 415 0.90 6.57 6.67 8.67 0.80 143 | £120%
900 415 0.87 6.59 8.50 6.59 0.67 120 | £120%
1450 40.5 1.20 5.85 5.65 5.66 0.45 267 | £120%
1750 40.1 1.37 5.37 5,37 537 0.71 222 | £120%
1800 40.0 1.40 5.17 517 517 0.80 202 | £120%
1950 40.0 140 501 5.01 5.01 0.80 185 | 2120%
2450 32 1.80 457 457 457 0.80 164 | 2120%

‘Fmouu:yvddlryd:lwumwnmumvulwwra(m?mnebet-rutrmdmawum The uncertainty is the RSS
of the Com uncertainty at calibration frequency end the uncertarty far the indicated frequency band.

* At frequancios below 3 GHz e validity of tasue parameters (o and ) can be relied 1 + 10% I fguid compensation loemiss & appled to
measuled SAR values. At frequencies above 3 GHz, the validity of tissue parametens (¢ and o) 8 restricted 1o = 5% The uncortainty is the RSS of
pcmmmwmnwwtmm

AphaDepth are datermined during calbeation. SPEAG warants that 1he rempining deviation o 1o tho y effect after P s
atways less than 2 1% for frequencies befow 3 Gz and holow & 2% for requencies between 3.8 GHz at any distance larger than ksl the probe 8o
diameter from the boundary
Certificate No' ET3-16830_Apri4 Page 5of 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Calibration Parameter Determined in Body Tissue Simulating Media

3 Relative | Conductivity ol Depth * Unct,

1 (MHz) Permittivity (8/m) ConvF X | ConvFY | ConwFZ | Alpha® (mm) (k=2)
835 552 0.97 659 6.59 6.59 0.80 1.32 £120%
1750 53.4 1.49 4.93 493 493 0,80 240 +120%
1900 53.3 1.52 473 473 473 0.80 235 +120%
2450 | 527 1.95 426 | 426 426 | 063 1.14 +12.0%

‘qumymtydt100M'(xnntylpol-norDASYv“mm(meZ;.uunhwm:wmx The uncerarty s the RSS
of the ConF mnwlwmnmqummmmmbmmmvmmm
‘Ax!mqwmnem:Gm.mu“{ydummmxumn)wmmmt 10% If liquid compensation formuta is appsed 10
measured SAR values. At frequencies sbove 3 GHz, the validity of lissue parsmeters (c and o) & restricted fo + 5% The uncananty & the RSS of
the ConvF uncertainty for ndicated target tissue parametors

"wwbaplh-redmmchaw SPEAG warrants that the remaining deviation due 10 the boundary alfect after compensation i
abways [958 than £ 1% for froquencies below 3 GHz and below & 2% for froquencies between 3.8 GHr at any distance arger than half the probe tip
dinmetar from the boundary

Corificate No. ET3-1630_Apr14 Page 6 of 11
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Feb. 25, 2015

ETI0VE- SN 1630

Frequency response (normalized)

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

05+ L ol | | - kL] | +—4d

1500
f [MHz)

e Re?

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

0 500 1000

Certificate No: ET3-1630_Apris
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ETODVG- SN 1630 Aprd 21, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz. TEM =1800 MHz,R22
" »®
> 4« "wm .
5 - *
e "‘\a ade o_c-ny ’ - f - 83, e es”ns {
' " » 1
" -
s o . o . .
Tot X Y 4 Tot X Y Zz
0s
§ L
; 001 g-3-$+g—e *—o=3.8—9 PESSESRIPGSFSE =5 25 S5 e o S S S g 3
a
a5 {
L |
LL T e . T S S B S - a2 . & 1
150 -100 50 0 50 100 150
Rok [
LB K . e )
oI T -axn"'ﬂiu wﬂl‘dm 2500 Wi
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Centificate No: ET3.1630_Apri14 Page 8 of 11
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FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
ETIDVS~ 8N 16830 April 21, 2014
Dynamic Range f(SAR}caq)
(TEM cell , fouu= 1900 MHz)
10%+4 1 ———rei—s i
prstiia : 1
| 44
100 I g’
| £ e
= f «
S | 1"
= ¥
& amal »
3 1044 : : et
e ' ‘ e
a #
E e
74l
10° =
7
”
o
10« 3 ;.r'
10 10¢ 10 10° 10" 10° 100
SAR [mWiem3]
. o]
not compensated compensaled
2 - T
B ° e 12 b e
w 0
1
2 : : i i ~
102 10 10 100 10 107 10
SAR [mW/cm3) o
s e
not compensated compansated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: ET3-1630_Aprta Page Sof 11
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ET3DVE- SN 1630 Apnil 21,2014

Conversion Factor Assessment

= 835 MHz, WGLS R9 (H_convf) = 1750 MHz WGLS R22 (H_conw)

’ w0 »n 0 « o ~ ] . " o

>

1 v 7 i
LA L) o) 2}
Raantd Yt Ll r——r

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

10 08 08 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No: ET3-1630_Apri4 Page 10 of 11
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ZNFH440V

Issue Date: Feb. 25, 2015

Report No.

ET3DV6- SN:1630

Apnil 21, 2014

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (*) -54.3

| Mechanical Surface Detection Mode enabled
Optical Surface Detaction Mode disabled
Probe Overall Length 337 mm |
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 27 mm |

| Probe Tip to Sensor Y Calibration Point 27 mm
Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface 4 mm

Cerfificate No. ET2-1630_Apri4 Page 11 of 11
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Report No.

Calibration Laboratory of

Schmid & Partner
ring AG

Enginee
Zeughausstrasse 43, 3004 Zurich, Switzeriand

Accredied by the Swiss Acoredaation Service (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilsteral Agreament for the recognition of calibeation conificates

S Na

Thes caitbration carsficale documents the tracaabiiy to national standarde, which fealize the physical units of measuements (Si)

Thes cafibration certficate shall ot be repeocuCed except in hul without whitten approvil of the ladbaratory

The and the with confi probabikty am given on the tollowng pages and arn part of the certificate

All calbxations have Deen conduciod n the closed y faciity: temp (22 = 3)°C and humidity < T0%.

Catbration Equipment used (MATE crtical for calibration)

Primary Standads 0 Cad Dnte {Certificste No.) Schedules Calitration

Power metar £44198 GBA12G3874 O3 Apr-14 (No. 217-01811) Apr-15

Power sansor E4412A MY4 1408087 O3 Apr-14 (No. 217-01911) 15

Rederence 3 ¢B Aneruator SN: S5064 (3c) O3.Ape14 (No. 217-01615) Apr15

Redotance 20 dB Atteniastor EN: 85277 {200 O3-Apr14 (No. 217-01819) Agr- 18

Ret 30 9B Anenuator SN: 55129 (300) 03-Agr- 14 (No. T17-01620) Agr-15

Referonce Probe ES30OV2 SN: 3013 3G-Dec-13 (No, ES3-3013_Dec13) Dec-14

DAE4 SN: 6560 13-Dec-13 {No. DAE4-880_Dec1d) Dec-14

& A y Snaards i w @\M’ Cohack ‘u‘%

RF gensralor HP 85480 USMA2001700 W(mhauumkp-!s In house chack: Apr-18

Network Anatyzer HP 8753E US3ITINNes 18-001-01 (n houss check Oct-13) In house check. Oct-14
Name Function

Approved by:

Cenificate No: EX3-3863_Jult4

Page 1 of 11
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Calibration Laboratory of Schwetsatischer Kailbrierds

Schmid & Partner Sarvice suisse d'dtalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzedand Swiss Calibeation Secvice

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

The Swiss Accreditation Service is 0ne of the signatories to the EA

Muttitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simukating 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 modulation depandent linsarization parameters

Polarization ¢ @ rotation around probe axis

Polanzation 9 5 rotation around an axis that is in the plane narmal to probe axis (al measurement center),

e, 8 = 0 is normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X 1o the robol coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Delermining 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 maasura the Specific Absorplion Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

*  NORMx,y.2: Assessed for E-fiekd polarization 8 = 0 (1 < 800 MHz In TEM-cell, { > 1800 MHz- R22 waveguide)
NORMx,y,z are only intermediate values, ie., the uncartainties of NORMx.y.z does not affect the E*-field
uncerainty inside TSL (see below ConvF).

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

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

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

o Axyz Bxyz Cxyz Dryz VRxyz A B C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum callbration 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 { < 800 MHz) and inside waveguide using analytical field distributions based on pawer
measurements for f > 800 MMz The same setups are used for assessmanl of the parametars appled for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe acouracy close to the boundary. The sensitivity in TSL corresponds
1o NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for CanvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to = 100
MHz.

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

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

« Connector Angte: The angle is assessad using the information gained by determining the NORMx (no

uncartainty required).
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Probe EX3DV4

SN:3863

Manufactured:  February 2, 2012
Calibrated: July 24, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system)
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FCC ID: ZNFH440V Issue Date: Feb. 25, 2015
EX30V4- SN:3863 July 24, 2014
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863
Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (sVAVIm)')" 0.37 0.35 0.45 +10.1 %
DCP {mV)" 99 8 68.7 100.6
Modulation Calibration Parameters
) Ic ication System Name A 3 c [} VR Une*
= 8 | asviv aw | mv | (k=2
o cw X| 00 | 00 10_| 000 | 1330 | #25%
Y 0.0 0.0 1.0 1313
Z 00 0.0 1.0 1499

multiplied by the covera

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

probability of approximately 95%.

* The uncertaintios of NoimX.Y Z o oot affect the E°.fiekt uncenainty nside TEL (soo Pages 5 and 6).

" Numesical Iinesrization parameter uncertanty not requrred

* Uncentainty i determined using the max, devastion from inaar response applyng rectanguiar distribuson and is eaprossed for the squae of Ihe

field value
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015
EX3DV4- SN:3863 July 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f{MHz)C | Permittivity” (8#m)" ConvF X | ConvFY | ComvFZ | Alpha® | (mm) (h=2)
835 415 0.90 9.50 9.50 9.50 0.80 0.50 £120%
900 415 0.97 921 9.21 9.21 0.59 0.71 £120%
1450 40.5 1.20 8.50 8.50 8.50 0.66 0.65 £120%
1750 40.1 1.37 8.38 8.38 8.38 0.76 0.58 +120%
1900 40.0 1.40 8.02 8.02 8.02 0.78 0.59 +12.0%
1950 40.0 1.40 .7 7.7 7.1 0.56 070 | £$120%
2300 395 1.67 7.48 7.48 7.48 0.54 068 | +120%
2450 39.2 1.80 7.156 7.15 7.15 0.70 059 | £120%
2600 39.0 1.96 7.05 7.05 7.08 0.50 0.74 £120%
5200 36.0 4,68 4.08 4.98 4,98 0.40 1.80 £13.1%
5300 36.0 4.76 4 477 477 0.40 1.80 $13.1%
5500 358 496 476 4.78 4.76 0.40 1.80 +13.1 %
5600 35.5 5.07 4.58 4.58 4.58 040 1.80 +131%
5800 353 5.27 4,55 4,585 455 0.45 180 | +131%

Ftequmc.yuh«ym-mwud:wOMWm’YWHbWYv‘d-\dm{um?) else i Is restricied 10 = 50 MHz. The
uncertainty is tha RSS of the Com uncenainty a caitvation frequency and the uncertainty for the indicated freguency band, Frequency vallicity
beiow J00 Mz &5 £ 10, 25, 40, 50 ang 70 MHz for ConvF assesaments at 30, 64, 128, 150mmmnwnly Abnove & GHz Frequency
Mymhwﬁndw:now

" At frequencies below 3 GHz. the valdity of tissue parametens (« and @) can bo relaed to ¢ 0% ¥ Sguid compensstion Tonmuta & applind o
measured SAR velues. Al frequencies above 3 Gz, the validity of Sssue D s(cando)m 10 £ 5%, Tha uncestanty & the RSS of
lMWumhrmwmmm

% Alphav'Degpith are d during SPEAG warants that the remaining devialion dus 10 the doundary sffect alter compersation ts
Myunsm-nxNh:lvequc\aubdwSwmwsnhmb«-‘m}-ﬁc&mwmwmmmmw
diameter from the boundary
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015

EX3DV4- SN 3863 July 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth " Unct.
{(MHz) ¢ | Permittivity” {8im)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 55.2 087 9.43 9.43 9.43 0.80 0.61 £120%
1750 53.4 1.49 7.80 7.80 7.80 0.52 0.75 £120%
1900 53.3 1.52 7.36 7.36 7.36 0.26 118 | £120%
2450 52.7 1.85 6.97 6.97 6.97 0.80 050 | +120%
2600 525 2.18 6.87 6.87 6.87 053 0.50 £12.0%
5200 49.0 5.30 450 | 450 4.50 0.40 1.80 +13.1%
5300 48.9 542 4.27 | 427 427 0.40 1.90 +13.1%
5500 486 5.65 4.01 4m 4.01 045 190 | £131%
5600 485 5.77 3.83 383 383 0.45 1.90 £131%
5800 48.2 6,00 407 | 407 407 0.50 190 | +131%

‘mecyviholylbonmuﬂzd:lWMHzoNvM'UOASYNAmm(suﬂag-neboilam-dm:sosz The
uncg\mvnNRSSdlmw#wnwmmn‘mymlmmhmmmnW&m Froquency vaidity
helow 300 MHz is & 10, 25, 47, 50 and 70 Mz fat Com assessments ot 30. 54, 128 150 and 220 MHz mispectively. Above 5 GHz2 frequency
validay can be extended 10 # 110 MHz.
'u!mmubm3@umvoﬁawo!mwnmdm|r.mﬂ«|nnbcvu|¢notosOo'kdlmdwmcwhmwllww
maasured SAR values nmmsm.mmalmm«mc«)-vwmwxsu The uncertainty m 1he RSS of
f_m(:mwfm-nylunmmwwmwmm

ANphaDepth sre d duting cab 1 SPEAG warrants that the ramaning deviation due 1n e dary offect after P i
ahways less than ¢ w.uwmumaewmmgnbmomaac&nwawmuwmmmm
diameter from the bourdary
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FCCID: ZNFH440V Issue Date: Feb. 25, 2015
EX3DV4- SN:3863 July 24, 2014
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

15 —

144
~ 131
°
o )
N !
‘g 12 .
g 1
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% 1.04 - - . + 1
L 09
ey
& E
S 084
g
| 07

06 |

05 . N T S - o I TS TN ! S b

0 500 1000 1500 2000 2500 3000
f [MHz]
e >
| RZZ
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Issue Date: Feb. 25, 2015

EX30V4- SN.3863

July 24, 2014
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz R22
. e L . : < .
Tot A Y Tot x Y 4

MR T = = D | b gy ==t o T

Error [d8)

L 3 Ty P —pe L R i W

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN-3863 July 2¢, 2014
Dynamic Range f(SAR}cad)
(TEM cell , fouu= 1900 MH2)
»
L == mm BT 23 g ki
"
— 10" .
3 y
m
c .
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(6] .
2 4004 . i
10¢ »
L
10 10 10" 10 10 10+ 10°
SAR [mWicm3)
=] o)
not compensated compensated
@
« 0 B e T 1 P i T
g = e I AL b a0
ul
“yo9 10 10 ':47 0 o0* 10
SAR |mWicm3)
*) L)
Ol COMPansMac compersatec
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30DV4- SN:863 July 24,2014
Conversion Factor Assessment
= 835 MHz WGLS RS (H_comf) f= 1900 MHz WGLS R22 (H_comyF)
"w .\1 o
» ! \
o o
= \ by
g:ﬂ' i A
10 ?-
204 N PP SIS P Y P VRS PP Ry
L " s . 'f-] . » - o ] w " 4 ‘:p‘ N - L] -
v oubaed =5 el
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
-0 08 08 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

["Gensor Arrangement Triangular l
Connector Angie (*) 716
Mechanical Surface Detection Mode N enabied |

| Optical Surface Detection Mode o W‘
Probe Overall Length 337 mm

| Probe Body Diameter = 1?:115‘{

[ TpLength o amm |
Tip Diameter 25mm |
Probe Tip 1o Sensor X Callbeaton Point 1 mm |

“Probe Tip 1o Sensor Y Calibration Paint 1mm

Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurament Distance from Surface 1.4 mm
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Calibration Laboratory of 3@’, S Schweizerischer Kallbrierdiens:
Schmid & Partner % ¢ Service suisse détalonnage

Engineering AG e Servizio svizzero di tarstura
Zeughousstrasse 43, 8004 Zurich, Switzarland N S Swiss Calibration Service

kW
Accradited by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108
The Swisa Accreditation Service (s one of the signatories 1o the EA
Multilstersl Agr for the gnition of calibration cerfificates
cient  HCT (Dymstec) Certificate No: DB35V2-441_Jan15
Otyject DB35V2 - SN: 441
Calibration procedure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Calibeation date January 23, 2015
This 1 cantl d ts the abifity to r standarts, which reallze the phwsical units of massuraments (S1)
Tha measurements and the uncenainties with confidonce probabiity are given on the folioming pages and are part of the cartificate
AN calibeations have been conducted in the closad labomtory faclity. anvironment lemperaturne (22 = 3)°C and bumidity < 70%.
Caftmation Equipmaent used (MATE critical lor calibration)
Premary Standards 0 # Cal Date (Certificale No.| Scheduled Casbration
Power mator EPM-4424 GB37480704 07-Oct-14 (No, 217-02020) Oct-15
Power sensor HP B4B1A US37202783 07-0ct-14 (No. 21702020) Oct-15
Power sonsor HP B481A MY41082317 07-0ct-14 (No. 21702021) Oct15
Relerance 20 08 Attenuator SN: 5068 (20k) 03-Apt-14 (Na, 217-01918) Aprs
Type-N mismaich combination SN: S047.2 / 08327 O3-Apr-14 (No. 217.01821) Apr-15
Reterence Probe ES30V3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15
DAE4 SN: 601 10-Aug-14 (No, DAE4-601_Augt4) Aug-15
Seconcary Standards 1D # Cheock Date (in houss) Schedued Check
RF ganorator RAS SMT-06 1000086 04-Aug-89 (In house check Oct-13) In house check: Oct-16
Network Arulyzer HP 8753E USI739058S S4208 18-0ct-01 (In house check Oct-14) In house check: Oct-15
Name Functon Synature
Cafbrated by Michas| Weber Labarstory Technician MJ__
‘
Appraved by Katjit Pokovic Techaical Manager %
issued: January 26, 2015
This calbraion cerificate shall not be reproduced except in full withowut witten approval of the labaratory
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Calibration Laboratory of Schwelzerischer Kalibrierdienst

Schmid & Partner Service sulsse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

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

The Swiss Accreditation Service is one of the signatories 10 the EA

Multilateral Ag tor the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further details are available from the Validation Report at the end
of the 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.

» Elactrical 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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FCCID: ZNFH440V

Issue Date: Feb. 25, 2015
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spaoer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz = 1 MH2
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 4“5 0.90 mho/m
Measured Head TSL parameters (220+02)°C 41 5=26% 0.83 mho/m £ 6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW input power 2.36 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.21 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.54 Wikg
SAH for nominal Head TSL parameters normalized to 1W 6.04 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 55.2 0.97 mho/m
Measured Body TSL parameters (220=02)°C 55826% 1.01 mho/m =6 %
Body TSL temperature change during test <05°C — waee
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.40 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 9.34 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Whkg
SAR far nominal Body TSL parameters normalized to 1W 6.14 Wikg = 16.5 % (k=2)
Canificate No: D835V2-441_Jan15 Page3o0i8
Report No. . . ' HCT CO,, LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 101 of 122
HCT-A-1502-F008 TEL: +82 31 645 6300 FAX: +82 31 645 6401



CT
HCTCO,LTD

FCCID: ZNFH440V Issue Date: Feb. 25, 2015

Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed poim 517Q-10/2
Return Loss -34.0d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4a720-2712
Retumn Loss -27.9d8

General Antenna Parameters and Design

| Esectrical Detay (one direction) [ 1.360 s |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line s directly connected to the
second arm of the dipole. The antenna Is therafore short-circulted for DC-signals. On some of the dipoles, small end caps
are added 10 1he 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 affectad by this change. The ovarall dipole langth is still

according 1o the Standard

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpaoint may be damaged

Additional EUT Data
Manufactured by SPEAG
Manufactured on March 09, 2001
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DASYS5 Validation Report for Head TSL

Date: 22.01.2015
Test Laboratory: SPEAG, Zurnich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 441

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

Medium parameters used: =835 MHz; a =093 S/m; . =41.5; p= 1000 Lg/m’
Phantom section: Flat Section

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

DASYS52 Configuration
o Probe: ESIDV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
¢ Sensor-Surfuce: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

e DASYS52 52.8.8(1222); SEMCAD X 14.6.1((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 = 56.43 V/m; Power Drift = -0.04 dB

Peak SAR (extrupolated) = 3.49 W/kg

SAR(1 g) = 2.36 W/kg: SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 2.76 W/kg

dB8
0

-2.40
-4.80
-1.20
-9.60

-12.00

0 dB = 2.76 W/kg = 4.41 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 23.01.2015
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 441

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

Medium parameters used: f = 835 MHz; o = 1.01 S$/m; &, = 55.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
» Phantom: Flat Phantom 4.9L; Type: QDODDP49AA; Serial: 1001

« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 54.59 V/m; Power Drift =-0.02 dB

Peak SAR (extrapoluted) = 3.53 W/kg

SAR(]1 g) = 2.4 Wikg: SAR(10 g} = 1.57 W/kg

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

d8
0

-2.40
-4.80
-71.20

-9.60

-12.00

0dB = 2.80 W/kg =447 dBW/kg
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Impedance Measurement Plot for Body TSL
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cient  HCT (Dymstec) Certificote No: D1900V2-5d061_Jul14
CALIBRATION CERTIFICATE

Otoct D1900V2 - SN: 5d061

Calibration procadure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz
Calitention date; July 23, 2014

This caliteation centficate documents the traceability 1o national standards, which realae the phynical urits of measurements (S1),
The mansurements and the uncenalinties with confidence prcbiabilty are given on the following pages and ae part of the certdicate

| Af calibraticns have boen conducted In the ciosed laborstory tacility: environment lemperaturs (22 « 5)°C and humidey < 70%

Caftbration Equgment used (MATE critical for calibraton)

Primary Standacds 1D » Cal Date (Cortiicate No.) Scheduled Calibeation
Fower matar EPM-442A GB374807T04 08-Oct-13 (No. 217-01827) Oct-14
Power sensor HP BIA US3r262783 09-Oct-13 (No. 217-01827) Qar-14
Power sensor HP BEB1A MYatog27 08-Oct-13 (No. 217-01628) Oct-14
fieferance 20 dB Attenuator SN: 5058 (20k) 03-Apr-14 (No. 217-01018) Apr15
Type-N mismaich combination SN SM7 2/ 06327 03-Ape-14 (No. 217-01621) Ape-15
Aaference Probe ES30V3 SN: 3205 30-Dec-13 (No. ESI-3206_Dec13) Dec-14
DAE4 SN B0 30-Apr-14 (No. DAES-L01_Apr14) Ape-15
Secontary Standards 1D s Check Date (n house) Scheduled Check
RF ganerator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house chock: Oct-16
Natwork Andlyzer HP 8753E US37390685 8200 18-0ct-071 (in house check Oct-13) In houne chack: Oct14
Name Funcbon Signature
Calibrated by: Jeton Kastras Laborasory Technician
» == (_L/__,,,

Aoproved by Katja Poasvic Technical Manager //%

Issued: July 23, 2014

This cabration cortificate shall not be reproduced sxcept in hull without wiitten approval of the laboratory
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 82209-1, “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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further detalls are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

o FElectrical 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 o 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 oconfiguration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5 mm
Frequency 1900 MHz « 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)C 39526% 1.38 mho/m £ 6 %
Head TSL temperature change during test <05°C ees —
SAR result with Head TSL
SAR avernged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 101 Whg
SAR for nominal Head TSL parameters nommalized 1o 1W 40.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAHR measured 250 mW input power 528 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 21.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220£02)C 525+6% 1.51 mho/m =6 %
Body TSL temperature change during test <05°C s e
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input powar 10,2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40,8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input powar 5.39 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.6 Wikg = 16,5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 51.110+82Q
Retumn Loss -242d8

Antenna Parameters with Body TSL

Impedance, transformad to faed pont 47204702
Return Loss -222d8

General Antenna Parameters and Design

| Etectrical Deiay (one direction) | 1.193 ns |

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

The dipole ls made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antanna is therefore shon-circuited for DC-signals, On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard

No excessive force must be applied 1o the dipoie arms, because they might bend or the soldered connecbons near the
feedpoint may be damaged

Additional EUT Data

Manutactured by SPEAG
Manufactured on December 10, 2004
Certificate No: D1900V2-5d061 _Jul14 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 23.07,2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f= 1900 MHz: o = 1.38 S/m; g = 39.5; p = 1000 kg/m‘
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
o Phantom: Flat Phantom 3.0 (front); Type: QDOOOPSOAA; Seriul: 1001

« DASYS52528.8(1222). SEMCAD X 14.6.1((7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=3mm

Reference Value = 99.40 V/im; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.6 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) =5.29 W/kg

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

dg
0

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =129 W/kg=11.11 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 23.07,2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 5d061

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1.51 S/m; & = 52.5: p = 1000 keg/m’
Phantom section: Flat Section

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

DASY352 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30,12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

o DASY5252.8.8(1222), SEMCAD X 14.6.10(7331)

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 = 96.22 V/m; Power Drift=-0.01 dB

Peak SAR (extrapolated) = 17.8 Wikg

SAR(1 g) = 10.2 W/kg; SAR(10 g) =5.39 W/kg

Maximum value of SAR (measured) = 12.9 Wikg

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =129 Wrkg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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cisnt  HCT (Dymstec) Certificats No: D2450V2-743_Jul14
CALIBRATION CERTIFICATE
Otjact D2450V2 - SN: 743
Calibeation procedureds) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Cadibration date: July 24, 2014

This calibraion cerificate documents the fraceabilty to national standards, which realize the physical units of measuremants (Sf)
The measursments and the uncerdaintes with confidence probabdity are given o tha lolowing pages and are part of the cortificate.

Al calibrations harve besn conducted in the closad laboratary faciity: environmant lemperatuns (22 = 3)"C and humikdity < 70%.

Caliration Equpment used (MATE critical Yor cairabon)

Primary Standards 10« Cal Date {Ceniicate No.) Scheduted Calivraton

Power meter EPM-4424 GBI7480704 00-O¢t-13 (No. 217-01827) Oct-14

Power sensor HP 8481A US37292783 00-Oct-13 (No- 217-01827) Oct-14

Power sansot HP 84814 MY41062317 08-0ct-13 {No. 217-01628) Oct-14

Raterence 20 4B Atlenuator SN: 5058 (20k) 03-Apr-14 (No. 217-01818) Apr15

Typa-N mismatch combination SN, 50472/ 06327  03-Apr-14 (No. 217-01621) Apr-15

Rotaronce Probe ESIOV3 SN 3208 30-Dec-13 (No. ES33205_Dect3d) Dec-14

DAE4 8N 601 20-Apr-14 (No. DAE4-601_Aprid) Apr-15

Socondary Standards |ID# Check Date {In housa) Scheduled Chock

AF genertor RSS SMT-06 | 100008 D4-AUg90 (In house check Oct-13) In hausa check: Oct-16

Neétwork Analyzor HP 8753E USI7300585 S4206  18-Oct-01 (in house check Oct-13) in house check: Oct-14
Nama Function
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Calibralion L‘borﬂ'ory of S Schweizerischor Kalibrierdienst

Schmid & Partner Service suisse d'etalonnage
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The Swiss Accreditation Service is one of the signatories to the EA

Muttilateral Agr for the recognition of calibration cortificates

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY systern configuration, as tar as not given on page 1
DASY Version DASY5 V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mha/m
Measured Head TSL parameters (220=02)°C 378+6% 1.85 mho/m £ 6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Candition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.2 W/kg 2 17.0 % {k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 6.28 Wig
SAR for nominal Head TSL parameters nomalized to 1W 24.8 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were apphed
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 527 1.95 mho/m
Measured Body TSL parameters (220x02)"C 506£6% 203 mho/m+ 6%
Body TSL temperature change during test <08°C - .
SAR result with Body TSL
SAR averaged over 1 ecm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.2 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 51.3 Wikg = 17.0 "% (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.07 Wig
SAR for nominal Body TSL parameters normalized to 1W 23.9 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5320+450
Retum Loss -255dB

Antenna Parameters with Body TSL

Impedance, transiomed to feed point 50804630
Retumn Loss -241d8

General Antenna Parameters and Design

| Esectrical Delay (one directian) | 1.160 ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuitad for DC-signals, On some of the dipoles, small end caps
are added to the dipole armas in order to improve matching when loaded according to the position as expiained in the
*Measurament Conditions® paragraph, The SAR data are not alfectad by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manutactured by SPEAG
Manutactured on December 01, 2003
Certificate No: D2450V2-743_Jult4 Page 4 0t 8
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DASYS5 Validation Report for Head TSL

Date: 24.07.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz: o = 1.85 S/m; & =37.8:p = 1000 kg/m’
Phantom section: Flat Section

Measurement Stundard: DASY 5 (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0OAA; Serial: 1001

e DASY52 52.8.8(1222): SEMCAD X 14.6,10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=3mm, dz=Smm

Reference Value = 102.3 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(I g) = 13.6 W/kg; SAR(10 g) = 6.28 W/kg

Mauximum value of SAR (measured) = 17.8 Wikg

0
s
am
118
1700
1228
0dB =178 Wikg = 12.50 dBW/kg
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Impedance Measurement Plot for Head TSL
23 Jul 2014 13:59:14
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DASYS5 Validation Report for Body TSL

Date: 16.07.2014
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN: 743

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: { = 2450 MHz; o = 2.03 S/m; & = 50.6; p = 1000 kg,fm‘
Phantom section: Flat Section

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

DASY352 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.35, 4.35, 4.35); Calibruted: 30.12.2013;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30,04.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

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

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 = 9580 V/m: Power Drift = -0.01 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(1 g) = 13.2 W/kg: SAR(10 g) = 6,07 W/kg

Maximum value of SAR (measured) = 17.5 W/kg
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0dB =175 W/kg=1243 dBW/kg
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Impedance Measurement Plot for Body TSL
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