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1. Testing Laboratory

Company Name SGS Korea Co., Ltd. (Gunpo Laboratory)
Address Wireless Div. 4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040 Republic of
Korea
Telephone +82 +31 428 5700
FAX +82 +31 427 2371
Homepage All SGS services are rendered in accordance with the applicable SGS conditions of
service available on request and accessible at http://www.sgs.com/en/Terms-and-
Conditions.aspx
2. Details of Manufacturer
Applicant LG Electronics MobileComm U.S.A., Inc.
Address 1000 Sylvan Avenue, Englewood Cliffs, NJ07632
Contact Person Smyung Lee
Email Smyung.lee@lge.com
Phone No. 82-2-2033-4606
3. Description of EUT(s)
EUT Type Cellular/PCS GSM/WCDMA Phone with WLAN, Bluetooth
Model LG-H540T
. LGHS540T, H540T, LG-H540t, LGH540t, H540t, LG-H540, H540, LGH540,
Alternative Model

LG-H542, H542, LGH542

Serial Number

412KPZK784445

Mode of Operation

GSM850 / GSM 1900 / WCDMAS850 / WCDMA1900 / WLAN / Bluetooth

Duty Cycle

8.3(GPRS 1Tx Slot), 4.15(GPRS 2Tx Slot), 2.77 (GPRS 3Tx Slot),
2.075 (GPRS 4Tx Slot), 1 (WCDMA, WLAN, Bluetooth)

Body worn Accessory

None

Tx Frequency Range GSM850 (824.2 MHz ~ 848.8 MHz)
GSM1900 (1850.2 MHz ~ 1909.8 MHz)
WCDMA 850 (826.4 MHz ~ 846.6 MHz)
WCDMA 1900 (1852.4 MHz ~ 1907.6 MHz)
802.11b/g/n WLAN 2.4 GHz ( 2412.0 MHz ~ 2462.0 MHz)
Bluetooth (2402.0 MHz ~ 2480.0 MHz)
4. The Highest Reported SAR Values
Equipment Band Tx Frequency Reported 1g SAR (W/kg)
Class (MH2z) Head Body-Worn Hotspot Extremity
PCE GSM/GPRS850 824.2 ~ 848.8 0.30 0.51 0.61 N/A
PCE GSM/GPRS1900 | 1850.2 ~ 1909.8 0.38 0.35 0.59 N/A
PCE WCDMA 850 826.4 ~ 846.6 0.39 0.71 0.71 N/A
PCE WCDMA 1900 | 1852.4 ~ 1907.6 0.53 0.95 0.95 N/A
DTS 2.4 GHz WLAN | 2412.0 ~2462.0 0.40 0.13 0.13 N/A
DSS Bluetooth 2402.0 ~ 2480.0 N/A N/A N/A N/A
Simultaneous SAR per KDB 690783 D01v01r03 0.93 1.08 1.08 N/A
Report File No:  F690501/RF-SAR002278-A1 Date of Issue : ~ 2015-05-20




SGS

SGS Korea Co., Ltd.

4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040

Tel. 031-428-5700 / Fax. 031-427-2371

http://www.sgsgroup.kr Page: 7/112

S. Test Methodology
ANSI C95.1-2005: IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency

Electromagnetic Fields, 3 kHz to 300 GHz. It specifies the maximum exposure limit of 1.6 W/kg as averaged over any

1 gram of tissue for portable devices being used within 20 cm of the user in the uncontrolled environment.

Test tests documented in this report were performed in accordance with IEEE Standard 1528-2013 & IEEE 1528a-

2005 and the following published KDB procedures.

In additions;

IXI KDB 865664 D01v01r03 SAR Measurement Requirements for 100 MHz to 6 GHz
KDB 447498 D01v05r02 Mobile ‘and‘ Portal‘)lf: Devices RF Exposure Procedures and Equipment
Authorization Policies
KDB 447498 D02v02 SAR Measurement Procedures for USB Dongle Transmitters
KDB 248227 D01v02 SAR Measurement Procedures for 802.11a,b,g Transmitters

KDB 615223 D01v01

802.16e/WiMax SAR Measurement Guidance

SAR Evaluation Considerations for Laptop, Notebook, Netbook and Tablet

|:| KDB 616217 D04v01r01
Computers

|:| KDB 643646 D01v01r01 SAR Test Reduction Considerations for Occupational PTT Radios

I:I KDB 648474 D03v01:02 Evalugtlon and Approval Considerations for Handsets with Specific Wireless
Charging Battery Covers

IXI KDB 648474 D04v01r02 SAR Evaluation Considerations for Wireless Handsets

|:| KDB 680106 DO1v02 RF Exposure Con§1derat10ns for Low Power Consumer Wireless Power
Transfer Applications

IXI KDB 941225 D01v03 3G SAR Measurement Procedures

|:| KDB 941225 D05v02r03 SAR Evaluation Considerations for LTE Devices

IE KDB 941225 D06v02 SAR E.Vfll‘uatlon Procedures for Portable Devices with Wireless Router
Capabilities

|:| KDB 941225 D07v01r01 SAR Evaluation Procedures for UMPC Mini-Tablet Devices

6. Testing Environment

Ambient temperature 18°C ~ 25°C
Relative humidity 30% ~ 70%
Liquid temperature of during the test <% 2°C
Ambient noise & Reflection <0.012 W/kg
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7. Specific Absorption Rate (SAR)

7.1 Introduction
SAR is related to the rate at which energy is absorbed per unit mass in an object exposed to a radio field. The SAR
distribution in a biological body is complicated and is usually carried out by experimental techniques or numerical
modeling. The standard recommends limits for two tiers of groups, occupational/controlled and general
population/uncontrolled, based on a person’s awareness and ability to exercise control over his or her exposure. In
general, occupational/controlled exposure limits are higher than the limits for general population/uncontrolled

7.2 SAR Definition
The SAR definition is the time derivative (rate) of the incremental energy (dW) absorbed by (dissipated in) an

incremental mass (dm) contained in a volume element (dv) of a given density (p). The equation description is as

SAR — d (dW) . d (dW)
—dt\dm/  dt\pdv
SAR is expressed in units of Watts per kilogram (W/kg)

below:

SAR measurement can be either related to the temperature elevation in tissue by

( ot )
Where: C is the specific head capacity, 0T is the temperature rise and 6t is the exposure duration, or related to the
electrical field in the tissue by

o|E|*
SAR = ——

Where: o is the conductivity of the tissue, p is the mass density of the tissue and E is the RMS electrical field

strength.

However for evaluating SAR of low power transmitter, electrical field measurement is typically applied.

7.3 Test Standards and Limits

According to FCC 47CFR §2.1093(d) The limits to be used for evaluation are based generally on criteria published
by the American National Standards Institute (ANSI) for localized specific absorption rate (““‘SAR”’) in Section 4.2
of “IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields,
3 to 300 ,” ANSI/IEEE (C95.3-2003, Copyright 2003 by the Institute of Electrical and Electronics Engineers,
Inc., New York, New York 10017. 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, Section 17.4.5. Copyright NCRP, 1986,
Bethesda, Maryland 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. The criteria to be used are

specified in paragraphs (d)(1) and (d)(2) of this section and shall apply for portable devices transmitting in the
Report File No:  F690501/RF-SAR002278-A1 Date of Issue : ~ 2015-05-20




SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371

http://www.sgsgroup.kr Page: 9/112

frequency range from 100 to 6 . Portable devices that transmit at frequencies above 6 are to be evaluated
in terms of the MPE limits specified in § 1.1310 of this chapter. Measurements and calculations to demonstrate
compliance with MPE field strength or power density limits for devices operating above 6 should be made at a
minimum distance of 5 cm from the radiating source.

(1) Limits for Occupational/Controlled exposure: 0.4 W/kg as averaged over the whole-body and spatial peak SAR
not exceeding 8 W/kg as averaged over any 1 gram of tissue (defined as a tissue volume in the shape of a cube).
Exceptions are the hands, wrists, feet and ankles where the spatial peak SAR shall not exceed 20 W/kg, as averaged
over an 10 grams of tissue (defined as a tissue volume in the shape of a cube). Occupational/Controlled limits apply
when persons are exposed as a consequence of their employment provided these persons are fully aware of and
exercise control over their exposure. Awareness of exposure can be accomplished by use of warning labels or by
specific training or education through appropriate means, such as an RF safety program in a work environment.

(2) Limits for General Population/Uncontrolled exposure: 0.08 W/kg as averaged over the whole-body and spatial
peak SAR not exceeding 1.6 W/kg as averaged over any 1 gram of tissue (defined as a tissue volume in the shape of
a cube). Exceptions are the hands, wrists, feet and ankles where the spatial peak SAR shall not exceed 4 W/kg, as
averaged over any 10 grams of tissue (defined as a tissue volume in the shape of a cube). General
Population/Uncontrolled limits apply when the general public may be exposed, or when persons that are exposed as
a consequence of their employment may not be fully aware of the potential for exposure or do not exercise control
over their exposure. Warning labels placed on consumer devices such as cellular telephones will not be sufficient
reason to allow these devices to be evaluated subject to limits for occupational/controlled exposure in paragraph

(d)(1) of this section.

I B Uncontrolled Enviror!ment Controlled Envil:onment
General Population Occupational
&aarrttif;})l'eak SAR 1.60 m W/g 8.00 m W/g
z)\;rht(‘j; ‘Eﬁ;ry*;ge SAR 0.08 m W/g 0.40 m W/g
z)g;ﬁgsl/gee:tl;:ﬁi/Wﬁst) 4.00 m W/g 20.00 m W/g

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

2. The spatial Average value of the SAR averaged over the whole body.

3. The Spatial Peak value of the SAR averaged over any 10 grams of tissue (defined as a tissue volume in the

shape of a cube) and over the appropriate averaging time.
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8. The SAR Measurement System

A block diagram of the SAR measurement System is given in Fig. a. This SAR Measurement System uses a

Computer-controlled 3-D stepper motor system (SPEAG DASY4 professional system). The model ET3DV6 and

EX3DV4 field probe is used to determine the internal electric fields. The SAR can be obtained from the equation

SAR= o ([Ei]")/ p where o and p are the conductivity and mass density of the tissue-simulant.

The DASY4 system for performing compliance tests consists of the following items:

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

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

Data acquisition electronics (DAE) which performs the signal amplification, signal multiplexing, AD-conversion,
offset measurements, mechanical surface detection, collision detection, etc. The unit is battery powered with

standard or rechargeable batteries. The signal is optically transmitted to the EOC.

Fig a. The microwave circuit arrangement used for SAR system verification
The Electro-optical converter (EOC) performs the conversion between optical and electrical of the signals for the
digital communication to the DAE and for the analog signal from the optical surface detection. The EOC is
connected to the measurement server.
The function of the measurement server is to perform the time critical tasks such as signal filtering, control of the
robot operation and fast movement interrupts.
A probe alignment unit which improves the (absolute) accuracy of the probe positioning.
A computer operating Windows XP.
DASY4 software.
Remote control with teach pendant and additional circuitry for robot safety such as warning lamps, etc.
The SAM phantom enabling testing left-hand and right-hand usage.
Tissue simulating liquid mixed according to the given recipes.

Validation dipole kits allowing to validate the proper functioning of the system.
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9. System Components

9.1 Probe
Construction

Calibration

Frequency
Directivity

Dynamic Range

Dimensions

Application

Construction

Calibration

Frequency
Directivity

Dynamic
Range
Dimensions

Application

NOTE:

Symmetrical design with triangular core.

Built-in shielding against static charges.

PEEK enclosure material (resistant to organic solvents,

e.g., DGBE)

Basic Broad Band Calibration in air Conversion Factors

(CF) for HSL 835 and HSL1900.

Additional CF-Calibration for

frequencies upon request.

10 to 6 ; Linearity: + 0.2 (30 to6 )

+0.3 in HSL (rotation around probe axis)

+0.5 in tissue material (rotation normal to probe axis)

10uW/g to > 100 m W/g;

Linearity: £ 0.2  (noise: typically < 1 uW/g)

Overall length: 337 (Tip length: 20 )

Tip diameter: 2.5 (Body diameter: 12 )

Distance from probe tip to dipole centers: 1

High precision dosimetric measurements in any exposure

scenario (e.g., very strong gradient fields). Only probe

which enables compliance testing for frequencies up to 6
with precision of better 30%

other liquids and

EX3DV4 E-Field Probe

Symmetrical design with triangular core Built-in shielding
against static charges PEEK enclosure material (resistant to
organic solvents, e.g. glycol).
In air from 10 to 2.5
(accuracy £ 8 %)

10 to>6 ; Linearity: £0.2 (30 to3 )
+0.2 in brain tissue (rotation around probe axis)
+0.4 in brain tissue (rotation normal to probe axis)
5 uW/g to >100 mW/g; Linearity: +0.2

In brain simulating tissue

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

General dosimetry up to 3 Compliance tests of mobile
phone

ET3DV6 E-Field Probe

1. The Probe parameters have been calibrated by the SPEAG. Please reference “APPENDIX C” for the Calibration

Certification Report.
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9.2 SAM Phantom

Construction : The SAM Phantom is constructed of a fiberglass shell
integrated in a wooden table. The shape of the shell is
based on data from an anatomical study designed to
determine the maximum exposure in at least 90 % of all
users. 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 the evaporation of the
liquid. Reference markings on the Phantom allow the
complete setup of all predefined phantom positions and
measurement grids by manually teaching three points in

the robot
Shell Thickness : 20 +0.1 .
Filling Volume :  Approx. 25 liters SAM Phantom
9.3 Device Holder
Construction: ¢ In combination with the Twin SAM PhantomV4.0/V4.0C

or Twin SAM, the Mounting Device (made from POM)
enables the rotation of the mounted transmitter in spherical
coordinates, whereby the rotation point is the ear opening.
The devices can be easily and accurately positioned
according to IEC, IEEE, CENELEC, FCC or other
specifications. The device holder can be locked at different
phantom locations (left head, right head, flat phantom).

Device Holder
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10. SAR Measurement Procedures

10.1 Normal SAR Measurement Procedure
Step 1: Power Reference Measurement
The Power Reference Measurement and Power Drift Measurements are for monitoring the power drift of the device
under test in the batch process. The Minimum distance of probe sensors to surface determines the closest
measurement point to phantom surface. The minimum distance of probe sensors to surface is 2/4 mm. This distance
cannot be smaller than the Distance of sensor calibration points to probe tip as defined in the probe properties.
Step 2 and 3: Area Scan & Zoom Scan Procedures
The entire evaluation of the spatial peak values is performed within the Post-processing engine (SEMCAD). The
system always gives the maximum values for the 1 g and 10 g cubes. The algorithm to find the cube with highest
averaged SAR is divided into the following stages:
1. The extraction of the measured data (grid and values) from the Zoom Scan.
2. The calculation of the SAR value at every measurement point based on all stored data (A/D values and

measurement parameters)
3. The generation of a high-resolution mesh within the measured volume
4. The interpolation of all measured values from the measurement grid to the high-resolution grid
5. The extrapolation of the entire 3-D field distribution to the phantom surface over the distance from sensor to
surface

6. The calculation of the averaged SAR within masses of 1 g and 10 g.
Step 4: Power drift measurement
The Power Drift Measurement measures the field at the same location as the most recent power reference
measurement within the same procedure, and with the same settings. The Power Drift Measurement gives the field
difference in dB from the reading conducted within the last Power Reference Measurement. This allows a user to
monitor the power drift of the device under test within a batch process. The measurement procedure is the same as

Step 1.
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< Area and Zoom Scan Resolutions per FCC KDB Publication 865664 D01v01r03 >

i

< 3 GHz =3 (3Hz
Maximun distance fromn closest measurement pount -
- g In(2) +£ 0.5
(zeometric cenfer of probe sensors) to phantom surface 3% L Yrdrin(2) £ 0.5 mm
Maximmun probe angle from probe axis to phantom 300 + 10 200 & 19

surface normal at the measurement location

Maximun area scan spatial resolution: AXae.. 4Yae

Maximmm Foom scan spatial resolntion: AXzyam. A¥7esm

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

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

When the x or v dunension of the test device, m the
measnremeant plane orientation, is smaller than the above,
the measurement resolution must be = the comesponding
* or ¥ dimension of the test device with at least one
measurement point on the test device,

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

I—4GHZ < 5mm’
4-6GHZ = 4mm

3=4 GHz: = 4 mm

mniform grid: AZz,gein) < 5 mm 4 =5 GHz: < 3 mm
5—-6GHz: <2 mm
Mazinmm oo scan AZ7aaml 11 hetwaen 3 -4 GHz: < 3 mm
spatial resolution, 1% two points closest < 4 4 -5 GHz: < 2.5 mun
normal fo phanrom to phantom surface 5 - 6 GHz =2 mm
surface graded
erid
AZzoamiD™1 )
between subsequent < 1.5 Adzoouln-1)
provints
) 3 -4 4Hz: = 28 mm
) - bl F 3 V. Z = 30 mm 4 -50GHz =25 mm
volume

5=6GHz = 22 mm

Maote: o 15 the penerration depth of a plane-wave ar normal incidence 1o the rissne medinm;: see draft standard IEEE

F1528-2011 for details.

When zoom scan is required and the reported SAR from the area scan based 1-g SAR estimation procedures of
KDEB 447498 15 < 1.4 W/ke, < 8 mm, < 7 mum and = 5 nmon zoom scan resolution may be apphied, respectively, for
2 GHz to 3 GHz. 3 GHz to 4 GHz and 4 GHz to 6 GHz.
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11. Definition of Reference

11.1 EAR Reference Point
Fig 2 shows the front, back and side views of the SAM Twin Phantom. The point “M” is the reference point for the
center of the mouth, “LE” is the left ear reference point (ERP), and “RE” is the right ERP. The ERPs are 15mm
posterior to the entrance to the ear canal (EEC) along the B-M line (Back-Mouth), as shown in Fig 3. The plane
passing through the two ear canals and M is defined as the Reference Plane. The line N-F (Neck-Front) is
perpendicular to the reference plane and passing through the RE (or LE) is called the Reference Pivoting Line (see
Fig 4). Line B-M is perpendicular to the N-F line. Both N-F and B-M lines are marked on the external phantom shell

to facilitate handset positioning.

B0 mm-100 mm

reterence pont
B2 wdracce 1o ear cansd

Fig 4 Close-up side view of ERP Fig 5 Side view of the phantom showing relevant markings
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11.2 EUT constructions
Two imaginary lines on the handset were established: the vertical centerline and the horizontal line. The test device
was placed in a normal operating position with the “test device reference point” located along the “vertical
centerline” on the front of the device aligned to the “ear reference point” (see Fig. 6). The “test device reference
point” was than located at the same level as the center of the ear reference point. The test device was positioned so
that the “vertical centerline” was bisecting the front surface of the handset at it’s top and bottom edges, positioning

the “ear reference point” on the outer surface of the both the left and right head phantoms on the ear reference point.

Wartical

zaptralng Wirthal
cartreling
e
- w2 |2
ling i 1 i
i i

i"‘”’

Fig 6 Handset Vertical Center & Horizontal Line Reference Points
11.3 Positioning for Touch

a) Position the device with the vertical centre line of the body of the device and the horizontal line crossing the
centre of the ear piece in a plane parallel to the sagittal plane of the phantom (initial position). While maintaining the
device in this plane, align the vertical centre line with the reference plane containing the three ear and mouth
reference points (M, RE and LE) and align the centre of the ear piece with the line RE-LE;
b) Translate the handset towards the phantom along the line passing through RE and LE until the handset touches the ear.
¢) While maintaining the device in this plane, rotate it around the LE-RE line until the vertical centerline is in the
plane normal to MB-NF including the line MB (called the reference plane).
d) Rotate the phone around the vertical centerline until the phone (horizontal line) is ymmetrical with respect to the
line NF.
e) While maintaining the vertical centerline in the reference plane, keeping point A on the line passing through RE
and LE, and maintaining the phone contact with the ear, rotate the handset about the line NF until any point on the
handset is in contact with a phantom point below the pinna (cheek). (see Fig. 7) The physical angles of rotation

should be

RE

LE

Fig 7 Cheek/Touch position of the wireless device on the left side of SAM
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11.4 Positioning for Ear/15° Tilt
With the test device aligned in the “Cheek/Touch Position”:
a) While maintain the device in the reference plane described above and pivoting against the ear, move it outward
away from the mouth by an angle of 15 degrees or until contact with the ear is lost.
b) The phone was then rotated around the horizontal line by 15 degrees.
¢) While maintaining the orientation of the phone, the phone was moved parallel to the reference plane until any part
of the handset touched the head. (In this position, point A was located on the line RE-LE). The tilted position is
obtained when the contact is on the pinna. If the contact was at any location other than the pinna, the angle of the
phone would then be reduced. In this situation, the tilted position was obtained when any part of the phone was in

contact of the ear as well as a second part of the phone was in contact with the head (see Fig 8).

Fig 8 Ear/15° Tilt position of the wireless device on the left side of SAM

11.5 Body-Worn Accessory Configurations

Body-worn operation 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.

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

Body-worn accessories may not always be supplied of available as options for some devices intended to be
authorized for body-worn use. In this case, a test configuration where a separation distances between the back of the

device and the flat phantom is used. Test position spacing was documented.
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11.6 Wireless Router Configurations

Some battery-operated handsets have the capability to transmit and receive user data through simultaneous
transmission of WLAN simultaneously with a separate licensed transmitter. The FCC has provided guidance in FCC
KDB Publication 941225 D06 v02 where SAR test considerations for handsets (Lx W = 9 cm x 5 cm) are based on
a composite test separation distance of 10 mm from the front, back and edges of the device containing transmitting
antennas within 2.5 cm of their edges, determined from general mixed use conditions for this type of devices. Since
the hotspot SAR results may overlap with the body-worn accessory SAR requirements, the more conservative
configurations can be considered, thus excluding some body-worn accessory SAR tests.

When the user enables the personal wireless router functions for the handset, actual operations include simultaneous
transmission of both the WLAN transmitter and another licensed transmitter. Both transmitters often do not transmit
at the same transmitting frequency and thus cannot be evaluated for SAR under actual use conditions due to the
limitations of the SAR assessment probes. Therefore, SAR must be evaluated for each frequency transmission and
mode separately and spatially summed with the WLAN transmitter according to FCC KDB Publication 447498
DO01v05r02 publication procedures. The “Portable Hotspot” feature on the handset was NOT activated during SAR

assessments, to ensure the SAR measurements were evaluated for a single transmission frequency RF signal at a time.

11.7 Extremity Exposure Configurations

Devices that are designed or intended for use on extremities or mainly operated in extremity only exposure
conditions; i.e., hands, wrists, feet and ankles, may require extremity SAR evaluation. When the device also operates
in close proximity to the user's body, SAR compliance for the body is also required. The 1g body and 10g extremity
SAR Exclusion thresholds found in KDB Publication 447498 D01v05 should be applied to determine SAR test
requirements.

For smart phones with a display diagonal dimension > 15.0 cm or an overall diagonal dimension > 16.0 cm that
provide similar mobile web access and multimedia support found in mini- tablets or UMPC mini-tablets that support
voice calls next to the ear, the phablets procedures outlined in KDB Publication 648474 D04v01r02 should be
applied to evaluate SAR compliance. A device marketed as phablets, regardless of form factors and operating
characteristics must be tested as a phablets to determine SAR compliance. In addition to the normally required head
and body-worn accessory SAR test procedures required for handsets, the UMPC mini-tablet procedures must also be
applied to test the SAR of all surfaces and edges with an antenna < 2.5 cm from that surface or edge, in direct
contact with the phantom, for 10g SAR. The UMPC mini-tablet 1g SAR at 5 mm is not required. When hotspot
mode applies, 10g SAR is required only for the surfaces and edges with hotspot mode 1g SAR scaled up to

maximum output power tolerance > 1.2 W/kg.
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11.8 DUT Antenna Locations

Front View

Left Edge Right Edge

Note: Exact antenna dimensions and separation distances are shown in the “Antenna Location ZNFH540T” in the

FCC Filing

11.9 Mobile Hotspot sides for SAR Testing configurations

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

WCDMA 850 Yes Yes Yes Yes Yes No
WCDMA 1900 Yes Yes Yes Yes Yes No
WLAN 2.4 GHz Yes Yes Yes No No Yes

Notes
Particular DUT edges were not required to be evaluated for Wireless Router SAR if the edges were greater than 2.5
cm from the transmitting antenna according to FCC Publication 941225 D06v02 guidance, page 2 and FCC KDB

648474 D04v01r01. The antenna document shows the distances between the transmit antennas and the edges of the

device.
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12. SAR System Verification

The microwave circuit arrangement for system verification is sketched in Fig. 9. The daily system accuracy

verification occurs within the flat section of the SAM phantom. A SAR measurement was performed to see if the

measured SAR was within +/- 10% from the target SAR values. These tests were done at 835 MHz, 1900 MHz and 2.4

GHz. The tests were conducted on the same days as the measurement of the DUT. The obtained results from the

system accuracy verification are displayed in the table 1. (SAR values are normalized to 1W forward power delivered

to the dipole). During the tests, the ambient temperature of the laboratory was in the range (22 £ 2) ° C, the relative

humidity was in the range (55 + 5) % R.H and the liquid depth above the ear reference points was > 15 cm = 5 mm

(frequency < 3 GHz) or > 10 cm £+ 5 mm (frequency > 3 G Hz)in all the cases. It is seen that the system is operating

within its specification, as the results are within acceptable tolerance of the reference values.

A

D

B

C

Fig 9. The microwave circuit arrangement used for SAR system verification

A. Agilent Model E8247C Signal Generator
B. EMPOWER Model 2001-BBS3Q7ECK Amplifier
C. Agilent Model E4419B Power Meter
D. Agilent Model 9300H Power Sensor

E. Agilent Model 86205A Directional RF Bridges

F. Reference dipole Antenna

Photo of the dipole Antenna

Target Target
5 . . SAR1g | SAR10g | Normalized | Normalized 1g 10g Liquid
Verlﬁ‘;mon Pg;)lge ;Tl\l/lsls;z ‘; from from SAR1¢g SAR 10 g | Deviation | Deviation Date Temp.
Standard | Standard aw) aw (%) (%) °0)
aw) 1w
D835V2 835
SN-490 1782 Head 9.07 5.90 8.96 5.90 -1.21 0.00 2015-04-23 22.4
D835V2 835
SN-490 1782 Body 9.49 6.20 9.44 6.30 -0.53 1.61 2015-04-23 22.6
D1900V2 1900
SN-54033 1782 Head 40.3 21.1 40.3 21.9 0.00 3.79 2015-04-20 | 222
D1900V2 1900
SN-5d033 1782 Body 40.6 213 40.8 22.5 0.49 5.63 2015-04-20 | 21.9
D2450V2 2450
SN734 3986 Head 52.2 243 53.8 24.7 3.07 1.65 2015-05-20 | 223
D2450V2 2450
SN-734 3986 Body 49.8 232 52.9 25.0 6.22 7.76 2015-05-20 | 223
Tablel. Results system verification
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13. Tissue Simulant Fluid for the Frequency Band
The dielectric properties for this simulant fluid were measured by using the Speag Model DAK-3.5 Dielectric Probe in

conjunction with Agilent E5071C Network Analyzer(300 -6 )by using a procedure detailed in Section V.
Tissue Dielectric Parameters
fC ) — Limits / Measured Permictivi - Simulated Tissue
ermittivity Conductivity T
emp(_)
Measured, 2015-04-23 42.0 0.89
835 Head Target Tissue Head 415 0.90 22.4
Deviation (%) 1.20 -1.11
Measured, 2015-04-23 54.6 0.96
835 Body Target Tissue Body 55.2 0.97 22.6
Deviation (%) -1.09 -1.03
Measured, 2015-04-20 38.4 1.40
1900 Head Target Tissue Head 40.0 1.40 222
Deviation (%) -4.00 0.00
Measured, 2015-04-20 54.3 1.55
1900 Body Target Tissue Body 53.3 1.52 21.9
Deviation (%) 1.88 1.97
Measured, 2015-05-20 39.7 1.79
2450 Head Target Tissue Head 39.2 1.80 223
Deviation (%) 1.28 -0.56
Measured, 2015-05-20 53.2 1.94
2450 Body Target Tissue Body 52.7 1.95 22.3
Deviation (%) 0.95 -0.51
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The composition of the brain & muscle tissue simulating liquid

The following tissue formulations are provided for reference only as some of the parameters have not been thoroughly

verified. The composition of ingredients may be modified accordingly to achieve the desired target tissue parameters

required for routine SAR evaluation.

Ingredients Frequency ()
(% by weight) 835 1900 2450
Tissue Type Head Body Head Body Head Body
Water 41.45 52.4 54.9 40.4 62.7 73.2
Salt (NaCl) 1.45 14 0.18 0.5 0.5 0.04
Sugar 56.0 45.0 0.0 58.0 0.0 0.0
HEC 1.0 1.0 0.0 1.0 0.0 0.0
Bactericide 0.1 0.1 0.0 0.1 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 36.8 0.0
DGBE 0.0 0.0 44.92 0.0 0.0 26.7
Dielectric Constant 42.54 56.1 39.9 54.0 39.8 52.5
Conductivity (S/m) 0.91 0.95 1.42 1.45 1.78 1.98
Salt: 99 "% Pure Sodium Chloride Sugar: 98 "% Pure Sucrose

Water: De-ionized, 16 MQ' 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

Simulating Liquids for 5, Manufactured by SPEAG
Ingredients (% by weight)
Water 78
Mineral Oil 11
Emulsifiers 9
Additives and Salt 2
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14. Test System Validation
Per FCC KDB 865664 D01v01r03, SAR system validation status should be documented 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 require tissue-equivalent media for system validation, according to the procedures outlined in IEEE 1528-

2013 and FCC KDB 865664 D01v01r03. Since 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

probe and tissue dielectric parameters has been included.

Dielectric

f bate Probe Péoat;e Tissue Parameers CW Validation Modulated Validation
fan SN | o | e [T Conv iy | e | e | el | D | o
835 | 2015-04-13 | 1782 835 Head | 43.0 | 0.91 PASS | PASS | PASS | GMSK | PASS | N/A
835 | 2015-04-13 | 1782 835 Body | 56.1 | 095 | PASS | PASS | PASS | GMSK | PASS | N/A
1900 | 2015-04-10 | 1782 1900 | Head | 399 | 135 | PASS | PASS | PASS | GMSK | PASS | N/A
1900 | 2015-04-10 | 1782 1900 | Body | 52.6 | 1.54 | PASS | PASS | PASS | GMSK | PASS | N/A
2450 | 2015-04-14 | 3986 | 2450 | Head | 39.4 | 1.77 | PASS | PASS | PASS | OFDM | N/A | PASS
2450 | 2015-04-14 | 3986 | 2450 | Body | 53.0 | 1.88 | 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 above represent

test configurations for which the measurement system has been validated per FCC KDB Publication 865664

DO01v01r03. 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 D01v01r03.
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15. Instruments List
Test Platform SPEAG DASY4 Professional
Location SGS Korea Co., Ltd. 4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, E&E Lab
Manufacture SPEAG
Description SAR Test System (Frequency range 300 MHz — 6 GHz)
Software Reference DASY4: V4.7 Build. 80
SEMCAD: V1.8 Build 186
Hardware Reference
Equipment Type Serial Number Cal Date Cal Interval Cal Due
Robot RX90B L F03/5W05A1/A/01 N/A N/A N/A
Phantom SAM Phantom TP-1300 N/A N/A N/A
Phantom SAM Phantom TP-1645 N/A N/A N/A
Dielectric I?itssessment DAK-3.5 1107 2015-01-27 Annual 2016-01-27
Verification Dipole D835V2 490 2014-05-16 Biennial 2016-05-16
Verification Dipole D1900V2 5d033 2014-05-19 Biennial 2016-05-19
Verification Dipole D2450V2 734 2014-05-20 Biennial 2016-05-20
DAE DAE3 567 2015-01-22 Annual 2016-01-22
E-Field Probe ET3DV6 1782 2015-02-24 Annual 2016-02-24
E-Field Probe EX3DV4 3986 2015-03-25 Annual 2016-03-25
Network Analyzer E5071C MY46111535 2014-07-04 Annual 2015-07-04
Power Meter E4419B GB43311715 2014-06-25 Annual 2015-06-25
Signal Generator E4421B MY43350132 2014-06-25 Annual 2015-06-25
MY41495307 2014-07-02 Annual 2015-07-02
Power Sensor E9300H
MY41495314 2014-07-02 Annual 2015-07-02
Power Amplifier 2001-BBS3Q7ECK 1032 D/C 0336 2014-12-24 Annual 2015-12-24
Directional Bridge 86205A MY31402302 2014-07-03 Annual 2015-07-03
LP Filter LA-15N N/A 2014-07-01 Annual 2015-07-01
LP Filter LA-30N N/A 2014-07-01 Annual 2015-07-01
Attenuator 8491B 50566 2014-07-01 Annual 2015-07-01
Hygro-Thermometer HTC-1 14032782-1 2015-03-24 Annual 2016-03-24
Digital Thermometer DTM3000 3027 2014-07-02 Annual 2015-07-02
Spectrum Analyzer E4445A MY44020523 2014-06-25 Annual 2015-06-25
Com‘}’:;:l‘;aﬁo“ CMU200 109456 2014-06-30 Annual 2015-06-30
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16. FCC Power Measurement Procedures

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 shielded chamber. SAR measurements
were taken with a fully charged battery. In order to verify that the device was tested and maintained at full power, this
was configured with the base station simulator. The SAR measurement Software calculates a reference point at the
start and end of the test to check for power drifts. If conducted power deviations of more than 5 % occurred, the tests
were repeated.

17. Measured and Reported SAR

Per FCC KDB Publication 447498 D01v05r02, When SAR is not measured at the maximum power level allowed for
production units, the results must be scaled to the maximum tune-up tolerance limit according to the power applied to
the individual channels tested to determine compliance. For simultaneous transmission, the measured aggregate SAR
must be scaled according to the sum of the differences between the maximum tune-up tolerance and actual power used
to test each transmitter. When SAR is measured at or scaled to the maximum tune-up tolerance limit, the results are
referred to as reported SAR. Test highest reported SAR results are identified on the grant of equipment authorization
according to procedures in KDB 690783 D01v01r03.

18. Nominal and Maximum Output Power Specifications

This device operates using the following maximum and nominal output power specifications. SAR values were scaled

to the maximum allowed power to determine compliance per KDB Publication 447498 D01v05r02.

Burst Average GMSK (dBm)
Mode / Band Voice GPRS Data (GMSK)
GSM 1 slot 2 slot 3 slot 4 slot
Maximum 33.7 33.7 31.7 29.7 28.2
GSM850 Nominal 332 332 31.2 29.2 27.7
Maximum 30.7 30.7 28.7 26.7 25.2
PCS1900 Nominal 30.2 30.2 28.2 26.2 24.7
Frame Average GMSK (dBm)
Mode / Band Voice GPRS Data (GMSK)
GSM 1 slot 2 slot 3 slot 4 slot
Maximum 24.67 24.67 25.68 25.44 25.19
GSM830 Nominal 24.17 24.17 25.18 24.94 24.69
Maximum 21.67 21.67 22.68 22.44 22.19
PCS1900 Nominal 21.17 21.17 22.18 21.94 21.69
Tune-up Tolerance: -1.5 dB/+ 0.5 dB
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Modulated Average (dBm)
3GPP 3GPP
Mode / Band WCDMA HSDPA
Rel. 99 Rel. 5
RMC/AMR Subtest 1 Subtest 2 Subtest 3 Subtest 4
Maximum 24.7 23.7 23.7 23.2 23.2
WCDMAS30 Nominal 24.2 23.2 23.2 22.7 22.7
Maximum 23.7 22.7 22.7 22.2 22.2
WCEDMAI900 Nominal 23.2 22.2 22.2 21.7 21.7
Tune-up Tolerance: -1.5 dB/+ 0.5 dB

Note: This device supports HSUPA but the manufacturer only declares on the tune-up procedure that the HSUPA

transmitter's power will not exceed the R99 maximum transmit power in devices based on Qualcomm's HSPA chipset

solution.

Average power for Production (dBm)
Mode Nominal & Maximum b g n

Maximum 15.5 12.5 12.0

24 WLAN Nominal 14.5 11.5 11.0
Mode Nominal & Maximum GFSK DPSK 8DPSK LE
Bluetooth Maximum 7.5 5.5 5.5 0.0
Nominal 6.5 4.5 4.5 -1.0

Tune-up Tolerance: -1.0 dB/+ 1.0 dB
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19. RF Conducted Power Measurement
The device in GSM, WCDMA, and LTE was controlled by using a Communication tester. The EUT was set to

maximum power level during all tests. The DASY4 system measures power drift during SAR testing by comparing
e-field in the same location at the beginning and at the end of measurement.

19.1 GSM Conducted Power

Burst -Conducted Average Power( m)

GSM Channel | Frequency( ) Voice GPRS Data (GMSK)

GSM 1 Slot 2 Slot 3 Slot 4 Slot

128 824.2 33.54 33.56 31.54 29.45 27.97

GSM 850 190 836.6 33.67 33.69 31.66 29.58 28.10
251 848.8 33.69 33.70 31.68 29.65 28.19

512 1850.2 30.27 30.20 28.29 26.26 24.79

PCS 1900 661 1880.0 30.31 30.32 28.35 26.32 24.89
810 1909.8 30.32 30.33 28.39 26.37 24.94

Frame -Conducted Average Power( m)

GSM Channel | Frequency( ) Voice GPRS Data (GMSK)

GSM 1 Slot 2 Slot 3 Slot 4 Slot

128 824.2 24.51 24.53 25.52 25.19 24.96

GSM 850 190 836.6 24.64 24.66 25.64 25.32 25.09
251 848.8 24.66 24.67 25.66 25.39 25.18

512 1850.2 21.24 21.17 22.27 22.00 21.78

PCS 1900 661 1880.0 21.28 21.29 22.33 22.06 21.88
810 1909.8 21.29 21.30 22.37 22.11 21.93

Note

1. Both burst-averaged and calculated frame-averaged powers are included. Frame-averaged power was calculated
from the measured burst-averaged power by converting the slot powers into linear units and calculating the energy
over 8 timeslots.

2. The source-based frame-averaged output power was evaluated for all GPRS slot configurations. The configuration
with the highest target frame averaged output power was evaluated for wireless router 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.

3. GPRS/EDGE (GMSK) output powers were measured with coding scheme setting of 1 (CS1) on the base station

simulator. CS1 was configured to measure GPRS output power measurements and SAR to ensure GMSK modulation

in the signal. Our investigation has shown that CS1 — CS4 settings do not have any impact on the output levels or

modulation in the GPRS modes.
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19.2 WCDMA
19.2.1 Output Power Verification
Maximum output power is measured on the High, Middle and Low channels for each applicable transmission band
according to the general descriptions in section 5.2 of 3GPP TS 34.121, using the appropriate RMC or AMR with
TPC (transmit power control) set to all “1s”.
19.2.2 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 %4 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 Mode.
19.2.3 Body SAR Measurements
SAR for body exposure configurations is measured using the 12.2 kbps RMC with the TPC bits all “1s”.
19.2.4 Procedures Used to Establish RF Signal for SAR HSDPA Data Devices
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.

Table 1
Sub-test B. Pa Pa BePa P CAL (B~
5
1 2'lS 1515 6 2s 415 0.0
2 12715% 1515% 64 1218% 247158 1.0
3 15/15 815 64 15/8 315 1.5
4 15/15 415 64 15/4 L 1.5
Mote 11 Apeg. Saaeg and Apgy = 8 oo Ay, = BB, = 30015 e [y, = 30015 *p,
Nate 2: CM =1 for BeBa=12/15, Pu/B.=24/15.
Mote 3: For subtest 2 the BBy ratio of 12715 for the TFC duning the measuwrement period (TF1. TFO) 15 achieved by setting the
sugmaled gom factors for the referemce TEC (TFL. TFL ) to B = 11715 and By = 1515,

19.2.5 SAR Measurements for Conditions for HSUPA Data Devices

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 %4 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.
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Table 2
Sub Ba & Pea Pea CA' | MPR | AGH E
Pt B. Pa (SE) BPa | Pw Prc Pea (5F) | (eodes) | (dB) | (dB) | Index | TFCIT
1 1s® L asas® | oea | 1ias® | 2zas | 2oe22s | 1o3ezzs | 4 1 1.0 0.0 20 TS
2 615 1515 | &4 615 | 1215 | 12158 94/75 4 1 30 20 12 67
- Pus: 47115 . . .
3 15115 /15 64 150 | 3015 | 30018 | o0 o] 4 2 20 1.0 15 a2
214 1515 | 64 2114 4115 2/15 5675 a 1 30 2.0 17 71
1515 | 1515 | s4 | 1505 | soans | 2415 13415 4 1 L0 0.0 21 51

Note 1: Age. Aaraeqe and Apgr = B Ag, = PP = 3015 &= = 30715 *B,

Mote 2: CM = 1 for Bo/Pa =121 5, P Be=24/15. For all other combinations of DPDCH. DPCCH. HS- DPCCH. E-DPDCH and E-
DPCCH the MPR s based on the relative CM difference

MNate 3: For subtest | the B./Paratio of 1115 for the TFC during the measurement period (TF 1, TFO) is achieved by serming the
sigmaled gan factors for the reference TFC (TFL, TF1) to B, = 10015 and py = 15/15.

MNote 4: For subtest 5 the p./Bg ratio of 1515 for the TFC during the measurement period (TF1. TFQ) is achieved by seming the
sigmaled gan factors for the reference TFC (TFL, TF1) to B, = 14/15 and py = 15/15.

Mote 5: Testmg UE wsing E-DPDCH Phyweal Layer eategory 1 Sub-tet 3 is not requured according to TS 25,3006 Table 5.1g

Note 6: By canmot be set directly: at 15 set by Absolute Grant Value.

19.2.7 WCDMA Conducted Power

lggils’e Mode 3GPP 34.121 Cellular Band (dBm)

Version | Channel Subtest 4132 4183 4233 9262 9400 9538
99 WCDMA | 12.2 kbps RMC 2428 | 24.54 | 2451 23.60 | 2345 | 2335
5 Subtest 1 2357 | 23.51 | 2341 22.55 | 2241 22.20
5 HSDPA Subtest 2 2352 | 2347 | 2349 | 2247 | 2244 | 2219
5 Subtest 3 2293 | 2298 | 22.83 | 22.09 | 2196 | 21.75
5 Subtest 4 2299 | 2272 | 22.76 | 22.08 | 2195 | 21.72
6 Subtest 1 2146 | 2147 | 2140 | 20.64 | 20.74 | 20.53
6 Subtest 2 2137 | 2144 | 2135 | 20.61 | 20.55 | 20.33
6 HSUPA Subtest 3 2240 | 2236 | 2201 21.64 | 21.53 | 21.31
6 Subtest 4 20.92 | 20.81 2094 | 20.19 | 20.02 19.84
6 Subtest 5 21.50 | 21.54 | 2142 | 20.62 | 20.54 | 2032

Note

- WCDMA SAR was tested under RMC 12.2 kbps with HSPA inactive per KDB Publication 941225 DO01v03.
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

- This device supports HSUPA but the manufacturer only declares on the tune-up procedure that the HSUPA
transmitter's power will not exceed the R99 maximum transmit power in devices based on Qualcomm's HSPA

chipset solution.
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19.3 WLAN

19.3.1 General Device Setup

The 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.

A periodic duty factor is required for current generation SAR systems to measure SAR. When 802.11 frame gaps are

accounted for in the transmission, a maximum transmission duty factor of 92 — 96% is typically achievable in most

test mode configurations. A minimum transmission duty factor of 85% is required to avoid certain hardware and

device implementation issues related to wide range SAR scaling. The reported SAR is scaled to 100% transmission

duty factor to determine compliance at the maximum tune-up tolerance limit.

19.3.2 Initial Position Procedure

For exposure conditions with multiple, such as handset operating next to the ear, devices with hotspot mode or

UMPC mini-tablet, procedures for initial test position can be applied. Using the transmission mode determined by

the DSSS procedure or initial test configuration, area scans are measured for all positions in an exposure condition.

The test position with the highest extrapolated (peak) SAR is used as the initial test position. When reported SAR for

the initial test position is < 0.4 W/kg, no additional testing for the remaining test positions is required. Otherwise,

SAR is evaluated at the subsequent highest peak SAR positions until the reported SAR result is < 0.8 W/kg or all test

positions are measured.

19.3.3 2.4 GHz SAR Test Requirements

SAR is measured for 2.4 GHz 802.11b DSSS using either the fixed test position or, when applicable, the initial test

position procedure. SAR test reduction is determined according to the following.

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

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

2.4 GHz 802.11g/n OFDM are additionally evaluated for SAR if highest reported SAR for 802.11b, adjusted by the

ratio of the OFDM to DSSS specified maximum output power, is > 1.2 W/kg. When SAR is required for OFDM

modes in 2.4 GHz band, the Initial Test Configuration Procedures should be followed.
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19.3.4 OFDM Transmission Mode and SAR Test Channel Selection

For the 2.4 GHz and 5 GHz band, when the same maximum output power was specified for multiple OFDM
transmission mode configurations in a frequency band or aggregated band, SAR is measured using the configuration
with the largest channel bandwidth, lowest order modulation and lowest data rate. When the maximum output power
of a channel is the same for equivalent OFDM congigurations; for example, 802.11a, 802.11n and 802.11ac or
802.11g and 802.11n with the same channel bandwith, modulation and data rate etc., the lower order 802.11 mode
i.e., 802.11a, then 802.11n and 802.11ac or 802.11g then 802.11n, is used for SAR measurement. When maximum
output power are the same for multiple test channels, either according to the default or additional power
measurement requirements, SAR is measured using the channel closest to the middle of the frequency band or
aggregated band. When thereare multiple channels with the same maximum output power, SAR is measured using
the higher number channel.

19.3.5 Initial Test Configuration Procedure

For OFDM, in both 2.4 and 5 GHz bands, an initial test configuration is determined for each frequency band and
aggregated band, according to the transmission mode with the highest maximum output power specified for SAR
measurements. When the same maximum output power is specified for multiple OFDM transmission mode
configurations in a frequency band or aggregated band, SAR is measured using the configuration(s) with the largest
channel bandwidth, lowest order modulation, and lowest data rate. If the average RF output powers of the highest
identical transmission modes are within 0.25 dB of each other, mid channel of the transmission mode with highest
average RF output power is the initial test channel. Otherwise, the channel of the transmission mode with the highest
average RF output conducted power will be the initial test configuration.

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

19.3.6 Subsequent Test Configuration Procedures

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

configurations are required.
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19.3.7 WLAN and Bluetooth Conducted Powers
IEEE 802.11b Average RF Power

802.11b (2.4 GHz) Conducted Power (dBm)
Mode Frequency Channel Data Rate (Mbps)
2412 1 13.91
802.11b 2437 6 15.08
2462 11 13.92

Justification for test configurations for WLAN per KDB Publication 248227 D01v02:

- Power measurements were performed for the transmission mode configuration with the highest maximum output

power specified for production units.

- For transmission mode with the same maximum output power specification, powers were measured for the largest

channel bandwidth, lowest order modulation and lowest data rate.

- For transmission mode configuration, powers were measured for the highest and lowest channels; and at the mid-

band channel when there were at least 3 channels supported. For configurations with multiple mid-band channels,

due to an even number of channels, both channels were measured.

Bluetooth
Channel Frequency GFSK P1/4DQPSK 8DPSK LE
(MHz) (dBm) (dBm) (dBm) (dBm)
Low 2402 5.72 4.43 4.35 -1.53
Middle 2441 7.04 4.84 4.78 -0.99
High 2480 6.53 4.48 4.44 -0.63
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20. SAR Test Exclusions Applied
Per FCC KDB 447498 D01v05r02, the 1g SAR exclusion threshold for distances < 50

is defined by the following

equation:
Max Power of Channel (m r
_t © L - el () *\/Frequency(6Hz) <3.0
Test Separation Distance (mm)
Frequenc Maximum Separation
Mode [l\(’][Hz] y Allowed Power Distance <3.0
[mW] [mm]
Bluetooth 2480 6 5 1.89
Bluetooth LE 2480 1 5 0.31

Based on the maximum tune-up tolerance limit of Bluetooth the antenna to use separation distance, Bluetooth SAR

was not required [(6/5)*2.480] = 1.89 < 3.0.

Bluetooth LE SAR was not required [(1/5)*V2.480] = 0.31 < 3.0.

Per FCC KDB 447498 D01v05r02, the 10g SAR exclusion threshold for distances < 50

is defined by the following

equation:
_['h.fI:ax Power Tﬂ C h:.mnul (m) Frequency() < 7.5
lest Separation Distance (mm) '

Frequenc Maximum Separation

Mode [1\(/lIHz] y Allowed Power Distance <175
[mW] [mm]

Bluetooth 2480 6 5 1.89
Bluetooth LE 2480 1 5 0.31

Based on the maximum tune-up tolerance limit of Bluetooth the antenna to use separation distance, Extremity

Bluetooth SAR was not required [(6/5)*V2.480] = 1.89 < 7.5.

Extremity Bluetooth LE SAR was not required [(1/5)*V2.480] = 0.31 < 7.5.
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21. SAR Data Summary
21.1 Head SAR Data
GSM850 Head SAR
EUT Traffic Channel Power(dBm) 1-g SAR (W/kg) Plot
Head Position Mode Battery | Frequency Channel Measured | Tune-Up | Measured | Scaled No
(MHz) Power Limit SAR SAR
Right Togch Standard 836.6 190 33.67 33.70 0.251 0.253 -
Tilt GSM Voice Standard 836.6 190 33.67 33.70 0.143 0.144 -
Left Togch Standard 836.6 190 33.67 33.70 0.245 0.247 -
Tilt Standard 836.6 190 33.67 33.70 0.156 0.157
Right Touch Standard 836.6 190 31.66 31.70 0.299 0.302 7
Tilt GPRS 2TX Standard 836.6 190 31.66 31.70 0.172 0.174 -
Left Touch Standard 836.6 190 31.66 31.70 0.293 0.296 -
Tilt Standard 836.6 190 31.66 31.70 0.189 0.191 -
ANSI/ IEEE C95.1 1992 — Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over | gram
GSM1900 Head SAR
EUT Traffic Channel Power(dBm) 1-g SAR (W/kg) Plot
Head Position Mode Battery Frequency Channel Measured | Tune-Up | Measured | Scaled No
(MHz) Power Limit SAR SAR
Right TOI:ICh Standard 1880.0 661 30.31 30.70 0.178 0.195 -
Tilt GSM Voice Standard 1880.0 661 30.31 30.70 0.137 0.150 -
Left T01_1ch Standard 1880.0 661 30.31 30.70 0.227 0.248 -
Tilt Standard 1880.0 661 30.31 30.70 0.123 0.135 -
Right Tm}ch Standard 1880.0 661 28.35 28.70 0.271 0.294 -
Tilt GPRS 2TX Standard 1880.0 661 28.35 28.70 0.217 0.235 -
Left Touch Standard 1880.0 661 28.35 28.70 0.350 0.379 10
Tilt Standard 1880.0 661 28.35 28.70 0.193 0.209 -
ANSI/ IEEE C95.1 1992 — Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over 1 gram
WCDMA Band II Head SAR
EUT Traffic Channel Power(dBm) 1-g SAR (W/kg) Plot
Head Position Mode Battery | Frequency Channel Measured | Tune-Up | Measured | Scaled No
(MHz) Power Limit SAR SAR
Right Togch Standard 1880.0 9400 23.45 23.70 0.421 0.446 -
Tilt RMC Standard 1880.0 9400 23.45 23.70 0.302 0.320 -
Left Touch Standard 1880.0 9400 23.45 23.70 0.499 0.529 13
Tilt Standard 1880.0 9400 23.45 23.70 0.273 0.289 -
ANSI/ IEEE C95.1 1992 — Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over | gram
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WCDMA Band V Head SAR
EUT Traffic Channel Power(dBm) 1-g SAR (W/kg) Plot
Head Position Mode Battery | Frequency Channel Measured | Tune-Up | Measured | Scaled No
(MHz) Power Limit SAR SAR
Richt Touch Standard 836.6 4183 24.54 24.70 0.375 0.389 15
& Tilt RMC Standard 836.6 4183 24.54 24.70 0.213 0.221 -
Left Touch Standard 836.6 4183 24.54 24.70 0.373 0.387 -
Tilt Standard 836.6 4183 24.54 24.70 0.236 0.245 -
ANSI/ IEEE C95.1 1992 — Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over 1 gram
WLAN 2.4 GHz Head SAR
Traffic Channel Power(dBm) . Scaling 1-g
Head | EUT | Mode ]c)‘itlz P ea';f;:R of | |.gSAR SFc:clt"')‘f Factor | Scaled | Plot
Position Frequency Channel 3; Measured | Tune-Up (W/kg)) (Duty SAR No
() (%) Power Limit Scan(W/kg) (Power) cycle) (Wikg)
Right Touch 2437.0 6 99 15.08 15.50 0.532 0.361 1.102 1.010 0.402 17
18 Tilt 202.11b 2437.0 6 99 15.08 15.50 0.391 0.254 1.102 1.010 0.283 -
Left Touch ' 2437.0 6 99 15.08 15.50 0.207 0.151 1.102 1.010 0.168 -
¢ Tilt 2437.0 6 99 15.08 15.50 0.227 0.162 1.102 1.010 0.180 -
ANSI / IEEE C95.1 1992 — Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over 1 gram
21.2 Body-Worn SAR Data
GSM/WCDMA Band Body-Worn SAR
EUT Traffic Channel Separation Power(dBm) 1-g SAR (W/kg) Plot
Position Mode Battery | Frequency Channel Distance | Measured | Tune-Up | Measured | Scaled No
(MHz) (mm) Power Limit SAR SAR
Rear GSM850 Standard 836.6 190 10 33.67 33.70 0.510 0.514 8
Rear GSM1900 Standard 1880.0 661 10 30.31 30.70 0.321 0.351 11
Rear WCDMA II Standard 1880.0 9400 10 23.45 23.70 0.896 0.949 14
Rear WCDMA V Standard 836.6 4183 10 24.54 24.70 0.687 0.713 16
ANSI/IEEE C95.1 1992 — Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over 1 gram
WLAN Body-Worn SAR
Traffic Channel Separation | Duty Power(dBm) Peak SAR 1-g Scaling Scaling 1-g
LAt Mode Distance cycle Tune- of Area SAR Factor LGS L L
Position Frequency | . el i ey | Yeasured |yt Wik Wik P (Duty | SAR | No
() (mm) (%) Power Limic can(W/kg) | (W/kg)) | (Power) eycle) | (Wikg)
Rear 802.11b 2437.0 6 10 99 15.08 15.50 0.179 0.119 1.102 1.010 0.132 18
ANSI / IEEE C95.1 1992 — Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over 1 gram
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21.3 Hotspot SAR Data
GSM850 Hotspot SAR
EUT Traffic Channel Separation Power(dBm) 1-g SAR (W/kg) Plot
Position Mode Battery | Frequency Channel Distance | Measured | Tune-Up | Measured | Scaled No
(MHz) (mm) Power Limit SAR SAR
Front Standard 836.6 190 10 31.66 31.70 0.353 0.356 -
Rear GPRS Standard 836.6 190 10 31.66 31.70 0.601 0.607 9
Right Edge 2TX Standard 836.6 190 10 31.66 31.70 0.378 0.381 -
Left Edge Standard 836.6 190 10 31.66 31.70 0.273 0.276 -
Bottom Standard 836.6 190 10 31.66 31.70 0.063 0.064 -
ANSI /IEEE C95.1 1992 — Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over | gram
GSM1900 Hotspot SAR
EUT Traffic Channel Separation Power(dBm) 1-g SAR (W/kg) Plot
Position Mode Battery | Frequency Channel Distance | Measured | Tune-Up | Measured | Scaled No
(MHz) (mm) Power Limit SAR SAR
Front Standard 1880.0 661 10 28.35 28.70 0.500 0.542 -
Rear GPRS Standard 1880.0 661 10 28.35 28.70 0.543 0.589 12
Right Edge 2TX Standard 1880.0 661 10 28.35 28.70 0.521 0.565 -
Left Edge Standard 1880.0 661 10 28.35 28.70 0.339 0.367 -
Bottom Standard 1880.0 661 10 28.35 28.70 0.446 0.483 -
ANSI/IEEE C95.1 1992 — Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over 1 gram
WCDMA Band II Hotspot SAR
EUT Traffic Channel Separation Power(dBm) 1-g SAR (W/kg) Plot
Position Mode Battery | Frequency Channel Distance | Measured | Tune-Up | Measured | Scaled No
(MHz) (mm) Power Limit SAR SAR
Front Standard 1880.0 9400 10 23.45 23.70 0.722 0.765 -
Rear Standard 1880.0 9400 10 23.45 23.70 0.880 0.932 -
Right Edge Standard 1880.0 9400 10 23.45 23.70 0.488 0.517 -
Left Edge RMC Standard 1880.0 9400 10 23.45 23.70 0.761 0.806 -
Bottom Standard 1880.0 9400 10 23.45 23.70 0.640 0.678 -
Rear Standard 1852.4 9262 10 23.60 23.70 0.875 0.895 -
Rear Standard 1907.6 9538 10 23.35 23.70 0.830 0.900 -
Repeated test
Rear | RMC [ Standard [ 1880.0 [ 9400 10 2345 [ 2370 | 0.896 | 0949 | 14
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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WCDMA Band V Hotspot SAR
EUT Traffic Channel Separation Power(dBm) 1-g SAR (W/kg) Plot
Position Mode Battery | Frequency Channel Distance | Measured | Tune-Up | Measured | Scaled No
(MHz) (mm) Power Limit SAR SAR
Front Standard 836.6 4183 10 24.54 24.70 0.447 0.464 -
Rear Standard 836.6 4183 10 24.54 24.70 0.687 0.713 16
Right Edge RMC Standard 836.6 4183 10 24.54 24.70 0.450 0.467 -
Left Edge Standard 836.6 4183 10 24.54 24.70 0.326 0.338 -
Bottom Standard 836.6 4183 10 24.54 24.70 0.088 0.091 -
ANSI/ IEEE C95.1 1992 — Safety Limit Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over | gram
WLAN 2.4 GHz Hotspot SAR
Traffic Channel Separation | Duty Power(dBm) Peak SAR 1-g Scaling ic:cltl:f Scla-;ge d | Plot
Position Mode | Frequency Channl Distance c);cle Measured T;ljne- of Area SAR Factor (Duty SAR No
() (mm) (%) Riyi@? Linl:it Scan(W/kg) | (W/kg)) | (Power) cycle) | (Wike)
2437.0 6 10 99 15.08 15.50 0.100 - - - - -
202.11b 2437.0 6 10 99 15.08 15.50 0.179 0.119 1.102 1.010 0.132 18
Left Edge 2437.0 6 10 99 15.08 15.50 0.099 - - - - -
2437.0 6 10 99 15.08 15.50 0.074 - - - - -
ANSI/IEEE C95.1 1992 — Safety Limit Head
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over 1 gram

General Notes

1. The test data reported are the worst-case SAR values according to test procedures specified in IEEE 1528-2013,
FCC KDB Publication 865664 D01v02r03 and FCC KDB Publication 447498 D01v05r02.

2. All modes of operation were investigated, and worst-case results are reported.

3. The EUT is tested 2™ hot-spot peak, if it is less than 2 dB below the highest peak.

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

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

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

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

8. Per FCC KDB Publication 865664 D01v01r03, variability SAR tests were performed when the measured SAR
results for a frequency band were greater than 0.8 W/kg. Please see section 24 for variability analysis.

9. During SAR Testing for the Wireless Router conditions per FCC KDB Publication 941225 D06v02, the actual
Portable Hotspot operation (with actual simultaneous transmission of a transmitter with WIFI) was not activated.
10. Per FCC KDB Publication 648474 D04v01r01, this device is considered a “phablet” since the diagonal
dimension is > 160 mm. Therefore, extremity SAR tests are required when wireless router mode does not apply

of if wireless router 1g SAR > 1.2 W/kg when scaled to maximum output power.
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GSM Notes
1. Body-Worn accessory testing is typically associated with voice operations. Therefore, GSM voice was
evaluated for body-worn SAR.
2. Justification for reduced test configurations per KDB Publication 941225 D01v03: 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.
3. Per FCC KDB Publication 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
channelsis '/, , instead of the middle channel, the highest output power channel must be used.

WCDMA Notes
1. WCDMA mode in Body 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 higher than the RMC level and SAR was less than 1.2 W/kg.
2. Per FCC KDB Publication 447498 D01v05102, 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
channelsis '/, , instead of the middle channel, the highest output power channel must be used

WLAN Notes
1. For held-to-ear hotspot operations, the initial test position procedures were applied. The test position with the
highest extrapolated peak SAR will be used as the initial test position. When reported SAR for the initial test
position is < 0.4 W/kg, no additional testing for the remaining test positions was required. Otherwise, SAR is
evaluated at the subsequent highest peak SAR positions until the reported SAR result is < 0.8 W/kg or all test
positions are measured.
2. Justification for test configurations for WLAN per KDB Publication 248227 D01v02 for 2.4 GHz WIFI single
transmission chain operations, the highest measured maximum output power channel for DSSS was selected for
SAR measurement. SAR for OFDM modes (2.4 GHz 802.11g/n) was not required due to the maximum allowed
powers and the highest reported DSSS SAR.
3. When the maximum reported 1g averaged SAR is < 0.8 W/kg, SAR testing on additional channels was not
required. Otherwise, SAR for the next highest output power channel was required until the reported SAR result
was < 1.20 W/kg or all test channels were measured.
4. The device was configured to transmit continuously at the required data rate, channel bandwidth and signal
modulation, using the highest transmission duty factor supported by the test mode tools. The reported SAR was
scaled to the 100% transmission duty factor to determine compliance.

5. WLAN transmission was verified using a spectrum analyzer.
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22. SAR Measurement Variability

22.1 Measurement Variability

Per FCC KDB Publication 865664 D01v01r03, SAR measurement variability was assessed for each frequency band,
which was determined by the SAR probe calibration point and tissue-equivalent medium used for the device
measurements. When both head and body tissue-equivalent media were required for SAR measurements in a
frequency band, the variability measurement procedures were applied to the tissue medium with the highest measured
SAR, using the highest measured SAR configuration for that tissue-equivalent medium. These additional
measurements were repeated after the completion of all measurements requiring the same head or body tissue-
equivalent medium in a frequency band. The test device was returned to ambient conditions (normal room
temperature) with the battery fully charged before it was re-mounted on the device holder for the repeated
measurement(s) to minimize any unexpected variations in the repeated results.

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

1. When the original highest measured SAR is > 0.80 W/kg, the measurement was repeated once.

2. A second repeated measurement was preformed only if the ratio of largest to smallest SAR for the original and first
repeated measurements was > 1.20 or when the original or repeated measurement was > 1.45 W/kg (~ 10% from the 1-
g SAR limit).

3. A third repeated measurement was performed only if the original, first or second repeated measurement was > 1.5
W/kg and the ratio of largest to smallest SAR for the original, first and second repeated measurements is > 1.20.

4. Repeated measurements are not required when the original highest measured SAR is < 0.80 W/kg

lst 25( 3st
Traffic Channel Separation | Measured
EUT Mode Distance 1g SAR Repeated Ratio Epeas Ratio Rpeaee Ratio
Position Frequency | o (mm) (Wikg) 1g 1g 1g
(MHz) g SAR(W/kg) SAR(W/kg) SAR(W/kg)
Front GPRS 2Tx 836.6 190 10 0.880 0.896 1.02 N/A N/A N/A N/A

22.2 Measurement Uncertainty
The measured SAR was < 1.5 W/kg for all frequency bands. Therefore, per KDB Publication 865664 D01v01r03, the

extended measurement uncertainty analysis per IEEE 1528-2013 was not required.
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23. FCC Multi-TX and Antenna SAR considerations
23.1 Introduction
The following procedures adopted from FCC KDB Publication 447498 D01v05r02 are applicable to handsets with

built-in unlicensed transmitters such as 802.11a/b/g/n/ac and Bluetooth devices which may simultaneously transmit

with the licensed transmitter.

23.2 Simultaneous Transmission Procedures

This device contains transmitters that may operate simultaneously. Therefore simultaneous transmission analysis is

required. Per FCC KDB 447498 D01v05r02 IV.C.liii, 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 < 1.6 W/kg. When standalone SAR is not required to be measured per FCC KDB 447498 D01v05r02 4.3.2.2), the

following equation must be used to estimate the standalone 1g and 10g SAR for simultaneous transmission involving

that transmitter.

VFrequency (GHz) "

Max Power of Channel (mW)

Estimated SAR = 7.5 Test Separation Distance (mm)
Mode Frequency Maximum Allowed Power | Separation Distance Estimated SAR
[MHz] [mW] [mm] [W/kg]
Bluetooth 2480 6 5 0.252
Bluetooth 2480 6 10 0.126
. vV Frequency (GHz) Max Power of Channel (mW)
Estimated SAR = 18.75 * Test Separation Distance (imm)
Mode Frequency Maximum Allowed Power | Separation Distance Estimated SAR
[MHz] [mW] [mm] [W/kg]
Bluetooth 2480 6 5 0.101
23.3 Simultaneous Transmission Scenarios
No Capable Transmit Configuration Head Body-Worn \ﬁi;‘:::is Extremity
1 GSM 850 Voice + WLAN 2.4 GHz Yes Yes N/A N/A
2 GSM 1900 Voice + WLAN 2.4 GHz Yes Yes N/A N/A
5 GSM 850 Voice + Bluetooth Yes Yes N/A N/A
6 GSM 1900 Voice + Bluetooth Yes Yes N/A N/A
7 GPRS 850 + WLAN 2.4 GHz Yes Yes Yes N/A
8 GPRS 1900 + WLAN 2.4 GHz Yes Yes Yes N/A
11 GPRS 850 + Bluetooth Yes Yes N/A N/A
12 GPRS 1900 + Bluetooth Yes Yes N/A N/A
13 WCDMA 850 + WLAN 2.4 GHz Yes Yes Yes N/A
15 WCDMA 850 + Bluetooth Yes Yes N/A N/A
16 WCDMA 1900 + WLAN 2.4 GHz Yes Yes Yes N/A
18 WCDMA 1900 + Bluetooth Yes Yes N/A N/A
Notes
1. GSM/GPRS, WCDMA share the same antenna and cannot transmit simultaneously.
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23.4 Head SAR Simultaneous Transmission Analysis
Simultaneous Transmission Summation Scenario with 2.4 GHz WLAN (Head to Ear)
Simultaneous TX Mode 2G/3G SAR (W/kg) ) (igvz/:;’)LAN TSAR (W/kg)
GSM850 0.302 0.402 0.704
GSM1900 0.379 0.402 0.781
Head SAR WCDMA I 0.529 0.402 0.931
WCDMA V 0.389 0.402 0.791
Simultaneous Transmission Summation Scenario with 2.4 GHz Bluetooth (Head to Ear)
Simultaneous TX Mode 2G/3G SAR (W/kg) Bluetooth (W/kg) > SAR (W/kg)
GSMB850 0.302 0.252 0.554
GSM1900 0.379 0.252 0.631
Head SAR WCDMA II 0.529 0.252 0.781
WCDMA V 0.389 0.252 0.641
23.5 Body-Worn SAR Simultaneous Transmission Analysis
Simultaneous Transmission Summation Scenario with 2.4 GHz WLAN (Body-Worn at 10 mm)
Simultaneous TX Mode 2G/3G SAR (W/kg) 22 ‘i{,ivz/lg)LAN TSAR (W/kg)
GSMS850 0.514 0.132 0.646
GSM1900 0.351 0.132 0.483
Body-Wom SAR ™y CDMA I 0.949 0.132 1.081
WCDMA V 0.713 0.132 0.845
Simultaneous Transmission Summation Scenario with 2.4 GHz Bluetooth (Body-Worn at 10 mm)
Simultaneous TX Mode 2G/3G SAR (W/kg) Bluetooth (W/kg) > SAR (W/kg)
GSM850 0.514 0.126 0.640
GSM1900 0.351 0.126 0.477
Body-Womn SAR ™ epMa 11 0.949 0.126 1.075
WCDMA V 0.713 0.126 0.839
23.6 Hotspot SAR Simultaneous Transmission Analysis
Simultaneous Transmission Summation Scenario with 2.4 GHz WLAN (Hotspot at 10 mm)
Simultaneous TX Mode 2G/3G SAR (W/kg) 24 (E?VZ“:;’ )L AN >SAR (W/kg)
GSM850 0.607 0.132 0.739
GSM1900 0.589 0.132 0.721
Hotspot SAR WCDMA I 0.949 0.132 1.081
WCDMA V 0.713 0.132 0.845
Note

1. The above numerical summed SAR was below the SAR limit. Therefore, the above analysis is sufficient to

determine that simultaneous transmission cases will not exceed the SAR limit. Therefore, no volumetric SAR

summation is required since the numerical sums are below the limit.
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A.3 Verification Test Plots for 2450 MHz (Plots No 5,6)
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A.5 SAR Test Plots for GSM1900 Band (Plots No 10, 11, 12)
A.6 SAR Test Plots for WCDMA Band II (Plots No 13, 14)
A.7 SAR Test Plots for WCDMA Band V (Plots No 15, 16)
A.8 SAR Test Plots for WLAN 2.4 GHz (Plots No 17, 18)

B.1 Uncertainty Analysis

C.1 Calibration certificate for Probe (SN: 1782)
C.2 Calibration certificate for Probe (SN: 3986)
C.3 Calibration certificate for DAE

C.4 Calibration certificate for Dipole

Report File No:  F690501/RF-SAR002278-A1 Date of Issue :

2015-05-20




SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr Page: 43/112

Appendix A.1 Verification Test Plots for 835 MHz Head

Date: 2015-04-23

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: $35MHz Head Verification dad

Input Power : 100 mW
Ambient Temp : 23.5 C Tissue Temp : 224 T

DUT: Dipole 835 MHz; Type: DE3SV2; Serial: DEISV2 - SN:490
Program Name: Verification

Communication System: CW; Frequency: 835 MHzDuty Cyele: 1:1
Medium parameters used: = 835 MHz o= 0.888 mho/m, £, =42, p= 1000 ke/m?
Phantom section: Flat Section

DDASY 4 Conlguration:

- Probe: ET3DV6 - SN1782; ConvF(6.25, 6.25, 6.25); Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechanical Surface Detection)

- Electronics: DAE3 Sn567, Calibrated: 2015-01-22

- Phantom: SAM Phantom_TP-1300; Type: SAM Phantom; Senal: TP-1300

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

835MHz_Verification/Area Scan (61x91x1): Measurement grid: dx= 15mm, dv=15mm
Maximum value of SAR (imerpolated) = 0.975 mW/ig

835MHz_Verification/Zoom Scan (5x5x7¥Cube 0: Measurement grid: de=8mm, dy=8mm,
dz=5mm

Reference Value = 34.1 Vim; Power Drift = -0.009 dB

Peak SAR (extrapolated) = 1.30 Wikg

SAR(1 g) = 0.896 mWig; SAR(10 g) = 0.590 mW/g

Maximum value of SAR (measured) = 0.967 mW/g

0dB =096TmW/ig
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Appendix A.1 Verification Test Plots for 835 MHz_ Body

Report File No :

Date: 2015-04-23

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: 835MHz Bodv Verificgtion dad

Input power : 100 mW
Ambient Temp : 23.5 C Tissue Temp : 226 T

DUT: Dipole 835 MHz; Type: DE3SV2; Serial: DEISV2 - SN:490
Program Name: Verification

Communication System: CW; Frequency: 835 MHzDuty Cyele: 1:1
Medium parameters used: =835 MHz o= 0,955 mho/m; £, = 54.6, p = 1000 kg/m?
Phantom section: Flat Section

DDASY 4 Conlguration:

- Probe: ET3DV6 - SN1782; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechanical Surface Detection)

- Electronics: DAE3 5n567, Calibrated: 2013-01-22

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom; Senial: TP-1645

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

835MHz_Verification/Area Scan (61x91x1): Measurement grid: dx= 15mm, dv=15mm
Maximum value of SAR (imterpolated) = 1.03 mW/g

835MHz_Verification/Zoom Scan (5x5x7¥Cube 0: Measurement grid: de=8mm, dy=8mm,
dz=5mm

Reference Value = 34.3 Vim; Power Drift = -0.027 dB

Peak SAR (extrapolated) = 1.32 Wikg

SAR(L g) = 0,944 mWig; SAR(10 g) = 0L630 mW/g

Maximum value of SAR (measured) = 1.02mW/g

0dB = 1.02mW/g
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Appendix A.2 Verification Test Plots for 1900 MHz_Head

Date: 2015-04-20

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: 1900MHz Head Verification dad

Input Power : 100 mW
Ambient Temp : 23.0 C Tissue Temp : 222 T

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54033
Program Name: Verification

Communication System: CW; Frequency: 1900 MHz Duty Cycle: 1:1
Medium parameters used: = 1900 MHz, 0 = 1.4 mho/m, & = 384, p= 1000 kg/m?
Phantom section: Flat Section

DDASY 4 Conlguration:

- Probe: ET3DV6 - SN1782; ConvF(5.11, 5.11, 5.11); Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechanical Surface Detection)

- Electronics: DAE3 Sn567, Calibrated: 2015-01-22

- Phantom: SAM Phantom_TP-1300; Type: SAM Phantom; Senal: TP-1300

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

19000MHz Verification/Area Sean (61x61x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 4.81 mWig

1900MHz Verification/Zoom Scan (53x5x7YCube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 60.5 Vim; Power Drift = 0.000 dB

Peak SAR (extrapolated) = 6.60 Wikg

SAR(1 g) =4.03 mW/g; SAR(10 g) =2.19 mWig

Maximum value of SAR (measured) = 451 mWig

-3.54

-i.ng

-10.6

-14.2

1.7

0dB=451mW/g
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Appendix A.2 Verification Test Plots for 1900 MHz_Body

Report File No :

Date: 2015-04-20

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: 1900MHz Bodv Verification.dad

Input Power : 100 mW
Ambient Temp : 229 C Tissue Temp : 21.9 T

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54033
Program Name: Verification

Communication System: CW; Frequency: 1900 MHz Duty Cycle: 1:1
Medium parameters used: = 1900 MHz, o = 1.55 mho/m; £, = 54.3, p = 1000 kg/m?
Phantom section: Flat Section

DDASY 4 Conlguration:

- Probe: ET3DV6 - SN1782; ConvF(4.67, 4.67, 4.67); Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechanical Surface Detection)

- Electronics: DAE3 5n567, Calibrated: 2013-01-22

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom; Senial: TP-1645

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

19000MHz Verification/Area Sean (61x61x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 4.93 mWig

1900MHz Verification/Zoom Scan (53x5x7YCube 0: Measurement grid: dx=8mm, dy=8mm,
dz=5mm

Reference Value = 58.4 Vim; Power Drift = -0.018 dB

Peak SAR (extrapolated) = 6.33 Wikg

SAR(1 g) = 4.08 mW/g; SAR(10 g) =2.25 mWig

Maximum value of SAR (measured) = 453 mWig

-3.36

-6.72

-10.

-13.4

0dB=4353mW/g
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Appendix A.3 Verification Test Plots for 2450 MHz_Head
Date: 2015-05-20

Test Laboratory: SGS Korea (Gunpo Laboratory)
File Name: 24500 Hz Head Verification dad

Input Power : 100 mW
Ambient Temp : 23.1 °C Tissue Temp: 223°C

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:734
Program Name: Verification

Communication System: CW, Frequency: 2450 MHzDuty Cyele: 1:1
Medium parameters used: = 2450 MHz, o = 1.79 mho/m; £ = 39.7, p = 1000 kp/m?
Phantom section: Flat Section

DASY4 Configuration;

- Probe: EX3DV4 - SN3986; ConvF(7.86, 7.86, 7.86), Calibrated: 2015-03-25

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE3 Sn567. Calibrated: 20115-01-22

- Phantom: SAM Phantom_TP-1300; Type: SAM Phantom, Serial: TP-1300

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

2450MHz Verification/Area Scan (91x91x1): Measurement grid: dee=10mm, dy=10mm

Maximum value of SAR (interpolated) = 8.40 mWig

2450MHz Verification/Zoom Scan (7x7x7)WCube 0: Measurement grid: dx=5mm, dy=>5mm, dz=5mm
Reference Value = 68.3 Vim; Power Dnft = -0.044 dB

Peak SAR (extrapolated) = 11.3 Wikg

SAR(1 g) =538 mW/g; SAR(10 g) =247 mW/g

Maximum value of SAR (measured) = 837 mWig

dB
0.o00

-4.44
-8.88
-13.3

-17.8

“22.2

0dB = 83TmWig
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Appendix A.3 Verification Test Plots for 2450 MHz_Body
Date: 2015-05-20

Test Laboratory: SGS Korea (Gunpo Laboratory)
File Name: 24500 Hz Body Verification.dad

Input Power : 100 mW
Ambient Temp : 23.1 °C Tissue Temp: 223°C

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:734
Program Name: Verification

Communication System: CW, Frequency: 2450 MHzDuty Cyele: 1:1
Medium parameters used: = 2450 MHz, o= 1.94 mho/m; £ = 53.2; p = 1000 kp/m?
Phantom section: Flat Section

DASY4 Configuration;

- Probe: EX3DV4 - SN3986; ConvF(7.62, 7.62, 7.62), Calibrated: 2015-03-25

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE3 Sn567. Calibrated: 20115-01-22

- Phantom: SAM Phantom TP-1645; Tvpe: SAM Phantom, Serial: TP-1645

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

2450MHz Verification/Area Scan (91x91x1): Measurement grid: de=10mm, dy=10mm

Maximum value of SAR (interpolated) = 828 mWig

2450MHz Verification/Zoom Scan (7x7x7)WCube 0: Measurement grid: dx=5mm, dy=>5mm, dz=5mm
Reference Value = 63.6 Vim; Power Dnft = -0.060 dB

Peak SAR (extrapolated) = 10.5 Wikg

SAR(1 g) =529 mW/g; SAR(10 g) =25 mW/g

Maximum value of SAR (measured) = 799 mWig

dB
0.o00

-4.22
-8.44
-12.7

-16.9

211

0dB = 799mW/g
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Appendix A.4 SAR Test Plots for GSM850 Band (Head SAR)

Date: 2015-04-23

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: GPRS850 Right Touch CH]90 2TX.dad

Ambient Temp - 23.5 C Tissue Temp : 22.4 C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:
J12RKPARKTR4445
Program Name: Head

Communication System: GPRSE30 2TX, Frequency: 836,60 MHz Duty Cycle: 1:4.15
Medium parameters used: = 837 MHz, o = 0.89] mho/m; g™ 42; p= 1000 kge’m]'
Phantom section: Right Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvFi(6.25, 6.25, 6.25), Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electronics: DAE3 Sn567; Calibrated: 2015-01-22

- Phantom: SAM Phantom_TP-1300; Type: SAM Phantom; Serial: TP-1300

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

GPRS850_Right Touch CHI190_2TX/Area Scan (81x101x1): Measurement grid:
dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 0.313 mWig

GPRS850_Right Touch CH190 _2TX/Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx~Emm, dy=8mm, dz=5mm

Reference Value = 6.50 Vim; Power Drift = -0.037 dB

Peak SAR (extrapolated) = 0.367 Wikg

SAR(1 g) =0.299 mWig; SAR(10 g} = 0.232 mW/g

Maximum value of SAR (measured) = 0311 mWig

0dB=0311mW/g
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Appendix A.4 SAR Test Plots for GSM850 Band (Body-Worn SAR)

Date: 2015-04-23

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: GSM8S0 Rear CH190 dad

Ambient Temp - 23.5 C Tissue Temp : 226 C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:
J12RKPARKTR4445

Program Name: Body

Communication System: GSMES50, Frequency: 836.6 MHz;Duty Cyele: 1:8.3
Medium parameters used: {= 337 MHz o = 0.958 mho/m; & = 54.6, p = 1000 kg/'m?
Phantom section: Flat Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvF(5.97, 5.97, 5.97), Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electromics: DAE3 Sn567; Cahbrated: 2015-01-32

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom, Senal. TP-1645

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

GSMSES0_Rear CHI9WArea Scan (7T1x121x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 0.531 mW/g

GSMSS50 Rear CHI9YZoom Scan (5x5x7)/Cube 0: Measurement grid: de=8mm, dy=8mm,
de=5mm

Reference Value = 24.6 Vim; Power Drift = -0.018 dB

Peak SAR (extrapolated) = 0.605 Wike

SAR(1 g) = 0.510 mWig; SAR(10 g) = 0.396 mW/g

Maximum value of SAR (measured) = 0538 mWig

0dB = 0.538mWig
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Appendix A.4 SAR Test Plots for GSM850 Band (Hotspot SAR)

Date: 2015-04-23

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: GFRS850 Reqr CH190 2T dad

Ambient Temp - 23.5 C Tissue Temp : 226 C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:
J12RKPARKTR4445

Program Name: Body

Communication System: GPRSE30 2TX, Frequency: 836,60 MHz Duty Cycle: 1:4.15
Medium parameters used: {= 337 MHz o = 0.958 mho/m; & = 54.6, p = 1000 kg/'m?
Phantom section: Flat Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvF(5.97, 5.97, 5.97), Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electromics: DAE3 Sn567; Cahbrated: 2015-01-32

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom, Senal. TP-1645

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

GPRS850_Rear CH190_2TX/Area Scan (7T1x121x1): Measurement grid: de=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 0.634 mW/g

GPRS850_Rear CH190_2TX/Zoom Scan (5x5x7)Cube 0: Measurement grid: di-Smm,
dy=Emm, dz=5mm

Reference Value = 26.7 Vim, Power Drift = -0.038 dB

Peak SAR (extrapolated) = 0.726 Wikg

SAR(1 g) = 0,601 mW/g; SAR(10 g) = 0.469 mW/g

Maximum value of SAR (measured) = 0632 mWig

0dB =0632mW/g
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Appendix A.5 SAR Test Plots for GSM1900 Band (Head SAR)

Date: 2015-04-20

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: GPRS1900 Left Touch CH661 JTN dad

Ambient Temp - 23.0 C Tissue Temp : 22.2°C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:
J12RKPARKTR4445
Program Name: Head

Communication System: GPRS1900 2TX; Frequency: 1880 MHz,Duty Cycle: 1:4.15
Medium parameters used: f= 1880 MHz, o = 1 37 mho/m; &= 38 5, p = 1000 kg/m*
Phantom section: Lefi Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvF(5.11, 5.11, 5.11); Cahbrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electronics: DAE3 Sn567; Calibrated: 2015-01-22

- Phantom: SAM Phantom _TP-1300, Type: SAM Phantom; Serial: TP-1300

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

GPRS1900_Left Touch_CHG661_2TX/Area Scan (81x111x1): Measurement grid:
dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 0398 mW/g

GPRS1900_Left Touch_CH661_2TX/Zoom Sean (5x5x7)/Cube 0: Measurement grid:
dx=Emm, dy=8mm, dz=5mm

Reference Value = 7.43 Vim; Power Drift = 0.009 dB

Peak SAR (extrapolated) = 0.501 Wikg

SAR(1 g) = 0.350 mWig; SAR(10 g} = 0.226 mW/g

Maximum value of SAR (measured) = 0369 mWig

0dB = 036%9mW/g
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Appendix A.5 SAR Test Plots for GSM1900 Band (Body-Worn SAR)

Date: 2015-04-20

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Mame: GEM 1900 Regr CHO6] dad

Ambient Temp - 22.9 C Tissue Temp : 21.9C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:
J12RKPARKTR4445

Program Name: Body

Communication System: GSM1900; Frequency: 1880 MHz,Duty Cyele: 1:8.3
Medium parameters used: {= 1880 MHz, o = 1.53 mho/m; &, = 54.4, p = 1000 kg/'m?
Phantom section: Flat Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvF(4.67, 4.67, 4.67), Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electronics: DAE3 Sn567; Calibrated: 2015-01-22

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom, Senal. TP-1645

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

GSMI1900_Rear CHG661/Area Scan (81x141x1): Measurement grid: ds=15mm, dy=15mm
Maximum value of SAR (interpolated) = 0.359 mW/g

GSM1900_Rear CH661/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm

Reference Value = 8§.66 Vim; Power Drift = 0.013 dB

Peak SAR (extrapolated) = 0.549 Wikg

SAR(1 g) =0.321 mWig; SAR(10 g) = 0.173 mW/g

Maximum value of SAR (measured) = 0,365 mWig

0dB = 0.365mWig

Report File No:  F690501/RF-SAR002278-A1 Date of Issue : ~ 2015-05-20




SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr Page: 54/112

Appendix A.5 SAR Test Plots for GSM1900 Band (Hotspot SAR)

Date: 2015-04-20

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: GPRS1900 Rear CH661 2TX dad

Ambient Temp - 22.9 C Tissue Temp : 21.9C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:
J12RKPARKTR4445

Program Name: Body

Communication System: GPRS1900 2TX; Frequency: 1880 MHz,Duty Cycle: 1:4.15
Medium parameters used: {= 1880 MHz, o = 1.53 mho/m; &, = 54.4, p = 1000 kg/'m?
Phantom section: Flat Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvF(4.67, 4.67, 4.67), Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electronics: DAE3 Sn567; Calibrated: 2015-01-22

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom, Senal. TP-1645

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

GPRS1900_Rear CHG661_2TX/Area Scan (81x141x1): Measurement gnd: dx=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 0.621 mW/g

GPRS1900_Rear CH661_2TX/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dwv=8mm,
dy=Emm, dz=5mm

Reference Value = 11.3 Vim; Power Drift = -0.036 dB

Peak SAR (extrapolated) = 0.923 Wikg

SAR(1 g) = 0.543 mW/g; SAR(10 g) = 0.293 mW/g

Maximum value of SAR (measured) = 0.621 mWig

0dB =0621mW/g
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Appendix A.6 SAR Test Plots for WCDMA Band II (Head SAR)

Report File No :

Date: 2015-04-20

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: WCDMA ] Left Touch CH2400 dad

Ambient Temp - 23.0 C Tissue Temp : 22.2°C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:

41I2KPZKT84445
Program Name: Head

Communication System: WCDMA 11, Frequency: 1880 MHz,Duty Cycle: 1:1
Medium parameters used: {= 1880 MHz, o = 1.37 mho/m; & = 38.5, p = 1000 kg/'m?
Phantom section: Left Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvF(5.11, 5.11, 5.11); Cahbrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electromics: DAE3 S5n567; Calibrated: 2015-01-22

- Phantom: SAM Phantom _TP-1300, Type: SAM Phantom; Serial: TP-1300

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

WOCDMA II_Left Touch_CH9400/ Area Scan (81x111x1): Measurement grid: de=15mm,

dy=15mm
Maximum value of SAR (interpolated) = 0.561 mW/g

WOCDMA I1_Left Touch_ CH9400/Zoom Scan (5x3x7 ) Cube 0: Measurement grid:
dx=Emm, dy=8mm, dz=5mm

Reference Value =928 Vim, Power Drift = -0.007 dB

Peak SAR (extrapolated) = 0.701 Wikg

SAR(1 g) = 0,499 mW/g; SAR(10 g) = 0.326 mW/g

Maximum value of SAR (measured) = 0.521 mWig

0dB =0521mW/g
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Appendix A.6 SAR Test Plots for WCDMA Band II (Body-Worn and Hotspot SAR)

Report File No :

Date: 201 5-04-20

Test Laboratory: SG5 Korea (Gunpo Laboratory)
File Name: WCDMA 11 Rear CH00 Repeated Test.dad

Ambient Temp @ 22.9 °C Tissue Temp: 21.9°C

DUT: LG-HE40T; Type: Cellular/PCS GSM/WCDAA Phone with WLAN, Bluetooth; Serial:
412KPLKTR4445

Program Name: Body

Communication System: WCDMA 11, Frequency: 1880 MHz;Duty Cyele: 1:1
Medium parameters used: { = 1880 MHz, ¢ = 1.53 mho/m; &, = 54.4; p = 1000 kg/m?
Phantom section: Flat Section

DASY4 Configuration:

- Probe: ET3DV6 - SN1782; ConvF(4.67, 4.67, 467y, Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechanical Surface Detection)

- Electromics: DAE3 5n367, Calibrated: 2015-01-22

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom; Senal: TP-1645

- Measurement SW: DASY4, V4.7 Build 80; Postprocessing 3W; SEMCAD, V1.8 Build 186

WOCDMA II_Rear CH9400_ Repeated Test/Area Scan (81x141x1): Measurement grid;
dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 1.05 mWig

WOCDMA II_Rear CH9400_ Repeated Test/Zoom Scan (3x5x7)/Cube 0: Measurement
grid: dx=Bmm, dy=8mm, dz=5mm

Reference Value = 12.3 Vim; Power Drift = -0.010 dB

Peak SAR (extrapolated) = 1.58 Wikg

SAR(1 g) = 0.8% mWig; SAR(10 g) = 0.470 mW/g

Maximum value of SAR (measured) = 1.03 mW/g

WCDMA I1_Rear CH9400_Repeated Test/Zoom Scan (5x5x7)/Cube 1: Measurement
grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 12.3 Vim; Power Drift = -0.010 dB

Peak SAR (extrapolated) = 1.06 Wikg

SAR(1 gh = 0L645 mWig; SAR(10 g) = 0.372 mW/ig

Maximum value of SAR {measured) = 0.697 mWig

0 dB = 0.69TmWig

F690501/RF-SAR002278-A1 Date of Issue :  2015-05-20




SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr Page: 57/112

Appendix A.7 SAR Test Plots for WCDMA Band V (Head SAR)

Date: 2015-04-23

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Name: WCDMA WV Right Touch CH4183 dad

Ambient Temp - 23.5 C Tissue Temp : 22.4 C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:
J12RKPARKTR4445
Program Name: Head

Communication System: WCDMA V, Frequency: 836.6 MHzDuty Cyele: 1:1
Medium parameters used: = 837 MHz o = 0.891 mho/m; g, = 42; p = 1000 kge’m]'
Phantom section: Right Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvFi(6.25, 6.25, 6.25), Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electronics: DAE3 Sn567; Calibrated: 2015-01-22

- Phantom: SAM Phantom _TP-1300, Type: SAM Phantom; Serial: TP-1300

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

WCDMA V_Right Touch_CH4183/Area Scan (81x111x1): Measurement grid: dx=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 0.397 mW/g

WCDMA V_Right Touch_CH4183/Zoom Scan (5x3x7)/Cube 0: Measurement grid:
dx=Emm, dy=8mm, dz=5mm

Reference Value = 709 Vim, Power Drift = -0.064 dB

Peak SAR (extrapolated) = 0.459 Wikg

SAR(1 g) = 0,375 mW/g; SAR(10 g) = 0.288 mW/g

Maximum value of SAR (measured) = 0391 mWig

0dB=0391mW/g
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Appendix A.7 SAR Test Plots for WCDMA Band V (Body-Worn and Hotspot SAR)

Report File No :

Date: 2015-04-23

Test Laboratory: 3GS Korea (Gunpo Laboratory)
File Mame: WCDMA WV Rear CH4183 dad

Ambient Temp - 23.5 C Tissue Temp : 226 C

DUT: LG-HS40T; Type: Cellular/PCS GEM/AWCDMA Phone with WLAN, Bluetooth; Serial:

41I2KPZKT84445
Program Name: Body

Communication System: WCDMA V, Frequency: 836.6 MHzDuty Cyele: 1:1
Medium parameters used: {= 337 MHz o = 0.958 mho/m; & = 54.6, p = 1000 kg/'m?
Phantom section: Flat Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782; ConvF(5.97, 5.97, 5.97), Calibrated: 2015-02-24

- Sensor-Surface: 4mm (Mechamical Surface Detection)

- Electromics: DAE3 Sn567; Cahbrated: 2015-01-32

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom, Senal. TP-1645

- Measurement SW: DASY 4, V4.7 Build 80, Postprocessing SW: SEMCAD, V1.8 Build 186

WOCDMA V_Rear CH4183/Area Scan (7T1x121x1): Measurement grid: die=15mm,
dy=15mm
Maximum value of SAR (interpolated) = 0.724 mW/g

WCDMA V_Rear CH4183/Zoom Scan (53x5x7)/Cube 0: Measurement grid: dx-8mm,
dy=Emm, dz=5mm

Referance Value = 28.6 Vim; Power Drift = -0.013 dB

Peak SAR (extrapolated) = 0.809 Wikg

SAR(1 g) = 0,687 mW/g; SAR(10 g) = 0.536 mW/g

Maximum value of SAR (measured) = 0.719 mWig

0dB =0.719mW/g
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Appendix A.8 SAR Test Plots for WLAN 2.4 GHz Band (Head SAR)
Date: 2015-05-20

Test Laboratory: 5G5S Korea (Gunpo Laboratory)
File Name; WLAN 802.11b_1Mbps Right Touch CHG6.dad

Ambient Temp : 23.1 'C Tissue Temp 223 7C

DUT: LG-HS40T; Type: CellularPCS GSMAYVCDMA Phone with WLAN, Bluctooth; Serial: 412 KPARKTE4445
Program Name: Head

Communication System: 2.45GHz Frequency: 2437 MHz.Duty Cycle: 1:1
Medium parameters used: f = 2437 MHz, o = 1.78 mho/m; £, = 39.8; p = 1000 kg/m*
Phantom section: Right Section

DASYY Configuration:

- Probe: EX3DV4 - SN3986, ConvF(7.86, 7.86, 7.86), Calibrated: 2015-03-25

- Bensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE3 3n567; Calibrated: 2015-01-22

- Phantom: SAM Phantom_TP-1300; Type: SAM Phantom; Serial: TP-1300

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

WLAN_802.11b_1Mbps_Right Touch_CH6/Area Scan (121x141x1): Measurement grid- dx=10mm,

dy=10mm
Maximum value of SAR (interpolated) = 0.532 mWig

WLAN_802.11b_1Mbps_Right Touch_CH6/Zoom Scan (Tx7x7)/Cube 0: Measurement grid: dee=3mm,
dy=imm, dz=5mm

Reference Value = 7.89 Vim; Power Drift = 0.026 dB

Peak SAR (extrapolated) = 0.713 Wikg

SAR(L g)=0.361 mW/g; SAR(10 g) =0.178 mW/g

Maximum value of SAR (measured) = 0.528 mWig

dB
n.non

-4.96
-9.92
-14.9

-24.8 3
0 dB = 0.528mW/g
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Appendix A.8 SAR Test Plots for WLAN 2.4 GHz Band (Body-Worn and Hotspot SAR)
Drate: 2015-05-20

Test Laboratory: 5G5S Korea (Gunpo Laboratory)
File Name; WLAN 802.11b IMbps Rear CH6.dad

Ambient Temp : 23.1 'C Tissue Temp 223 7C

DUT: LG-HS40T; Type: CellularPCS GSMAYVCDMA Phone with WLAN, Bluctooth; Serial: 412 KPARKTE4445
Program Name: Body

Communication System: 2.45GHz Frequency: 2437 MHz.Duty Cycle: 1:1
Medium parameters used: f = 2437 MHz, o = 1.93 mho/m; £, = 53.2; p = 1000 kg/m*
Phantom seetion: Flat Section

DASYY Configuration:

- Probe: EX3DV4 - SN3986, ConvF(7.62, 7.62, 7.62), Calibrated: 2015-03-25

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE3 3n567; Calibrated: 2015-01-22

- Phantom: SAM Phantom TP-1645; Type: SAM Phantom; Serial: TP-1645

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

WLAN_802.11b_1Mbps_Rear CH6/Area Scan (131x151x1): Measurement grid: dx=10mm, dy=10mm
Maximum value of SAR (interpolated) = 0L179 mWig

WLAN_802.11b_1Mbps Rear CH6/Zoom Scan (7x7x7 Y Cube 0: Measurement gnd: dse=Smm, dy =5mm,
dz=5mm

Reference Value = 5,59 Vim; Power Dnift = -0.042 dB

Peak SAR (extrapolated) = 0,255 W/kg

SAR(1 g) = 0.119 mW/g; SAR(10 g) = 0.057 mW/g

Maximum value of SAR (measured) = 0,183 mW/g

dB
n.ooo

-5.90
-8
7.7

-23.6

-29.5

0dB = 0.183mW/g
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Appendix B.1 Uncertainty Analysis DASY4 #1

Measurement uncertainty for 300 MHz to 3 GHz averaged over 1 gram

i=
= f(d,k k
a b c d e = f(d,k) g oxgle
Section | ol | Prob. Ci 1g Vi
Uncertainty Component IEEE Div.
(%) Dist (1g) ui (%) | (Vefd)
1528

Probe calibration E.2.1 6.0 N 1 1 6.00 oo
Axial isotropy E2.2 4.7 R 1.73 0.71 1.92 )
Hemispherical isotropy E2.2 9.6 R 1.73 0.71 3.92 oo
Boundary effect E23 1.0 R 1.73 1 0.58 oo
Linearity E24 4.7 R 1.73 1 2.71 oo
System detection limit E2.5 0.3 R 1.73 1 0.14 oo
Readout electronics E.2.6 0.3 N 1 1 0.30 oo
Response time E.2.7 0.5 R 1.73 1 0.29 o
Integration time E.2.8 2.6 R 1.73 1 1.50 oo
RF ambient Condition - Noise E.6.1 3.0 R 1.73 1 1.73 oo
RF ambient Condition - reflections E.6.1 3.0 R 1.73 1 1.73 oo
Probe Positiones E.6.2 1.5 R 1.73 1 0.87 oo
Probe Positioning E.6.3 2.9 R 1.73 1 1.67 o
Max. SAR evaluation E5.2 1.0 R 1.73 1 0.58 )
Test sample positioning E4.2 2.8 N 1 1 2.78 9
Device holder uncertainty E.4.1 3.6 N 1 1 3.60 4
Output power variation
-SAR drift measurement 6.63 >0 R 173 ! 2.89 *°
Phantom uncertainty E.3.1 4.0 R 1.73 1 2.31 oo
Liquid conductivity E32 | 50 | R 173 | 064 | 1585 oo
- deviation from target values
Liquid conductivity E32 | 16 | N 1 0.64 | 1.00 5
- measurement uncertainty
Liquid permittivity E33 | 50 R 1.73 0.6 1.73 oo
- deviation from target values
Liquid permittivity E33 | 12 | N 1 06 | 075 4
- measurement uncertainty
Combined standard uncertainty RSS 10.83 283
Expanded uncertainty K=2 21.66
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Appendix C.1 Calibration certificate for Probe (SN: 1782)
Calibration Laboratory of Schwaizarischer Kalibrisrdionst
Schmid & Partner Barvios suisss THtalonnage
Engineering AG Servizio svizzom o taratura
Zaughausstrasse 43, 8004 Zurich, Switzoriand Swiss Calibration Service
Accrediled by the Swiss Accreditation Sarvice (SAS5) Accreditation No.: SCS 0108
Tha Swiss Accreditation Service is ono of the sipnatories to the EA
Multilateral Agroement for the recognition of ealibration certificates
ciert 5G5S (Dymstec) Cortificate Mo: ET3-1782_Feb15
CALIBRATION CERTIFICATE
Obyect ET3DVE - SN:1782
Calibraton procodurs(s) QA CAL-01.v9, QA CAL-12.v8, OA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes
Casbration date February 24, 2015
This calibeation carificate docomants the traceabiity b natanal standands, which realizs the physical units of messurements (51,
The measinements and the unceriainties with corfidence probability s ganen on the following pages and are part of the cenficate
All calbrations have been conducted in the closed laboratory facilty; snvironman temperature (22 + 3°C and humidity < 70%
Calibration Equipment used (METE critical for calibragion)
Primary Standards iD | Col Date (Contiticate Mo ) Seheduled Calibratian
Porwear matsr E44198 GB4 1293874 O3-Apr-14 (Mo Z17-01811) J_'lE-L'-
Powar sensor E44124 MY4 1408087 O-Ape-14 (Mo 217-01011) Apr-15
Roference 3 dB Abanusioe SN: Sﬁq@iﬁ_&c_] D3-Apr-14 (Mo 217-01815) Apr-15
Refermnce 20 &5 Ationuator SH: S52TT (200) 03-Ape-14 (No. 217-01819) Apir-15
Rafersnce 30 o8 Anenuatar SH: 55120 (306) 03-Ape-14 (No. 21701520 Api-15
Referonce Probe ES30V2 SN 3013 30-Dec-14 [ho. ES3-3013_Dec14) Dac-15
DAEL SM: 680 Td-Jan-15 1&0 DAE4-660_Jan15) Jan-18
Secondnry Standards 1] Chaci Dnta (in house) Scheduled Chick
AF genevaicr HP BG48C US54 2001700 A-uag-54 (in howse check Apr-13) I houss choack: Ape-18
Metwork Analyrer HP BTEIE USAT 390685 18-0ct-01 (0 house check Ocl-14) In house chack: Det-15
Nama Function Gignat
Catibrated by: Claudic Laubler Latoratory Technician U/C/
Approved by: Hatjn Pokovic Tothnical Manages /ﬁ? f; =
Issued: February 25, 2015
This calibration ceificala shall motl be reproducod except in full without written Bpproval of the laboralony,
Caxlificate No: ET3-1782_Febi5 Page 10f 11
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Calibration Laboratory of g Schwolzorischor Kalibrisrdionst

Schmid & Partner C  Senvice suisss détalonnage
Engineering AG g Serviio svizzero i taratura

Zpughsussirasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Acereditod by the Swiss Ascreditalion Service (345) Accroditation No.: SCS 0108

The Swits Accreditation Sarvice Is ono of the signatories to the EA

Multilateral Agrosment Tor the recognition of calibration corlificates

Glossary:

TSL tissue simulating iquid

NORMx.y.z sensitivity in free space

ConvF sansitivity in TSL / NORMzx, v,z

DcP diade compression point

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

ABCD modulation depandent linearization paramelers

Polarization ¢ o rotation around probe axis

Polarization & 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 =0is normal o probe axis
Connector Angle information used in DASY system to align prabe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devicas: Measurament
Techniquas™, 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

I'dlnthnds Applied and Interpretation of Parameters:
NORMy,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide),
NORMs,y.z are only intermediate values, i.e., the uncertainties of NORMx,y,z does nat affect tha E*-fiaki
uncertainty inside TSL (see below ConvF),

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

o OCPxy.x DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depand on frequency nor media.

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

o Ay Bayz Crpz Dxy.z VRxyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nar
media. VR Is the maximum calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Paramelers: Assessed in flat phantom wsing E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical fisld distributions based on power
measurements for f > 800 MHz. The same salups are used for assessmant of the parameters applied for
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 sofiware to improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
o NORMx,y,z * ConvF whareby the uncertainty corresponds to that given for ConvF. A frequency dapandant
ConvF is used In DASY version 4.4 and higher which allows axtending the validity from + 50 MHz to = 100
MHz.

+ Spherical isofropy (30 deviation from isatropy): in a field of low gradients realized using a flat phantom
exposed by & patch antenna,

« Sensor Offsel The sensor offset corresponds to the offset of vidual measurement center from the probe tip
{on praobe axis). No tolerance required

« Conneclor Angle: The angle is assessed using the infarmation gained by determining the NORMx (no
uncertainty required),
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ET3DV6 — SN:1782 February 24, 2015

Probe ET3DVG6

SN:1782

Manufactured:  April 15, 2003
Calibrated: February 24, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ET3DV6— SN:1782 February 24, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (uV/(Vim)®)* 2.09 1.64 1.91 £10.1%
DCP (mV)" 96.5 990 97.0
Modulation Calibration Parameters
uiD Communication System Name A B c D VR Unc"
dB dBv v dB mV (k=2)
0 oW X 0.0 0.0 1.0 0.00 | 2409 | #38%
Y 0.0 0.0 1.0 2493
z 0.0 0.0 1.0 227.8

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

* The uncertainties of NormX,Y,Z do not affect the E*-field uncertainty inside TSL (see Pages 5 and 6),

® Numerical linearization parameter: uncertainty nol required.

¥ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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ET3DV6- SN:1782 February 24, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unect.

f(MHz)® | Permittivity” (sim)” ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 8.16 8.16 8.16 0.15 250 +13.3%
300 45.3 0.87 8.05 8.05 8.05 0.22 220 +133%
450 435 0.87 7.29 7.29 7.29 0.25 2.90 +133%
600 42.7 0.88 7.23 7.23 7.23 0.00 1.00 +13.3%
750 41.9 0.89 6.52 6.52 6.52 0.28 3.00 +12.0 %
835 41.5 0.90 6.25 6.25 6.25 0.35 255 +12.0 %
900 41.5 0.97 6.15 6.15 6.15 0.33 2.65 +12.0%
1640 40.3 1.29 5.63 5.63 5.63 0.80 2.09 +12.0%
1810 40.0 1.40 5.21 5.21 5.21 0.75 2.30 £12.0%
1900 40.0 1.40 5.11 5.11 5.11 0.80 2.09 +12.0%
2450 39.2 1.80 4.53 4.53 4.53 0.80 179 +12.0%

© Frequency validity above 300 MHz of £ 100 MHz only applies for DASY vd.4 and higher (see Page 2), else it is restricted o = 50 MHz. The
uncertainty is the RSS of the CoanvF uncertainty al calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 84, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

" At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid comp ion formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to * §%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameaters,

% Alpha/Depth are determined during calibration, SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary,

Certificate No: ET3-1782_Feb15 Page 5 of 11
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ET3DV6- SN:1782 February 24, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.
f(MHz)® | Permittivity" (s/m)" ConvFX | ConvFY | ConvFZ | Alpha®| (mm) | (k=2) |
300 58.2 0.92 7.46 7.46 7.46 0.19 2.20 +13.3%
450 56.7 0.94 7.32 7.32 7.32 0.20 210 +133%
750 65.5 0.96 6.02 6.02 6.02 0.35 2,61 £12.0%
835 55.2 0.97 5.97 5.97 5.97 0.31 294 +12.0 %
1900 53.3 1.52 4.67 4.67 4.67 0.80 248 +12.0%
2450 52.7 1.95 4.12 4.12 4.12 0.80 1.32 +12.0%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted fo + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is # 10, 25, 40, 50 and 70 MHz for ConvF assessments al 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz.

" At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters,

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than = 1% for frequencies below 3 GHz and below £ 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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ET30VE- BN:1782

Frequency response (normalized)

Fobrusary 24, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ §.3% (k=2)
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ET3DVE- SM1782 Fabruary 24, 2015
Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)
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ET30VE- SN:1782 Fabmnuary 24, 2015
Dynamic Range f(SARcad)
(TEM cell , fou= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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ET3DVE- SN.1782 Fabruary 24, 2015

Conversion Factor Assessment

f= 900 MH2,WGLS RS (H_convF) = 1810 MHz WGLS R22 (H_conv)

i" Eq.
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Deviation from Isotropy in Liquid
Error (¢, 8), =900 MHz

10 -08 -08 -04 =02 00 02 04 o8 08 1.0
Uncertainty of Spherical Isotropy Assessment; £ 2.6% (k=2)
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ET3DVE-SN:1782 February 24, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) -129.89
Mechanical Surface Detection Mode enabled
Optical Surface Detection 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 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point 27 mm
Recommended Measurement Distance from Surface 4 mm
Certificate No: ET3-1782_Feb15 Page 11 of 11
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Appendix C.2 Calibration certificate for Probe (SN: 3986)
Cal ihmﬂﬂﬂ Lﬂhﬂﬂtﬂw of Schwoirarischor Kabibriardianst
Schmid & Partner Service sulsse d'étalonnage
Engineering AG Servizio svizzero di taraturs
Zeughaussirasse 43, B004 Zurich, Switzadand Swiss Calibration Service
Accredited by he Swiss Accredintion Senvico [SAS) Accroditation No.: SCS 0108
The Swiss Accreditalion Service ts one of the signalories o the EA
Multilateral Agreament for the recegnition of calibration certificates
cient  SGS (Dymstoc) Cartificate No: EX3-3986_Mar15
CALIBRATION CERTIFICATE
Objact EX30V4 - SN:3986 FEERE]
Cafibeation piotadure(s} QA CAL-01.v9, QA CAL-14.v4, QA CAL-23v5, QA CAL-25.vB
Calibration procedure for dosimetric E-fisld probes
il i '(i
Calibration dato: March 25, 2015
This cafibention cerificabe documants the tracestiity to nationsl slardards, which roalize the physcad units of messurements (51)
The measuremarnts ard the uncertsirties with confidence probabeity ane given on the following pages Bnd ane part of the cestificate.
All calibratiors have been conducted in the clossd laboratory faciity: envinment temnparature (22 + 3)°C and humidity < T0%.,
Cafibeation Equipmerd usod (MATE criécal for calibration)
Primary Standards i Cal Date {Cortificatn No | Schedulsd Caibration
Power mobor E44198 GE4 1203374 O3-Apr-14 (No. 217-01611) Aar-15
Powor sonsor EA4124 MY 1408087 O3-Ape-14 {Ne. 297-01011) Agr18
Redarancs 3 db Ansruastor BM: S5084 (1c) Q3-Ape-14 (No. 207-01815) Apr-15
Fisdarancs 20 0B Afteniussics BM: BEITT (3] 03-Apr-14 (Mo 247-01818) Agr-15
Redoronce 30 dB Aftenuat 5N; 55129 (30h) O3-Apr-14 (Mo, 247-01930) Age-15 ]
Rnforance Probe ES30V2 5M; 3013 30-Dec-14 (Ho. ES3-3013_Dsctd) Dec-15
DAE4 BM: BB 14-Jan-15 [No. DAE4-BE0_Janis) Jur-16
Secondary Standards 2] Check Dato (in house) . Scheduled Check
RF genorator HP S648C US3642U01T00 4-Aug-89 (in howse check Apr-13) Ins howse check: Apr-16
batwork Analyrer HP B753E | USI7380585 18-0et-01 (in houss chock Oct-14) | in house chocke Gci-15
. Hame Function Signatun
Calibrated by Lioif s Labormatoey Toechnician W#/
Aparoved by Pokovic Texhnical e
. o R
isswed: Manch 28, 2015
This calibration cedificate sholl not be reproduced sacapi in full wikout witien approval of ihe Inbondory I
Cartificale Mo: EX3-3986_Mar15 Fage 1af 11
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Calibration Laboratory of 20, Setwelserischer Kalibrierdianst
Schmid & Partner Nk g Service sulsss d'étalonnage

Engineering AG S T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switrariand W%FTI.- 5 Swins Calibration Service
Accredited by the Swiss Accreditation Senvice [SA45) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signataries to the EA
Multilatoral Agreement for tho recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx v,z sensitivity in free space
ConvF sansitivity in TSL / NORMx,y.z
DCP diode compression poant
CF cresi factor (1/duty_cycle) of the RF signal
ABC.D maodulation dependent inearization parameters
Polarization ¢ rotation around probe axis
Polarization & & rotation arcund an axis that is in the plane normal to probe axis (al measurement canter),

ie., & =0is normal fo probe axis

Connector Angle infarmation wsed in DASY system to align probe sensor X to the robot coordinale system

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Procedure to measure the Specific Abzorption Rate (SAR) for hand-held devices used in closa
preximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

*  NORMxy,z: Assessed for E-fiald polarization 8 = 0 (f £ 900 MHz in TEM-celt; f = 1800 MHz: R22 waveguide).
NORMy,y,z are only intermediate values, 1.e., the uncerainties of NORMx,y,z does not affect the E-field
uncertainty inside TSL (see balow ConviF).

*«  NORM{fixy.z= NORMxy.z * frequency_response (see Frequency Response Chart). This kinearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

* DCPxy,z: DCP are numerical linearization parameters assessed based on the data of power sweep with W
signal (no uncertainty required). DCP does nol depend on frequency nor media.

* FPAR:PAR s the Feak to Average Ratio that is not calibrated but determined based an the signal
characteristics

o Axyz Bxyx Cxyz Oxyz VRxy.z A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal, The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the dioda.

+ ConvF and Boundary Effect Parameters: Assessed in flat phantom wsing E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical fiald distributions based on power
measuremeants for f > 800 MHz. The same setups are used for assessment of the paramaeters applied for
baundary compensation {(alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close o the baundary. The sensitivity in TSL corresponds
to NORMz.y.z * ConvF whareby the unceriainty corresponds to that given for ConvF, A frequency dependent
ConvFis used in DASY version 4.4 and higher which allows extending the validity from £+ 50 MHz to £ 100
MHz.

« Sphencal isotropy (30 deviation from Isotropy): in a field of low gradiants realized using a flat phantom
expozed by a patch antenna.

+ Sensor Offsel. The sensor offsel cormesponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

+ Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DV4 - SN:3986 March 25, 2015

Probe EX3DV4

SN:3986

Manufactured: November 11, 2013
Calibrated: March 25, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- 5N:3986 March 25, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3986

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(Vim)5* 0.53 0.53 0.49 +10.1 %
DCP (mV)° 100.8 97.7 101.2

Modulation Calibration Parameters

uip Communication System Name A B c D VR Unc-
dB dBvVuv dB mV (k=2)
0 cw X 0.0 0.0 1.0 000 | 1442 | +33%
Y 0.0 0.0 1.0 140.9
z 0.0 0.0 1.0 133.3

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

* The uncertainties of NormX.¥,Z do not affect the E%field uncertainty inside TSL (see Pages 5 and 6),
® Numerical linearization parameter; uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying reclangular distribution and is expressed for the square of the
field value.
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EX3DV4— SN:3986 March 25, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3986

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth© Unct.

F(MHz)® | Permittivity" (Sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 415 0.90 10.46 10.46 10.46 0.31 1.10 +£12.0%
900 41.5 0.97 10.13 10.13 10.13 0.26 1.28 +£12.0%
1750 401 1.37 8.81 8.81 8.81 0.39 0.82 +12.0%
1900 40.0 140 8.62 8.52 8.52 0.29 0.80 £12.0%
2300 39.5 1.67 8.19 8.19 8.19 0.25 0.80 £12.0%
2450 39.2 1.80 7.86 7.86 7.86 0.31 0.85 +12.0%
2600 39.0 1.96 7.61 7.61 7.61 0.25 1.02 +12.0%
5200 36.0 4.66 5.52 5.62 5.52 0.30 1.80 +13.1 %
5300 35.9 476 5.23 5.23 5.23 0.30 1.80 £13.1%
5500 35.6 4.96 5.09 5.09 5.09 0.40 1.80 +13.1%
5600 35.5 5.07 487 4.87 4.87 0.40 1.80 +13.1%
5800 35.3 5.27 4.84 4.84 4.84 0.40 1.80 +13.1%

© Frequency validity above 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz

" At frequencies below 3 GHz, the validity of tissue parameters (r and o) can be relaxed to + 10% if liquid compensation formula s applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue paramelers (g and o) is resiricted to = 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters

% Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz al any distance larger than half the probe tip
diameter from the boundary.
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EX30DV4- SN:3986 March 25, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3986

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity© (sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 55.2 0.97 10.27 10.27 10.27 0.25 1.19 +12.0%
1750 53.4 1.49 8.46 8.46 8.46 0.35 0.97 +12.0%
1900 53.3 1.52 8.21 8.21 8.21 0.40 0.83 £12.0%
2450 52.7 1.95 7.62 7.82 7.62 0.25 0.95 +12.0%
2600 52.5 2.16 7.32 7.32 7.32 0.24 0.95 +12.0%
5200 49.0 5.30 4.78 4.78 4.78 0.40 1.90 +13.1%
5300 48.9 5.42 4.54 4.54 4.54 0.40 1.90 +13.1%
5600 48.5 577 4.01 4.01 4,01 0.55 1.90 +131%
5800 48.2 6.00 4.15 415 415 0.55 1.90 +13.1%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

" Al frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
tha ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compenzation Is
always less than % 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
di from the b fary,
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EX30V4- SM;3986 March 25, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4- SN:3386

Dynamic Range f(SARead)
(TEM cell , fouu= 1900 MHz)

March 25, 2015
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Uncertainty of Linearity Assessment; £ 0.6% (k=2)

Cenificale Mo: EX3-3986_Mar15 Page 8 af 11

Report File No :

F690501/RF-SAR002278-A1

Date of Issue :

2015-05-20




SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr Page: 82/112

EX30V4- SN:3086 March 25, 2015

Conversion Factor Assessment
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Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3986

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -49.7
Mechanical Surface Detection Mode enabled
i Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
Certificate No: EX3-3986_Mar15 Page 11 of 11
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Appendix C.3 Calibration certificate for DAE

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, B004 Zurich, Switzerland

S Schweizerischer Kalibrierdienat

c Service suisse déalonnage
Servizio svizrero di taratura

S swiss Calibration Service

a5 i
Accradited by the Swiss Accraditaion Senvice (SAS) Accreditation Ne.: SCS 0108 ’
The Swiss Accreditation Service is one of the signatories to the EA |
Multilateral Agresment for the recognition of callbration certificates
w4 ¥
Client SGS (Dymstec) Certificate No: DAE3-567 _Jan15
[CALIBRATION CERTIFICATE
== == — —— — = —
Oibjesct DAE3 - SD 000 D03 AA - SN: 567
Calibration procedurs(s) QA CAL-06.v29
Calibration procedurs for the data acquisition electronics (DAE)
Calibration data: January 22, 2015
This calibration ceilicate documants tha traceabity o national slandands, which reakize iha physical unils of measursmonts (S}
Ths moaswremeanits and B uncartainties with confidence probability are ghan on the following pages and are pan of tha carlificatn
Al calibraticns have baen conducted in the closed Isbaratory faciity: envionment lmpoerates (22 « 31°C and humidity < 0%
Calibration Equipment used (M&TE critical for calibrasion)
Primary Standasds lipe Cal Date (Cortilicato No.) Schodulad Calibration
Koithiey Multimeter Type 2001 | SN; ca10a78 03-0ct-14 (Mac15573) Oct-15
Secondary Standards lima Check Dato (in housa) Sehatuled Chack
Aube DAE Calibration Linit SE UWS 053 AA 1001 06-Jan-15 (in house chisck) I house chack: Jan-16
Calibrator Bax V2.1 SE UMS 006 AA 1002 06-Jan-15 {in house check) In houss check: Jan-16
Namia Function Signature
Calibratod by: Dominigue Steien Technician -
Approved by: Fir Bcamiholt Deputy Technical Manager
R
lssvad; January 22, 2015
This ealibration carificate shall not be reproduced except in full withou! witten approval of the iaberatony.

Certificate Mo: DAE3-567_Jan15 Page 1ol 56

Report File No:  F690501/RF-SAR002278-A1 Date of Issue : ~ 2015-05-20




' SGS Korea Co., Ltd.

4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
' Tel. 031-428-5700 / Fax. 031-427-2371
I http://www.sgsgroup.kr Page: 85/112

cﬂ“hrﬂﬂﬂﬂ Lﬂbﬂrﬂtﬂw of é‘-ﬂwﬁ S Schweizorischer Kalibrierdianst
Schmid & Partner 3 G Service suisse ditalonnage
Enginearing AG 2 . Servizio svizzero di taratura
Zeughaussirasse 43, BI04 Zurich, Switzeriand 'ﬁﬁpﬁ s Swiss Calibration Service
Accredited by the Swiss Accreditalion Servica (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signstaries to the EA
Multilateral Agreemant for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

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

e Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

= The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

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

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

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

= AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltaga

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

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

= Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zercing and during measurement.

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

+  Power consumption: Typical value for information. Supply currents in various operaling
modes.
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uVv , full range = -100...+300 mV
Low Range: 1LSB = 61nV, fullrange = -1.......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.725 £ 0.02% (k=2) | 404.466 + 0.02% (k=2) | 404.570 + 0,02% (k=2)
Low Range 8.95751 +1.50% (k=2) | 3.97188 + 1.50% (k=2) | 3.96085 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 5.0°£1°
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Appendix (Additional assessments outside the scope of SCS108)
1. DC Voltage Linearity
High Range Reading (uV) Difference (V) Error (%)
Channel X + Input 200036.68 1.35 0.00
Channel X + Input 20006.89 3.53 0.02
Channel X - Input -20002.06 4.52 -0.02
Channel Y + Input 200035.89 0.85 0.00
Channel Y + Input 20003.43 0.09 0.00
Channel ¥ - Input -200056.71 1.01 -0.01
Channel Z + Input 200040.18 5.12 0.00
Channel Z + Input 20002.47 -0.89 -0.00
Channel Z - Input -20004.30 2.36 -0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 1989.70 -0.12 -0.01
Channel X + Input 199.72 -0.18 -0.09
Channel X - Input -199.94 0.16 -0.08
Channel Y + Input 1989.76 0.03 0.00
Channel Y + Input 199.48 -0.10 -0.05
Channel Y - Input -201.06 -0.82 0.41
Channel Z + Input 1999.91 0.25 0.01
Channel Z + Input 198.43 -1.22 -0.81
Channel Z = Input -201.33 -1.08 0.54
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 2.38 1.03
- 200 0.01 -1.81
Channel Y 200 -1.57 1.77
- 200 0.56 0.40
Channel Z 200 4.02 3.58
- 200 -6.01 -6.06
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (nV)
Channel X 200 - -1.38 -3.91
Channel Y 200 8.57 - -0.48
Channel Z 200 5.30 6.61
Certificate No: DAE3-567_Jan15 Page 4 of 5
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AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16275 16253
Channel Y 16156 14849
Channel Z 15860 14831

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

F690501/RF-SAR002278-A1

Input 10MQ
Average (pV) min. Offset (LV) | max. Offset (uV) . I;J:\\;;anon
Channel X 0.76 -0.43 2.68 0.50
Channel Y 0.04 -1.11 1.19 0.40
Channel Z -0.43 -1.53 0.53 0.38
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical valuss for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vcc) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vce) +0.01 +6 +14
Supply (- Vee) ~0.01 -8 -9
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Date of Issue :

2015-05-20




| SGS Korea Co., Ltd.
! 4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371
http://www.sgsgroup.kr

Page: 89/112

Appendix C.4 Calibration certificate for Dipole

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzeriand

.-'\2&5
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§ Schwelzerischer Kalibrierdienst

c Service sulsse d'étalonnage
Servizlo svizzero di taraturn

S Swiss Callbration Service
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rafya ™
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Axsdd

s

Accradited by the Swiss Accradiation Senice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agroement for the recognition of calibration certificates

Accreditation No.: SCS5 108

cient  SGS (Dymstec) Certificate No: DB35V2-490_May14 2014 6. &
|9_ALIEIHATIUN CERTIFICATE J
Citpect DBa3asVe - SN: 480

Calibration procedure(s) QA CAL-05.v3

Calibration procedure for dipole validation kits above 700 MHz

Calbration dale;

May 16, 2014

This calibrabion cerificate documonts the traceability 10 nafional standards, which realize the physical units of measurements: (SI)
Tha measuremants and the unceraintes waih conlidenos pl'nhnmllﬁ' ahe given on tha Il;tm'lnq pageas angd are pm ol tha cartdicala.

All calibrations have baan conduciad in the closed inboratory lacility: emvironmant lemperature (22 = 31°C and humidity « 70%.

Calibratron Equipment used (MATE critical lor calitwation)

Primary Slandards e Cal Date (Certficate No.) Schadulnd Calbration

Porwnrt renfor EPRA-£424 GEITAB0704 09-0ct-13 (Mo, 217-01827) Dci-14

Pawar sensof HP BI81A US3T2007E3 09-Oct-13 (No. 217-01827) Oet-14

Power sensor HP B4B1A MY 41082317 09013 (Mo, 217-01828) Oct-14

Rpdemnce 20 ¢ Atlanuator S 5058 (20k) 03-Ape-14 (Mo, 217-01918) Ape15

Typo-N mismatch combination SH- 50472 [ 06337 O3-Apr-14 (Mo, Z17-01821) Agr1h

Redsronce Prabs ES30VE SH: 3205 30-Dec-13 (Moo ES3-3205_Dec13) Dusc-14

DAE4 SM: 601 J-Api-14 (Mo, DAE4-601_Apri4) Apr15

Secondary Standards i0e Check Dabe (in housa) Schadulod Chack

RF genarator R&S SMT-D6 100005 04-Awg-B9 [in housa chack Oct-13) n hur;ucﬁq.;h- Cict-16

Matwork Anabyrer HP BTS3E US3TIN0585 54206 18-Dct-01 (in housa check Oct-13) In housa chadk: Oct-1d
Hama Functian

Calibrated bwy: Cluhio Loubior Laboeatory Technician

Approved by Kalja Pokowie Technical Managor

This calibralion certdicala shal nol be meproduced excepi in full wilhouw! writtien approval of tha abomtony
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Calibration Laboratory of SN, G Schweizerischer Kalibrierdienst
Schmid & Partner A C Service aulsse d'étslonnage
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Zoughausstrasss 43, B004 Zurich, Switzeriand ‘fvﬁﬁ 5 Swiss Calibration Servics

rlailislay
Aceredited by the Swiss Accreditation Sendce (SAS) Accreditation No; SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agroement lor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy.z
MN/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 Technigues”, June 2013

b) IEC 62208-1, "Procedure to measure the Specific Absarption 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 Condifions: 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.

s Antenna Parameters with T5L: 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.

s 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.

= FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required,

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYsS V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.5 0.90 mho/m

Measured Head TSL parameters (22.0+0.2) °C 402+6% 0.94 mho/m + 6 %

Head TSL temperature change during test <05°C e —_
SAR result with Head TSL

SAR averaged over 1 em® (1 g} of Head TSL Condition

SAR measured 250 mW input power 2.36 W/kg

SAR for nominal Head TSL parameters normalized to 1W 9.07 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured 250 mW input power 1.52 Wikg

SAR for nominal Head TSL parameters normalized to 1W 5.90 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+02)°C 56.6 +6 % 1.02 mho/m + 6 %
Body TSL temperature change during test <05°C -—
SAR result with Body TSL
SAR averaged over 1 cm”® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.45 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

9.49 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.59 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6.20 W/kg * 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 508Q-29(Q
Retum Loss -30.4dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4530-50jQ

Retumn Loss -229dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.392 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to 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 to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 19, 2003
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DASY5 Validation Report for Head TSL

Date: 16.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2; Serial: D835V2 - SN: 490

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

Medium parameters used: f = 835 MHz; o = 0.94 S/m; & = 40.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
* Probe: ES3DV3 - SN3205; ConvF(6.22, 6,22, 6.22); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 30.04.2014
*  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

= DASYS2 52.8.8(1222); SEMCAD X 14.6.1007331)

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 = 56.09 Vim; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 3.57 W/kg

SAR(I g) = 2.36 W/kg; SAR(10 g} = 1.52 W/kg

Maximum value of SAR (measured) = 2,78 Wikg

-9.00
-12.00
-15.00
0dB =278 Wikg =4.44 dBWﬂi‘.g
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 15.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB3SV2 - SN: 490

Communication System: UID 0 - CW; Frequency: 835 MHz )
Medium parameters used: f = 835 MHz; o = 1.02 S$/m; & = 56.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(6.00, 6.09, 6.00) Calibrated: 30.12.2013;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 4.901; Type: QDOOOP49AA; Serial: 1001
« DASYS5252.8.8(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 = 55.12 Vim; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 3.64 W/ikg

SAR(1 g) = 2.45 W/ikg: SAR(10 g) = 1.59 W/kg

Maximum value of SAR (measured) = 2.87 Wikg

T
]
am
.20
a0
Azo0 3
0dB =287 Wikg =4.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S,
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Muitilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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:

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Frequency 1900 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 220°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0 £0.2) °C 39.3+6% 1.37 mho/m £ 6 %

Head TSL temperature change during test <05°C - ——
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 9.99 W/kg

SAR for nominal Head TSL parameters normalized to 1W 40.3 W/kg = 17.0 % (k=2)

SAR averaged over 10 em’ (10 g) of Head TSL condition

SAR measured 250 mW input power 5.24 W/kg

SAR for nominal Head TSL parameters normalized to 1W 21.1 W/kg + 16.5 % (k=2)

Body TSL parameters

The following parameters and caleulations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 533 1.52 mho/m
Measured Body TSL parameters (22.0+0.2) °C 525+6% 1.50 mho/m =+ 6 %
Body TSL temperature change during test <0.5°C ene
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power 10.1 Wikg

SAR for nominal Body TSL parameters

normalized to 1TW 40.6 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power 5.32 Wikg

SAR for nominal Body TSL parameters

normalized to 1W 21.3 Wikg £ 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 519Q+15jQ
Return Loss -326dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780 +19j0
Return Loss -30.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.204 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added to 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 to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 17, 2003
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DASY5 Validation Report for Head TSL

Date: 19.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54033

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

Medium parameters used: f= 1900 MHz; o = 1.37 S/m; & = 39.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Confliguration:
« Probe: ESIDVE - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;
+  Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 30.04,2014
» Phantom: Flat Phantom 5.0 (front); Type: QDOMIPS0AA; Seral: 1001
= DASYS52 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=3mm, dy=3mm, dz=5mm

Reference Value = 98.44 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.3 Wikg

SAR(1 g) = 9.99 W/kg: SAR(10 g) = 5.24 W/kg

Maximum value of SAR (measured) = 12.6 Wikg

I 0
-3.80

-71.60
-11.40

-15.20

-19.00

0 dB = 12.6 Wikg = 11.00 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54033

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

Medium parameters used: f= 1900 MHz; o = 1.5 §/m; & = 52.5; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30.12.2013;
« Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated; 30.04.2014
= Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Seral: 1002
« DASYS2 52.8.8(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 = 95,47 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 10,1 Wikg; SAR(10 g) =5.32 Wikg

Maximum value of SAR (measured) = 12.6 Wikg
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0dB =126 W/kg = 11.00 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of § Schweizerischer Kalibrierdienst
Schmid & Partner c Service sulsse d'étalonnage
Engineering AG Servizio svizzaro di taratura
Zeughaussirasse a3, 8004 Zurich, Switmriand S  swiss Calibration Service
EFLEE]
Accreditod by the Swiss Accroditation Service (SAS) Acereditation Mo.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemant for the recognition of calibration cerificales %&
cien  SGS (Dymstec) Certificats ho: D2450V2-734_May1d— ",
CALIBRATION CERTIFICATE
—_— ————— —
Objact D2450V2 - SN: 734
Calibealion procedurs(s) QA CAL-05.v9
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “|[EEE 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:

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

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.

e 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.

» FElactrical 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
connectar.

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0x0.2)°C 385+6% 1.83 mho/m £ 6 %

Head TSL temperature change during test <05°C ===
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 13.2 W/kg

SAR for nominal Head TSL parameters normalized to 1W 52.2 Wikg + 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 250 mW input power 6.11 Wikg

SAR for nominal Head TSL parameters normalized to 1W 24.3 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 508+6% 2.03 mho/m £ 6 %
Body TSL temperature change during test <05°C —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.8 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

49.8 W/kg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.90 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.2 W/kg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 5330 +42j0Q
Retumn Loss -257dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 501 Q2 +52jQ
Return Loss -25.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.152 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals, On some of the dipoles, small end caps
are added to 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 to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 07, 2003
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DASYS Validation Report for Head TSL

Date: 20.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 734

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

Medium parameters used; f= 2450 MHz: o = 1.83 5/m; £ = 38.5; p= 1000 kg.-’m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANS]I C63.19-2011)

DASYS52 Configuration:
= Probe: ES3DV3 - SN3205; ConvFi{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: QDOOOPS0AA; Serial: 1001

« DASYS52 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=5mm, dy=3mm, dz=5mm

Reference Value = 101.3 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 27.4 Wikg

SAR(I g) = 13.2 W/kg; SAR(10 g) = 6.11 W/kg

Maximum value of SAR (measured) = 17.4 Wikg

-4.80
-9.60
-14.40

-19.20

-24.00

0dB = 17.4 Wikg = 12.41 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 20.05.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 734

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

Medium parameters used: f = 2450 MHz; o = 2.03 $/m; & = 50.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.33, 4.35, 4.35); Calibrated: 30.12.2013;
+« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Senal: 1002
« DASYS5252.8.8(1221); 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 = 94.69 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 27.0 Wikg

SAR(I g) = 12.8 W/kg; SAR(10 g) = 5.9 Wikg

Maximum value of SAR (measured) = 17.1 Wikg

-4.80
-9.60
-14.40

-19.20

-24.00

0dB =171 Wkg= 1233 dBW/kg
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Impedance Measurement Plot for Body TSL

B Hay 20d4 102909:19
EFD 511 1 U F8 1 SR146 o L1582 g 33508 pM 2 4350000 00D MMz

Hld
CH2 541 LOG 5 gB/REF -20 a8 1-2N 770 dE 2 450,000 00D iz
1 ltgf' ,’_i_,—'—‘"'r I
| ! l i \\ l r |
";'E!l ] 4 } < \\ 1 i
Wid | i L | | ! |
START 2 250,000 POQ Mz ' 5TOP 2 650006 000 Mz
Cartificate No: D2450V2-734_May14 Page Bof 8

Report File No:  F690501/RF-SAR002278-A1 Date of Issue : ~ 2015-05-20




