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1. DESCRIPTION OF DEVICE

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

General Information:

EUT type Notebook Computer
FCCID BEJNT-LG13295
Equipment model name LG13295
Equi 132950, 13ZB950, 13ZD950, 13ZV950, LG13294, 132940, 13ZB940, 13ZD940, 13ZV940
quipment add 10 models are same mechanical, electrical and functional
model name . ; ’ ; ) .
The only difference is the model name, which are changed for marketing purpose.
Equipment serial no. Identical prototype
Mode(s) of Operation 2.4 GHz W-LAN(802.11b/g/n HT20/n HT40), 5 G W-LAN (802.11a/n HT20/n HT40/ac VHT20/ac VHT40/ac VHT80)
Band Mode Bandwidth Frequency
DTS 802.11b/g/n HT20 2412 ~ 2462 MHz
802.11n HT40 2422 ~ 2452 MHz
802.11a/n HT20 5180 ~ 5240 MHz
U-NII-1 802.11n HT40 5190 ~ 5230 MHz
802.11ac VHT 80 5210 MHz
802.11a/n HT20 5260 ~ 5320 MHz
U-NII-2A 802.11n HT40 5270 ~ 5310 MHz
TX Frequency Range 802.11ac VHT 80 5290 MHz
802.11a/n HT20 5500 ~ 5700 MHz
802.11n HT40 5510 ~ 5670 MHz
U-NII-2C 802.11ac VHT 20 5720 MHz
802.11ac VHT 40 5710 MHz
802.11ac VHT 80 5530, 5690 MHz
802.11a/n HT20 5745 ~ 5825 MHz
U-NII-3 802.11n HT40 5755 ~ 5795 MHz
802.11ac VHT 80 5775 MHz
DTS 802.11b/g/n HT20 2412 ~ 2462 MHz
802.11n HT40 2422 ~ 2452 MHz
802.11a/n HT20 5180 ~ 5240 MHz
U-NII-1 802.11n HT40 5190 ~ 5230 MHz
802.11ac VHT 80 5210 MHz
802.11a/n HT20 5260 ~ 5320 MHz
U-NII-2A 802.11n HT40 5270 ~ 5310 MHz
RX Frequency Range 802.11ac VHT 80 5290 MHz
802.11a/n HT20 5500 ~ 5700 MHz
802.11n HT40 5510 ~ 5670 MHz
U-NII-2C 802.11ac VHT 20 5720 MHz
802.11ac VHT 40 5710 MHz
802.11ac VHT 80 5530, 5690 MHz
802.11a/n HT20 5745 ~ 5825 MHz
U-NII-3 802.11n HT40 5755 ~ 5795 MHz
802.11ac VHT 80 5775 MHz
Reported SAR
Measured 1g SAR (Wikg)
Band Mode Conducted Ch SIS0
Power [dBm]
Body
DTS 2.4 GHz W-LAN 11.14 11 0.31
U-NII-2A 5.3 GHz W-LAN 12.25 52 0.55
U-NII-2C 5.6 GHz W-LAN 10.64 116 0.79
U-NII-3 5.8 GHz W-LAN 13.09 149 0.34
DSS/DTS Bluetooth 3.50 N/A 0.09"°*®
Simultaneous SAR per KDB 690783 D01v01r03 N/A 0.44
Part 15 Spread Spectrum Transmitter(DSS)
FCC Equipment Class Digital Transmission System(DTS)
Unlicensed National Information Infrastructure (UNII)
Date(s) of Tests 2015-04-16 ~ 2015-04-23
Antenna Type Internal Type Antenna
Note Bluetooth SAR was estimated.
® BT(2.4GHz)/ W-LAN(2.4GHz 802.11b/g/n(HT20)/n(HT40)), W-LAN(5GHz
) 802.11a/n(HT20)/n(HT40)/ac(VHT20)/ac(VHT40)/ac(VHT80)) supported
Functions ®  No simultaneous transmission between W-LAN(2.4GHz) & W-LAN(5GHz).
° Simultaneous transmission between BT Ant.1 & W-LAN Ant.2.
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1.1 Guidance Applied

IEEE 1528-2003
FCC KDB Publication 248227 D01v02r01 (802.11 Wi-Fi SAR)

FCC KDB Publication 447498 D01v05r02 (General SAR Guidance)
FCC KDB Publication 616217 D04 SAR for laptop and tablets v01r01
FCC KDB Publication 690783 D01 SAR Listings on Grants v01r03
FCC KDB Publication 865664 D01 SAR Measurement 100 MHz to 6 GHz v01r03
FCC KDB Publication 865664 D02 RF Exposure Reporting v01r01

1.2 Device Overview

Band Mode Operating Modes Tx Frequency
DTS 2.4 GHz WLAN Data 2412 ~ 2462 MHz
U-NII-1 5.2 GHz WLAN Data 5180 ~ 5240 MHz
U-NII-2A 5.3 GHz WLAN Data 5260 ~ 5320 MHz
U-NII-2C 5.6 GHz WLAN Data 5500 ~ 5700 MHz
U-NII-3 5.8 GHz WLAN Data 5745 ~ 5825 MHz
DSS/DTS Bluetooth Data 2402 ~ 2480 MHz

1.3 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.

Modulated Average[dBm]
Ant. 1 Ant. 2 MIMO
Band & Mode Ch Ch Ch Ch Ch Ch Ch Ch Ch
Low Mid High Low Mid High Low Mid High |

|EEE 802.11b Maximum 125 13.0 13.5 11.0 1.5 1.5 - - -

(2.4 GHz) Nominal 1.5 12.0 12.5 10.0 10.5 10.5 - - -

ors (2.4 GHz) Nominal 8.5 13.0 9.5 8.0 1.5 10.0 - - -
HT20 (2.4 GHz) Nominal 8.5 12.5 9.5 8.0 1.5 10.0 75 11.0 8.0
IEEE 802.11n Maximum 85 130 105 70 110 95 70 100 105
HT40 (2.4 GHz) Nominal 75 12.0 9.5 6.0 10.0 8.5 6.0 9.0 9.5
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Modulated Average[dBm]
Band & Mode .Ant. 1 : .Ant. 2 : : MIMO :
ch ChMid-1 | ChMid-2 ch ch ChMid-1 | ChMid-2 ch ch ChMid-1 | ChMid-2 ch
Low Ch Mid High Low Ch Mid High Low Ch Mid High
IEEE 802.11a | Maximum | 10.0 | 11.5 15 | 115 | 9.0 12.0 120 | 125 - - - -
U-NII-1 o
(6.2 GHz) Nominal | 9.0 10.5 105 | 105 | 8.0 11.0 1.0 | 115 . . . -
U-NII-2A |IEEE 802.11a Maximum 12.5 120 11.5 100 135 135 130 105 - - - -
(5.3 GHz) Nominal | 11.5 | 11.0 105 | 9.0 | 125 | 125 120 | 95 - - - -
IEEE 802.11a Maximum 8.5 11.0 10.5 8.0 9.0 12.5 12.0 9.5 - - - -
U-NII-2C s
(5.6 GHz) Nominal | 7.5 10.0 9.5 70 | 80 1.5 10 | 85 . . - .
U-NII-3 |IEEE 802.11a Maximum 120 11.5 11.5 135 130 130 - - - -
(5.8 GHz) Nominal | 11.0 10.5 105 | 12.5 12.0 12.0 - - - -
NIl IEEE 802.11n | Maximum | 9.0 1.5 120 | 125 | 9.0 12.0 120 | 125 | 100 | 100 100 | 11.0
HT20 (5.2GHz) | Nominal | 8.0 10.5 10 | 15 | 80 11.0 1.0 | 115 | 9.0 9.0 9.0 10.0
UNioa | IEEE 80211 Maximum | 125 | 125 125 | 100 | 135 | 130 135 | 105 | 115 | 11.0 1.0 | 10.0
HT20 (5.3 GHz) | Nominal | 115 | 115 15 | 9.0 | 125 | 120 125 | 95 | 105 | 100 100 | 9.0
UNize | EEE 80211 Maximum | 8.5 1.0 105 | 8.0 9.0 12.5 120 | 90 | 75 10.5 100 | 9.0
HT20 (5.6 GHz) | Nominal | 7.5 10.0 9.5 7.0 8.0 1.5 10 | 80 | 65 9.5 9.0 8.0
Uil IEEE 802.11n | Maximum | 12.0 1.5 15 | 135 13.0 130 | 115 1.0 1.0
HT20 (5.8 GHz) | Nominal | 11.0 10.5 105 | 12.5 12.0 12.0 | 105 10.0 10.0
U-NII-1 IEEE 802.11n Maximum 7.0 - - 1.5 7.0 - - 12.0 6.5 - - 10.0
HT40 (5.2 GHz) | Nominal | 6.0 . - 105 | 6.0 - . 110 | 55 - . 9.0
U-NII-2A IEEE 802.11n Maximum 80 - - 90 85 - - 95 7.5 - - 85
HT40 (5.3 GHz) | Nominal | 7.0 - - 80 | 75 - - 85 | 65 - - 75
UNize | EEE 80211 Maximum | 5.5 1.0 1.0 | 105 | 7.0 12.5 125 | 125 | 55 10.0 100 | 95
HT40 (5.6 GHz) | Nominal | 4.5 10.0 100 | 95 6.0 1.5 15 | 115 | 45 9.0 9.0 8.5
U-NII-3 IEEE 802.11n Maximum 11.5 - - 11.5 12.5 - - 135 110 - - 11.5
HT40 (5.8 GHz) | Nominal | 10.5 - - 105 | 115 - - 12.5 | 10.0 - - 10.5
U-NII1-2C IEEE 802.11ac Maximum - 11.0 - - 13.0 - - 10.5 -
VHT20 (5.6 GHz) | Nominal . 10.0 - . 12.0 . - 9.5 .
U-NIl-2C IEEE 802.11ac Maximum - 110 - - 12.5 - - 100 -
VHT40 (5.6 GHz) | Nominal - 10.0 - - 1.5 - - 9.0 -
U-NII-1 IEEE 802.11ac Maximum - 6.5 - - 7.0 - - 6.0 -
VHT80 (5.2 GHz) | Nominal . 55 - . 6.0 . - 5.0 .
U-NII-2A IEEE 802.11ac Maximum - 85 - - 95 - - 7.5 -
VHT80 (5.3 GHz) | Nominal - 75 - - 8.5 - - 6.5 -
U-NII1-2C IEEE 802.11ac Maximum 4.5 - - 12.0 5.5 - - 12.0 45 - - 10.5
VHT80 (5.6 GHz) | Nominal | 3.5 . - 1.0 | 45 - . 1.0 | 35 - . 9.5
U-NII-3 IEEE 802.11ac Maximum - 90 - - 11.5 - - 11.5 -
VHT80 (5.8 GHz) | Nominal - 8.0 - - 10.5 - - 10.5 -
Band & Mode Modulated Average [dBm]
Maximum 3.5
Bluetooth 1 Mbps
Nominal 2.5
Maximum 0.5
Bluetooth 2 Mbps
Nominal -0.5
DSS/DTS
Maximum -0.5
Bluetooth 3 Mbps
Nominal -1.5
Maximum 1.5
Bluetooth LE
Nominal 0.5
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1.4 DUT Antenna Locations

$ To Rear side 2.5mm
[ T T T T T1

I [T1
Ant‘z//\\%llllllllllllf/\AnH
| L1
/

3mm% L e‘*3mm
\__/‘IIIIIIIIIIII\J

Note: Exact antenna dimensions and separation distances are shown in the “Antenna Location_BEJNT-LG13Z95” in the FCC Filing.

Mode Body Sides for SAR Testing
Top Bottom Front Rear Right Left
2.4G W-LAN_Ant.1 X X X @] X X
2.4G W-LAN_Ant.2 X X X @] X X
2.4G W-LAN_MIMO X X X o] X X
5G W-LAN_Ant.1 X X X @] X X
5G W-LAN_Ant.2 X X X @] X X
5G W-LAN_MIMO X X X @] X X

Note: The rear with touch configuration was only tested since only the rear is touched to human body in normal operation condition of this device.
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1.5 SAR Test Exclusions Applied

(A) WIFI
Per FCC KDB 447498 D01v05r02, the 1g SAR exclusion threshold for distances < 50 mm is defined by the following equation:

Max Power of Channel (mW)  — — )
«y Frequency(GHz) < 3.0

Test Separation Dist (mm)

Table 1. SAR exclusion threshold for distances < 50 mm

il Required
Band Mode Equation Result exclusion q
SAR
threshold

DSS Bluetooth [(2/5)* 2.480] 0.7 3.0 X
DTS Bluetooth LE [(1/5)* ~2.480] 0.4 3.0 X
DTS 2.4 GHz W-LAN [(25/5)* ~2.437] 7.8 3.0 o
U-NII-1 5.2 GHz W-LAN [(18/5)* 5.240] 8.1 3.0 (o]
U-NII-2A 5.3 GHz W-LAN [(22/5)* 5.300] 10.3 3.0 (o]
U-NII-2C 5.6 GHz W-LAN [(20/5)* 5.720] 9.5 3.0 (o]
U-NII-3 5.8 GHz W-LAN [(22/5)* 5.795] 10.8 3.0 o

Per KDB Publication 447498 D01v05r02, the maximum power of the channel was rounded to the nearest mW before
calculation.

1.6 Power Reduction for SAR

There is no power reduction used for any band/mode implemented in this device for SAR purposes.

1.7 Device Serial Numbers

Band & Mode Body Serial Number
2.4 GHz WLAN FCC #1
5 GHz WLAN FCC #1
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2. INTROCUCTION

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

The FCC has adopted the guidelines for evaluating the environmental effects of radio frequency radiation in ET Docket
93-62 on Aug. 6, 1996 to protect the public and workers from the potential hazards of RF emissions due to FCC-regulated
portable devices. The safety limits used for the environmental evaluation measurements are based on the criteria
published by the American National Standards Institute (ANSI) for localized specific absorption rate (SAR) in IEEE/ANSI
C95*.1-2005 Standard for Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3
kHz to 300 GHz. 1992 by the Institute of Electrical and Electronics Engineers, Inc., New York, New York 10017. The
measurement procedure described in IEEE/ANSI C95.3-1992 Recommended Practice for the Measurement of Potentially
Hazardous Electromagnetic Fields - RF and Microwave is used for guidance in measuring SAR due to the RF radiation
exposure from the Equipment Under Test (EUT). These criteria for SAR evaluation are similar to those recommended by
the National Council on Radiation Protection and Measurements (NCRP) in Biological Effects and Exposure Criteria for
Radio frequency Electromagnetic Fields,” NCRP Report No. 86 NCRP, 1986, Bethesda, MD 20814. SAR is a measure of
the rate of energy absorption due to exposure to an RF transmitting source. SAR values have been related to threshold
levels for potential biological hazards.

SAR Definition

Specific Absorption Rate (SAR) is defined as the time derivative (rate) of the incremental energy (dU)absorbed by
(dissipated in) an incremental mass (dm) contained in a volume element (dV) of a given density (p) It is also defined as
the rate of RF energy absorption per unit mass at a point in an absorbing body (see Fig. 2.1)

SAR:i[ff_&]:i ff_b]
dit\.dm’/ dt\ pdv.

Fig. 2.1 SAR Mathematical Equation

SAR is expressed in units of Watts per Kilogram (W/kg).

-
.

c-E
Jo,

SAR =

where:

conductivity of the tissue-simulating material (5/m)

p = mass density of the tissue-simulating material (kg/m?)
Total RMS electnc field strength (V/m)

[&]
|

m
1

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

Measurements are performed using the DASY5 automated dosimetric assessment system. The DASY5 is made by
Schmid & Partner Engineering AG (SPEAG) in Zurich, Switzerland and consists of high precision robotics system
(Staubli), robot controller, desktop computer, near-field probe, probe alignment sensor, and the generic twin phantom
containing the brain equivalent material. The robot is a six-axis industrial robot performing precise movements to
position the probe to the location (points) of maximum electromagnetic field (EMF) (see Fig. 3.1).

A cell controller system contains the power supply, robot controller teach pendant (Joystick), and a remote control used
to drive the robot motors. The PC consists of thelntel Core i7-2600 3.40 GHz desktop computer with Windows NT
system and SAR Measurement Software DASY5,A/D interface card, monitor, mouse, and keyboard. The Staubli Robot
is connected to the cell controller to allow software manipulation of the robot. A data acquisition electronic (DAE) circuit
that performs the signal amplification, signal multiplexing, AD-conversion, offset measurements, mechanical surface
detection, collision detection, etc. is connected to the Electro-optical coupler (EOC). The EOC performs the conversion
from the optical into digital electric signal of the DAE and transfers data to the PC plug-in card.

()

-,
"'.

- r
[ —
| P
I.-:
. — -
Serial
P
&
Famata Conirod
Py
|
Temch Panal
Py
Connector
Bos PLY M
Hobat
Controller

Figure 3.1 SAR Measurement System Setup

The DAE4 consists of a highly sensitive electrometer-grade preamplifier with auto-zeroing, a channel and gain-
switching multiplexer, a fast 16 bit AD-converter and a command decoder and control logic unit. Transmission to the
PC-card is accomplished through an optical downlink for data and status information and an optical uplink for
commands and clock lines. The mechanical probe mounting device includes two different sensor systems for frontal
and sidewise probe contacts. They are also used for mechanical surface detection and probe collision detection. The
robot uses its own controller with a built in VME-bus computer. The system is described in detail.
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3.2 EX3DV4 Probe Specification

Calibration

Frequency
Linearity
Dynamic
Range
Dimensions
Tip length
Body diameter

Tip diameter

Distance from probe tip to sensor center 1.0 mm

Application

DAE System

TRF-RF-601(00)120709

In air from 10 MHz to 6 GHz
In brain and muscle simulating tissue at Frequencies of

300 MHz, 450 MHz, 600 MHz, 750 MHz, 835 MHz, 900 MHz, 1750 MHz, 1900 MHz, 2300 MHz,
2450 MHz, 2600 MHz, 3500 MHz, 5200 MHz, 5300 MHz, 5500 MHz, 5600 MHz, 5800 MHz
10 MHz to 6 GHz

+ 0.2 dB(30 MHz to 6 GHz)

10 yWi/g to > 100 mWi/g

Linearity : +0.2dB

Overall length : 337 mm
Figure 3.2 Triangular Probe Configurations

20 mm

12 mm

2.5 mm

SAR Dosimetry Testing ;
Compliance tests of mobile phones Ly
Figure 3.3 Probe Thick-Film Technique

The SAR measurements were conducted with the dosimetric probe EX3DV4,
designed in the classical triangular configuration(see Fig. 3.2) and optimized for
dosimetric evaluation. The probe is constructed using the thick film technique;
with printed resistive lines on ceramic substrates. The probe is equipped with an
optical multitier line ending at the front of the probe tip. It is connected to the EOC
box on the robot arm and provides an automatic detection of the phantom surface.
Half of the fibers are connected to a pulsed infrared transmitter, the other half to a
synchronized receiver. As the probe approaches the surface, the reflection from
the surface produces a coupling from the transmitting to the receiving fibers. This
reflection increases first during the approach, reaches maximum and then
decreases. If the probe is flatly touching the surface. the coupling is zero. The
distance of the coupling maximum to the surface is independent of the surface
reflectivity and largely independent of the surface to probe angle. The DASY5
software reads the reflection during a software approach and looks for the
maximum using a 2nd order fitting. The approach is stopped at reaching the

maximum.
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3.3 Probe Calibration Process

3.3.1E-Probe Calibration

Dosimetric Assessment Procedure

Each probe is calibrated according to a dosimetric assessment procedure with accuracy better than +/- 10%.
The spherical isotropy was evaluated with the procedure and found to be better than +/-0.25dB. The sensitivity

parameters (NormX, NormY, NormZ), the diode compression parameter (DCP) and the conversion factor
(ConvF) of the probe is tested.

Free Space Assessment

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

Temperature Assessment *

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

AT 2
SAR = C— [E|” - o
Ar SAR = 1 ———
£
where: where:
At = exposure time (30 seconds) G = simulated tissue conductivity,
& = heat capacity of tissue (brain or muscle), p = Tissue density (1.25 glcm® for brain tissue)
AT = temperature increase due to RF exposure.
SAR is proportional to AT / At , the initial rate of tissue
heating, before thermal diffusion takes place. Now it’s
possible to quantify the electric field in the simulated tissue by
equating the thermally derived SAR to the E- field;
10 0 [ 0
L]
[} &0
L] =t
. S—l;l:ﬁlm " L]
[N ol
5 £
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< | S PEE S ol N ﬁ
; \ 0 S
2 “‘\‘gy{au m} ’ ( L |_[&0mm|
f e = . I "\.q
= A
unsm;sm!smssmusﬂ:imﬁma 0 5 10 15 20 25 30 35 40 45 50 55 60 65 W0 TS

Figure 3.4E-Field and Temperature Figure 3.5 E-Field and Temperature
Measurements at 900MHzMeasurements at 1800MHz
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3.4 Data Extrapolation

The DASY5 software automatically executes the following procedures to calculate the field units from the microvolt
readings at the probe connector. The first step of the evaluation is a linearization of the filtered input signal to account for
the compression characteristics of the detector diode. The compensation depends on the input signal, the diode type and
the DC-transmission factor from the diode to the evaluation electronics. If the exciting field is pulsed, the crest factor of
the signal must be known to correctly compensate for peak power. The formula for each channel can be given like below;

with V, = compensated signal of channel i  (i=x,y,z)

2 o U; = input signal of channel i (i=x,y,2)
Wl s cf = crest factor of exciting field (DASY parameter)
’ dcp, = diode compression point (DASY parameter)

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

E-field probes: with V, = compensated signal of channel i (i = x,y,z)
Norm; = sensor sensitivity of channel i (i = x,y,2)
¥V, uV/(V/mF for E-field probes
E, = N - ConoF ConvF = sensitivity of enhancement in solution
i e E, = electric field strength of channel i in V/m

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

E, =E}+E!+E!

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

SAR =2 .2 with  SAR = local specific absorption rate in W/g
- p-1000 Erox = total field strength in V/m
o = conductivity in [mho/m] or [Siemens/m]
p = equivalent tissue density in g/cm’

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

P = E; with P, = equivalent power density of a plane wave in W/cm?
3770 E.  =total electric field strength in V/m
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3.5 ELI PHANTOM

Phantom for compliance testing of handheld and body-mounted wireless devices in

the frequency range of 30 MHz to 6 GHz. ELI is fully compatible with the IEC 62209-
2 standard and all known tissue simulating liquids. ELI has been optimized regarding

its performance and can be integrated into our standard phantom tables. A cover ‘ —

prevents evaporation of the liquid. Reference markings on the phantom allow
installation of the complete setup, including all predefined phantom positions and
measurement grids, by teaching three points. The phantom is compatible with all
SPEAG dosimetric probes and dipoles.

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. (see Fig. 3.6)

Figure 3.6 ELI Phantom

ELI Phantom Specification:

Construction

Shell Thickness
Filling Volume
Dimensions

ELI V5.0 has the same shell geometry and is manufactured from the same material as ELI4,
but has reinforced top structure. ELI V6.0, released in August 2014, has the same shell
geometry as ELI4 but offers increased long term stability. A cover prevents evaporation of the
liquid. Reference markings on the phantom allow the complete setup of all predefined
phantom positions and measurement grids by teaching three points with the robot. The liquid
depth is maintained at a minimum depth of 15cm to minimize reflections from the upper
surface.

20+£0.2mm
Approx. 30 liters

Major axis: 600 mm
Minor axis: 400 mm

3.6 Device Holder for Transmitters

In combination with the Twin SAM V5.0/V5.0c or ELI Phantoms, the Mounting Device
(Body-Worn) enables testing of tansmitter devices according to IEC 62209-2
specifications. The device holder can be locked for positioning at flat phantom section.
Note: A simulating human hand is not used due to the complex anatomical and
geometrical structure of the hand that may produce infinite number of configurations. To
produce the worst-case condition (the hand absorbs antenna output power), the hand is
omitted during the tests.

Figure 3.7 Mounting Device

TRF-RF-601(00)120709
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3.7 Muscle Simulation Mixture Characterization

The muscle mixtures consist of a viscous gel using hydrox-ethylcellulose (HEC) gelling
agent and saline solution (see Table 3.1). Preservation with a bactericide is added and
visual inspection is made to make sure air bubbles are not trapped during the mixing
process. The mixture is calibrated to obtain proper dielectric constant (permittivity) and
conductivity of the desired tissue. The mixture characterizations used for the muscle

tissue simulating liquids are according to the data by C. Gabriel and G. Hartsgrove.

Figure 3.8 Simulated Tissues

Table3.1 Composition of the Tissue Equivalent Matter

Ingredients Frequency (MHz)

(% by weight) 835 1900 2450 5200 ~ 5800
Tissue Type Body Body Body Body
Water 50.75 70.23 73.40 80.00
Salt (NaCl) 0.940 0.290 0.060 -
Sugar 48.21 - - -

HEC - - - -
Bactericide 0.100 - - -
Triton X-100 - - - -
DGBE - 29.48 26.54 -
Diethylene glycol hexyl ether - - - -
Polysorbate (Tween) 80 - - - 20.00
Target for Dielectric Constant 55.2 53.3 52.7 -
Target for Conductivity (S/m) 0.97 1.52 1.95 -

Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]

Triton X-100(ultra pure):

TRF-RF-601(00)120709

Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether
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3.8 SAR TEST EQUIPMENT

Table 3.2 Test Equipment Calibration

Type Manufacturer Model Cal.Date Next.Cal.Date S/IN
X | SEMITEC Engineering SEMITEC N/A N/A N/A Shield Room
Xl | Robot SCHMID TX60L N/A N/A F14/5VR2A1/A/01
Xl | Robot Controller SCHMID C58C N/A N/A F14/5VR2A1/C/01
X | Joystick SCHMID N/A N/A N/A D21142605A
Intel Core i7-2600 3.40 GHz
X Windows 7 Professional N/A N/A N/A N/A N/A
X1 | Probe Alignment Unit LB N/A N/A N/A N/A SE UKS 030 AA
] | Mounting Device SCHMID SDOOOHO1HA N/A N/A N/A
X | Laptop Holder SCHMID SMLH1001CD N/A N/A N/A
1 | Twin SAM Phantom SCHMID QDO000P40CD N/A N/A 1786
X | 2mm Oval Phantom SCHMID QDOVA002AA N/A N/A 1166
X | Data Acquisition Electronics SCHMID DAE4V1 2014.08.20 2015.08.20 1396
. . . 2014.05.20 2015.05.20
Xl | Dosimetric E-Field Probe SCHMID EX3DV4 2015.05.27 2016.05.27 3866
[] | Dummy Probe N/A N/A N/A N/A N/A
X | 2450MHz SAR Dipole SCHMID D2450Vv2 2014-11-19 2016-11-19 920
X | 5GHz SAR Dipole SCHMID D5GHzV2 2015-03-05 2017-03-05 1212
X | Network Analyzer Agilent E5071C 2014-10-21 2015-10-21 MY46106970
X | Signal Generator Agilent E4438C 2014-09-12 2015-09-12 US41461520
X | Amplifier EMPOWER BBS3Q7ELU 2014-09-12 2015-09-12 1020
X | High Power RF Amplifier EMPOWER BBS3Q8CCJ 2014-10-20 2015-10-20 1005
Xl | Power Meter HP EPM-442A 2015-02-26 2016-02-26 GB37170267
X | Power Meter Anritsu ML2495A 2014-10-07 2015-10-07 1435003
X | Wide Bandwidth Power Sensor Anritsu MA2490A 2014-10-07 2015-10-07 1409034
Xl | Power Sensor HP 8481A 2015.02.26 2016.02.26 3318A96566
Xl | Power Sensor HP 8481A 2015.02.06 2016.02.06 2702A65976
[1 | Dual Directional Coupler Agilent 778D-012 2015.01.06 2016.01.06 50228
X | Directional Coupler HP 773D 2014-06-27 2015-06-27 2389A00640
[ | Low Pass Filter 1.5GHz Micro LAB LA-15N 2014.09.11 2015.09.11 N/A
X | Low Pass Filter 3.0GHz Micro LAB LA-30N 2014-09-11 2015-09-11 N/A
Xl | Low Pass Filter 6.0GHz Micro LAB LA-60N 2015.02.25 2016.02.25 03942
X | Attenuators(3 dB) Agilent 8491B 2014-06-27 2015-06-27 MY39260700
X | Attenuators(10 dB) WEINSCHEL 23-10-34 2015.01.06 2016.01.06 BP4387
[] | Step Attenuator HP 8494A 2014-09-11 2015-09-11 3308A33341
X | Dielectric Probe kit SCHMID DAK-3.5 2014.12.09 2015.12.09 1092
n safgesgggr;?n& Tost Set Agilent E5515C 2014.09.12 | 20150912 | GB41321164
O ‘év'deba”‘?' Radio Rohde CMW500 2014-09-18 | 2015-00-18 | 101414
ommunication Tester Schwarz
] | Power Splitter Anritsu K241B 2014-10-21 2015-10-21 1701102
[] | Bluetooth Tester TESCOM TC-3000B 2014-06-26 2015-06-26 3000B640046

NOTE: The E-field probe was calibrated by SPEAG, by temperature measurement procedure. Dipole Verification measurement is
performed by DT&Cbefore each test. The brain and muscle simulating material are calibrated byDT&Cusing the dielectric probe system
and network analyzer to determine the conductivity and permittivity (dielectric constant) of the brain-equivalent material. Each
equipment item was used solely within its respective calibration period.
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4. TEST SYSTEM SPECIFICATIONS

Automated TEST SYSTEM SPECIFICATIONS:

Positioner
Robot Staubli Unimation Corp. Robot Model: TX90XL
Repeatability 0.02 mm
No. of axis 6

Data Acquisition Electronic (DAE) System
Cell Controller

Processor Intel Core i7-2600
Clock Speed 3.40 GHz

Operating System  Windows 7 Professional
Data Card DASY5 PC-Board

Data Converter
Features Signal, multiplexer, A/D converter. & control logic
Software DASY5
Connecting Lines Optical downlink for data and status info
Optical uplink for commands and clock

PC Interface Card
Function 24 bit (64 MHz) DSP for real time processing
Link to DAE 4
16 bit A/D converter for surface detection system
serial link to robot
direct emergency stop output for robot

E-Field Probes

Model EX3DV4 S/N: 3866
Construction Triangular core fiber optic detection system
Frequency 10 MHz to 6 GHz
Linearity 1+ 0.2 dB (30 MHz to 6 GHz)
Phantom
Phantom 2mm Oval Phantom
Shell Material Composite
Thickness 2.0+0.2mm

Figure 4.1 DASY5 Test System
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5. SAR MEASUREMENT PROCEDURE

5.1 Measurement Procedure

The evaluation was performed using the following procedure compliant to
FCC KDB Publication 865664 D01v01r03 and IEEE 1528-2013:

1. The SAR distribution at the exposed side of the head or body was measured
at a distance no greater than 5.0 mm from the inner surface of the shell. The
area covered the entire dimension of the device-head and body interface and
the horizontal grid resolution was determined per FCC KDB Publication
865664 D01v01r03 (See Table 5-1) and IEEE1528-2013.

2. The point SAR measurement was taken at the maximum SAR region
determined from Step 1 to enable the monitoring of SAR fluctuations/drifts Figure 5.1
during the 1g/10g cube evaluation. SAR at this fixed point was measured and Sample SAR Area Scan
used as a reference value.

3. Based on the area scan data, the peak of the region with maximum SAR was determined by spline interpolation.
Around this point, a volume was assessed according to the measurement resolution and volume size
requirements of FCC KDB Publication 865664 D01v01r03 (See Table 5-1) and IEEE 1528-2013. On the basis of
this data set, the spatial peak SAR value was evaluated with the following procedure (see references or the
DASY manual online for more details):

a. SAR values at the inner surface of the phantom are extrapolated from the measured values along the line away
from the surface with spacing no greater than that in Table 3-1. The extrapolation was based on a least-
squares algorithm. A polynomial of the fourth order was calculated through the points in the z-axis (normal to
the phantom shell).

b. After the maximum interpolated values were calculated between the points in the cube, the SAR was averaged
over the spatial volume (1g or 10g) using a 3D-Spline interpolation algorithm. The 3D-spline is composed of
three one-dimensional splines with the “Not a knot” condition (in x,y, and z directions). The volume was then
integrated with the trapezoidal algorithm. One thousand points (10 x 10 x 10) were obtained through
interpolation, in order to calculate the averaged SAR.

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

4. The SAR reference value, at the same location as step 2, was re-measured after the zoom scan was complete to
calculate the SAR drift. If the drift deviated by more than 5%, the SAR test and drift measurements were

repeated.
Maximum Zoom Scan Spatial
Maximum Area Scan | Maximum Zoom Scan Resolution {(mm) Minimum Zoom Scan
Frequency Resolution (mm) Resolution (mm) Volume (mm)
(AXarea, M area) (DXzooms My soorm) Uniform Grid Graded Grid (0y.2)
AZzoom(n) AZioom(1)* AZ,g0m(n>1)*
£2GHz <15 <8 <5 <4 £1.5%Az;00m(n-1) 230
2-3GHz =12 =5 <5 <4 < 1.5%AZ,0m(N-1) 230
3-4 GHz €12 <5 <4 <3 £1.5%Az,0m(n-1) 228
4-5GHz <10 <4 <3 <25 < 1.5*AZz0em(N-1) 225
5-6 GHz <10 <4 €2 €2 £1.5%Az,0m(n-1) 222

Table 5.1 Area and Zoonl Scan Resolutions per FCC KDB Publication 865664 D01v01r03*
Also compliant to IEEE 1528-2013 Table 6
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6. RF EXPOSURE LIMITS

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

Controlled Environment:

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

Table 6.1.SAR Human Exposure Specified in ANSI/IEEE C95.1-2005

HUMAN EXPOSURE LIMITS
General Public Exposure Occupational Exposure
(W/kg) or (mW/g) (W/kg) or (mW/g)

SPATIAL PEAK SAR * 1.60 8.00
(Brain) : :
SPATIAL AVERAGE SAR **
(Whole Body) 0.08 0.40
SPATIAL PEAK SAR ***

(Hands / Feet / Ankle / Wrist) wiltd A

1. The Spatial Peak value of the SAR averaged over any 1 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.

Uncontrolled Environments are defined as locations where there is the exposure of individuals who have no
knowledge or control of their exposure.

Controlled Environments are defined as locations where there is exposure that may be incurred by persons who are
aware of the potential for exposure, (i.e.as a result of employment or occupation).
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7. FCC MEASUREMENT PROCEDURES
7.1 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. The highest reported SAR results are identified on the grant of equipment authorization according to
procedures in KDB 690783 D01v01r03.

7.2 SAR Testing with 802.11 Transmitters

Normal network operating configurations are not suitable for measuring the SAR of 802.11 a/b/g/n/ac 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. See KDB Publication 248227D01v02r01 for more details.

7.2.1 General Device Setup

Chipset based test mode software is hardware dependent and generally varies among manufacturers. The device
operating parameters established in test mode for SAR measurements must be identical to those programmed in
production units, including output power levels, amplifier gain settings and other RF performance tuning parameters.
The test frequencies should correspond to actual channel frequencies defined for domestic use. SAR for devices with
switched diversity should be measured with only one antenna transmitting at a time during each SAR measurement,
according to a fixed modulation and data rate. The same data pattern should be used for all measurements.

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.

7.2.2 U-NIl and U-NII-2A

For device that operate in both U-NII-1 and U-NII-2A bands, when the same maximum output power is specified for
both bands. SAR measurement using OFDM SAR test procedures is not required for U-NII-1 unless the highest
reported SAR for U-NII-2A is > 1.2 W/kg. When different maximum output powers are specified for the bands, SAR
measurement for the U-NIl band with the lower maximum output power is not required unless the highest reported
SAR for the U-NII band with the higher maximum output power, adjusted by the ratio of lower to higher specified
maximum output power for the two bands, is > 1.2 W/kg.

7.2.3 U-NII-2C and U-NII-3

The frequency range covered by U-NII-2C and U-NII-3 is 380 MHz (5.47 — 5.85 GHz), which requires a minimum of
at least two SAR probe calibration frequency points to support SAR measurements.

When Terminal Doppler Weather Rader (TDWR) restriction applies, the channels at 5.60 — 5.65 GHz in U-NII-2C
band must be disabled with acceptable mechanisms and documented in the equipment certification.

Unless band gap channels are permanently disabled, SAR must be considered for these channels. When band gap
channels are disabled, each band is tested independently according to the normally required OFDM SAR
measurements and probe calibration frequency points requirements.
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7.2.4 Initial Test Position Procedure

For exposure conditions with multiple test positions, 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 position 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 position until the reported SAR result is <
0.8 W/kg or all test position are measured.

7.2.5 2.4 GHz SAR Test Requirements

SAR is measured for 2.4 GHz 802.11b DSSS using either a 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 exposure configuration using the next highest
measured output power channel. When any reported SAR is > 1.2 W/kg, SAR is required for the third channel;
i.e., all channels require testing.

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

7.2.6 OFDM Transmission Mode and SAR Test Channel Selection

For the 2.4 GHz and 5 GHz bands, 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 configurations; for example, 802.11a, 802.11n and 802.11ac or
802.11g and 802.11n with the same channel bandwidth, modulation and data rate etc., the lower order 802.11 mode
i.e., 802.11a, then 80211n and 802.11ac or 802.11g then 802.11n is used for SAR measurement. When the maximum
output power ware the same for multiple test channels, either according to the default or additional power
measurement requirements, SAR is measured using the channel closest to the middle of the frequency band or
aggregated band. When there are multiple channels with the same maximum output power, SAR is measured using
the higher number channel.

7.2.7 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 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. The channel of the transmission mode with the highest
average RF output conducted power will be the initial test configuration.
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7.2.8 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 applicable. When the highest
reported SAR for the initial test configuration, adjusted by the ratio of the subsequent test configuration to initial test
configuration specified maximum output power is < 1.2 W/kg, no additional SAR testing for the subsequent test
configurations is required.

7.2.9 Simultaneous Transmission of MIMO Chains

The simultaneous transmission conditions for MIMO must be considered separately for each standalone and
aggregated frequency band according to the 802.11 transmission mode configurations and exposure conditions to
determine SAR compliance. The aggregate maximum output power of all simultaneous transmitting antennas in all
transmission chains may be used to determine SAR test exclusion for each frequency band and transmission mode
configuration. The most conservative SAR test separation distance among the antennas must be used to apply the
standalone SAR test exclusion provisions in KDB Publication 447498. When this power-based standalone SAR test
exclusion does not apply, the sum of 1-g SAR provision in KDB Publication 447498 should be used to determine
simultaneous transmission SAR test exclusion.
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8. RF CONDUCTED POWERS

8.1 WLAN Conducted Powers

Copyright © 2015, DT&C Co., Ltd.

802.11b (2.4 GHz) Conducted Power (dBm) Ant 1
Mode AU Channel Data Rate (Mbps)
(MHz) 1 2 5.5 11
2412 1 12.19 12.15 12.06 12.13
802.11b | 2437 6 12.71 12.60 12.53 12.66
2462 11 13.29 13.21 13.13 13.27
Table 8.1 IEEE 802.11b Average RF Power Ant 1
802.11b (2.4 GHz) Conducted Power (dBm) Ant 2
Mode e Channel Data Rate (Mbps)
(MHz) 1 2 5.5 11
2412 1 10.64 10.42 10.61 10.53
802.11b | 2437 6 11.06 10.91 11.01 10.94
2462 11 1114 10.93 11.07 10.90
Table 8.2 IEEE 802.11b Average RF Power Ant 2
802.11g (2.4 GHz) Conducted Power (dBm) Ant 1
Mode ek Channel Data Rate (Mbps)
(MHz) 6 9 12 18 24 36 48 54
2412 1 9.37 9.23 9.24 9.29 9.35 9.25 9.22 9.15
802.11g | 2437 6 13.53 13.41 13.37 13.40 13.39 13.29 13.38 13.43
2462 11 10.13 10.09 9.98 10.07 9.91 9.88 10.00 9.97
Table 8.3 IEEE 802.11g Average RF Power Ant 1
802.11g (2.4 GHz) Conducted Power (dBm) Ant 2
Mode Freq. Channel Data Rate (Mbps)
(MHz) 6 9 12 18 24 36 48 54
2412 1 8.84 8.68 8.82 8.58 8.70 8.67 8.56 8.72
802.11g | 2437 6 12.07 11.86 12.02 11.94 11.81 11.92 11.93 12.04
2462 11 10.69 10.57 10.41 10.56 10.54 10.53 10.51 10.63
Table 8.4 IEEE 802.11g Average RF Power Ant 2
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802.11n HT20 (2.4 GHz) Conducted Power (dBm) Ant 1
Mode Freq. Channel Data Rate (Mbps)
(MHz) 6.5 13 19.5 26 39 52 58.5 65
2412 1 9.34 9.27 9.22 9.18 9.29 9.26 9.09 9.31
802.11n 2437 6 13.09 13.06 12.95 12.97 13.02 12.96 12.98 12.85
(HT-20) 2462 11 10.07 10.02 9.98 9.93 9.79 10.01 10.03 9.82
Table 8.5 IEEE 802.11n HT20 Average RF Power Ant 1
802.11n HT20 (2.4 GHz) Conducted Power (dBm) Ant 2
Mode et Channel Data Rate (Mbps)
(MHz) 6.5 13 19.5 26 39 52 58.5 65
2412 1 8.58 8.54 8.48 8.40 8.45 8.47 8.41 8.52
802.11n 2437 6 12.07 12.03 11.99 11.93 11.98 11.89 11.95 11.92
(HT-20) 2462 11 10.71 10.69 10.45 10.60 10.53 10.57 10.55 10.63
Table8.6 IEEE 802.11n HT20 Average RF Power Ant 2
802.11n HT20 (2.4 GHz) Conducted Power (dBm) MIMO
Mode et Channel Data Rate (Mbps)
(MHz) 13 26 39 52 78 104 117 130
2412 1 8.48 8.44 8.31 8.32 8.26 8.37 8.42 8.36
802.11n 2437 6 11.70 11.63 11.57 11.60 11.50 11.58 11.59 11.51
(HT-20) 2462 11 8.82 8.67 8.61 8.65 8.62 8.77 8.71 8.67
Table 8.7 IEEE 802.11n HT20 Average RF Power MIMO
802.11n HT40 (2.4 GHz) Conducted Power (dBm) Ant 1
Mode et Channel Data Rate (Mbps)
(MHz) 13.5 27 40.5 54 81 108 121.5 135
2422 3 8.21 8.09 8.03 8.10 8.16 8.19 8.13 8.17
802.11n 2437 6 12.91 12.83 12.74 12.75 12.82 12.72 12.71 12.89
(HT-40) 2452 9 10.28 10.14 10.22 9.97 10.09 10.12 10.16 10.13
Table 8.8 IEEE 802.11n HT40 Average RF Power Ant 1
802.11n HT40 (2.4 GHz) Conducted Power (dBm) Ant 2
Mode AL Channel Data Rate (Mbps)
(MHz) 13.5 27 40.5 54 81 108 121.5 135
2422 3 6.86 6.77 6.72 6.83 6.80 6.82 6.79 6.81
802.11n 2437 6 10.59 10.41 10.45 10.47 10.56 10.53 10.51 10.40
(HT-40) 2452 9 9.37 9.23 9.32 9.28 9.21 9.30 9.19 9.31
Table 8.9 IEEE 802.11n HT40 Average RF Power Ant 2
802.11n HT40 (2.4 GHz) Conducted Power (dBm) MIMO
Mode AL Channel Data Rate (Mbps)
(MHz) 27 54 81 108 162 216 243 270
2422 3 6.73 6.65 6.62 6.53 6.45 6.63 6.61 6.64
802.11n 2437 6 9.97 9.81 9.76 9.80 9.85 9.73 9.85 9.88
(HT-40) 2452 9 10.10 10.00 9.96 9.89 10.07 10.00 9.91 9.96
Table 8.10 IEEE 802.11n HT40 Average RF Power MIMO
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802.11a (5 GHz) Conducted Power (dBm) Ant 1
Mode et Channel Data Rate (Mbps)
(MHz) 6 9 12 18 24 36 48 54
5180 36 9.83 9.79 9.73 9.69 9.62 9.59 9.67 9.81
5200 40 11.32 11.27 11.18 11.23 11.20 11.17 11.15 11.30
5220 44 11.25 11.22 11.15 11.16 11.21 11.09 11.05 11.14
5240 48 11.34 11.25 11.08 11.15 11.10 11.13 11.28 11.26
5260 52 12.25 1217 12.12 12.07 12.01 12.03 12.18 12.23
5280 56 11.56 11.35 11.39 11.44 11.41 11.38 11.52 11.49
5300 60 11.13 11.01 10.97 10.84 11.04 10.97 11.10 10.87
802.11a | 5320 64 9.93 9.67 9.78 9.81 9.90 9.74 9.89 9.80
5500 100 8.07 7.94 7.92 7.93 7.96 7.83 7.96 7.91
5580 116 10.64 10.48 10.46 10.60 10.56 10.37 10.52 10.59
5660 132 10.32 10.11 10.05 10.22 10.26 10.24 10.18 10.27
5700 140 7.71 7.58 7.51 7.54 7.58 7.62 7.46 7.69
5745 149 11.64 11.51 11.53 11.47 11.58 11.60 11.57 11.46
5785 157 11.17 11.05 10.97 11.12 11.16 11.03 11.15 11.01
5825 165 11.04 10.89 10.95 10.97 11.02 10.96 11.01 10.80
Table 8.11 IEEE 802.11a Average RF Power Ant 1
802.11a (5 GHz) Conducted Power (dBm) Ant 2
Mode et Channel Data Rate (Mbps)
(MHz) 6 9 12 18 24 36 48 54
5180 36 8.97 8.83 8.87 8.92 8.75 8.81 8.93 8.93
5200 40 11.91 11.79 11.77 11.84 11.76 11.74 11.86 11.82
5220 44 11.56 11.41 11.35 11.44 11.38 11.49 11.51 11.47
5240 48 12.42 12.18 12.16 12.30 12.21 12.36 12.34 12.23
5260 52 13.21 12.96 13.08 13.06 12.98 13.15 13.13 13.03
5280 56 13.05 12.98 13.01 12.87 12.96 12.97 12.91 12.95
5300 60 12.89 12.75 12.73 12.63 12.70 12.86 12.75 12.60
802.11a | 5320 64 10.04 10.01 9.87 9.91 9.85 10.01 9.78 9.90
5500 100 8.90 8.79 8.76 8.74 8.66 8.78 8.84 8.82
5580 116 12.28 12.23 12.10 12.13 12.03 12.16 1212 12.25
5660 132 11.85 11.77 11.80 11.82 11.71 11.76 11.69 11.75
5700 140 9.11 8.98 9.02 8.98 8.97 8.83 8.96 9.09
5745 149 13.09 13.03 12.97 12.91 13.05 13.04 12.96 12.95
5785 157 12.73 12.68 12.48 12.57 12.62 12.69 12.61 12.67
5825 165 12.97 12.95 12.85 12.73 12.89 12.92 12.81 12.90
Table 8.12 IEEE 802.11a Average RF Power Ant 2
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802.11n HT20 (5 GHz) Conducted Power (dBm) Ant 1
Mode et Channel Data Rate (Mbps)

(MHz) 6.5 13 19.5 26 39 52 58.5 65
5180 36 8.96 8.84 8.77 8.81 8.87 8.83 8.89 8.71
5200 40 11.32 11.23 11.14 11.20 11.16 11.26 11.24 11.18
5220 44 11.56 11.44 11.51 11.39 11.47 11.53 11.49 11.42
5240 48 12.09 11.90 12.02 12.05 11.97 12.04 11.95 12.07
5260 52 12.39 12.21 12.35 12.23 12.25 12.37 12.13 12.28
5280 56 12.15 12.05 12.01 12.11 12.05 12.02 12.08 12.13
5300 60 12.27 12.25 12.16 12.13 12.01 12.09 12.14 12.19

802.11n 5320 64 9.91 9.83 9.68 9.76 9.78 9.79 9.75 9.90

(HT-20) 5500 100 8.07 7.85 7.82 7.94 7.91 8.03 7.92 8.01
5580 116 10.57 10.53 10.43 10.39 10.42 10.41 10.44 10.52
5660 132 10.22 10.15 10.11 10.05 10.09 10.16 10.09 10.19
5700 140 7.67 7.51 7.63 7.45 7.54 7.47 7.40 7.65
5745 149 11.54 11.37 11.43 11.30 11.34 11.48 11.39 11.51
5785 157 11.11 11.05 11.02 10.86 10.95 11.04 11.06 11.08
5825 165 11.01 10.95 10.90 10.87 10.77 10.98 10.87 10.89

Table 8.13 IEEE 802.11n HT20 Average RF Power Ant 1
802.11n HT20 (5 GHz) Conducted Power (dBm) Ant 2
Mode et Channel Data Rate (Mbps)

(MHz) 6.5 13 19.5 26 39 52 58.5 65
5180 36 8.87 8.73 8.68 8.62 8.74 8.80 8.75 8.83
5200 40 11.86 11.70 11.68 11.72 11.80 11.78 11.75 11.74
5220 44 11.95 11.88 11.79 11.81 11.86 11.91 11.82 11.85
5240 48 12.32 12.21 12.30 12.27 12.19 12.20 12.13 12.29
5260 52 13.18 13.01 13.04 13.07 13.16 12.92 13.05 13.12
5280 56 12.95 12.84 12.81 12.86 12.91 12.84 12.89 12.88
5300 60 13.12 12.86 13.01 13.04 12.98 12.97 13.10 13.09

802.11n 5320 64 10.37 10.18 10.13 10.24 10.27 10.21 10.23 10.32

(HT-20) 5500 100 8.76 8.60 8.51 8.70 8.72 8.61 8.54 8.63
5580 116 1217 12.02 12.03 12.12 12.01 12.10 12.13 11.99
5660 132 11.88 11.76 11.69 11.71 11.82 11.85 11.84 11.79
5700 140 8.94 8.81 8.90 8.92 8.79 8.67 8.78 8.91
5745 149 13.28 13.10 13.17 13.14 13.23 13.19 13.11 13.04
5785 157 12.95 12.79 12.87 12.81 12.91 12.83 12.89 12.70
5825 165 12.64 12.40 12.51 12.53 12.62 12.50 12.57 12.63

Table 8.14 IEEE 802.11n HT20 Average RF Power Ant 2
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802.11n HT20 (5 GHz) Conducted Power (dBm) MIMO
Mode et Channel Data Rate (Mbps)

(MHz) 13 26 39 52 78 104 117 130

5180 36 9.83 9.71 9.71 9.74 9.70 9.68 9.71 9.72

5200 40 9.98 9.86 9.92 9.75 9.85 9.80 9.86 9.90

5220 44 9.97 9.89 9.87 9.83 9.84 9.76 9.75 9.82

5240 48 10.78 10.72 10.68 10.68 10.63 10.75 10.67 10.65

5260 52 11.17 11.12 11.05 11.07 10.99 11.07 11.07 11.11

5280 56 10.86 10.78 10.71 10.80 10.67 10.75 10.79 10.76

5300 60 10.65 10.58 10.50 10.59 10.57 10.41 10.51 10.59

802.11n 5320 64 9.88 9.83 9.36 9.31 9.28 9.35 9.45 9.75
(HT-20) 5500 100 7.35 7.23 7.26 7.31 7.27 7.20 7.16 7.24
5580 116 10.03 9.85 9.94 9.94 9.88 9.84 9.94 9.90

5660 132 9.61 9.52 9.50 9.56 9.48 9.37 9.43 9.53

5700 140 8.51 8.47 8.36 8.36 8.40 8.37 8.45 8.39
5745 149 11.01 10.95 10.88 10.88 10.92 10.94 10.91 10.94
5785 157 10.56 10.47 10.46 10.40 10.43 10.46 10.39 10.47
5825 165 10.63 10.58 10.58 10.53 10.51 10.40 10.58 10.50

Table 8.15 IEEE 802.11n HT20 Average RF Power MIMO
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802.11n HT40 (5 GHz) Conducted Power (dBm) Ant 1
Mode it Channel Data Rate (Mbps)
(MHz) 13.5 27 40.5 54 81 108 121.5 135
5190 38 6.98 6.70 6.92 6.94 6.73 6.93 6.89 6.84
5230 46 11.37 11.32 11.21 11.26 11.23 11.25 11.18 11.28
5270 54 7.86 7.81 7.84 7.78 7.82 7.74 7.68 7.67
5310 62 8.83 8.81 8.69 8.70 8.72 8.64 8.81 8.65
802.11n | 5510 102 5.32 5.18 5.16 5.26 5.24 5.25 5.17 5.30
(HT-40) 5550 110 10.56 10.40 10.44 10.41 10.43 10.52 10.46 10.42
5670 134 10.83 10.52 10.69 10.70 10.75 10.81 10.79 10.73
5710 142 10.31 10.15 10.05 10.18 10.19 10.22 10.25 10.29
5755 151 11.04 10.90 10.95 10.86 10.99 10.97 10.89 11.02
5795 159 11.29 11.23 11.10 11.13 11.27 11.21 11.12 11.13
Table 8.16 IEEE 802.11n HT20 Average RF Power Ant 1
Freq. 802.11n HT40 (5 GHz) Conducted Power (dBm) Ant 2
Mode Channel Data Rate (Mbps)
(MHz) 13.5 27 40.5 54 81 108 121.5 135
5190 38 6.57 6.43 6.52 6.48 6.45 6.38 6.54 6.51
5230 46 11.85 11.81 11.83 11.67 11.73 11.75 11.80 11.79
5270 54 8.08 7.97 7.94 7.91 7.82 8.05 8.07 7.95
5310 62 9.32 9.24 9.16 9.30 9.25 9.18 9.23 9.29
802.11n 5510 102 6.91 6.78 6.79 6.74 6.87 6.82 6.84 6.89
(HT-40) 5550 110 12.14 12.08 12.01 12.05 12.09 12.10 11.83 12.01
5670 134 12.13 12.10 12.04 12.09 12.06 11.97 11.99 11.95
5710 142 12.05 12.01 11.89 11.75 11.81 11.91 11.95 11.99
5755 151 12.36 12.29 12.16 12.20 12.28 12.19 12.27 12.34
5795 159 13.15 13.11 13.02 12.98 13.01 13.09 12.96 13.09
Table 8.17 IEEE 802.11n HT20 Average RF Power Ant 2
802.11n HT40 (5 GHz) Conducted Power (dBm) MIMO
Mode e Channel Data Rate (Mbps)
(MHz) 27 54 81 108 162 216 243 270
5190 38 6.11 6.01 6.01 5.97 5.99 6.00 6.04 6.00
5230 46 9.82 9.72 9.70 9.65 9.68 9.77 9.67 9.76
5270 54 7.08 6.89 7.00 6.94 6.93 6.98 6.94 6.98
5310 62 8.32 8.19 8.28 8.13 8.27 8.18 8.24 8.24
802.11n 5510 102 5.29 5.19 5.19 5.21 5.20 5.16 5.14 5.24
(HT-40) 5550 110 9.87 9.77 9.79 9.74 9.79 9.81 9.69 9.82
5670 134 9.53 9.36 9.42 9.42 9.39 9.46 9.46 9.48
5710 142 9.34 9.34 9.20 9.18 9.17 9.14 9.27 9.23
5755 151 10.71 10.65 10.56 10.61 10.53 10.62 10.55 10.60
5795 159 11.06 10.88 11.00 10.92 10.88 10.92 11.00 10.99
Table 8.18 IEEE 802.11n HT20 Average RF Power MIMO
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E 802.11ac VHT20 (5 GHz) Conducted Power (dBm) Ant 1
req.
Mode Channel Data Rate (Mbps)
(MHz) 6.5 13 19.5 26 39 52 58.5 65
2.11
80 ac 5720 144 10.96 10.91 10.89 10.94 10.90 10.85 10.84 10.87
(VHT-20)
Table 8.19 IEEE 802.11ac VHT20 Average RF Power Ant 1
s 802.11ac VHT20 (5 GHz) Conducted Power (dBm) Ant 2
req.
Mode Channel Data Rate (Mbps)
(MHz) 6.5 13 19.5 26 39 52 58.5 65
8021ac| . 144 1280 | 1271 | 1277 | 1269 | 1275 | 1274 | 1267 | 12.78
(VHT-20)
Table 8.20 IEEE 802.11ac VHT20 Average RF Power Ant 2
E 802.11ac VHT20 (5 GHz) Conducted Power (dBm) MIMO
req.
Mode Channel Data Rate (Mbps)
(MHz) 13 26 39 52 78 104 117 130 156
2.1
80 ac 5720 144 10.30 10.24 10.15 10.22 10.26 10.14 10.24 10.12 9.98
(VHT-20)
Table 8.21 IEEE 802.11ac VHT20 Average RF Power MIMO
. 802.11ac VHT40 (5 GHz) Conducted Power (dBm) Ant 1
req.
Mode Channel Data Rate (Mbps)
(MHz) 13.5 27 40.5 54 81 108 121.5 135
802.11
ac 5710 142 10.94 10.91 10.84 10.86 10.91 10.88 10.90 10.92
(VHT-40)
Table 8.22 IEEE 802.11ac VHT40 Average RF Power Ant 1
A 802.11ac VHT40 (5 GHz) Conducted Power (dBm) Ant 2
req.
Mode Channel Data Rate (Mbps)
(MHz) 13.5 27 40.5 54 81 108 121.5 135
2.11
80 ac 5710 142 12.42 12.38 12.35 12.31 12.34 12.40 12.32 12.32
(VHT-40)
Table 8.23 IEEE 802.11ac VHT40 Average RF Power Ant 2
. 802.11ac VHT40 (5 GHz) Conducted Power (dBm) MIMO
req.
Mode Channel Data Rate (Mbps)
(MHz) 27 54 81 108 162 216 243 270 324 360
802.11
ac 5710 142 9.87 9.77 9.72 9.67 9.77 9.85 9.79 9.66 9.65 9.72
(VHT-40)
Table 8.24 IEEE 802.11ac VHT40 Average RF Power MIMO
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. 802.11ac VHT80 (5 GHz) Conducted Power (dBm) Ant 1
req.
Mode Channel Data Rate (Mbps)
(MHz) 29.25 58.5 87.75 117 175.5 234 263.25 292.5
5210 42 6.45 6.41 6.30 6.39 6.23 6.20 6.32 6.29
5290 58 8.04 7.87 7.91 8.01 7.96 7.90 7.86 7.89
802.11ac
5530 106 4.28 412 3.99 4.26 4.08 4.24 414 4.21
(VHT-80)
5690 138 11.72 11.48 11.65 11.70 11.69 11.58 11.67 11.58
5775 155 8.95 8.89 8.79 8.81 8.79 8.84 8.71 8.92
Table 8.25 IEEE 802.11ac VHT80 Average RF Power Ant 1
. 802.11ac VHT80 (5 GHz) Conducted Power (dBm) Ant 2
req.
Mode Channel Data Rate (Mbps)
(MHz) 29.25 58.5 87.75 117 175.5 234 263.25 292.5
5210 42 6.82 6.65 6.71 6.58 6.64 6.76 6.68 6.80
5290 58 9.09 9.03 8.97 8.84 8.93 9.01 8.97 9.04
802.11ac
5530 106 5.46 5.39 5.30 5.42 5.23 5.34 5.28 5.43
(VHT-80)
5690 138 11.76 11.69 11.71 11.74 11.66 11.73 11.72 11.68
5775 155 10.87 10.59 10.76 10.82 10.63 10.82 10.78 10.80
Table 8.26 IEEE 802.11ac VHT80 Average RF Power Ant 2
E 802.11ac VHT80 (5 GHz) Conducted Power (dBm) MIMO
req.
Mode Channel Data Rate (Mbps)
(MHz) 58.5 117 175.5 234 351 468 526.5 585 702 780
5210 42 5.72 5.58 5.60 5.60 5.66 5.63 5.53 5.60 5.69 5.57
5290 58 7.37 7.28 7.25 7.22 7.30 7.27 7.27 7.32 7.35 7.22
802.11ac 5530 106 4.04 3.85 3.86 3.98 3.95 3.93 3.95 3.92 4.01 3.93
VHT-80
( ) 5690 138 10.44 | 10.34 10.30 10.35 10.31 10.32 10.39 10.39 | 10.34 10.30
5775 155 11.10 | 10.92 10.91 11.05 10.95 10.95 10.97 11.02 | 11.06 11.02

Table 8.27 IEEE 802.11ac VHT80 Average RF Power MIMO

Justification for reduced test configurations for WIFI channels per KDB Publication 248227 D01v02r01 and October 2012 / April 2013 FCC/TCB Meeting Notes:

® Power measurements were performed for the transmission mode configuration with the highest maximum output power specified for

production units.
® For transmission modes with the same maximum output power specification, powers were measured for the largest channel

bandwidth, lowest order modulation and lowest data rate.
® For transmission modes with identical maximum specified output power, channel bandwidth, modulation and data rates, power

measurements were required for all identical configurations.
[} For each transmission mode configuration, powers were measured for the highest and lowest channels; and at the mid-band

channel(s) when there were at least 3 channels supported. For configurations with multiple mid-band channels, duo to an even

number of channels, both channels were measured.
®  Output Power and SAR is not required for 802.11 g/n HT20 channels when the highest reported SAR for DSSS is adjusted by the

ratio of OFDM to DSSS specified maximum output power and the adjust SAR is < 1.2 W/kg.
® The underlined data rate and channel above were tested for SAR.

The average output powers of this device were tested by below configuration.

EUT Power Sensor Power Meter

Figure 8.1 Power Measurement Setup
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8.2 Bluetooth Conducted Powers

Frame AVG Output Frame AVG Output Frame AVG Output
Frequency Power Power Power
Channel (1Mbps) (2Mbps) (3Mbps)
(MHz) (dBm) (mW) (dBm) (mW) (dBm) (mW)
Low 2402 3.05 2.02 -0.22 0.95 -1.19 0.76
Mid 2441 3.48 2.23 0.17 1.04 -0.71 0.85
High 2480 3.35 2.16 0.25 1.06 -0.81 0.83

Table 8.28 Bluetooth Frame Average RF Power

Frame AVG Output Power

Channel Frequency (LE)
(MHz) (dBm) (mW)
Low 2402 0.68 1.17
Mid 2440 1.07 1.28
High 2480 1.11 1.29

Table 8.29 Bluetooth LE Frame Average RF Power

® Bluetooth Conducted Powers procedures

1. Bluetooth (BDR, EDR)
1) Enter DUT mode in EUT and operate it.
When it operating, The EUT is transmitting at maximum power level and duty cycle fixed.
2) Instruments and EUT were connected like Figure 10.4(A).
3) The maximum output powers of BDR(1 Mbps), EDR(2, 3 Mbps) and each frequency were set by a Bluetooth Tester.
4) Power levels were measured by a Power Meter.

2. Bluetooth (LE)
1) Enter LE mode in EUT and operate it.
When it operating, The EUT is transmitting at maximum power level and duty cycle fixed.
2) Instruments and EUT were connected like Figure 10.4(B).
3) The average conducted output powers of LE and each frequency can measurement according to setting program in EUT.
4) Power levels were measured by a Power Meter.

Power Power Meter

Splitter Power Sensor Power Meter
EUT Power Sensor

EUT

Bluetooth Tester

(A)
Figure 8.2 Average Power Measurement Setup

The average conducted output powers of Bluetooth were measured using above test setup and a wideband gated RF power

meter when the EUT is transmitting at its maximum power level.
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9. SYSTEM VERIFICATION

9.1 Tissue Verification

MEASURED TISSUE PARAMETERS

Target

Measured

. . . Measured . ., Target N . Measured o o
Date(s) T.:;T;;e T’:':‘z"[inct] Tel;:'lqpuEgC] Frequency g:’er:‘;:;:f Condugtivity, g:’er:‘;:;:f Conductivity, ErD?’z?tlon Deviation
' ' [MHz] stant, o (S/m) stant o (S/m) [%]
2412 52.751 1.014 52.632 1.864 20.23 261
2450 2437 52.717 1.938 52.599 1.893 20.22 232
Apr.16.2015 | goqy 21.2 217 2450 52.700 1.950 52,581 1.909 20.23 2.10
2462 52.685 1.967 52.564 1.922 20.23 22.29
5260 48.930 5.360 48.639 5.332 20.59 20.69
5270 48.920 5.381 48.614 5.348 2063 2061
Apr. 21. 2015 g?;g?/ 20.9 21.4 5300 48.880 5.416 48.574 5.386 2063 -0.55
5310 48.860 5.428 48.547 5.401 20.64 20.50
5320 48.850 5.439 48.529 5.417 20.66 20.40
5500 48.610 5.650 48.454 5548 20.32 181
5510 48.590 5.661 48.441 5.558 20.31 182
5600 5550 48.540 5708 48.366 5615 20.36 163
Apr. 22.2015 | goqy 21.2 217 5580 48.500 5.743 48.298 5.650 20.42 162
5600 48.470 5.766 48.258 5.685 20,44 1.40
5670 48.380 5.848 48.144 5.774 20.49 127
5745 48.270 5.936 47148 5757 232 3.02
5755 48.260 5.947 47127 5772 235 2,04
5800 5785 48.220 5.982 47.089 5.808 235 2,91
Apr. 23.2015 | gogy 214 219 5795 48.210 5.994 47.064 5.822 2238 22.87
5800 48.200 6.000 47.046 5.829 22.39 285
5825 48.170 6.029 47.010 5.869 241 -2.65

The above measured tissue parameters were used in the DASY software. The DASY software was used to perform interpolation to
determine the dielectric parameters at the SAR test device frequencies (per KDB 865664 and IEEE 1528-2013 6.6.1.2). The tissue
parameters listed in the SAR test plots may slightly differ from the table above due to significant digit rounding in the software.

Measurement Procedure for Tissue verification:

1) The network analyzer and probe system was configured and calibrated.

2) The probe was immersed in the sample which was placed in a nonmetallic container.

Trapped air bubbles beneath the flange were minimized by placing the probe at a slight

angle
3) The complex admittance with respect to the probe aperture was measured
4) The complex relative permittivity , for example from the below equation (Pournaropoulos and
Misra):

where Yis the admlttam:e of the probe in contact with Ihe sample the primed and unprimed coordinates

jZ(Js J2ws,8,

ln b/ (r

ol LI

exp[— j(W'(lfog;-go)l E]Jgﬁ’

dp'dp

refer to source and observation points, respectively, r* = p? + o —2po'cosd’ | mis the angular frequency,

and j=+

[-1.
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9.2 Test System Verification

Prior to assessment, the system is verified to the + 10 % of the specifications at 2450 MHz and 5GHz by using the SAR

Dipole kit(s). (Graphic Plots Attached)

Table 11.1 System Verification Results

SYSTEM DIPOLE VERIFICATION TARGET & MEASURED

SAR Input W Measured 1w
Systermn Freq. SAR Date(s) Tissue Ambient Liquid Probe Power Target SAR Normalized | Deviation

Y [MHZz] Dipole kits Type Temp.[°C] | Temp.[°C] S/N SARqg 19 SARg [%]
# (MW) 1 wikg) | (Wka) (Wikg)
A | 2450 Dszsfsgz/oz, Apr.16.2015 | Body | 212 217 | 3866 | 250 | 514 | 11.9 47.6 -7.39
A | 5300 SD,\f,Ci\g’z Apr.21.2015 | Body |  20.9 214 | 3866 | 100 | 734 | 7.36 73.6 0.27
A | 5500 SD,\]E’,%% Apr.22.2015 | Body | 212 217 | 3866 | 100 | 795 | 803 80.3 1.01
A | 5600 SD,\]E’,%%Z Apr.22.2015 | Body | 212 217 | 3866 | 100 | 774 | 812 81.2 4.91
A | 5800 | DOGVZ | anos 2015 | Body | 214 219 | 3866 | 100 | 756 | 8.04 80.4 6.35

Note1 : System Verification was measured with input 250 mW(2450 MHz), 100 mW(5200-5800 MHz) and normalized to 1W.

Note2 : To confirm the proper SAR liquid depth, the z-axis plots from the system verifications were included since the

system verifications were performed using the same liquid, probe and DAE as the SAR tests in the same time

period.

Note3: Full system validation status and results can be found in Attachment 3.

Spacer

[Eomar 1 o3 o

|Gensrst ] et (S | et
s |
|A1ﬂ i

-

PC

Figure 9.1 Dipole Verification Test Setup Diagram & Photo
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10. SAR TEST RESULTS

10.1 Body SAR Results

Table 10.1 DTS Body SAR

MEASUREMENT RESULTS
i " 0 o Scaling 1g
FREQUENCY Mode/ q Allowed @ Drift Power Phantom Dew_ce 2E(E Duty 19 Ecalig Factor Scaled Plots
_ _ Service Ef;’:,; E’;’:‘]' [dB] Position ooral [n':::fs] Cycle (vsvﬁg) (:ﬁg:) é?é’.'!, (m(l;) #
2462 | 11 | 802116 | pgss 13.50 13.29 0.030 Omm | FCC | 4 | 988 | 0260 | 1.050 | 1.012 0.276 | A1
Ant.1 [Rear] #1
2462 | 11 | 802116 | pgss 11.50 11.14 -0.100 omm | FCC | 4 | 988 | 0283 | 1.086 | 1.012 0.311 A2
Ant.2 [Rear] #1
ANSI / IEEE C95.1-2005—- SAFETY LIMIT Body
Spatial Peak 1.6 W/kg (mWI/g)
Uncontrolled Exposure/General Population Exposure averaged over 1 gram
Note(s):

1. The rear with touch configuration was only tested since only the rear is touched to human body in normal operation condition of this device.

2. Highest reported SAR is < 0.4 W/kg. Therefore, further SAR measurements within this exposure condition are not required.
3. Highest reported SAR is > 0.4 W/kg. Due to the highest reported SAR for this test position, other test position is Head exposure condition were

evaluated until a SAR < 0.8 W/kg was reported.
4. Test for a second channel was required because the reported SAR for this test position was > 0.8 W/kg.

5. MIMO SAR was not performed since maximum allowed MIMO powers (SUM power of each antenna’s) are equal or less than SISO power’s

Adjusted SAR results for OFDM SAR

R Maximum 19 Maximum Ratio of 19 .
Mode/ Antenna Service AFI,Z’::::‘ S;:I;d FRE[%%E]NCY Mode Service AFI,Z’::::‘ OFDM to S;:I;d Detern;R;OFDM
MHz Ch [dBm] (Wikg) [dBm BEES (Wikg)
2462 11 | 802.11bAnt1 | DSSS | 13.50 0.276 2437 802.11g OFDM | 14.00 1122 | 0310 X
2462 1 | 802.11bAnt2 | DSSS | 1150 0.311 2437 802.11g OFDM | 1250 1259 | 0.392 X
2462 11 | 802.11bAnt1 | DSSS | 13.50 0.276 2437 8%;8” OFDM | 13.50 1000 | 0.276 X
2462 11 | 802.11bAnt2 | DSSS | 1150 0.311 2437 Sa%;é” OFDM | 1250 1259 | 0.392 X
2462 11 | 802.11bAnt1 | DSSS | 1350 0.276 2437 83%‘18“ OFDM | 13.00 0.891 | 0.246 X
802.11n

2462 1 | 802.11bAnt2 | DSSS | 1150 0.311 2437 o2 OFDM | 11.00 0891 | 0277 X

ANSI / IEEE C95.1-2005— SAFETY LIMIT Body

Spatial Peak 1.6 W/kg (mWI/g)
Uncontrolled Exposure/General Population Exposure averaged over 1 gram
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Table 10.2 NIl Body SAR

MEASUREMENT RESULTS
REQUENY | o | sares | Aowed | CTAEY | oupoer | emon | S| B owy | R | P | wer | sk | e
Mhz ch [dBrm] [dBm] Number [Mbps] Yy (Wikg) (Power) cyclé’) (Wikg)
5260 52 802.11a Ant.1 OFDM 12.50 12.25 0.020 [(')ngan:] F;C 6 98.7 0.514 1.059 1.014 0.552 A3
5580 116 | 802.11a Ant.1 OFDM 11.00 10.64 0.120 [%Zar?] F#C1C 6 98.7 0.715 1.086 1.014 0.787 A4
5745 | 149 | 802.11aAnt1 | OFDM | 12.00 11.64 0.030 [OR;'I?] FOC | 6 | 987 | 0273 | 1086 | 1014 | 0301 A5
5260 52 802.11aAnt.2 | OFDM 13.50 13.21 -0.010 [(I)QQan:] F;C 6 98.7 0.268 1.069 1.014 0.291 A6
5580 116 | 802.11aAnt.2 | OFDM 12.50 12.28 0.130 [??gg?] F#C1C 6 98.7 0.167 1.052 1.014 0.178 A7
5745 | 149 | 802.11aAnt.2 | OFDM 13.50 13.09 0.012 [(')ngan:] F;C 6 98.7 0.307 1.099 1.014 0.342 A8
ANSI / IEEE C95.1-2005- SAFETY LIMIT Body
Spatial Peak 1.6 W/kg (mWI/g)
Uncontrolled Exposure/General Population Exposure averaged over 1 gram
Note(s):

1. The rear with touch configuration was only tested since only the rear is touched to human body in normal operation condition of this device.

2. Highest reported SAR is < 0.4 W/kg. Therefore, further SAR measurements within this exposure condition are not required.
3. Highest reported SAR is > 0.4 W/kg. Due to the highest reported SAR for this test position, other test position is Head exposure condition were

evaluated until a SAR < 0.8 W/kg was reported.

4. Test for a second channel was required because the reported SAR for this test position was > 0.8 W/kg.
5. MIMO SAR was not performed since maximum allowed MIMO powers (SUM power of each antenna’s) are equal or less than SISO power's.

Adjusted SAR results for UNII-1 and UNII-2A SAR

Spatial Peak

Uncontrolled Exposure/General Population Exposure

FREQUENCY Maximum 19 Maximum _ 19 SAR for the band
Mode/ Antenna Service AFI,I:V‘\"I::’ S;:I;d FRE[‘:’I';E;‘ cy Mode Service AFI.I:V‘:I::’ SF‘::I::? S;:I;d with lower maximum
MHz Ch [dBm] (W/kg) [dBm (W/kg) output power
5260 52 802.11a Ant.1 OFDM 12.50 0.552 5240 802.11a OFDM 11.50 0.794 0.438 X
5260 52 802.11a Ant.2 OFDM 13.50 0.291 5240 802.11a OFDM 12.50 0.794 0.231 X
ANSI / IEEE C95.1-2005- SAFETY LIMIT Body

1.6 W/kg (mW/g)
averaged over 1 gram

Note(s):

1. U-NII-1 and U-NII-2A Bands: When different maximum output power is specified for the bands, begin SAR measurement in the band with higher
specified maximum output power. The highest reported SAR for the tested configuration is adjusted by the ratio of lower to higher specified
maximum output power for the two bands. When the adjusted SAR is < 1.2 W/kg, SAR is not required for the band with lower maximum output

power in that test configuration.
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10.2 SAR Test Notes

General Notes:

1.

The test data reported are the worst-case SAR values according to test procedures specified in IEEE 1528-2003,
and FCC KDB Publication447498 D01v05r02.

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

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

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

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

The front with touch configuration was only tested since the front is touched to human body in normal operation
condition of this device.

Per FCC KDB 865664 D01v01r03, variability SAR tests were performed when the measured SAR results for a
frequency band were greater than 0.8 W/kg.

WLAN Notes:

1.

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.

Justification for test configurations for WLAN per KDB Publication 248227 D01v02r01 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 duo to the maximum allowed
powers and the highest reported DSSS SAR when the highest reported SAR for DSSS is adjusted by the ratio of
OFDM to DSSS specified maximum output and the adjust SAR is < 1.2 W/kg.

Justification for test configurations for WLAN per KDB Publication 248227 D01v02r01 for 5 GHz WIFI single
transmission chain operations, the initial test configuration was selected according to the transmission mode with
the highest maximum allowed powers. Other transmission modes were not investigated since the highest
reported SAR for initial test configuration adjusted by the ratio of maximum output powers is less than 1.2 W/kg.
When the maximum reported 1g averaged SAR < 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.

The device was configured to transmit continuously at the required data rate, channel bandwidth and signal
modulation, using the highest transmission duty factor to determine compliance.

MIMO SAR was not performed since maximum allowed MIMO powers (SUM power of each antenna’s) are equal
or less than SISO power’s.
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11. FCC MULTI-TX AND ANTENNA SAR CONSIDERATIONS

11.1 Introduction

The following procedures adopted from FCC KDB Publication 447498 D01v05r02 are applicable to handsets with built-in
unlicensed transmitters such as 802.11b/g/n and Bluetooth devices which may simultaneously transmit with the licensed
transmitter.

11.2 Simultaneous Transmission Procedures

This device contains transmitters that may operate simultaneously. Therefore simultaneous transmission analysis is
required. Per FCC KDB 447498 D01v05r02 IV.C.1.iii and IEEE 1528-2013 Section 6.3.4.1.2, 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 SAR for simultaneous
transmission assessment involving that transmitter.

J f(GHz)

7.5 Min. Separation Distance, mm

(Max Power of channel, mW)

Estimated SAR

Table 11.1 Estimated SAR

Maximum Separation Estimated
Frequency Allowed Distance SAR
Mode Power (Body) (Body)
[MHz] [dBm] [mW] [mm] [Wikg]
Bluetooth 2480 3.50 2 5 0.094

Note : Held-to ear configurations are not applicable to Bluetooth operations and therefore were not considered for
simultaneous transmission. Per KDB Publication 447498 D01v05, the maximum power of the channel was
rounded to the nearest mW before calculation.

11.3 Simultaneous Transmission Capabilities

According to FCC KDB Publication 447498 D01v05r02, transmitters are considered to be transmitting simultaneously
when there is overlapping transmission, with the exception of transmissions during network hand-offs with maximum
hand-off duration less than 30 seconds. Possible transmission paths for the DUT are shown in Figure 11.1 and are color-
coded to indicate communication modes which share the same path. Modes which share the same transmission path
cannot transmit simultaneously with one another.

Path 1 Path 2

Bluetooth W-LAN

Figure 11.1 Simultaneous Transmission Paths

This device contains multiple transmitters that may operate simultaneously, and therefore requires a simultaneous
transmission analysis according to FCC KDB Publication 447498 D01v05r02.
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Table 11.2 Simultaneous Transmission Scenarios

No. Capable Transmit Configuration Body Note
1 W-LAN 2.4 GHz Ant.2 + Bluetooth Ant.1 Yes Bluetooth transmitter does simultaneous transmit with the W-LAN
transmitter. When the BT is turn on, it transmits on Ant.1 and the W-
2 W-LAN 5 GHz Ant.2 + Bluetooth Ant.1 Yes LAN transmits on Ant.2.
Notes:

1. This device supports only simultaneous transmission between BT Ant.1 & W-LAN Ant.2.
2. This device supports 2x2 MIMO Tx for W-LAN 802.11n/ac. Each W-LAN antenna can transmit independently or
together when operating with MIMO.

11.4 Body Simultaneous Transmission Analysis

Table 11.3 Simultaneous Transmission Scenario with Bluetooth

W-LAN Ant.2 Bluetooth Ant.1 $SAR

Configuration Mode SAR SAR (Wikg)
(W/kg) (W/kg) g

Rear Side W-LAN 2.4 GHz 0.311 0.094 0.405
Rear Side W-LAN 5.3 GHz 0.291 0.094 0.385
Rear Side W-LAN 5.6 GHz 0.178 0.094 0.272
Rear Side W-LAN 5.8 GHz 0.342 0.094 0.436

Note: Bluetooth SAR was not required to be measured per FCC KDB 447498 D01v05r02. Estimated SAR results were
used in the above table to determine simultaneous transmission SAR test exclusion.
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12. SAR MEASUREMENT VARIABILITY

12.1 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

12.2 Measurement Uncertainty

The measured SAR was <1.5 W/kg for all frequency bands. Therefore, per KDB Publication 865664D01v01r03, the
standard measurement uncertainty analysis per IEEE 1528-2003 was not required.
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13. IEEE P1528 —MEASUREMENT UNCERTAINTIES

2450 MHz Body

Uncertainty | Probability (Ci) Standard vi 2 or
Error Description Divisor

value +% | Distribution 19 (19) Veff
Measurement System
Probe calibration 6.0 Normal 1 1 16.0 % o0
Axial isotropy 4.7 Rectangular V3 1 2714 % o0
Hemispherical isotropy +9.6 Rectangular V3 1 1+ 5.543 % o0
Boundary Effects 0.8 Rectangular V3 1 1+ 0.462 % o
Probe Linearity 4.7 Rectangular 3 1 2714 % o0
Detection limits +0.25 Rectangular V3 1 +0.144 % o0
Readout Electronics £1.0 Normal 1 1 +1.0% o0
Response time 0.8 Rectangular V3 1 1 0.462 % o0
Integration time 2.6 Rectangular V3 1 1+ 1.501 % 0
RF Ambient Conditions +3.0 Rectangular V3 1 +1.732 % o0
Probe Positioner +0.4 Rectangular V3 1 +0.231 % %
Probe Positioning 29 Rectangular V3 1 £ 1.674 % o0
Algorithms for Max. SAR Eval. £1.0 Rectangular V3 1 +0.577 % 0
Test Sample Related
Device Positioning 29 Normal 1 1 £29% 145
Device Holder t Normal 1 1 +3.6% 5
Power Drift +5.0 Rectangular V3 1 +2.887 % B
Physical Parameters
Phantom Shell 4.0 Rectangular V3 1 £231% o0
Liquid conductivity (Target) +5.0 Rectangular 3 0.64 1+ 2.887 % 0
Liquid conductivity (Meas.) 4.0 Normal 1 0.64 £4.0% 0
Liquid permittivity (Target) 5.0 Rectangular V3 0.6 1+ 2.887 % o0
Liquid permittivity (Meas.) 4.2 Normal 1 0.6 42 % o0
ﬁggﬂgﬁﬂita"da’d RSS £121% 330
Expanded Uncertainty (k=2) +24.2 %

The above measurement uncertainties are according to IEEE P1528 (2003)
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5200 MHz Body

Uncertainty | Probability (Ci) Standard vi 2 or
Error Description Divisor

value +% | Distribution 19 (19) Veff
Measurement System
Probe calibration +6.55 Normal 1 1 +6.55 % o0
Axial isotropy 4.7 Rectangular V3 1 12714 % o0
Hemispherical isotropy 9.6 Rectangular V3 1 1+ 5.543 % o0
Boundary Effects 0.8 Rectangular V3 1 1+ 0.462 % ©
Probe Linearity 4.7 Rectangular 3 1 2714 % o0
Detection limits +0.25 Rectangular V3 1 +0.144 % o0
Readout Electronics £1.0 Normal 1 1 +1.0% o0
Response time +0.8 Rectangular V3 1 1+ 0.462 % o0
Integration time 2.6 Rectangular V3 1 1+ 1.501 % o0
RF Ambient Conditions +3.0 Rectangular V3 1 +1.732 % o0
Probe Positioner +04 Rectangular V3 1 £0.231 % o0
Probe Positioning 29 Rectangular V3 1 £ 1.674 % o0
Algorithms for Max. SAR Eval. £1.0 Rectangular V3 1 +0.577 % °°
Test Sample Related
Device Positioning 29 Normal 1 1 £29% 145
Device Holder t Normal 1 1 +3.6% 5
Power Drift +5.0 Rectangular V3 1 +2.887 % B
Physical Parameters
Phantom Shell 4.0 Rectangular V3 1 £231% 0
Liquid conductivity (Target) 5.0 Rectangular V3 0.64 1+ 2.887 % o0
Liquid conductivity (Meas.) 4.5 Normal 1 0.64 +45% °°
Liquid permittivity (Target) 5.0 Rectangular V3 0.6 1+ 2.887 % o0
Liquid permittivity (Meas.) 4.2 Normal 1 0.6 +42% o0
Szgﬂgﬁﬂita"da’d RSS £12.4% 330
Expanded Uncertainty (k=2) +24.8 %

The above measurement uncertainties are according to IEEE P1528 (2003)
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5300 MHz Body

Uncertainty | Probability (Ci) Standard vi 2 or
Error Description Divisor

value +% | Distribution 19 (19) Veff
Measurement System
Probe calibration +6.55 Normal 1 1 +6.55 % o0
Axial isotropy 4.7 Rectangular V3 1 12714 % o0
Hemispherical isotropy 9.6 Rectangular V3 1 1+ 5.543 % o0
Boundary Effects 0.8 Rectangular V3 1 1+ 0.462 % ©
Probe Linearity 4.7 Rectangular 3 1 2714 % o0
Detection limits +0.25 Rectangular V3 1 +0.144 % o0
Readout Electronics £1.0 Normal 1 1 +1.0% o0
Response time +0.8 Rectangular V3 1 1+ 0.462 % o0
Integration time 2.6 Rectangular V3 1 1+ 1.501 % o0
RF Ambient Conditions +3.0 Rectangular V3 1 +1.732 % o0
Probe Positioner +04 Rectangular V3 1 £0.231 % o0
Probe Positioning 29 Rectangular V3 1 £ 1.674 % o0
Algorithms for Max. SAR Eval. £1.0 Rectangular V3 1 +0.577 % °°
Test Sample Related
Device Positioning 29 Normal 1 1 £29% 145
Device Holder t Normal 1 1 +3.6% 5
Power Drift +5.0 Rectangular V3 1 +2.887 % B
Physical Parameters
Phantom Shell 4.0 Rectangular V3 1 £231% 0
Liquid conductivity (Target) 5.0 Rectangular V3 0.64 1+ 2.887 % o0
Liquid conductivity (Meas.) 4.5 Normal 1 0.64 +45% °°
Liquid permittivity (Target) 5.0 Rectangular V3 0.6 1+ 2.887 % o0
Liquid permittivity (Meas.) 4.1 Normal 1 0.6 +41% o0
Szgﬂgﬁﬂita"da’d RSS £12.4% 330
Expanded Uncertainty (k=2) +24.8 %

The above measurement uncertainties are according to IEEE P1528 (2003)
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5500 MHz Body

Uncertainty | Probability (Ci) Standard vi 2 or
Error Description Divisor

value +% | Distribution 19 (19) Veff
Measurement System
Probe calibration +6.55 Normal 1 1 +6.55 % o0
Axial isotropy 4.7 Rectangular V3 1 12714 % o0
Hemispherical isotropy 9.6 Rectangular V3 1 1+ 5.543 % o0
Boundary Effects 0.8 Rectangular V3 1 1+ 0.462 % ©
Probe Linearity 4.7 Rectangular 3 1 2714 % o0
Detection limits +0.25 Rectangular V3 1 +0.144 % o0
Readout Electronics £1.0 Normal 1 1 +1.0% o0
Response time +0.8 Rectangular V3 1 1+ 0.462 % o0
Integration time 2.6 Rectangular V3 1 1+ 1.501 % o0
RF Ambient Conditions +3.0 Rectangular V3 1 +1.732 % o0
Probe Positioner +04 Rectangular V3 1 £0.231 % o0
Probe Positioning 29 Rectangular V3 1 £ 1.674 % o0
Algorithms for Max. SAR Eval. £1.0 Rectangular V3 1 +0.577 % °°
Test Sample Related
Device Positioning 29 Normal 1 1 £29% 145
Device Holder t Normal 1 1 +3.6% 5
Power Drift +5.0 Rectangular V3 1 +2.887 % B
Physical Parameters
Phantom Shell 4.0 Rectangular V3 1 £231% 0
Liquid conductivity (Target) 5.0 Rectangular V3 0.64 1+ 2.887 % o0
Liquid conductivity (Meas.) 4.2 Normal 1 0.64 +42% °°
Liquid permittivity (Target) 5.0 Rectangular V3 0.6 1+ 2.887 % o0
Liquid permittivity (Meas.) 4.3 Normal 1 0.6 +43 % o0
Szgﬂgﬁﬂita"da’d RSS £12.4% 330
Expanded Uncertainty (k=2) +24.8 %

The above measurement uncertainties are according to IEEE P1528 (2003)
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5600 MHz Body

Uncertainty | Probability (Ci) Standard vi 2 or
Error Description Divisor

value +% | Distribution 19 (19) Veff
Measurement System
Probe calibration +6.55 Normal 1 1 +6.55 % o0
Axial isotropy 4.7 Rectangular V3 1 12714 % o0
Hemispherical isotropy 9.6 Rectangular V3 1 1+ 5.543 % o0
Boundary Effects 0.8 Rectangular V3 1 1+ 0.462 % ©
Probe Linearity 4.7 Rectangular 3 1 2714 % o0
Detection limits +0.25 Rectangular V3 1 +0.144 % o0
Readout Electronics £1.0 Normal 1 1 +1.0% o0
Response time +0.8 Rectangular V3 1 1+ 0.462 % o0
Integration time 2.6 Rectangular V3 1 1+ 1.501 % o0
RF Ambient Conditions +3.0 Rectangular V3 1 +1.732 % o0
Probe Positioner +04 Rectangular V3 1 £0.231 % o0
Probe Positioning 29 Rectangular V3 1 £ 1.674 % o0
Algorithms for Max. SAR Eval. £1.0 Rectangular V3 1 +0.577 % °°
Test Sample Related
Device Positioning 29 Normal 1 1 £29% 145
Device Holder t Normal 1 1 +3.6% 5
Power Drift +5.0 Rectangular V3 1 +2.887 % B
Physical Parameters
Phantom Shell 4.0 Rectangular V3 1 £231% 0
Liquid conductivity (Target) 5.0 Rectangular V3 0.64 1+ 2.887 % o0
Liquid conductivity (Meas.) 4.3 Normal 1 0.64 +43 % °°
Liquid permittivity (Target) 5.0 Rectangular V3 0.6 1+ 2.887 % o0
Liquid permittivity (Meas.) 3.8 Normal 1 0.6 +3.8% o0
Szgﬂgﬁﬂita"da’d RSS £12.3 % 330
Expanded Uncertainty (k=2) +24.6 %

The above measurement uncertainties are according to IEEE P1528 (2003)
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5800 MHz Body

Uncertainty | Probability (Ci) Standard vi 2 or
Error Description Divisor

value +% | Distribution 19 (19) Veff
Measurement System
Probe calibration +6.55 Normal 1 1 +6.55 % o0
Axial isotropy 4.7 Rectangular V3 1 12714 % o0
Hemispherical isotropy 9.6 Rectangular V3 1 1+ 5.543 % o0
Boundary Effects 0.8 Rectangular V3 1 1+ 0.462 % ©
Probe Linearity 4.7 Rectangular 3 1 2714 % o0
Detection limits +0.25 Rectangular V3 1 +0.144 % o0
Readout Electronics £1.0 Normal 1 1 +1.0% o0
Response time +0.8 Rectangular V3 1 1+ 0.462 % o0
Integration time 2.6 Rectangular V3 1 1+ 1.501 % o0
RF Ambient Conditions +3.0 Rectangular V3 1 +1.732 % o0
Probe Positioner +04 Rectangular V3 1 £0.231 % o0
Probe Positioning 29 Rectangular V3 1 £ 1.674 % o0
Algorithms for Max. SAR Eval. £1.0 Rectangular V3 1 +0.577 % °°
Test Sample Related
Device Positioning 29 Normal 1 1 £29% 145
Device Holder t Normal 1 1 +3.6% 5
Power Drift +5.0 Rectangular V3 1 +2.887 % B
Physical Parameters
Phantom Shell 4.0 Rectangular V3 1 £231% 0
Liquid conductivity (Target) 5.0 Rectangular V3 0.64 1+ 2.887 % o0
Liquid conductivity (Meas.) 4.5 Normal 1 0.64 +45% °°
Liquid permittivity (Target) 5.0 Rectangular V3 0.6 1+ 2.887 % o0
Liquid permittivity (Meas.) 4.3 Normal 1 0.6 +43 % o0
Szgﬂgﬁﬂita"da’d RSS £12.4% 330
Expanded Uncertainty (k=2) +24.8 %

The above measurement uncertainties are according to IEEE P1528 (2003)
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14.CONCLUSION

Measurement Conclusion

The SAR measurement indicates that the EUT complies with the RF radiation exposure limits of the FCC. These
measurements are taken to simulate the RF effects exposure under the worst-case conditions. Precise laboratory
measures were taken to assure repeatability of the tests. The tested device complies with the requirements in
respect to all parameters subject to the test. The test results and statements relate only to the item(s) tested.

Please note that the absorption and distribution of electromagnetic energy in the body are very complex phenomena
that depend on the mass, shape, and size of the body, the orientation of the body with respect to the field vectors,
and the electrical properties of both the body and the environment. Other variables that may play a substantial role
impossible biological effect are those that characterize the environment (e.g. ambient temperature, air velocity,
relative humidity, and body insulation) and those that characterize the individual (e.g. age, gender, activity level,
debilitation, or disease).

Because innumerable factors may interact to determine the specific biological outcome of an exposure to
electromagnetic fields, any protection guide shall consider maximal amplification of biological effects as a result of

field-body interactions, environmental conditions, and physiological variables.
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Attachment 1. — Probe Calibration Data
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-
; =
Apprerad by Eatja Pokowic Techncal Menagsr ﬁ ;E’ f’_.-

lesued: Moy B0, 20704
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Calibration Laboratory of A Schuokrarischar Kalibriardisa st
Schmid & Fartner 5 Sarvies sulssa d'dtalonnage
Enginesring AG = Borvizin svizeno ol taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand '5*&.@:--‘< Swiss Calibrafion Sendce
Accredited by the Swiss Ascredilalion Service (SAS) Accreditation Moo SCS 108

Tha Swiss Accredilation Senics is cne of (he signalones ta the EA
Multilateral Agroement for the recognation of calibralion cenliBeates

Glossary:

TSL fissLee simulating liquid

MORM:zy,z sansitivity n free space

ComF sensitivity in TSL / NORMx,y.2

oCcP diode compression point

CF crest facter {Vduty_cyele) of the RF signal

ABC.D madulation dependent linearization parameatars

Paolarization p  rotation around probe axis

Polarization & & rotation around an axis that is in the plane normal to probe axis (at measurement cantar),
i@, & =0is normal o probe axis

Connactor Angle infarmation wsed in DASY system to align probe sensar X to the robot coordinate systam

Calibration is Performed According to the Following Standards:

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

b IEC B2208-1, “Procedurs to measure the Specific Absorption Rate (3AR) for hand-hald devices used in close
prozimity to tha ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

o NORME w2 Assessed for E<figld polanzation & = 0 (f < 800 MHz in TEM-cell; f = 1600 MHz: R22 Wfruaguidab.
MORR,y, 2 are only intermediate values, [a.. the uncartaintiss of NORMs, v, does not affect the E”-fiald
uncertainty inside TSL (see below ConvF)

»  NORMx .z = NORMzx, .z * frequency_response (see Fregquency Response Chard). Thes lineanzaticn is
implemented in DASY4 softwars versions er than 4.2, The uncertainty of the fraquency response is Included
i the stated uncertainty af ComeF,

«  DCPxr DCP are numerical linearization parameters assessed based on the data of power swaap with GW
signal (na uncertainty required). DCP does not depend on frequency nor media.

»  PAR: PAR Iz the Peak to Average Ratio that is not calibrated but delermined besad on the signal
characteristics

»  Axy.I Bxyr Ceyz Deyz VRxyz A B, G D are numernical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameaters do not depend on frequency nor
media. VIE is the maximum calbration range expressed in RMS voltage across the diode.

s ConvE and Boundary Effect Parameters: Assessed in flat phamom uging E-field {or Temperature Transfer
Standard for f = 800 MHz) and inside waveguide using analytical fiskd destributions based on power
measurements far 1 = B00 MHz, The sama setups ara used for assessment of the parameters applied for
baundary compensation (alphe, depth) of which typical uncertainty vakses are given. These paramaleds am
used in ASY software to improve probe accsacy ciose to the boundary. The sensitvity in TSL corresponds
to MORMx, .z * Conuf whereby the uncertainty cormesponds to that ghen far CanvF. A frequency dependant
ConvE |s used In DASY wersion 4.4 and highar which allews extending the validity fram + 50 MHz to £ 100
MHZ

s Spherical isatropy (30 dewviation from iscdragy): in a field of low gradients realized wsing a flat phantam
exposad by a patch antenna.

= Sensar Offset: The sansar affset coresponds to the offset of vinwal measuwrement center from the probe tp
{on probe axis). No olerance reguired.

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

Ceriflicale Mo EX3-3B66_May14 Page 2 of 11
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EXIDVE — SN 3666 May 20, 2014

Probe EX3DV4

SN:3866

Manufactured: February 2, 2012
Calibrated: May 20, 2014

Calibrated for DASY/EASY Systems

(Mate: non-compatible with DASY2 systarm!)

Cerificate Mo: EX3-3866_May14 Page 3af 11
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EX30W&—- SN 38466

Mary 20, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3866

Basic Calibration Parameters

Sansor X Sensor Y Sansor £ unc (k=2]
Norm (phi(vi 0.4z 0,46 0.40 T 101 %
DCF (mv)" 59.4 8.5 102.8
Modulation Calibration Parameters
[ D Communication System Nama A B C D VR Unc”
L. dB dBviy | dB mv k=2}
[ W ® 0.0 0.0 1.0 000 | 1383 | 27 % |
| ¥ | 00 00| 10 1352
. zZ | oo et | 10 141.0

The reported uncertainty of measurement is stated as the standard uncertainty of measurament
multiplied by the coverage factor k=2, which for a normal distribution corresponds to 8 coverage
probability of approximataly 95%.

* The unserainlies of Mo ¥ Z do nat affect tha E%feld uncartainly inside TSL (ses Pages 5 and &)

® numericsl Inaanzalion parametes: eacesrainly 1ol reguinesd

E Uncertainky is debernined wsing the max, daviation from inaar responss appheing rectangulsr distrbution and is expressed for the squane ol the

fiald walua

Cearlificats Mo: EX3-38686_May14
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EXE0W4= SM:IB66 bay 20, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3866

Calibration Parameter Datermined in Head Tissue Simulating Media

Relative Conductivity | Depth® Unct.
| T(MHz)® | Permittivity (sm}* | ConvEX | ConvFY | ConvFZ | Alpha® | [mm] {k=2)
300 453 0.87 11.26 11.28 11.26 0,08 1.10 +133%
450 4156 087 11.87 11.97 1187 | 016 1.25 133 %
600 427 0.88 g.a4 | 9p84 0.8 010 120 +13.3 %
TS0 £1.9 0.80 062 9.52 8.62 0.30 1.10 +120% |
B35 | 4185 0,90 822 9.22 9.22 0.21 1.18 £12.0% |
oop | 415 _0ar 9.17 817 8147 o043 | 077 +12.0%
1750 an.1 137 7.85 7.85 7.85 027 | 089 t92.0% |
1900 | 40.0 1.40 7.57 757 75T 0.64 0.63 +12.0% |
2300 30.5 1.67 7.25 7.25 7.25 0.58 0.65 +12.0% |
2450 10,2 1.80 6.00 £.00 £.90 0.48 0.71 #12.0 %
2600 9.0 1.86 6.73 673 6.73 0.33 0.97 +120% |
3500 7.9 28 8.79 678 | 679 0.40 008 | +131%
5200 6.0 466 | 516 5.16 518 040 | 180 | 2131%
5300 | 359 476 494 4.94 4.34 0.40 180 | +131% |
5500 5.6 4.96 4.60 4560 4.60 0.40 180 | £131%
5600 6.5 507 442 4.42 442 | 040 | 180 | +131%
SE00 35.3 527 4,62 4,62 4,62 0.40 180 | £131%

& Fraquency validily sbove 300 MHz of 2 100 MHE oy apaies for DASY w4 and hgher (506 Page 2), olsa & 5 restricled 1 £ 50 MHz. The
unceriainty is the RSS of tha Comd uncertainty ak calibraton freguency and Ehe uncerlainty faf e nlcalsd fequancy band, Abovwe 5 GHZ
frequency validity can be exterded to 2 110 MHe Frequency validity bakes 300 MHz is 2 10, 275 40, 50 and 70 MHz dor ConvF assessments af 30,
84, 128, 150 and 320 MHz respacivaly,

F i frequencias bakow 3 GHz, the valdily of tissua parameters {& and ) can be relaxed to = 10% if bouid compensation Tormula B appled 5o
remareg SAR valsis AL ecpencis sl 3 GHz, the salidity of tasue parameters [ and o} is restricted bo + 6%, The uncertainty is the RSS of
the Conwf unceranty for indicated target lissue pomeiens

L AlphaDaplh are dalermined duing calbration, SFEAG werments thal tha remaning dawalion dua o the I:nun:la.ry wffect after compensaton s
alwaya las than £ 1% for frequencies beiow 3 GHz and below £ 2% for frequencies betwesn 3-6 GHz & any distante larger than hal tha proba Hp
diameiar from U baurdarny.

Cerificabe No: EX3-I868_May 14 Fage 5 of 11
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EXI0Vd= Sh: 5856 May 20, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3866

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth™ Unet.
f(MHZ)® | Parmittivity " (5m)" | ConvFX | ConvFY | ComvFZ | Alpha® | {mm) [k=2)
| 300 56.2 0.82 I 10.68 10.88 10,88 008 | 110 | +133%
450 56.7 0.94 1083 | 1083 10.83 0.10 120 | +13.3% |
| BOD 56.1 0.85 2.99 aga | 080 0.05 118 | #133%
TS0 555 0.08 9.17 17 | 847 030 105 | +12.0%
B3S 86,2 o.a7 9.07 8.07 8.07 032 0.87 +12.0%
800 550 1.05 893 | B3 | BS3 | 046 079 | +120%
1750 23,4 1.449 ¥.81 781 | .81 0.42 (.84 +12.0 %
1800 53.3 152 740 740 7.40 039 088 | +12.0%
2300 52.9 1.81 7.20 T.20 7.20 0.51 l 0.74 +12.0 %
2450 527 1.5 7.00 F.00 7.00 030 | o088 | 21 2.0% |
2600 52.5 216 6.74 6.74 £.74 0.80 0.60 | +12.0%
3500 51.3 3.3 6.32 632 632 0.40 |r 106 | #1341 %
5200 48.0 5.30 4.28 4,28 4,28 040 | 180 | 2134 %
5300 48,9 5.42 412 412 412 040 | 180 £131 %
8500 486 5.65 arz arz arz 0.50 i 180 | +131%
6800 a85 5.77 160 380 380 0.50 100 | £131%
5800 482 5.00 380 3.80 1.90 0,50 100 | #1341 %

© Freguency validity above 300 MHz af £ 100 MHz enly applies for DASY wi 4 and kigher (255 Page 2). aksa il Is reatriched 1 + 50 MHz. The
uncartmrty is the RES of tha SonvF uncartminty at calibmbon feguency and dhe uncertamty for the ncicaled freguency band, Abve 5 GHE
frequancy validity can be exiended 1o & 110 MHz. Frequency vafidity below 300 MHz & 2 10, 25, 40, 50 and 70 MHz for Conv® essassmants al 30,
B4, 128, 150 and 220 MHz respectively.

¥ a3 fraquencias hekow 3 GHZ. ha valldity o sy paramatsrs |k and 4] can be ralasd 10 £ 10% i ioud compansation fomula & appied b
masauned SAR vakse. AL freguencieg above 3 GHz, (he valicily of Hesue paramalers [ and o) i resiicted 1o 2 5% Tha uncerinty is the RSS of
the CanvF uncerainty for indcabed fange: 1S5UE pArAmEers.

© AlphayDepih ana daterminad during caibration, SPEAG warmants thal the ramaining dewation 4ue o fha beundary sffect afiar campensation is
abveays less than + 1% for inguancies below 3 GHz anc balow £ 2% for frequencies batween 3.6 GHz at any distance karger than balf the probe tip
chameler fram e boundary.
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EXI0Va— SN MIGE May 20, 2014
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)
Cerificaie Mo: EX3-3866 Mayi4 Page 7 of 11
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EX3DW4— SN.3688 May 20, 2014

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz R22
- Iy 1 pa pootm O " . b1, 04 ae "!n
T X v 2 Tt X v z

Euil - I 1
'E' oo RS, L o TRt o . == 'rg -:.J..n,i.; e et oS S
ﬁ - ! 1
0 5-
PN S T TN TN A OO W O N R T T T ol
ki it -F_{I i N 1] 150
e : Rel[7]
|fvril'\l'|".|: ﬁ.“'.ll'\-'!'-.' 'Clm?‘l'; 3 ﬁl':
Uncartainty of Axial lsotropy Assessment: £ 0.5% (k=2
Carlificabe MNo: EX3-3366_Mey14 Page B of 11
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EX3DVE- SN 3856 Mday 20, 2014

Dynamic Range f(SARpead)
(TEM cell , f,.4= 1900 MHz)

Input Signal [Lv]

o 102 lig e i 10 i

SAR [mWiem3]
_* ] (=]
not compensated campensated
2 i |
RN H it i o L S
4 1 e {44
2 ] o =1 j L
102 102 101 1 0 k(oL 108
SAR [miternd] szt
%] LE|
Pl A e nEMed cormpanested
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Carificate No: EX3-J868_May14 Page 9 of 11
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EXADV4= SM:3066 May 20, 2014

Conversion Factor Assessment

f= B33 MHz,WGELS RB (H_comf) = 1900 MHz, WGLS R22 (H_canvF)
an 1"_". - |
oh " z e
E 18 2 ’
B m F] J;n": 40 a0 [ bn | .u " .l.:f:'ﬂ ; F. ] . ] s B "
ll-.'h-d "I.l-:\.llll W;.Jﬂl' ---:u'u
Deviation from Isotropy in Liquid
Error (¢, &), f =900 MHz
R |
-1.0 -DA 08 -I'.'II.A -EIIZ [ 1K1 ] I;I:E l:'fli ‘.‘.E EI..B 140

Uncertainty of Spherical |sotropy Assessment: £ 2,8% (k=2}
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EX3DV4— SM. 3866 May 20, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3866

Other Probe Parameters

Senaor Arrangement - ' | T Trangular

Caonnector Angle (%) | D96

Mechanical Surface Detection Mode enabled
| Optical Surface Detection Mode . disabled

Prote Ovesall Lenglh o | 337 mm
| Probe Body Diametar 10 mm
| TipLength 8 mm
| Tip Diameter 2.5 mm
| Probe Tip to Sensor X Calibration Paint 1 mm

Frobe Tip bo Sensor Y Calbration Point 1 mm

Probe Tip to Sensor 2 Calibration Paint 1 mm
Recommended Measurament Distance from Surface 2 mm
Corificate No: EX3-3866_May14 Page 11 of 11

TRF-RF-601(00)120709 Page61 /92
Copyright © 2015, DT&C Co., Ltd.



Report No.: DRRFCC1505-0043(1) FCC ID: BEUJNT-LG13Z295 Date of issue: Jun. 18. 2015

Attachment 2. — Dipole Calibration Data

TRF-RF-601(00)120709 Page62 / 92
Copyright © 2015, DT&C Co., Ltd.



Report No.: DRRFCC1505-0043(1)

FCC ID: BEUNT-LG13Z295

Date of issue: Jun. 18. 2015

Calibration Laboratory of ﬁw‘{_’_l:r-,.ﬁ
Schmid & Partner Ao

Engineering AG ﬁ?
Zeughaussirasse 43, 8004 Zusich, Switzeriand aﬁ;

Accradited by the Swiss Accreditalion Sarvics (SAS)
The Swiss Accreditation Service is ane of the signatones to the EA
Multilateral Agresment for the recogiition of calibration cerlificaios

cient  DT&C (Dymstec)

G
O
%'&m-‘ﬁ
e

g Schuslrorischer Kslibrierdionst

c Earvica sulsss d'Mslonnage
Eefviio aviErers o taraturs

5  Swins Calibration Service

Accraditation no.: SCS 108

Cartificata No: D2450V2-320 MNovid

Caltration Ecjuipment ussd (MATE criical lor callbration)

This calfbration certiicate documants the iracaabilty to nasanal standasds, which realize 1he physical units of messursments (5I)
Thig msaduraiments and it unconisinties with corfidence prabatdey are given on the foliowing pages and s pan of the cenlificats,

Al callbraians hiwe been conoucted in the cosed labomiory taciisy: emironment iempensiue (22 < 37°C and humidity = 70%.

CALIBRATION CERTIFICATE = |
Ctymal D2450V2 - SN: 820
Caitpralion procedusels) QA CAL-05v2
Calibration procedure for dipola validation kits abova 700 MHz
Cadbnution dabo November 19, 2014

Primary Standands i 4 Gl Date (Cerilicate ho.) Srrwduien Caloraton
Pewar meter EPM-4424 GBATABITOM O7-0cl=14 (Mo, 217-02020) Ot 18

Fovsi sarear HP B4H14 USarTasaTal OF-0et-14 [No. 217-02080) Ogt-15

Power sensar HF B4A1A WY TDS2ATT OT-0cl=14 (Mo, Z17-02031) Oct-15

Aeterarce 20 dB Atienusicr SM: S0SR {20k) 03-Agr-14 (Mo, 217-01518] A5

Typa-M mismateh commibinakion BM: 5047.2 / DBA2T O-Agr-14 (Mo, 297-01821) Apra 5

Melarance Probe ESI0VI SN 320% 30-Dec-13 (Mo, E53-3205_Dect) Diec-14

DAE4 BM: 801 18-Auig-14 (Mo, DAE4-601_Augi4) Aug-15
| Secondany Standards o — Chack Date {in housa) _ _____ Gemaduled Check

AF gansmicr AAS SMT-08 100005 0s-Aug-33 (in housa chack Oct-13) In houss chacic Ogt-16
MNetwurk Analyzer HP 87T53E USATIE06RS 54006 18-Dct-07 fin houso ched Oct-14) In hewss chack: Dol-15
Mams Function Signature

Ciyrgres oy Mehisl Waber Laboratory Tachnicean J&J_
Approved by Katja Poxowe Tusahewcal Manapes

|nsmck: Movamber 18, 2014

This calibration certficate sheb nol be mproducsd excap! i full wihoul withen approvsl of thae iabomony.
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Calibration Laboratory of L8,

J AN Schwelzerischer Kalibrardienst
Schmid & Partner % g Servica sulsse d étalonnage
Engln&aring AG L ¥ Servizlo svizrero di tarstura
Zeughaussirasse 43, B004 Zurich, Switzeriand LY, ﬁﬁ‘? S Swiss Calibration Service
Accondibed by the Swiss Accradtation Service [SAS) Accreditation Ma.: SCS 108

The Swiss Accreditation Service is one of the signatonies 1o the EA
Mubtilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

s 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 Retum 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.

» Elgctrical Delay: One-way delay between the SMA connector and the antenna feed paoint.
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%.

Cortificate No: D2450V2-020_Mavid Paga2al B8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V288
Extrapolation _Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Centar - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy, dz =5mm
Fréguancy 2450 MHz = 1 MHz
Head TSL parameters
The fallowing perameters and caleulations were appliad.
Temperature Parmittivity Conductivity
Nominal Head TSL paramaters 20°C 3oz 1.80 mhodm
Measured Head TSL parameters (220 £ 0.2) *C 3006 % 1.86 mho/m + 6 %
Head TSL temperature change during test <0.5%C e —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g of Head TSL Condition
SAR measured 250 mW Input power 13.4 Wikg

SAR for nominal Head TSL parameters

narmalized b 1W

52.7 Wikg + 17.0 % (k=2)

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

SAR measured 250 MW npul power 620 Wikg

SAR for nominal Head TSL parameters narmakized to 1TW 24.6 Wikg = 16.5 %% (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

MNominal Body TSL pararmeters 20C 52.7 1.85 mho/m

Measured Body TSL parameters (220 = 0.2)°C 508=6"% 2.03 mba'm = 8 %

Body TSL temperature change during test <D5°%C e e
SAR result with Body TSL

SAR averaged over 1 cm” (1 g) of Body TSL Condition

SAR measured 250 mW input power 13.2 Wikg

SAR for nominal Body TSL parameters normalized to 1W 51.4 Wikg £ 17.0 % (k=2)

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

SAA measured 250 mW inpul power 6.08 Wikg

SAR for nominal Body TSL paramaters normalized 1o 1W 23.9 Wikg = 18.5 % (k=2)

Certificate No: D2450V2-820_MNovi4
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point

5720+26[0

Retum Loss -220dB
Antenna Parameters with Body TSL
Impedance, trenaformed to feed point 5300 +460
Return Loss -25.4 db
General Antenna Parameters and Design
[ Electrical Delay (one diraction) ] 1.153 na

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

The dipole la made of standard semirigid coaxial cable. The center conductor of the feading line is directly connected to the
second am of the dipole. The antenna is therefore short-circuited for DC-signals. On same of the dipcies, small end caps
are added to the dipole arms in arder 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 sl

according to the Standard.

Mo excessive force must be applied fo the dipole anms, becausa they might bend or the solderad connections naar the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

December 18, 2012

Cerificate No; D2450W2-920 Movid
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DASYS Validation Report for Head TSL

Date: 18.11.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 920

Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; o = 1.86 S/m; g = 39; p = 1000 kg/m’
Phantom section: Flat Seclion
Measurement Standard: DASYS (IEEE/MEC/ANST C63.19-2011)
DASY 52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53): Calibrated: 30.12.2013:
» Sensor-Surface; 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
= Phantom: Flat Phantom 5.0 (front): Type: QDO00OPSOAA: Serial: 1001

« DASYS2 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=5Smm, dy=5mm, dz=5mm

Reference Value = 100.7 V/m: Power Drift = 0.03 4B

Peak SAR (extrapolated) = 27.5 Wikg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.2 Wikg

Maximuom value of SAR (measured) = 17.4 Wikg

-10.00
-15.00

-20.00

-25.00

0dB =174 Wikg = 12.41 dBW/kg

Canficans Mo: D2450V2-920_Novid Pagae 5ol B
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DASYS5 Validation Report for Body TSL

Date: 19.11.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 920

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

Medium parameters used: { = 2450 MHz; o = 2.03 S/m; £ = 50.9; p = 1000 kg/m"
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEETEC/ANSI CA3.19-2011)

DASY 52 Configuration:
» Probe: ES3DV3 - SN32035; ConvF(4.35, 4.35, 4.35); Calibrated: 30.12.2013;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibeated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial; 1002
« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 95.67 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 28.0 Wikg

SAR(] g) = 13.2 W/kg: SAR(10 g) = 6.08 W/kg

Maximum value of SAR (measured) = 17.5 Wikg

5.00
-10.00
-15.00

-20.00

25.00

0dB =17.5 Wike = 1243 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

S fus Kaiibrierdian
Schmid & Partner mmm'm "
Engineering AG Sarvizio avierero of traturs
Zeughausstrasse 43, 8004 Furich, Switrerand Swise Calibration Service
Aporcitod by the Swiss Azcradilation Sanvice (SAS) Agcreditaiion No.: SCS 0108
The Swiss Accraditation Service |3 one of the signatories o the EA
Multiizters! Agresmant far the recognition of callbeallon certicatos
client  DTE&C (Dymstec) Cortificem hio: DSGHzV2-1212 Mar15
|CALIBF[ATIDH CERTIFICATE
SNk r——————
Object D5GH2VE - BN: 1212
Calration procedure(s) QA CAL-22 v2

Calibration procedure for dipole validation kits between 3-8 GHz

Calitvation dala March 05, 2015

This calibration cerificats documants the lisesabiity to nafioral Handands, which ralim the shysical unils of messcraments (57)
The mapssdmants and (he uncenastes with conlidence probptity ane given on B lelowing pages snd s pan of he canificsts,

All caiibratons hawe been conductad in the closed labontory Taciiny: aMWORMENT 18MsmaEiue (22 = 3°C e numidity < 0%,

Caliration Equipmant used [METE citical lor calbraian)

Primary Siandards io# Cal Date (Carificais Mo ) Scheduled Calibeation
Powear retar EPM-4428 GHIT A0 04 OF-0ct-148 (No. 217-02020) Ocl18

Power samsor HP B481A L=a7eTea 0F-0ct-14 (Mo, 21702020 Ot

Powor seasor HP B4 4 MYA pEEI Ty 07 -Dct-14 (Mo, 217-02021) Ot 15

Fetenancn 20 B Astanustar SN 5058 (20k) 0a-Agr-14 (Ma, 217-010M8) Apr-15

Type-N mamalch combination SN 504T 2/ DEaRT 03-Agr-14 (Mo, 27-01021) Apr15

FAalerane Probe EXA0WL SN 3500 A0-Dec-14 (Mo, EX3-3503 Dect4) Dec-15

[hAE4 B 0o 18-Aag-14 (Mo, DAEA-GIN_Augld) Aug-18
| Secondary Standards {oy __ CheckDate fin howse) _ SchedusdGheok

AF ganersior ASS SMT-08 100005 (4-8000-89 [ house chieck Dot-13) I howss check: Oct-16
Matwork Analyzer HE BTS3E USITIS0SES5 34206  18-0ct-01 (in house check Caol-14) Iin houna cheak: Oet- 15

Haifig Funciion e
Callbratod by Michnal Waber Laboratory Technician i%
Approved by Kafja Prkovie Techrical Masages f‘_é:’_‘;?:? g;:.. :
-

Iswiand: March 5. 2015
This cslitveion cerificale shul nef be mprocucsd escapl in fill wangut vwimen spprovel of the ksborsioey, !
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Calibration Laboratory of A

; L0 Schwelzerischer Kalibriardinnst
Schmid & Partner % g Service suisse <étalonnage
Engineering AG o Servizio svizzers di taratura
Zeughausstrasse 43, B004 Zurich, Switzariand t’hﬂ;,"h:.v-""} S swiss Calibration Servics
Ancredited by ihe Swiss Accreditalion Sarvics (SAS) Accreditation Me.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Muttilatenal Agresment for the recognition of calibrallon certiScates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM xy.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”™; Part 2: “Procedure to determine
the ﬁ;%ﬁc Absorption Rate (SAR) for including accessories and multiple transmitters”,
Mar 10

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

= 5AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result

The ragmrtad uncertainty of measurement is staled as the standard uncertainty of measurement
muitiphed by the cmrera?a factor k=2, which for a normal distribution comresponds 1o a coverage
probability of approximately 95%.
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Measurement Conditions
DASY systam configuration, as far as not given on page 1.
DASY Version DASYS V52,88
Extrapolation Acvancad Extrapolation
Phantom Maodular Flat Phantom V8.0
Distance Dipole Coenter - TSL 10 mm with Spacer
Zoom Scan Resclution dx, dy = 4.0 rmm, dz = 1.4 mm Graded Rafio = 1.4 (Z direction)
8200 MHz + 1 MHz
5250 MHz £ 1 MHz
5300 MHz = 1 MHz
Frequency 5500 MHz = 1 MHz
5600 MHz = 1 MHz
5750 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200

MHz

The fallowing parameters and calculations ware applied.

Temperature Parmittivity Conductivity

Wominal Head TSL parameters 20°C 36.0 4,86 mhaim

Measured Head TSL parameters (220032 °C B4=6% 4.54 mhofm « 8 %

Head TSL temperature change during test <0.5°C — -
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 em? (1 g) of Head TSL Condition

SAR measurad 100 myW nput power 7.81 Wihkg

SAR for nominal Head TSL parametors nonmalized to 1W T8.8 Wikg = 19.9 % (k=2)

BAR averaged ovar 10 em? (10 g) of Head TSL conditian

SAR measured 100 mW input power 227 Wikg

SAR for nominal Head TSL parameters normalized o 1W 22.5 Wikg = 19.5 % (k=2)

Coriicate No: DSGHzV2-1212_Mar15
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Head TSL parameters at 5250 MHz
The following paramaters and calculations were apphied,

Temparature Parmittivity Conductivity
Mominal Head TSL parameters 20%C as9 4.71 miho/m
Measured Head TSL parameters (22.0 % 0.2) "C 353268% 4 58 mha/m £ 6 %
Head TSL termperature change during test <0.5%C e -
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.985 Whg

SAR for nominal Head TSL parameters normalized 1o 1W

79.2 W/ kg = 18.9 % (k=2)

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

S5AR measured 100 mW input pawer | 2.30 Wrkg

SAR for nominal Head TSL parameters normalized io 1W [ 22,9 Wikg = 19.5 % (k=2)
Head TSL parameters at 5300 MHz

The following parameters and calculations were appliied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 35.9 4,78 mhaim

Measured Head TSL parameters (22.0£02) °C 35.2 +6% 4 B4 mha/m =8 %

Head TSL temperature change during test <0.5"C - —
SAR result with Head TSL at 5300 MHz

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

SAR measured 100 mW input power

B.18 Wikg

SAR for nominal Haad TSL parameters

normalizad to 1W

1.4 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head T5L

condition

SAR measured

100 mW input power

2.37 Wikg

SAR for nominal Head TSL paramaters

normalizad to 1W

23.8 Wkg = 19.5 % (k=2)

Centificate No: DSGHzV2-1212_Marls
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Head TSL parameters at 5500 MHz

The following parameters and calculations werne applied

Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 356 4 98 mha/m
Measured Head TSL parameters (F20+£02)°C BO=6% 4,83 mho'm = B %
Head TSL temperature change during test <0.5*C -
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 820 Wikg
SAR for nominal Head TSL paramatars normalized to 1W 81.6 Wikg = 19.9 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured 100 MW Input power 2.36 Wikg
SAR for nominal Head TSL parametans normakzoed 1o 1W 23.5 Wikg = 19.5 % (k=2)
Head TSL parameters at 5600 MHz
The following paramelers and calculations were applisd.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 35.5 5.07 mha'm
Measured Head TSL parameters (22D0£0.2)°C MEz6% 4.84 mho/m = 6 %
Head TSL temperature change during test <05 — -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em® (1 g} of Head TSL Condition
SAR measured 100 MW input power B.OD Wikg

SAR for nominal Head TSL parameters

normalized o 1W

795 Wikg = 19.9 % (k=2)

TRF-RF-601(00)120709

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

S5AR measured 100 mW imput power 228 Wikg

SAR for nominal Head TSL parameters normalizad to 1W 22.7 Wikg + 19.5 % (k=2)
Cenificate No: DSGHzV2-1212_Maris Page 5 of 20
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Head TSL parameters at 5750 MHz

The following parametars and calculations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 20 354 5.22 mho/m
Measured Head TSL paramelers (220 £0.2) *C .6 x6% 5.11 mhoim + 6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.86 Wikg

SAR for nominal Head TSL parameters

narmalized to 1W

78.2 Wikg £ 19.9 % (k=2)

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

SAR measured 100 MW input power 225 Wkg

S3AR for nominal Head TSL parameters normalized o 1W 22.4 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following perameters and calculations wers appied,
Temperature Permittivity Conductivity ]

Nominal Head TSL parameters 22.0°C 353 5.27 mhaim

Measured Hoad TSL parameters. (f20+0.2)"C ME528% 515 mho'm = 6 %

Head TSL temperature change during test <0.5°C e T
SAR result with Head TSL at 5800 MHz

SAR averaged aver 1 em? (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.76 Wikg

SAR for nominel Head TSL parametars

normalized to 1W

7.2 Wikg & 19.9 % (ks2)

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

condition

SAR measurad

100 mW input power

2.22 Wikg

SAR for nominal Head TSL paramsters

nomalized to 1W

22.1 Whkig = 19.5 % (ks2)

Cortificate Mo: DSGHZV2-1212_Mar1s
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Body TSL parameters at 5200 MHz
Tha following pammeters and calculations wem applisd.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.0 5.30 mhavm
Measured Body TSL parametens (220 £0.2)"C 485=8% 546 mho/m = B %
Body TSL temperature change during test <05°C — anm
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 100 mW inpul powar 726 Wikg
SAR for nominal Body TSL paramaters nosmalizad to 1W T2.5 Wikg + 19.9 % (k=2)
SAR averaged over 10 em?® (10 g) of Body TSL condition
SAR measured 100 mW imput power 203 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 20.3 Wikg = 19.5 % (k=2)
Body TSL parameters at 5250 MHz
Tha following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.36 mha/m
Measured Body TSL parameters (22.0=02)°C 484 =6 % 5.51 mho/m = 6 %
Body TSL temperature change during test =05 *C —_—
SAR result with Body TSL at 5250 MHz
| sar averaged over 1 em® (1 g) of Body TSL Condition
SAR measurad . 100 mW inpui power 7.38 Wikg
SAR for nominal Body TSL paramatars | nermalized to 1W T3.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 miW inpul power 2.08 Wikg
3AR for nominal Body TSL parameters nommalized to 1W 2006 Wikg = 19.5 % (k=2)
Cartificats Ma: DSGHZV2-1212_Mar5 Page 7 of 20
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Body TSL parameters at 5300 MHz

The following pammeters and calculations were apolied

Temperature Permittivity Conductivity
Mominal Body TSL parameters 20°C 489 5.42 mha'/m
Measured Body TSL parameters (220£02)°C 4328% 550 mho'm =8 %
Body TSL temperature change during test =0.5°C e -
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition ]
S5AR measured 100 mW input power [ T.35 Wikg
SAR for nominal Body TSL parameters nomnalized to 1W 73.4 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measurod 100 mW inputl power 2.05 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 20.5 Wikg £ 19.5 % (k=2)
Body TSL parameters at 5500 MHz
Tha following parameters and calculations wers apphed,
Temporature Permittivity Conductivity
Nominal Body TSL parameters 20C 48.6 5,65 mha/m
Measured Body TSL parameters (220=02)=C 4709 +6% 5.85 mha'm+ 6%
Body TSL temperature change during test <05°C l — —
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measurad 100 mW input power 7.96 Wikg

SAR for nominal Body TSL parameters

nomalized to 1W

78.5 Wikg = 19.9 % (ks2)

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

condition

SAR measured

100 mW input power

221 Wikg

SAR for nominal Body TSL paramatars

normalized to 1W

22.1 Wikg = 19.5 % (k=2)

Cartificate Mo: DSGHzZV2-1212_Mar 5 Page 8 of 20
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Body TSL parameters at 5600 MHz
The following parameders and calculations were applied.

TRF-RF-601(00)120709

Copyright © 2015, DT&C Co., Ltd.

Temparaturs Permitlivity Conductivity
MNominal Body TSL parameters 22.0°C 485 B.77 mho'm
Measured Body TSL parameters (220 02)°C 477 26% 5.89 mho'm + 8 %
Body TSL temperaiure change during test <05°C e .-
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measunrad 100 MW input power T.76 Wikg
SAR for nominal Body TSL parameiers nommalized fo 1W 774 Wikg + 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL conddion '
SAR measured 100 mW input power 2.15 Wikg
SAR for nominal Body TSL parameters nommalized to TW 21.4 Wikg = 19.5 % (k=2)
Body TSL parameters at 5750 MHz
The folliowing parameters and calculations were appled,
Temperature Permittivity Conductivity ]
Nominal Body TSL parameters 20C 48.3 5.84 mhoim
Measured Body TSL parameters (220=02)*C AT5+6 % 622 mhomz 6%
Body TSL temperature change during test =05°C — —
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm? (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.42 Wikg
SAR for nominal Body TSL parametars normalizad 1o 1W T4.1 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR maasunad 100 mW input powor 207 Wikg
SAR for nominal Body TSL paramaters nomakzed to 1W 206 Wikg = 19.5 % [k=2)
Cenificate No: DSGHzV2-1212_Mar15 Page 0 of 20
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Body TSL parameters at 5800 MHz
The following parameters and calculations wena appled.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 482 6,00 mhodm
Measured Body TSL parameters 22002 °C 4748 % 6.26 mho'm =8 %
Body TSL temperature change during test <0.5°C — “een
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.57 Wikyg
SAR for nominal Body TSL parameters nomalized to 1W 75,6 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm* (10 g) of Body TSL | condition
SAR measured | 100 mw input power 2.09 Wikg
SAR for naminal Body TSL parameters | normalizad to 1W 20.8 Wikg = 19.5 % (k=2)

Carifcate No: DSGHzV2-1212_Marl5
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 4830-4310 |
| Retumn Loss -26.5dB

Antenna Parameters with Head TSL at 5250 MHz

Impadance, transformed to feed point 432 0-2.0/K

Fedurn Loss -3i2dB8
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed o feed point 480 0-05j0

Aetum Loss -38.3dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to foed point 476 0 +2.5(0

Retumn Loss -26.1 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 4960 +1.2j0

Raturn Loss - 38.0dB
Antenna Parameters with Head TSL at 5750 MHz

Impadance, tra.-‘;s-fumd to fead point EAS0+48i0

Retum Loss - 24.0 dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, iransformed to feed point S230+55jQ

Raturn Loss - 248 dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to fead point 4810 -38 0

Retwsmn Loss - 274 dB
Antenna Parameters with Body TSL at 5250 MHz

Impadance, transiormad 1o laad poirt 48.0i1-0.2 jix

Retum Loss - 338 dB

Cerifcata No: DSGHZV2-1212_Mar15
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Antenna Parameters with Body TSL at 5300 MHz

Impadance, transformed to foed paint 4850+060

Aeturn Loss - 358 dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed poim 4TAN+34[

Return Loss -27.0dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed 1o feed paint 5020+270

Aeturn Loss - 31.4 dB
Antenna Parameters with Body TSL at 5750 MHz

Impadance, transtormed to fesd paint B3BQ+360

Retum Loss - 26.0 dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformad lo fead peint 5280 +40)0

Return Loss -26.7dB
General Antenna Parameters and Design

| Electrical Delay (ane direction) | 1.191 ns

After lang term wsa with 100W radiated power, only a slight warming of the dipole near the feedpaint can be measured,

The dipole ks made of standard semirigid coaxial cabla. The center conductor of the feeding fine is directly connected to the
second am of the dipola. The antenna is therefore shon-ciroulted for DC-signals. On some of the dipoles, small end caps
are added to the dipcle arms in onder to improve matching when loaded according to the posiion as explained in the
‘Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is stil

according to the Standard

Mo excessive force must be applied lo the dipole arms, because they might bend or the sclderad connections near the

feadpoint may be damaged.

Additional EUT Data
Manufactured by SPEAQ
Manufactured on November 14, 2014

Cartiicate No: DSGHzV2-1212_Mar1s
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DASYS5 Validation Report for Head TSL

Date: 05.03.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: D5GHzV2 - SN:1212

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency; 5250 MHz, Frequency: 5300
MHz, Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz, Frequency: 5800 MHz
Medium parameters used: { = 5200 MHz; o = 4.54 S/m; & = 35.4; p = 1000 kg/m" , Medium paramelers
used: f = 5250 MHz; 0 = 4.58 S/m; & = 35.3; p = 1000 kg/m’ , Medium parameters used: f = 5300 MHz; o =
4.64 5/m: & =35.2; p = 1000 kg/m" , Medium parameters used: f= 5500 MHz; 0 =4.83 S/m; & = 35;p=
1000 kg/m’ , Medium pmam:tcrwacd f = 5600 MHz: o = 4.94 S/m; & = 34.8; p = 1000 kg/m® , Medium
parameters used: f=5750 MHz; o= 5.11 5/m; &= 34.6; p= 1000 kg/m” . Medium parameters used: f =
5800 MHz; o = 5.15 S/m; & = 34.5; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51); Calibrated: 30.12.2014, ConvF(5 .45, 5.45,
S3.435); Calibrated: 30.12.2014, ConvF(5.21, 5.21, 5.21); Calibrated: 30.12.2014, ConvF(5.12, 5.12,
3.12); Calibrated: 30.12,2014, ConvF(4.92, 4.92, 4,92); Calibrated: 30,12.2014, ConvF(4.91, 4.91,
4.91); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4,9%; Calibrated: 30.12.2014;

= Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 18.08.2014

» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64.86 Vim; Power Drift = 0.04 dB

Pcak SAR (extrapolated) = 28.6 Wikg

SAR(1 g) =791 Wikg: SAR(10 g) = 2.27 Wikg

Maximum vilue of SAR (measured) = 18.4 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.77 Vim; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 28.9 Wikg

SAR(1 g) = 7.96 Wikg; SAR(10 g) = 2.3 Wikg

Maximum valoe of SAR (measured) = 18.4 Wikg

Certificate Mo: D5GHzV2-1212_Marl5 Fage 13 of 20
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid; dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.83 Vim; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 30.4 W/ikg

SAR(1 g) = 8.18 Wkg; SAR(10 g) = 2.37 Wikg

Maximum value of SAR (measured) = 19.1 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MH#/Zoom Sean,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.91 Vim:; Power Drift = 0,00 dB

Peak SAR (extrapolated) = 32.0 Wikg

SAR(] g) = 8.2 Wikg; SAR(10 g) = 2.36 Wikg

Maximum value of SAR (measured) = 19,4 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 62.72 V/m: Power Drift = 0,08 dB

Peak SAR (extrapolated) = 31.6 Wikg

SAR(1 g) = 8 Wkg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8xBx7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 61.45 V/m; Power Drift = 0,08 dB

Peak SAR (extmpolated) = 31.7 Wikg

SAR(L g) = 7.86 Wikg: SAR(ID g) = 2.25 Wikg

Maximum value of SAR (measured) = 19.0 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60,98 V/m; Power Drifl = -0.02 dB

Peak SAR (extrapolated) = 31.9 Wikg

SAR(] g) = 7.76 Wikg: SAR(10 g) = 2.22 Wikg
Maximum value of SAR (measured) = 19.0 Wikg

-6.00

-12.00
-18.00
-24,00

=30.00

0dB = 18.4 W/kg = 12.65 dBW/kg
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Impedance Measurement Plot for Head TSL (5200, 5250, 5300, 5500, 5600)
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Impedance Measurement Plot for Head TSL (5750, 5800)
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DASYS Validation Report for Body TSL
Date: 05.03.2015

¥
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - 5N:1212

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5250 MHz, Frequency: 5300
MHz, Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz, Frequency: 5800 MHz
Medium parameters used: = 5200 MHz; o = 5.46 §/m: g, = 48.5: p = 1000 kg/m* , Medium paramelérs
used: f = 5250 MHz; 6 = 5.51 S/m; & = 48.4; p = 1000 kg/m® , Medium parameters used: f= 5300 MHz; o=
3,59 S/m; & = 48.3; p = 1000 kg/m* , Medium parameters used: { = 5500 MHz; o = 5.85 S/m: & = 47.9; p=
1000 kg/m® , Medium parameters used: f = 5600 MHz; o = 5.99 S/m; & = 47.7: p = 1000 kg/m® , Medium
parameters used: { = 5750 MHz; o = 6.22 S/m; & = 47.5; p = 1000 kg/m’ , Medium parameters used: f =
5800 MHz, o = 6.28 S/m; &, = 47 4; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Stndard: DASYS (IEEEIEC/ANSI C63.19-201 1)

DASYS52 Configuration:

* Probe: EX3DV4 - SN1503; ConvF(4.95, 4,95, 4.95); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4.9);
Calibrated: 30.12.2014, ConvF(4.78, 4.78, 4.78); Calibrated: 30.12.2014, ConvF(4.45, 4.45, 4.43);
Calibrated: 30.12.2014, ConvF(4.35, 4.35, 4.35); Calibrated: 30.12.2014, ConvF{4.32, 4.32, 4.32);
Calibrated: 30.12.2014;

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 15.08.2014

+ Phantom: Flat Phantom 5.0 (back); Type: QDODOP30AA; Serial: 1002
« DASYS2 52.8.8(1222); SEMCAD X 14.6.10¢7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 58.52 Vim: Power Drift = -0.07 dB

Peak SAR (extrapolated) = 28.3 Wikg

SAR(1 g) = 7.26 Wikg; SAR(10 g) = 2.03 Wike

Maximum valoe of SAR (measured) = 17.0 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.99 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.1 W/kg

SAR(1 g) = 7.36 Wikg; SAR(10 g) = 2.06 W/ikg

Maximum value of SAR (measured) = 17.4 W/kg

— ez — — — e — S
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.19 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 29.6 Wik

SAR(1 g) = 7.35 Wikg; SAR(10 g) = 2.05 Wikg

Maximum value of SAR (measured) = 17.6 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Yalue = 58,32 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 34.2 Wikg

SAR(] g) = 7.96 Wkg; SAR(10 g) = 2.21 Wikg

Maximum value of SAR (measured) = 19.5 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.52 Vim; Power Drift = 0,04 dB

Peak SAR (extrapolated) = 34.1 Wikg

SAR(1 g) = 7.75 Wikg; SAR(10 g) = 2.15 Wikg

Maximum value of SAR {measured) = 18.8 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 54,89 V/m; Power Drift = (.06 dB

Peak SAR (extrapolated) = 33.9 Wikg

SAR(L g) = 7.42 Wikg; SAR(10 g) = 207 Wik

Maximum value of SAR (measured) = 18.2 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 35.60 V/m: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 35.1 W/kg

SAR(] g) = 7.57 Wikg; SAR(10 g) = 2.09 Wikg

Maximum value of SAR (measured) = 18.9 Wikg

-12.00
<18.00

-24.00

-30.00

0dB = 17.0 Whkg = 12.30 dBW/kg
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Impedance Measurement Plot for Body TSL (5200, 5300, 5600, 5800)
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Impedance Measurement Plot for Body TSL (5250, 5500, 5750)

3 N T3 14:31:58

EHD =14 LurF AT M0 a ~-160.46 ea 1BAZA oF 3 290,000 008 Mz
-
= CHi fark sre
2 AT 2%
LI7TED &
& i i T.5R000 Mz
% - 3834 0
-4 i 6,700 0 Mz
pigd |
[
Hi
cH2 Bl N[ 3 dB/REr =79 @ H=33, 709 a3 2N0.08R Db My
o | 1 ] [ 1 B | I ! CHZ Markers
Ca | 1 f ! 226,995 gB
1 | | | i | i | E.S5@0a0 ehy
I 3i- 73, 554 o
C— ™ 5.79800 GHir
i, $ — g -
avs o SRR B el TR Wt - s RN
'llr_ " e
rlr 1 .
- |1 - -
START 5 ARELEAA BER MHT STOF & Q96,298 820 MMz
Carificate No: D5GHzV2-1212_Maris Page 20 of 20
TRF-RF-601(00)120709 Page90 /92

Copyright © 2015, DT&C Co., Ltd.



Report No.: DRRFCC1505-0043(1) FCC ID: BEUJNT-LG13Z295 Date of issue: Jun. 18. 2015

Attachment 3. - SAR SYSTEM VALIDATION
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SAR System Validation

Per FCC KDB 865664 D02v01r01, 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 required tissue- equivalent media for system validation, according to the procedures outlined in FCC KDB 865664
D01v01r03 and IEEE 1528-2013.Since SAR probe calibrations are frequency dependent, each probe calibration point
was validated at a frequency within the valid frequency range of the probe calibration point, using the system that
normally operates with the probe for routine SAR measurements and according to the required tissue-equivalent media.

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

Table Attachment 3.1 SAR System Validation Summary

PERM. COND. CW Validati MOD. Validati
SAR Freq. Date Probe Probe Probe CAL. alidation alidation
System | [MHz] SN Type Point (en) o) Sensi- Probe Probe MOD. Duty PAR
tivity Linearity Isortopy Type Factor
A 2450 2014-11-18 3866 EX3DV4 | 2450 | Body 51.374 1.944 PASS PASS PASS OFDM N/A PASS
A 5200 2014-11-19 3866 EX3DV4 | 5200 | Body 49.364 5.129 PASS PASS PASS OFDM N/A PASS
A 5300 2014-11-20 3866 EX3DV4 | 5300 | Body 49.326 5.239 PASS PASS PASS OFDM N/A PASS
A 5500 2014-11-21 3866 EX3DV4 | 5500 | Body 48.534 5.635 PASS PASS PASS OFDM N/A PASS
A 5600 2014-11-24 3866 EX3DV4 | 5600 | Body 48.345 5772 PASS PASS PASS OFDM N/A PASS
A 5800 2014-11-25 3866 EX3DV4 | 5800 | Body 48.075 6.010 PASS PASS PASS OFDM N/A PASS

NOTE: While the probes have been calibrated for both a CW and modulated signals, all measurements were performed
using communication systems calibrated for CW signals only. Modulations in the table above represent test
configurations for which the measurement system has been validated per FCC KDB Publication 865664 D01v01r03 for
scenarios when CW probe calibrations are used with other signal types.SAR systems 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.
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