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TEST REPORT

Test Report No. : GTSR16110108-SAR roverber 29, 2018
Equipment under Test : POS terminal
Model /Type : T2
Listed Models : /
Applicant : Shenzhen Xinguodu Technology Co., Ltd.

17B JinSong Mansion, Terra Industrial & Trade Park

Address Chegongmiao, Futian District, Shenzhen, China
Manufacturer : Shenzhen Xinguodu Technology Co., Ltd.
Address 17B JinSong Mansion, Terra Industrial & Trade Park
Chegongmiao, Futian District, Shenzhen, China
Test Result: PASS

The test report merely corresponds to the test sample.
It is not permitted to copy extracts of these test result without the written permission of the test
laboratory.
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1. TEST STANDARDS

The tests were performed according to following standards:

IEEE Std C95.1, 1999: IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 KHz to 300 GHz. It specifies the maximum exposure limit of 1.6 W/kg as
averaged over any 1 gram of tissue for portable devices being used within 20 cm of the user in the
uncontrolled environment.

IEEE Std 1528™-2013: IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques.

FCC Part 2.1093 Radiofrequency Radiation Exposure Evaluation:Portable Devices

KDB447498 D01 General RF Exposure Guidance v06 : Mobile and Portable Device RF Exposure Procedures
and Equipment Authorization Policies

KDB648474 D04, Handset SAR v01r03: SAR Evaluation Considerations for Wireless Handsets

KDB865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04 : SAR Measurement Requirements for 100
MHz to 6 GHz

KDB865664 D02 RF Exposure Reporting v01r02: RF Exposure Compliance Reporting and Documentation
Considerations

KDB248227 D01 802.11 Wi-Fi SAR v02r02: SAR GUIDANCE FOR IEEE 802.11 (Wi-Fi) TRANSMITTERS
KDB941225 D01 3G SAR Procedures v03r01: 3G SAR MEAUREMENT PROCEDURES

KDB 941225 D06 Hotspot Mode v02r01: SAR EVALUATION PROCEDURES FOR PORTABLE DEVICES
WITH WIRELESS ROUTER CAPABILITIES



https://apps.fcc.gov/kdb/GetAttachment.html?id=60p16w%2F3lteSPFSl2Y3Nsw%3D%3D&desc=447498%20D01%20General%20RF%20Exposure%20Guidance%20v05r02&tracking_number=20676�
https://apps.fcc.gov/kdb/GetAttachment.html?id=MaU3sbqi3oXkXiragw3dWw%3D%3D&desc=865664%20D01%20SAR%20Measurement%20100%20MHz%20to%206%20GHz%20v01r03&tracking_number=28242�

2. SUMMARY

2.1. General Remarks
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Date of receipt of test sample

October. 21, 2016

Testing commenced on

October. 22, 2016

Testing concluded on

November. 18, 2016

2.2. Product Description

The Shenzhen Xinguodu Technology Co., Ltd. 's Model: T2 or the “EUT” as referred to in this report; more

general information as follows, for more details, refer to the user’'s manual of the EUT.

General Description

Name of EUT POS terminal

Model Number T2

Modilation Type GMSK for GPRS; DSSS/OFDM for WIFI2.4G;
Antenna Type Internal

Device category

Portable Device

Exposure category

General population/uncontrolled environment

EUT Type

Production Unit

Rated Vlotage

DC 8.5V From Adapter

Technical Characteristics

2G

Support Networks

GPRS

Support Band

GSM850/PCS1900

GSM850: 824.2~848.8MHz

Frequency GSM1900: 1850.2~1909.8MHz
Type of Modulation GMSK

Antenna Type Internal Antenna

GPRS Class Class 10

GSM Release Version R99

GPRS operation mode Class B

WiFi

Support Standards

IEEE 802.11b, IEEE 802.11¢g, IEEE 802.11n

Frequency Range

2412-2462MHz for 11b/g/n(HT20)

Type of Modulation

CCK, OFDM, QPSK, BPSK, 16QAM,

Data Rate

1-11Mbps, 6-54Mbps, up to 150Mbps

Quantity of Channels

11 for 11b/g/n(HT20)

Channel Separation

5MHz

Antenna Type

Internal Antenna

Report No.: GTSR16110108-SAR




2.3. Statement of Compliance

The maximum of results of SAR found during testing are follows:
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<Highest Reported standalone SAR Summary>

Report No.: GTSR16110108-SAR

Classment Frequency Body-worn
Class Band (Report 1g SAR(W/Kg)
GPRS850 0.428
PCE GSM1900 0.321
DTS WIFI2.4G 0.246

This device is in compliance with Specific Absorption Rate (SAR) for general population/uncontrolled
exposure limits (1.6 W/kg) specified in FCC 47 CFR part 2 (2.1093) and ANSI/IEEE C95.1-1992, and had
been tested in accordance with the measurement methods and procedures specified in IEEE 1528-2013.

<Max simultaneous SAR Summary>

Highest Reported
Exposure Position Frequency Reported 1-g SAR Classment Simultaneous
P Band (W/kg) Class Transmission
1-g SAR (W/kg)
GSM900 0.428 PCE
Back WLAN2.4G 0.115 DTS 0.543
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3. TEST ENVIRONMENT

3.1. Address of the test laboratory

The Testing and Technology Center for Industrial Products of Shenzhen Entry-Exit

Inspection and Quarantine Bureau
No0.149,Gongye 7th Rd. Nanshan District, Shenzhen, China

3.2. Test Facility
The test facility is recognized, certified, or accredited by the following organizations::

CNAS-Lab Code: L2872

3.3. Environmental conditions

During the measurement the environmental conditions were within the listed ranges:

Temperature: 18-25°C
Humidity: 40-65 %
Atmospheric pressure: 950-1050mbar

3.4. SAR Limits
FCC Limit (1g Tissue)

SAR (W/kg)
EXPOSURE LIMITS (General Population /Uncontrolled (Occupational /Controlled
Exposure Environment) Exposure Environment)
Spatial Average
(averaged over the whole body) 0.08 0.4
Spatial Peak
(averaged over any 1 g of tissue) 1.60 8.0
Spatial Peak
(hands/wrists/feet/ankles 4.0 20.0
averaged over 10 g)

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

Occupational/Controlled Environments are defined as locations where there is exposure that may be incurred
by people who are aware of the potential for exposure (i.e. as a result of employment or occupation).
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3.5. Equipments Used during the Test

Serial Calibration
Test Equipment Manufacturer | Type/Model Number Last Calibration Calibration
Interval
Data Acquisition
Electronics DAExX SPEAG DAE4 1315 2016/07/26 1
E-field Probe SPEAG ES3DV3 3292 2016/09/02 1
System Validation
Dipole D835V2 SPEAG D835V2 4d069 2016/07/20 3
System Validation
Dipole 1900V2 SPEAG D1900V2 5d194 2015/01/07 3
System Validation
Dipole D2450V2 SPEAG D2450V2 955 2015/01/08 3
Network analyzer Agilent 8753E US37390562 2016/03/11 1
Wideband
Communication R&S CMW500 116581 2016/06/18 1
Tester
Dielectric Probe Kit Agilent 85070E US44020288 /
D“a'CD'reC“O”a' Agilent 778D 50127 2016/06/18
oupler
Dual Directional Agilent 772D 50348 2016/06/18 1
Coupler
Attenuator PE PE7005-10 E048 2016/06/18 1
Attenuator PE PE7005-3 E049 2016/06/18 1
Attenuator Woken WKO0602-XX E050 2016/06/18 1
Power meter Agilent E4417A GB41292254 2016/06/18 1
Power Meter Agilent E7356A GB54762536 2016/06/18 1
Power sensor Agilent 8481H MY41095360 2016/06/18 1
Power Sensor Agilent E9327A Us40441788 2016/06/18 1
Signal generator IFR 2032 203002/100 2016/06/18 1
Amplifier AR 75A250 302205 2016/06/18 1

Note:

1) Per KDB865664D01 requirements for dipole calibration, the test laboratory has adopted three year
extended calibration interval. Each measured dipole is expected to evalute with following criteria at least
on annual interval.

a) There is no physical damage on the dipole;

b) System check with specific dipole is within 10% of calibrated values;

c) The most recent return-loss results,measued at least annually,deviates by no more than 20% from the
previous measurement;

d) The most recent measurement of the real or imaginary parts of the impedance, measured at least
annually is within 5Q from the provious measurement.

2) Network analyzer probe calibration against air, distilled water and a shorting block performed before
measuring liquid parameters.
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4. SAR Measurements System configuration

4.1. SAR Measurement Set-up

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

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

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

A data acquisition electronic (DAE) which performs the signal amplification, signal multiplexing, AD-
conversion, offset measurements, mechanical surface detection, collision detection, etc. The unit is battery
powered with standard or rechargeable batteries. The signal is optically transmitted to the EOC.

A unit to operate the optical surface detector which is connected to the EOC.

The Electro-Optical Coupler (EOC) performs the conversion from the optical into a digital electric signal of
the DAE. The EOC is connected to the DASY4 measurement server.

The DASY4 measurement server, which performs all real-time data evaluation for field measurements and
surface detection, controls robot movements and handles safety operation. A computer operating Windows
2003.

DASY4 software and SEMCAD data evaluation software.

Remote control with teach panel and additional circuitry for robot safety such as warning lamps, etc.

The generic twin phantom enabling the testing of left-hand and right-hand usage.

The device holder for handheld mobile phones.

Tissue simulating liquid mixed according to the given recipes.

System validation dipoles allowing to validate the proper functioning of the system.
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4.2. DASY4 E-field Probe System

The SAR measurements were conducted with the dosimetric probe ES3DV3 (manufactured by SPEAG),
designed in the classical triangular configuration and optimized for dosimetric evaluation.

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

Calibration ISO/IEC 17025 calibration service available.

Frequency 10 MHz to 4 GHz; =, hw 2
L)
S W S

Linearity: + 0.2 dB (30 MHz to 4 GHz)

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

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

Dimensions Overall length: 337 mm (Tip: 20 mm)
Tip diameter: 3.9 mm (Body: 12 mm)
Distance from probe tip to dipole centers: 2.0 mm

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

Compatibility DASY3, DASY4, DASY52 SAR and higher, EASY4/MRI

Isotropic E-Field Probe

The isotropic E-Field probe has been fully calibrated and assessed for isotropicity, and boundary effect within
a controlled environment. Depending on the frequency for which the probe is calibrated the method utilized for
calibration will change.

The E-Field probe utilizes a triangular sensor arrangement as detailed in the diagram below:

DIPOLE SENSOR

HIGH-RESISTAMCE LINES

) DETECTOR
e DIODE



http://www.speag.com/services/cal-lab/�
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4.3. Phantoms

The phantom used for all tests i.e. for both system checks and device testing, was the twin-headed "SAM

Phantom", manufactured by SPEAG. The SAM twin phantom is a fiberglass shell phantom with 2mm shell
thickness (except the ear region, where shell thickness increases to 6mm).

System checking was performed using the flat section, whilst Head SAR tests used the left and right head
profile sections. Body SAR testing also used the flat section between the head profiles.

SAM Twin Phantom
4.4, Device Holder

The device was placed in the device holder (illustrated below) that is supplied by SPEAG as an integral part of
the DASY system.

The DASY device holder is designed to cope with the different positions given in the standard. It has two
scales for device rotation (with respect to the body axis) and device inclination (with respect to the line
between the ear reference points). The rotation centers for both scales is the ear reference point (ERP). Thus
the device needs no repositioning when changing the angles.

R

Device holder supplied by SPEAG
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4.5. Scanning Procedure

The DASY4 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks. All test
positions (head or body-worn) are tested with the same configuration of test steps differing only in the grid
definition for the different test positions.

The “reference” and “drift” measurements are located at the beginning and end of the batch process. They
measure the field drift at one single point in the liquid over the complete procedure. The indicated drift is
mainly the variation of the DUT’s output power and should vary max. £ 5 %.

The “surface check” measurement tests the optical surface detection system of the DASY4 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the results.
The output gives the detecting heights of both systems, the difference between the two systems and the
standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to separation of the
sugar-water mixture gives poor repeatability (above £ 0.1mm). To prevent wrong results tests are only
executed when the liquid is free of air bubbles. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe (It does not depend on the surface
reflectivity or the probe angle to the surface within £ 30°.)

Area Scan

The Area Scan is used as a fast scan in two dimensions to find the area of high field values before running a
detailed measurement around the hot spot.Before starting the area scan a grid spacing of 15 mm x 15 mmis
set. During the scan the distance of the probe to the phantom remains unchanged. After finishing area scan,
the field maxima within a range of 2 dB will be ascertained.

<3 GHz >3 GHz
Maximum distance from closest measurement point . .
j . o ) o P o Smm+ 1 mm Y-4-In(2) mm + 0.5 mm
(geometric center of probe sensors) to phantom surface
Maximum probe angle from probe axis to phantom 30° 4 1° 200 4 1°
surface normal at the measurement location
<2 GHz:<15mm 3—4GHz: <12 mm
2—-3GHz: <12 mm 4—6 GHz: = 10 mm

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

Maximum area scan spatial resolution: AXarea, AVarea

Zoom Scan

Zoom Scans are used to estimate the peak spatial SAR values within a cubic averaging volume containing 1 g
and 10 g of simulated tissue. The default Zoom Scan is done by 7x7x7 points within a cube whose base is
centered around the maxima found in the preceding area scan.
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Maxi - lution: A A <2 GHz: <8 mm 3-4GHz: <5mm"
faximum zoom scan spatial resolution: AXzeom, Avz . - ) B
P oo mosoem 2-3GHz <5mm’ 4-6GHz: <4mm"
3-4GHz: <4 mm
uniform grid: Azzyem(n1) <5 mm 4 -5 GHz: <3 mm
5-6GHz: <2 mm
Maximum zoom .
: / : 3—-4GHz: <3 mm
scan spatial AZzoom(1): between S
- St a7, o < A—5 G -
resolution. normal to 15 two points closest <4 mm 4-5GHz: <25 mm
phantom surface graded | 1o phantom surface 5-6GHz: <2 mm
grid
AZZ (mm(n'.:> 1) :
between subsequent < 1.5-AZzoem(n-1) mm
points
Mini 3 -4 GHz: > 28 mm
Inimum zoom - - e
X, V.z =30 mm 4-5GHz: =25 mm
scan volume i -
5—-6 GHz: = 22 mm

Note: ¢ 1s the penetration depth of a plane-wave at normal incidence to the tissue medium; see IEEE Std
1528-2013 for details.
When zoom scan is required and the reported SAR from the area scan based 1-g SAR estimation procedures of

KDB Publication 447498 is < 1.4 W/kg, < 8 mm, = 7 mm and < 5 mm zoom scan resolution may be applied,
respectively, for 2 GHz to 3 GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.

Spatial Peak Detection

The procedure for spatial peak SAR evaluation has been implemented and can determine values of masses
of 1g and 10g, as well as for user-specific masses.The DASY4 system allows evaluations that combine
measured data and robot positions, such as: « maximum search « extrapolation ¢« boundary correction ¢ peak
search for averaged SAR During a maximum search, global and local maxima searches are automatically
performed in 2-D after each Area Scan measurement with at least 6 measurement points. It is based on the
evaluation of the local SAR gradient calculated by the Quadratic Shepard’s method. The algorithm will find the
global maximum and all local maxima within -2 dB of the global maxima for all SAR distributions.

Extrapolation routines are used to obtain SAR values between the lowest measurement points and the inner
phantom surface. The extrapolation distance is determined by the surface detection distance and the probe
sensor offset. Several measurements at different distances are necessary for the extrapolation. Extrapolation
routines require at least 10 measurement points in 3-D space. They are used in the Zoom Scan to obtain SAR
values between the lowest measurement points and the inner phantom surface. The routine uses the modified
Quadratic Shepard’s method for extrapolation. For a grid using 7x7x7 measurement points with 5mm
resolution amounting to 343 measurement points, the uncertainty of the extrapolation routines is less than 1%
for 1g and 10g cubes.

A Z-axis scan measures the total SAR value at the x-and y-position of the maximum SAR value found during
the cube 7x7x7 scan. The probe is moved away in z-direction from the bottom of the SAM phantom in 5mm
steps.

4.6. Data Storage and Evaluation

Data Storage

The DASY4 software stores the acquired data from the data acquisition electronics as raw data (in microvolt
readings from the probe sensors), together with all necessary software parameters for the data evaluation
(probe calibration data, liquid parameters and device frequency and modulation data) in measurement files
with the extension “.DA4". The software evaluates the desired unit and format for output each time the data is
visualized or exported. This allows verification of the complete software setup even after the measurement
and allows correction of incorrect parameter settings. For example, if a measurement has been performed
with a wrong crest factor parameter in the device setup, the parameter can be corrected afterwards and the
data can be re-evaluated.

The measured data can be visualized or exported in different units or formats, depending on the selected
probe type ([V/m], [A/m], [°C], [mMWI/g], [MW/cm?], [dBrel], etc.). Some of these units are not available in certain
situations or show meaningless results, e.g., a SAR output in a lossless media will always be zero. Raw data
can also be exported to perform the evaluation with other software packages.



Page 15 of 83 Report No.: GTSR16110108-SAR

Data Evaluation

The SEMCAD software automatically executes the following procedures to calculate the field units from the
microvolt readings at the probe connector. The parameters used in the evaluation are stored in the
configuration modules of the software:

Probe parameters: - Sensitivity Normi, ai0, ail, ai2
- Conversion factor ConvFi
- Diode compression point Dcpi
Device parameters: - Frequency f
- Crest factor cf
Media parameters: - Conductivity o
- Density p

These parameters must be set correctly in the software. They can be found in the component documents or
they can be imported into the software from the configuration files issued for the DASY4 components. In the
direct measuring mode of the multimeter option, the parameters of the actual system setup are used. In the
scan visualization and export modes, the parameters stored in the corresponding document files are used.

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 as:

V= U+ 02 L

" dep;
With Vi =compensated signal of channeli (i=x,y,z)
Ui = input signal of channel i (i=%x,v,2)

cf = crest factor of exciting field (DASY parameter)

dcpi = diode compression point (DASY parameter)

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

E - ﬁC].dp].‘O‘l')Cb‘ : E; = \."II m

a0 + (T.;]_f + C!?'sz

H — fieldprobes : H, = \/‘l—, 7
With Vi = compensated signal of channel i (i=xY,2)
Normi = sensor sensitivity of channel i i=xY,2)

[mVI/(V/m)2] for E-field Probes
ConvF = sensitivity enhancement in solution

aij = sensor sensitivity factors for H-field probes
f = carrier frequency [GHZz]

Ei = electric field strength of channel iin V/m

Hi = magnetic field strength of channel i in A/m

The RSS value of the field components gives the total field strength (Hermitian magnitude):
Eiot =\ B2 + E2 + E2
The primary field data are used to calculate the derived field units.

- 2
SAR =E; , 17000
with  SAR = local specific absorption rate in mW/g
Etot = total field strength in V/m
o = conductivity in [mho/m] or [Siemens/m]
p = equivalent tissue density in g/cm3

Note that the density is normally set to 1 (or 1.06), to account for actual brain density rather than the density
of the simulation liquid.
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4.7. Tissue Dielectric Parameters for Head and Body Phantoms

The liquid is consisted of water,salt,Glycol,Sugar,Preventol and Cellulose.The liquid has previously been
proven to be suited for worst-case.lt’s satisfying the latest tissue dielectric parameters requirements proposed
by the KDB865664.

The composition of the tissue simulating liquid

Ingredient 835MHz 1900MHz 1750 MHz 2450MHz 2600MHz
(% Weight) Head Body Head Body Head Body | Head | Body Head Body
Water 41.45 52.5 55.242 69.91 | 55.782 | 69.82 | 62.7 73.2 62.3 72.6
Salt 1.45 1.40 0.306 0.13 0.401 0.12 0.50 | 0.10 0.20 0.10
Sugar 56 45.0 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
Preventol 0.10 0.10 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
HEC 1.00 1.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
DGBE 0.00 0.00 44.452 29.96 | 43.817 | 30.06 | 36.8 26.7 375 27.3
Target Frequency Head Body
(MHz) & o(S/m) &r o(S/m)

150 52.3 0.76 61.9 0.80

300 45.3 0.87 58.2 0.92

450 43.5 0.87 56.7 0.94

835 41.5 0.90 55.2 0.97

900 41.5 0.97 55.0 1.05

915 41.5 0.98 55.0 1.06

1450 40.5 1.20 54.0 1.30

1610 40.3 1.29 53.8 1.40

1800-2000 40.0 1.40 53.3 1.52

2450 39.2 1.80 52.7 1.95

2600 39.0 1.96 52.5 2.16

3000 38.5 2.40 52.0 2.73

5800 35.3 5.27 48.2 6.00

4.8. Tissue equivalent liquid properties

Dielectric performance of Head and Body tissue simulating liquid

Measured Target Tissue Measured Tissue

Tissue Liquid
Type Frti'(\:%ezr;cy & c & Dev. c Dev. Temp. el Dl
835B 835 0.97 55.2 1.00 3.09% 57.01 3.23% 22.3 11/10/2016
1900B 1900 1.52 53.3 1.58 3.95% 55.20 3.56% 22.2 11/11/2016
2450B 2450 1.95 52.7 1.90 -2.56% 50.59 -4.00% 22.3 11/12/2016
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4.9. System Check

The purpose of the system check is to verify that the system operates within its specifications at the decice
test frequency.The system check is simple check of repeatability to make sure that the system works correctly
at the time of the compliance test;

System check results have to be equal or near the values determined during dipole calibration with the
relevant liquids and test system (10 %).

System check is performed regularly on all frequency bands where tests are performed with the DASY4

system.
F4 y
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3D Probe positioner

Tuning
element

jeld probe
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The output power on dipole port must be calibrated to 24 dBm (250mW) before dipole is connected.

1
Photo of Dipole Setup
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System Check in Body Tissue Simulating Liquid

Dielectric B 5 W Limit
Frequency | Test Date Parameters Temp Mgfgred Norsrzg'zed gﬂget (x10%
B B 14 Deviation)
g o(s/m) ('C) (W/Kg)
835MHz 11/10/2016 1.00 57.01 22.3 2.53 10.12 9.69 4.44%
1900MHz | 11/11/2016 1.58 55.20 22.2 9.95 39.80 40.10 -0.75%
2450MHz | 11/12/2016 1.90 50.59 22.3 13.50 54.00 53.70 0.56%
Note:

1. The graph results see system check.
2. Target Values used derive from the calibration certificate

Justification for Extended SAR Dipole Calibrations
Referring to KDB 865664D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),

and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration
interval can be extended. While calibration intervals not exceed 3 years.

D1900V2, Serial No.: 5d194 Extend Dipole Calibrations

1900 MHz Head

Real

Imaginary

Date of Return-Loss Delta Imoedance Delta Imoedance Delta
Measurement (dB) (%) F()ohm) (ohm) ?ohm) (ohm)
2015-01-07 -24.5 53.700 4.900
2016-01-02 -24.5 0.00% 53.779 0.079 4.041 -0.859
D2450V2, Serial No.: 955 Extend Dipole Calibrations
2450 MHz Head
Date of Return-Loss Delta Im Fé?jzlnce Delta IlnTaegdlgﬁzzi Delta
Measurement (dB) (%) ?ohm) (ohm) I(Dohm) (ohm)
2015-01-08 -24.9 54.800 3.500
2016-01-02 -25.559 -2.65% 54.985 0.185 2.411 -1.089
D1900V2, Serial No.: 5d194 Extend Dipole Calibrations
1900 MHz Head
Date of Return-Loss Delta Im E(ejzlnce Delta Ilmmaeg(igﬁ::ye Delta
Measurement (dB) (%) ?ohm) (ohm) I(Dohm) (ohm)
2015-01-07 -24.5 53.700 4.900
2016-01-02 -24.5 0.00% 53.779 0.079 4.041 -0.859
D2450V2, Serial No.: 955 Extend Dipole Calibrations
2450 MHz Head
Date of Return-Loss Delta Im Eizlnce Delta |Immaegd|2ﬁ?; Delta
Measurement (dB) (%) F()ohm) (ohm) ?ohm) (ohm)
2015-01-08 -24.9 54.800 3.500
2016-01-02 -25.559 -2.65% 54.985 0.185 2.411 -1.089
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4.10. SAR measurement procedure

The procedure for assessing the average SAR value consists of the following steps:

» Power Reference Measurement
The Power Reference Measurement and Power Drift Measurement jobs are useful jobs for monitoring the
power drift of the device under test in the batch process. Both jobs measure the field at a specified
reference position, at a selectable distance from the phantom surface. The reference position can be either
the selected section’s grid reference point or a user point in this section. The reference job projects the
selected point onto the phantom surface, orients the probe perpendicularly to the surface, and approaches
the surface using the selected detection method.

» Area Scan
The Area Scan is used as a fast scan in two dimensions to find the area of high field values, before doing
a finer measurement around the hot spot. The sophisticated interpolation routines implemented in DASY4
software can find the maximum locations even in relatively coarse grids. The scanning area is defined by
an editable grid. This grid is anchored at the grid reference point of the selected section in the phantom.
When the Area Scan'’s property sheet is brought-up, grid settings can be edited by a user.

» Zoom Scan
Zoom Scans are used to assess the peak spatial SAR values within a cubic averaging volume containing
1 g and 10 g of simulated tissue. The default Zoom Scan measures 7 X 7 x 7 points
(5mmE545mmE545mm) within a cube whose base faces are centered on the maxima found in a
preceding area scan job within the same procedure.

»  Power Drift Measurement
The Power Drift Measurement job measures the field at the same location as the most recent power
reference measurement job within the same procedure, and with the same settings. The Power Drift
Measurement gives the field difference in dB from the reading conducted within the last Power Reference
Measurement.
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4.11.Operational Conditions during Test

4.11.1. General Description of Test Procedures

A communication link is set up with a System Simulator (SS) by air link, and a call is established. The EUT is
commanded to operate at maximum transmitting power.

Connection to the EUT is established via air interface with CMU 200, and the EUT is set to maximum output
power by CMU 200. The EUT battery must be fully charged and checked periodically during the test to
ascertain uniform power output. The antenna connected to the output of the base station simulator shall be
placed at least 50 cm away from the EUT. The signal transmitted by the simulator to the antenna feeding point
shall be lower than the output power level of the EUT by at least 30 dB.

4.11.2. Test Positions
4.11.2.2. Body Worn Configuration

Body-worn operating configurations should be tested with the belt-clips and holsters attached to the device
and positioned against a flat phantom in normal use configurations.

Body-worn operating configurations are tested with the belt-clips and holsters attached to the device and
positioned against a flat phantom in a normal use configuration. Per FCC KDB Publication 648474 D04, Body-
worn accessory exposure is typically related to voice mode operations when handsets are carried in body-
worn accessories. The body-worn accessory procedures in FCC KDB Publication 447498 D01 should be used
to test for body-worn accessory SAR compliance, without a headset connected to it. This enables the test
results for such configuration to be compatible with that required for hotspot mode when the body-worn
accessory test separation distance is greater than or equal to that required for hotspot mode, when applicable.
When the reported SAR for a body-worn accessory, measured without a headset connected to the handset, is
> 1.2 W/kg, the highest reported SAR configuration for that wireless mode and frequency band should be
repeated for that body-worn accessory with a headset attached to the handset.

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

Body-worn accessories may not always be supplied or available as options for some devices intended to be
authorized for body-worn use. In this case, a test configuration with a separation distance between the back
of the device and the flat phantom is used. Test position spacing was documented. Transmitters that are
designed to operate in front of a person’s face, as in push-to-talk configurations, are tested for SAR
compliance with the front of the device positioned to face the flat phantom in head fluid. For devices that are
carried next to the body such as a shoulder, waist or chest-worn transmitters, SAR compliance is tested with
the accessories, including headsets and microphones, attached to the device and positioned against a flat
phantom in a normal use configuration.

4.12. Test Configuration
4.12.1. GSM Test Configuration

SAR tests for GSM 850 and GSM 1900, a communication link is set up with a System Simulator (SS) by air
link. Using E5515C the power level is set to “5” for GSM 850, set to “0” for GSM 1900. Since the GPRS class
is 10 for this EUT, it has at most 2 timeslots in uplink and at most 2 timeslots in downlink, the maximum total
timeslots is 5. Since the EGPRS class is 10 for this EUT, it has at most 2 timeslots in uplink and at most 2
timeslots in downlink, the maximum total timeslots is 5.

The allowed power reduction in the multi-slot configuration

Permissible nominal reduction of maximum output

Number of timeslots in uplink assignment power,(dB)

0

0to 3.0

1
2
3 1.8t04.8
4 3.0t06.0
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4.12.3 WIFI Test Configuration

For WiFi SAR testing, WiFi engineering testing software installed on the DUT can provide continuous
transmitting RF signal. This RF signal utilized in SAR measurement has almost 100% duty cycle and its crest
factor is 1.

The SAR measurement and test reduction procedures are structured according to either the DSSS or OFDM
transmission mode configurations used in each standalone frequency band and aggregated band. For
devices that operate in exposure configurations that require multiple test positions, additional SAR test
reduction may be applied. The maximum output power specified for production units, including tune-up
tolerance, are used to determine initial SAR test requirements for the 802.11 transmission modes in a
frequency band. SAR is measured using the highest measured maximum output power channel for the initial
test configuration (section 5.1). SAR measurement and test reduction for the remaining 802.11 modes and
test channels are determined according to measured or specified maximum output power and reported SAR
of the initial measurements. The general test reduction and SAR measurement approaches are summarized
in the following:

1. The maximum output power specified for production units are determined for all applicable 802.11
transmission modes in each standalone and aggregated frequency band. Maximum output power is
measured for the highest maximum output power configuration(s) in each frequency band according to the
default power measurement procedures.

2. For OFDM transmission configurations in the 2.4 GHz and 5 GHz bands, an “initial test configuration”
(section 5.3.2) is first determined for each standalone and aggregated frequency band according to the
maximum output power and tune-up tolerance specified for production units.

a. When the same maximum power is specified for multiple transmission modes in a frequency band, the
largest channel bandwidth, lowest order modulation, lowest data rate and lowest order 802.11a/g/n/ac mode is
used for SAR measurement, on the highest measured output power channel in the initial test configuration, for
each frequency band (section 5.3.2)

b. SAR is measured for OFDM configurations using the initial test configuration procedures (section 5.3.3).
Additional frequency band specific SAR test reduction may be considered for individual frequency bands
(sections 5.2 and 5.3).

c. Depending on the reported SAR of the highest maximum output power channel tested in the initial test
configuration, SAR test reduction may apply to subsequent highest output channels in the initial test
configuration to reduce the number of SAR measurements.

3. The Initial test configuration does not apply to DSSS. The 2.4 GHz band SAR test requirements (section
3.1) and 802.11b DSSS procedures (section 5.2.1) are used to establish the transmission configurations
required for SAR measurement.

4. An “initial test position” (section 5.1) is applied to further reduce the number of SAR tests for devices
operating in next to the ear, UMPC mini-tablet or hotspot mode exposure configurations that require multiple
test positions .

a. SAR is measured for 802.11b according to the 2.4 GHz DSSS procedure (section 5.2.1) using the exposure
condition established by the initial test position.

b. SAR is measured for 2.4 GHz and 5 GHz OFDM configurations using the initial test configuration.
802.11b/g/n operating modes are tested independently according to the service requirements in each
frequency band. 802.11b/g/n modes are tested on the maximum average output channel.

5. The Initial test position does not apply to devices that require a fixed exposure test position. SAR is
measured in a fixed exposure test position for these devices in 802.11b according to the 2.4 GHz DSSS
procedure (section 5.2.1) or in 2.4 GHz and 5 GHz OFDM configurations using the initial test configuration
procedures (section 5.3.3).

6. The “subsequent test configuration” (section 5.3.4) procedures are applied to determine if additional SAR
measurements are required for the remaining OFDM transmission modes that have not been tested in the
initial test configuration. SAR test exclusion is determined according to reported SAR in the initial test
configuration and maximum output power specified or measured for these other OFDM configurations.

2.4 GHz Band (§15.247)

The maximum output power permitted for devices authorized under §15.247 is 1 W conducted and 36 dBm
EIRP.6 Within the frequency range of 2400 — 2483.5 MHz, currently a total of 13 channels may be used in the
U.S. However, non-overlapping frequency channels are necessary to minimize interference degradation;
therefore, channels 1, 6 and 11 are used most often. Channels 12 and 13, in general, require reduced output
power to satisfy bandedge radiated field strength requirements at 2483.5 MHz. Provided higher maximum
output power is not specified for the other channels, channels 1, 6 and 11 are used to configure 22 MHz
DSSS and 20 MHz OFDM channels for SAR measurements; otherwise, the closest adjacent channel with the
highest maximum output power specified for production units should be tested instead of channels 1, 6 or 11.7
When 40 MHz channels are supported, and provided higher maximum output power is not specified for other
applicable 40 MHz channels, channel 6 is used to measure SAR; otherwise, the channel with highest
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specified maximum output power should be tested instead. In addition, SAR test reduction with respect to
reported SAR and transmission band width according to section 4.3.3 of KDB Publication 447498 may also be
applied.

U-NII-1 and U-NII-2A Bands (815.407)

The maximum output power permitted for devices authorized under §15.407 U-NII-1 band (5.15 — 5.25 GH2z),
is 250 - 1000 mW conducted and 21 — 36 dBm EIRP, depending on transmitter configurations and antenna
operating requirements.8 For U-NII-2A band (5.25 — 5.35 GHz), the maximum output power is 250 mW
conducted and 30 dBm EIRP. When applicable, a lower maximum output power may be required to satisfy
emission bandwidth restrictions for these bands. When both bands apply to a device, SAR test reduction may
be considered for each exposure configuration according to procedures in section 5.3.1.

U-NII-2C, U-NII-3 Bands (815.407) and 5.8 GHz Band (815.247)

The maximum output power permitted for devices authorized under 815.407 U-NII-2C band (5.470 — 5.725) is

250 mW conducted and 30 dBm EIRP. For U-NII-3 band (5.725 — 5.850 GHz) the maximum output power

permitted is 1 W conducted and 36 dBm EIRP.9 When applicable, a lower maximum output power may be

required due to emission bandwidth restrictions for these bands. In addition, when Terminal Doppler Weather

Radar (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 to avoid SAR requirements.10 TDWR

restriction does not apply under the new rules; all channels that operate at 5.60 — 5.65 GHz must be included

to apply the SAR test reduction and measurement procedures.

2.4 GHz SAR Procedures

Separate SAR procedures are applied to DSSS and OFDM configurations in the 2.4 GHz band to simplify

DSSS test requirements. For 802.11b DSSS SAR measurements, DSSS SAR procedure applies to fixed

exposure test position and initial test position procedure applies to multiple exposure test positions. When

SAR measurement is required for an OFDM configuration, the initial test configuration, subsequent test

configuration and initial test position procedures are applied. The SAR test exclusion requirements for

802.11g/n OFDM configurations are described in section 5.2.2.

1. SAR TEST PROCEDURES
SAR test reduction is determined according to 802.11 transmission mode configurations and certain
exposure conditions with multiple test positions. In the 2.4 GHz band, separate SAR procedures are
applied to DSSS and OFDM configurations to simplify DSSS test requirements. For OFDM, in both 2.4
and 5 GHz bands, an initial test configuration must be determined for each standalone and aggregated
frequency band, according to the transmission mode configuration with the highest maximum output
power specified for production units to perform SAR measurements. If the same highest maximum output
power applies to different combinations of channel bandwidths, modulations and data rates, additional
procedures (see section 5.3.2) are applied to determine which test configurations require SAR
measurement. When applicable, an initial test position may be applied to reduce the number of SAR
measurements required for next to the ear, UMPC mini-tablet or hotspot mode configurations with multiple
test positions. For 2.4 GHz 802.11b DSSS, either the initial test position procedure for multiple exposure
test positions or the DSSS procedure for fixed exposure position is applied; these are mutually exclusive.
For 2.4 GHz and 5 GHz OFDM configurations, the initial test configuration is applied to measure SAR
using either the initial test position procedure for multiple exposure test position configurations or the initial
test configuration procedures for fixed exposure test conditions. Based on the reported SAR of the
measured configurations and maximum output power of the transmission mode configurations that are not
included in the initial test configuration, the subsequent test configuration and initial test position
procedures are applied to determine if SAR measurements are required for the remaining OFDM
transmission configurations. In general, the number of test channels that require SAR measurement is
minimized based on maximum output power measured for the test sample(s)

1. Multiple Exposure Test Position SAR Test Reduction
The following procedures are applied to select an initial test position for handsets operating next to the ear,
hotspot mode or UMPC mini-tablet configurations to minimize the number of SAR measurements normally
required for the multiple test positions.14 SAR is measured for the highest measured maximum output
power channel using the initial test position. The reported SAR and power measurement results are used
to determine if SAR measurements are required for the other exposure positions and test channels.
The relative SAR levels of multiple exposure test positions can be established by area scan
measurements on the highest measured output power channel to determine the initial test position.15
The area scans must be measured using the same SAR measurement configurations, including test
channel, maximum output power, probe sensor to phantom shell distance, scan resolution etc. for the
results to be comparable. The highest SAR at each peak SAR location is extrapolated to the phantom
surface. The exposure test position with the highest extrapolated SAR is used for the initial test position.
Instead of extrapolated SAR, the 1-g estimated SAR procedures (fast SAR) in KDB Publication 447498
may be used instead. The extrapolated or 1-g estimated SAR must be scaled according to reported SAR
requirements to determine the most conservative exposure test position.
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a. Head Exposure Configuration: The left, right, touch and tilt test positions for next to ear exposure
testing using the SAM phantom may be considered collectively as one head exposure configuration to
facilitate initial test position SAR test reduction. The initial test position is determined according to
area scans or by the side (left or right) of the SAM phantom and test position (touch or tilt) with the
smallest test separation distance from the device outer surface, at the Wi-Fi antenna location, to the
SAM phantom and maximum antenna to phantom RF coupling conditions.

b. Hotspot mode and UMPC mini-tablets: The surfaces and edges that require SAR measurement in
hotspot mode or UMPC mini-tablet configuration may be considered collectively as one exposure
configuration to facilitate SAR test reduction. The initial test position is determined according to area
scans or by the test position with the smallest test separation distance from the device outer surface,
at the Wi-Fi antenna location, to the flat phantom and maximum antenna to phantom RF coupling
conditions.

2. Initial Test Position SAR Test Reduction Procedure
DSSS and OFDM configurations are considered separately according to the required SAR procedures.
SAR is measured in the initial test position using the 802.11 transmission mode configuration required by
the DSSS procedure or initial test configuration and subsequent test configuration(s) according to the
OFDM procedures. The initial test position procedure is described in the following:

a. When the reported SAR of the initial test position is < 0.4 W/kg, further SAR measurement is not
required for the other (remaining) test positions in that exposure configuration and 802.11
transmission mode combinations within the frequency band or aggregated band. SAR is also not
required for that exposure configuration in the subsequent test configuration(s).

b. When the reported SAR of the initial test position is > 0.4 W/kg, SAR is repeated for the 802.11
transmission mode configuration tested in the initial test position using subsequent highest
extrapolated or estimated 1-g SAR conditions determined by area scans or next closest/smallest test
separation distance and maximum RF coupling test positions based on manufacturer justification, on
the highest maximum output power channel, until the reported SAR is < 0.8 W/kg or all required test
positions (left, right, touch, tilt or subsequent surfaces and edges) are tested.

c. For all positions/configurations tested using the initial test position and subsequent test positions,
when the reported SAR is > 0.8 W/kg, SAR is measured for these test positions/configurations on the
subsequent next highest measured output power channel(s) until the reported SAR is < 1.2 W/kg or
all required channels are tested.

a) Additional power measurements may be required for this step, which should be limited to those
necessary for identifying the subsequent highest output power channels.

802.11b DSSS 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:

a. When the reported SAR of the highest measured maximum output power channel (section 3.1) for the
exposure configuration is < 0.8 W/kg, no further SAR testing is required for 802.11b DSSS in that
exposure configuration.

b. 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.

3. 2.4 GHz 802. 1lg/n OFDM SAR Test Exclusion Requirements

When SAR measurement is required for 2.4 GHz 802.11g/n OFDM configurations, the measurement and test

reduction procedures for OFDM are applied (section 5.3). SAR is not required for the following 2.4 GHz

OFDM conditions.

a. When KDB Publication 447498 SAR test exclusion applies to the OFDM configuration

b. When the highest reported SAR for DSSS is adjusted by the ratio of OFDM to DSSS specified maximum
output power and the adjusted SAR is < 1.2 W/kg.

4. SAR Test Requirements for OFDM Configurations

When SAR measurement is required for 802.11 a/g/n/ac OFDM configurations, each standalone and

frequency aggregated band is considered separately for SAR test reduction. When the same transmitter and

antenna(s) are used for U-NII-1 and U-NII-2A bands, additional SAR test reduction applies. When band gap
channels between U-NII-2C band and 5.8 GHz U-NII-3 or §15.247 band are supported, the highest maximum
output power transmission mode configuration and maximum output power channel across the bands must be
used to determine SAR test reduction, according to the initial test configuration and subsequent test
configuration requirements.20 In applying the initial test configuration and subsequent test configuration
procedures, the 802.11 transmission configuration with the highest specified maximum output power and the
channel within a test configuration with the highest measured maximum output power should be clearly
distinguished to apply the procedures.

5. U-NII-1 and U-NII-2A Bands

For devices that operate in only one of the U-NII-1 and U-NII-2A bands, the normally required SAR

procedures for OFDM configurations are applied. For devices that operate in both U-NII bands using the

same transmitter and antenna(s), SAR test reduction is determined according to the following, with respect to
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the highest reported SAR and maximum output power specified for production units. The procedures are

applied independently to each exposure configuration; for example, head, body, hotspot mode etc.

a. When the same maximum output power is specified for both bands, begin SAR measurement in U-NII-2A
band by applying the OFDM SAR requirements.21 If the highest reported SAR for a test configuration is <
1.2 W/kg, SAR is not required for U-NII-1 band for that configuration (802.11 mode and exposure
condition); otherwise, both bands are tested independently for SAR.

b. 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; otherwise, both bands are tested independently for SAR.

c. The two U-NII bands may be aggregated to support a 160 MHz channel on channel number 50. Without
additional testing, the maximum output power for this is limited to the lower of the maximum output power
certified for the two bands. When SAR measurement is required for at least one of the bands and the
highest reported SAR adjusted by the ratio of specified maximum output power of aggregated to
standalone band is > 1.2 W/kg, SAR is required for the 160 MHz channel. This procedure does not apply
to an aggregated band with maximum output higher than the standalone band(s); the aggregated band
must be tested independently for SAR. SAR is not required when the 160 MHz channel is operating at a
reduced maximum power and also qualifies for SAR test exclusion.

6. OFDM Transmission Mode SAR Test Configuration and Channel Selection Requirements

The initial test configuration for 2.4 GHz and 5 GHz OFDM transmission modes is determined by the 802.11

configuration with the highest maximum output power specified for production units, including tune-up

tolerance, in each standalone and aggregated frequency band. SAR for the initial test configuration is
measured using the highest maximum output power channel determined by the default power measurement
procedures (section 4). When multiple configurations in a frequency band have the same specified maximum
output power, the initial test configuration is determined according to the following steps applied sequentially.

a. The largest channel bandwidth configuration is selected among the multiple configurations with the same
specified maximum output power.

b. If multiple configurations have the same specified maximum output power and largest channel bandwidth,
the lowest order modulation among the largest channel bandwidth configurations is selected.

c. If multiple configurations have the same specified maximum output power, largest channel bandwidth and
lowest order modulation, the lowest data rate configuration among these configurations is selected.

d. When multiple transmission modes (802.11a/g/n/ac) have the same specified maximum output power,
largest channel bandwidth, lowest order modulation and lowest data rate, the lowest order 802.11 mode is
selected; i.e., 802.11a is chosen over 802.11n then 802.11ac or 802.11g is chosen over 802.11n.

After an initial test configuration is determined, if multiple test channels have the same measured maximum

output power, the channel chosen for SAR measurement is determined according to the following. These

channel selection procedures apply to both the initial test configuration and subsequent test configuration(s),
with respect to the default power measurement procedures or additional power measurements required for
further SAR test reduction. The same procedures also apply to subsequent highest output power channel(s)
selection.

a. When there are multiple test channels with the same measured maximum output power, the channel
closest to mid-band frequency is selected for SAR measurement.

b. When there are multiple test channels with the same measured maximum output power and equal
separation from mid-band frequency; for example, high and low channels or two mid-band channels, the
higher frequency (number) channel is selected for SAR measurement.

7. Initial Test Configuration Procedures

An initial test configuration is determined for OFDM transmission modes according to the channel bandwidth,

modulation and data rate combination(s) with the highest maximum output power specified for production

units in each standalone and aggregated frequency band. SAR is measured using the highest measured
maximum output power channel. For configurations with the same specified or measured maximum output

power, additional transmission mode and test channel selection procedures are required (see section 5.3.2).

SAR test reduction of subsequent highest output test channels is based on the reported SAR of the initial test

configuration.

For next to the ear, hotspot mode and UMC mini-tablet exposure configurations where multiple test positions

are required, the initial test position procedure is applied to minimize the number of test positions required for

SAR measurement using the initial test configuration transmission mode.23 For fixed exposure conditions

that do not have multiple SAR test positions, SAR is measured in the transmission mode determined by the

initial test configuration. When the reported SAR of the initial test configuration is > 0.8 W/kg, SAR
measurement is required for the subsequent next highest measured output power channel(s) in the initial test
configuration until the reported SAR is < 1.2 W/kg or all required channels are tested.

8. Subsequent Test Configuration Procedures

SAR measurement requirements for the remaining 802.11 transmission mode configurations that have not

been tested in the initial test configuration are determined separately for each standalone and aggregated

frequency band, in each exposure condition, according to the maximum output power specified for production
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units. The initial test position procedure is applied to next to the ear, UMPC mini-tablet and hotspot mode
configurations. When the same maximum output power is specified for multiple transmission modes, the
procedures in section 5.3.2 are applied to determine the test configuration. Additional power measurements
may be required to determine if SAR measurements are required for subsequent highest output power
channels in a subsequent test configuration. The subsequent test configuration and SAR measurement
procedures are described in the following.

a.

When SAR test exclusion provisions of KDB Publication 447498 are applicable and SAR measurement is
not required for the initial test configuration, SAR is also not required for the next highest maximum output
power transmission mode subsequent test configuration(s) in that frequency band or aggregated band
and exposure configuration.
When the highest reported SAR for the initial test configuration (when applicable, include subsequent
highest output channels), according to the initial test position or fixed exposure position requirements, is
adjusted by the ratio of the subsequent test configuration to initial test configuration specified maximum
output power and the adjusted SAR is < 1.2 W/kg, SAR is not required for that subsequent test
configuration.
The number of channels in the initial test configuration and subsequent test configuration can be different
due to differences in channel bandwidth. When SAR measurement is required for a subsequent test
configuration and the channel bandwidth is smaller than that in the initial test configuration, all channels in
the subsequent test configuration that overlap with the larger bandwidth channel tested in the initial test
configuration should be used to determine the highest maximum output power channel. This step
requires additional power measurement to identify the highest maximum output power channel in the
subsequent test configuration to determine SAR test reduction.
1). SAR should first be measured for the channel with highest measured output power in the subsequent
test configuration.
2). SAR for subsequent highest measured maximum output power channels in the subsequent test
configuration is required only when the reported SAR of the preceding higher maximum output power
channel(s) in the subsequent test configuration is > 1.2 W/kg or until all required channels are tested.
a) For channels with the same measured maximum output power, SAR should be measured using the
channel closest to the center frequency of the larger channel bandwidth channel in the initial test
configuration.
SAR measurements for the remaining highest specified maximum output power OFDM transmission
mode configurations that have not been tested in the initial test configuration (highest maximum output) or
subsequent test configuration(s) (subsequent next highest maximum output power) is determined by
applying the subsequent test configuration procedures in this section to the remaining configurations
according to the following:
1) replace “subsequent test configuration” with “next subsequent test configuration” (i.e., subsequent
next highest specified maximum output power configuration)
2) replace “initial test configuration” with “all tested higher output power configurations”

4.13. Power Drift

To control the output power stability during the SAR test, DASY4 system calculates the power drift by
measuring the E-field at the same location at the beginning and at the end of the measurement for each test
position. These drift values can be found in Table 14.1 to Table 14.11 labeled as: (Power Drift [dB]). This
ensures that the power drift during one measurement is within 5%.

4.14. Power Reduction

The product without any power reduction.
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Report No.:

5. TEST CONDITIONS AND RESULTS

5.1. Conducted Power Results

<GSM Conducted Power>

General Note:

GTSR16110108-SAR

1. Per KDB 447498 D01v06, the maximum output power channel is used for SAR testing and for further SAR

test reduction.

2. According to October 2013TCB Workshop, for GPRShe number of time slots to test for SAR should
correspond to the highest frame-average maximum output power configuration, considering the possibility of
e.g. 3rd party VolP operation for head and body-worn SAR testing, the EUT was set in GPRS (2Tx slot) for
GSM850/GSM1900 band due to their highest frame-average power.

Conducted Power Measurement Results(GSM 850/1900)

Burst Conducted power (dBm)

Average power (dBm)

GSM 850 Channel/Frequency(MHz) / Channel/Frequency(MHz)
128/824.2 | 190/836.6 | 251/848.8 128/824.2 | 190/836.6 | 251/848.8
GPRS | 1TX slot 32.79 32.8 32.87 -9.03dB 23.76 23.77 23.84
(GMSK) | 2TX slot 32.77 32.75 32.64 -6.02dB 26.75 26.73 26.62
Burst Conducted power (dBm) Average power (dBm)
Channel/Frequency(MHz Channel/Frequency(MHz
GSM 1900 512/ T / 512/ R
1850.2 1880 1909.8 1850.2 1880 1909.8
GPRS | 1TX slot 30.42 30.36 29.68 -9.03dB 21.39 21.33 20.65
(GMSK) | 2TX slot 29.66 29.59 28.80 -6.02dB 23.64 23.57 22.78
Notes:

1) Division Factors

To average the power, the division factor is as follows:
1TX-slot = 1 transmit time slot out of 8 time slots=> conducted power divided by (8/1) =>-9.03dB
2TX-slots = 2 transmit time slots out of 8 time slots=> conducted power divided by (8/2) => -6.02dB
According to the conducted power as above, the GPRS measurements are performed with 2Txslots for
GPRS850 and GPRS1900.

<WLAN 2.4GHz Conducted Power>

Mode Channel Fre(lf\q/ll:_'ezr;cy Data rate (Mbps) A\Ié(e)t;,sgre((d)gm)ut

1 12.26

2 12.23

1 2412 55 12.20

11 12.19

1 12.32

2 12.30

IEEE 802.11b 6 2437 55 12.29
11 12.26

1 12.25

2 12.22

11 2462 55 12.20

11 12.18

6 10.38

9 10.36

12 10.32

18 10.31

IEEE 802.11g ! 2412 24 10.29
36 10.28

48 10.25

54 10.23

6 2437 6 10.45
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9 10.43
12 10.42

18 10.40

24 10.38

36 10.36

48 10.34

54 10.32

6 10.66

9 10.65

12 10.63

18 10.61

1 2462 24 10.58
36 10.56

48 10.54

54 10.53

MCSO0 10.69

MCS1 10.67

MCS2 10.65

MCS3 10.63

1 2412 MCS4 10.61
MCS5 10.59

MCS6 10.57

MCS7 10.54

MCSO0 10.27

MCS1 10.25

MCS2 10.23

IEEE 802.11n MCS3 10.22
HT20 6 2431 MCS4 10.20
MCS5 10.18

MCS6 10.17

MCS7 10.15

MCSO0 10.13

MCS1 10.10

MCS2 10.09

MCS3 10.07

1 2462 MCS4 10.06
MCS5 10.04

MCS6 10.02

MCS7 10.00

Note: SAR is not required for the following 2.4 GHz OFDM conditions as the highest reported SAR for DSSS
is adjusted by the ratio of OFDM to DSSS specified maximum output power and the adjusted SAR is < 1.2
Wi/kg.
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Manufacturing tolerance

GSM 850 GPRS (GMSK) (Burst Average Power)

Channel 128 190 251
Target (dBm) 32.0 32.0 32.0
1 Txslot Tolerance +(dB) 1.0 1.0 1.0
Target (dBm) 32.0 32.0 32.0
2 Txslot Tolerance +(dB) 1.0 1.0 1.0
GSM 1900 GPRS (GMSK) (Burst Average Power)
Channel 512 661 810
Target (dBm) 30.0 30.0 30.0
1 Txslot Tolerance +(dB) 1.0 1.0 1.0
Target (dBm) 29.0 29.0 29.0
2 Txslot Tolerance +(dB) 1.0 1.0 1.0
WiFi
IEEE 802.11b (Average)
Channel Channel 1 Channel 6 Channel 11
Target (dBm) 12.0 12.0 12.0
Tolerance +(dB) 1.0 1.0 1.0
IEEE 802.11g (Average)
Channel Channel 1 Channel 6 Channel 11
Target (dBm) 10.0 10.0 10.0
Tolerance +(dB) 1.0 1.0 1.0
IEEE 802.11n HT20 (Average)
Channel Channel 1 Channel 6 Channel 11
Target (dBm) 10.0 10.0 10.0
Tolerance +(dB) 1.0 1.0 1.0
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5.2. Transmit Antennas and SAR Measurement Position

Top side

— 80mMmm —48

/

~

WIFI Antenna

the exact distance between
GPRS antenna and front is
28mm GPRS Antenna
Right Side Left Side
186mm 170 mm
\ / v
Bottom Side
Back View
Antenna information:
WWAN Main Antenna GSM/UMTS TX/RX
WLAN/GPS/BT Antenna WLAN/BT TX/RX
Distance of The Antenna to the EUT surface and edge
Antennas Front Back Top Side Bottom Side Left Side Right Side
GPRS >25mm <5mm >25mm >25mm <5mm <5mm
WLAN <5mm <5mm <5mm >25mm <5mm >25mm
Positions for SAR tests
Antennas Front Back Top Side Bottom Side Left Side Right Side
GPRS No Yes No No Yes Yes
WLAN Yes Yes Yes No Yes No
Note:

According to the KDB941225 D06 Hot Spot SAR v02, the edges with less than 2.5 cm distance to the
antennas need to be tested for SAR.

SAR measurement positions

Hotspot mode SAR measurement positions
mode front back left egde right egde top egde bottom egde
GSM 850 no yes yes yes no no
GSM 1900 no yes yes yes no no
WiFi2450 yes yes yes no yes no
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5.3. Standalone SAR Test Exclusion Considerations

Report No.: GTSR16110108-SAR

Per KDB447498 for standalone 1-g head or body SAR evaluation by measurement or numerical simulation is

not required when the corresponding SAR Exclusion Threshold condition, listed below, is satisfied.

The 1-g and 10-g SAR test exclusion thresholds for 100 MHz to 6 GHz at test separation distances < 50 mm
are determined by::
[(max. power of channel, including tune-up tolerance, mW) / (min. test separation distance, mm)] :[ ¥ f(GHz)] <
3.0 for 1-g SAR and < 7.5 for 10-g extremity SAR, where
e f(GHz) is the RF channel transmit frequency in GHz

e Power and distance are rounded to the nearest MW and mm before calculation
e The result is rounded to one decimal place for comparison
e 3.0 and 7.5 are referred to as the numeric thresholds in the step 2 below

Standalone SAR test exclusion considerations

o ANV Separation : SAR Standalone
Communication | Frequency ! ! Average , Calculation )
Configuration Distance Exclusion SAR
system {8172 IS (mm) sl Thresholds | Exclusion
(dBm)

GSM 850 850 Body* 26.98 5 92.0 3.0 no

GSM 1900 1900 Body* 23.98 5 68.9 3.0 no
Remark:

1. WiFi 2450 and Bluetooth Standalone SAR Test Exclusion Considerations for another table per KDB248227

DO1.

2. Maximum average power including tune-up tolerance;
3. When the minimum test separation distance is <5 mm, a distance of 5 mm is applied to determine SAR

test exclusion

Standalone SAR test exclusion considerations

Frequenc I\f‘l‘?/zlrrgu;n Separation Calculation SAR Standalone
Modulation q y Configuration 9 Distance Exclusion SAR
(MHz) Power Result .
(mm) Thresholds | Exclusion
(dBm)
IEEE 802.11b 2450 Body* 13.0 5 6.2 3.0 no
IEEE 802.119g 2450 Body* 11.0 5 3.9 3.0 no
IEEE 802.11n
HT20 2450 Body* 11.0 5 3.9 3.0 no
Remark:

1. Maximum average power including tune-up tolerance;
2. Bluetooth including Lower Energy Bluetooth and classical Bluetooth;

3. When the minimum test separation distance is <5 mm, a distance of 5 mm is applied to determine SAR

test exclusion
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5.4. Estimated SAR

Per KDB447498 requires when the standalone SAR test exclusion of section 4.3.1 is applied to an antenna
that transmits simultaneously with other antennas, the standalone SAR must be estimated according to the
following to determine simultaneous transmission SAR test exclusion;

e (max. power of channel, including tune-up tolerance, mW)/(min. test separation distance, mm)] « [ ¥ f(GHz)/x]
W/kg for test separation distances < 50 mm;

where x = 7.5 for 1-g SAR, and x = 18.75 for 10-g SAR.

e 0.4 W/kg for 1-g SAR and 1.0 W/kg for 10-g SAR, when the test separation distances is > 50 mm

Per FCC KD B447498 D01,simultaneous transmission SAR test exclusion may be applied when the sum of
the 1-g SAR for all the transmitting antenna in a specific a physical test configuration is <1.6 W/Kg.When the
sum is greater than the SAR limit,SAR test exclusion is determined by the SAR to peak location separation
ratio.

(SAR,+SAR,)"
(peak location separation,mm)

Ratio= <0.04

Not required

5.5. SAR Measurement Results

It is determined by user manual for the distance between the EUT and the phantom bottom.
The distance is 10mm and just applied to the condition of body worn accessory.

The calculated SAR is obtained by the following formula:

Reported SAR=Measured SAR x 10("Taget-Pmeasured)/10

Where Praget iS the power of manufacturing upper limit;

Pueasured IS the measured power

SAR meausred at SIM 1 as power highest at SIM 1;

Duty Cycle
Mode Duty Cycle
GPRS for GSM850 1.4
GPRS for GSM1900 1.4
WiFi 1:1
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SAR Values [GSM 850]

Report No.: GTSR16110108-SAR

Conducted Maximum SAR1g results(W/kg)
ch Freq. Time Test Power Allowed Power | Scaling Graph
" | (MHz) slots Position Power drift Factor Measured Reported | Results
(dBm) (dBm)
measured / reported SAR numbers - Body (distance Omm)
128 | 824.2 | 2Txslots Back 32.77 33.00 -0.05 1.054 0.406 0.428 #1
128 | 824.2 | 2Txslots Left Side 32.77 33.00 -0.07 1.054 0.187 0.197
128 | 824.2 | 2Txslots | Right Side 32.77 33.00 -0.09 1.054 0.179 0.189
SAR Values [GSM 1900]
Maximum SAR1q results(W/kg)
ch Freq. time Test Cogc()jvl\J/glt’ed Allowed Power | Scaling Graph
" | (MHz) slots Position Power drift Factor Measured | Reported | Results
(dBm) (dBm)
measured / reported SAR numbers —Body ( distance Omm)
512 | 1850.2 | 2Txslots Back 29.66 30.00 -0.07 1.081 0.297 0.321 #2
512 | 1850.2 | 2Txslots Left Side 29.66 30.00 -0.05 1.081 0.105 0.114
812 | 1850.2 | 2Txslots | Right Slde 29.66 30.00 -0.09 1.081 0.113 0.122
SAR Values [WIFI2.4G]
Maximum SAR1g results(W/kg)
Ch Freq. Service Test Allowed Cog(()jvl;g';ed Power | Scaling Graph
’ (MHz) Position Power drift Factor Measured | Reported | Results
(dBm) (dBm)
measured / reported SAR numbers - Body ( distance Omm)
1 2412 DSSS Front 12.26 13.00 -0.11 1.186 0.056 0.066
1 2412 DSSS Back 12.26 13.00 0.08 1.186 0.097 0.115
1 2412 DSSS Left Side 12.26 13.00 -0.07 1.186 0.207 0.246 #3
1 2412 DSSS Top Side 12.26 13.00 -0.06 1.186 0.089 0.106
Note:

1. The value with black color is the maximum Reported SAR Value of each test band.
2. Per FCC KDB Publication 447498 D01, if the reported (scaled) SAR measured at the middle channel or
highest output power channel for each test configuration is < 0.8 W/kg then testing at the other channels is
optional for such test configuration(s).
4. Per KDB 248227- Channels with measured maximum output power within ¥ dB of each other are
considered to have the same maximum output, When there are multiple test channels with the same
measured maximum output power, the channel closest to mid-band frequency is selected for SAR

measurement. And when there are multiple test channels with the same measured maximum output power

and equal separation from mid-band frequency; for example, high and low channels or two mid-band channels,
the higher frequency (humber) channel is selected for SAR measurement.
5. Per KDB 248227- When the highest reported SAR for DSSS is adjusted by the ratio of OFDM to DSSS
specified maximum output power and the adjusted SAR is < 1.2 W/kg.
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5.6. Simultaneous TX SAR Considerations

5.6.1 Introduction

The following procedures adopted from “FCC SAR Considerations for Cell Phones with Multiple Transmitters”
are applicable to handsets with built-in unlicensed transmitters such as 802.11 a/b/g/n devices which may
simultaneously transmit with the licensed transmitter.

Application Simultaneous Transmission information:

Air-Interface Band (MHz) Type Simultaneous Transmissions
GSM GPRS DT Yes,WLAN
WLAN 2450 DT Yes, GPRS

5.6.2 Evaluation of Simultaneous SAR

Body-worn Exposure Conditions

Simultaneous transmission SAR for WiFi and GPRS

GSM850 | GSM1900 WIFI Peak .
Test position | Reported | Reported | Reported | ygp, | Ui | location | e

(W/Kg) (W/Kg) (W/Kg) (W/Kg) (W/Kg) il Required
Front / / 0.066 0.066 1.6 no no
Back 0.428 0.321 0.115 0.543 1.6 no no
Left Side 0.197 0.114 0.246 | 0.443 1.6 no no
Right Side 0.189 0.118 / 0.189 1.6 no no
Bottom Side / / / / 1.6 no no
Top Side / / 0.122 | 0.122 1.6 no no

Note:
1. The value with block color is the maximum values of standalone
2. The value with blue color is the maximum values of } SAR, 4

5.7. General description of test procedures

1. The DUT is tested using CMU 200 communications testers as controller unit to set test channels and
maximum output power to the DUT, as well as for measuring the conducted peak power.

2. Test positions as described in the tables above are in accordance with the specified test standard.

3. Tests in body position were performed in that configuration, which generates the highest time based
averaged output power (see conducted power results).

4. WiFi was tested in 802.11b/g/n mode with 1 Mbit/s and 6 Mbit/s. According to KDB 248227 the SAR
testing for 802.11g/n is not required since When the highest reported SAR for DSSS is adjusted by the
ratio of OFDM to DSSS specified maximum output power and the adjusted SAR is < 1.2 W/kg.

5. Required WiFi test channels were selected according to KDB 248227

6. According to FCC KDB pub 248227 D01, When there are multiple test channels with the same measured
maximum output power, the channel closest to mid-band frequency is selected for SAR measurement and
when there are multiple test channels with the same measured maximum output power and equal
separation from mid-band frequency; for example, high and low channels or two mid-band channels, the
higher frequency (number) channel is selected for SAR measurement.

7. Per FCC KDB pub 941225 D06 the edges with antennas within 2.5 cm are required to be evaluated for
SAR to cover WiFi hot spot function.

8. According to IEEE 1528 the SAR test shall be performed at middle channel. Testing of top and bottom
channel is optional.

9. According to KDB 447498 D01 testing of other required channels within the operating mode of a
frequency band is not required when the reported 1-g or 10-g SAR for the mid-band or highest output
power channel is:

e < 0.8 W/kg or 2.0 W/kg, for 1-g or 10-g respectively, when the transmission band is < 100 MHz

e < 0.6 W/kg or 1.5 W/kg, for 1-g or 10-g respectively, when the transmission band is between 100 MHz
and 200 MHz

e < 0.4 W/kg or 1.0 W/kg, for 1-g or 10-g respectively, when the transmission band is = 200 MHz




10.

11.

12.
13.

14.
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IEEE 1528-2013 require the middle channel to be tested first. This generally applies to wireless devices
that are designed to operate in technologies with tight tolerances for maximum output power variations
across channels in the band. When the maximum output power variation across the required test
channels is > % dB, instead of the middle channel, the highest output power channel must be used.

Per KDB648474 D04 require when the reported SAR for a body-worn accessory, measured without a
headset connected to the handset, is < 1.2 W/kg.

10-g extremity SAR is required only for the surfaces and edges with hotspot mode 1-g SAR > 1.2 W/kg.
Per KDB648474 D04 require for phablet SAR test considerations, For smart phones with a display
diagonal dimension > 15.0 cm or an overall diagonal dimension > 16.0 cm, When hotspot mode applies,
10-g extremity SAR is required only for the surfaces and edges with hotspot mode 1-g reported SAR > 1.2
W/kg.

10-g extremity SAR is required only for the surfaces and edges with hotspot mode 1-g SAR > 1.2 W/kg.
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5.8. SAR Measurement Variability

Report No.: GTSR16110108-SAR

According to KDB865664, Repeated measurements are required only when the measured SAR is = 0.80
Wi/kg. If the measured SAR value of the initial repeated measurement is < 1.45 W/kg with < 20% variation,
only one repeated measurement is required to reaffirm that the results are not expected to have substantial
variations, which may introduce significant compliance concerns. A second repeated measurement is
required only if the measured result for the initial repeated measurement is within 10% of the SAR limit and
vary by more than 20%, which are often related to device and measurement setup difficulties. The following
procedures are applied to determine if repeated measurements are required. The same procedures should
be adapted for measurements according to extremity and occupational exposure limits by applying a factor of
2.5 for extremity exposure and a factor of 5 for occupational exposure to the corresponding SAR
thresholds.19 The repeated measurement results must be clearly identified in the SAR report. All measured
SAR, including the repeated results, must be considered to determine compliance and for reporting according
to KDB 690783.Repeated measurement is not required when the original highest measured SAR is < 0.80
W/kg; steps 2) through 4) do not apply.

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

2) Perform a second repeated measurement only if the ratio of largest to smallest SAR for the original

and first repeated measurements is > 1.20 or when the original or repeated measurement is > 1.45

W/kg (~ 10% from the 1-g SAR limit).

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

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

Highest First Repeated
Frequency RF Repeated Largest to
Band Air Interface Exposure e SAR HzeeEel | el Smallest
(MHz) Configuration pesion (yes/no) SAR;q SAR1 SAR
W/Kg) | (WiKg) | S
850 GSM850 Standalone | Body — Back no 0.406 n/a n/a
1900 GSM1900 Standalone | Body — Back no 0.297 n/a n/a
2450 2.4GWLAN Standalone | Body — Back no 0.207 n/a n/a
Remark:

1. Second Repeated Measurement is not required since the ratio of the largest to smallest SAR for the

orignal and first repeated measurement is not > 1.20 or 3 (1-g or 10-g respectively)

5.9. Measurement Uncertainty (300MHz-3GHz)

Not required as SAR measurement uncertainty analysis is required in SAR reports only when the highest
measured SAR in a frequency band is = 1.5 W/kg for 1-g SAR accoridng to KDB865664D01.
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5.10. System Check Results

Date: 11/10/2016

DUT: Dipole 835MHz; Type: D835V2; Serial: D835V2 - SN: 4d069
Program Name: System Performance Check at 835 MHz Body

Communication System: CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used: f = 835 MHz; 0 = 1.00 mho/m; ¢, = 57.01; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

-Probe: ES3DV3 - SN3292;ConvF(6.27, 6.27, 6.27); Calibrated: 09/02/2016;
- Sensor-Surface: 4mm (Mechanical Surface Detection)

-Electronics: DAE4 Sn1315; Calibrated: 7/26/2016

- Phantom: SAM 2; Type: SAM; Serial: TP-1432

.. GTSR16110108-SAR

- Measurement SW: DASY5, V4.7 Build 53; Postprocessing SW: SEMCAD, V1.8 Build 172

d=15mm, Pin=250mW/Area Scan (61x131x1): Interpolated grid: dx=1.5mm, dy=1.5mm

Maximum value of SAR (interpolated) = 2.849 mW/g

d=15mm, Pin=250mW/Zoom Scan (7X7x7) /Cube 0: Measurement grid: dx=5mm,
Reference Value = 57.585 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.871 W/kg

SAR(1 g) = 2.53 mW/g; SAR(10 g) = 1.65 mW/g

Maximum value of SAR (measured) = 3.302 mW/g

dy=5mm, dz=5mm

dB
— 0.000

—-2.10

-4.20

-6.30

-8.40

-10.5

0dB =3.302 mW/g
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Date: 11/11/2016

DUT: Dipole 1900MHz; Type: D1900V2; Serial: 5d194
Program Name: System Performance Check at Body 1900 MHz

Communication System: CW; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1900 MHz; ¢ = 1.58 mho/m; €, = 55.2; p = 1000 kg/m?
Phantom section: Flat Section

DASY5 Configuration:

-Probe: ES3DV3 - SN3292;ConvF(5.05, 5.05, 5.05); Calibrated: 09/02/2016;
- Sensor-Surface: 4mm (Mechanical Surface Detection)

-Electronics: DAE4 Sn1315; Calibrated: 7/26/2016

- Phantom: SAM 2; Type: SAM; Serial: TP-1432

.. GTSR16110108-SAR

- Measurement SW: DASY5, V4.7 Build 53; Postprocessing SW: SEMCAD, V1.8 Build 172

d=15mm, Pin=250mW/Area Scan (61x131x1): Interpolated grid: dx=1.5mm, dy=1.5mm

Maximum value of SAR (interpolated) = 13.4 mW/g

d=15mm, Pin=250mW/Zoom Scan (5X5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 91.52 V/m; Power Drift = -0.02 dB
Peak SAR (extrapolated) = 18.7 W/kg

SAR(1 g) = 9.95 mWI/g; SAR(10 g) = 5.09 mW/g
Maximum value of SAR (measured) = 12.8 mW/g

dB
— 0.000

—-3.12

-b.24

-9.36

-12.5

-15.6

0dB =12.8 mWI/g
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Date: 11/12/2016

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: 955
Program Name: System Performance Check Body at 2450 MHz

Communication System: CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; ¢ = 1.90 mho/m; ¢, = 50.59; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

-Probe: ES3DV3 - SN3292;ConvF(4.70, 4.70, 4.70); Calibrated: 09/02/2016;

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

-Electronics: DAE4 Sn1315; Calibrated: 7/26/2016

- Phantom: SAM 2; Type: SAM; Serial: TP-1432

- Measurement SW: DASY5, V4.7 Build 53; Postprocessing SW: SEMCAD, V1.8 Build 172

d=10mm, Pin=250mW/Area Scan (91x91x1): Interpolated grid: dx=1.2mm, dy=1.2mm
Maximum value of SAR (interpolated) = 16.2 mW/g

d=10mm, Pin=250mW/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 89.5 V/m; Power Drift = 0.017 dB

Peak SAR (extrapolated) = 27.0 W/kg

SAR(1 g) = 13.5 mWI/g; SAR(10 g) = 6.34 mW/g

Maximum value of SAR (measured) = 15.4 mW/g

dB
— 0.000

—-4.10

-8.20

-12.3

-16.4

-20.5

0dB =15.4 mW/g
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5.11. SAR Test Graph Results

SAR plots for the highest measured SAR in each exposure configuration, wireless mode and frequency
band combination according to FCC KDB 865664 D02

#1
Date: 11/10/2016

DUT: T2; Type: SI PIN; Serial: IMEI Number
Program Name: T2

Communication System: GSM 850; Frequency: 824.2 MHz;Duty Cycle: 1:4
Medium parameters used (interpolated): f = 824.2 MHz; ¢ = 1.03 mho/m; €, = 56.91; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

-Probe: ES3DV3 - SN3292;ConvF(6.27, 6.27,6.27); Calibrated: 09/02/2016;

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

-Electronics: DAE4 Sn1315; Calibrated: 7/26/2016

- Phantom: SAM 2; Type: SAM; Serial: TP-1432

- Measurement SW: DASY5, V4.7 Build 53; Postprocessing SW: SEMCAD, V1.8 Build 172

Back/Area Scan (61x121x1): Interpolated grid: dx=1.5mm, dy=1.5mm
Maximum value of SAR (interpolated) = 0.413 mW/g

Back/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 17.26V/m; Power Drift =-0.05 dB

Peak SAR (extrapolated) = 0.526 W/kg

SAR(1 g) = 0.406 mW/g; SAR(10 g) = 0.328 mW/g

Maximum value of SAR (measured) = 0.411 mW/g

dB N
— 0.000

—{-1.61

-3.22

-4.83

-b6.44

-8.0%
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#2
Date: 11/11/2016

DUT: T2; Type: SI PIN; Serial: IMEI Number
Program Name: T2

Communication System: GPRS1900; Frequency: 1850.2 MHz;Duty Cycle: 1:4
Medium parameters used (interpolated): f = 1850.2 MHz; ¢ = 1.57 mho/m; er = 55.40; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

-Probe: ES3DV3 - SN3292;ConvF(5.05, 5.05,5.05); Calibrated: 09/02/2016;

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

-Electronics: DAE4 Sn1315; Calibrated: 7/26/2016

- Phantom: SAM 2; Type: SAM; Serial: TP-1432

- Measurement SW: DASY5, V4.7 Build 53; Postprocessing SW: SEMCAD, V1.8 Build 172

Back/Area Scan (61x121x1): Interpolated grid: dx=1.5mm, dy=1.5mm
Maximum value of SAR (interpolated) = 0.308 mW/g

Back/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 15.28 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 0.356 W/kg

SAR(1 g) = 0.297 mW/g; SAR(10 g) = 0.205 mW/g

Maximum value of SAR (measured) = 0.301 mW/g

dB
— 0.000

— -3.08

-b.16

-9.24

-12.3

-15.4
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#3
Date: 11/12/2016

DUT: T2; Type: SI PIN; Serial: IMEI Number
Program Name: T2

Communication System: 802.11; Frequency: 2412 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2412 MHz; o = 1.89 mho/m; er = 52.19; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

-Probe: ES3DV3 - SN3292;ConvF(4.70, 4.70,4.70 ); Calibrated: 09/02/2016;

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

-Electronics: DAE4 Sn1315; Calibrated: 7/26/2016

- Phantom: SAM 2; Type: SAM; Serial: TP-1432

- Measurement SW: DASY5, V4.7 Build 53; Postprocessing SW: SEMCAD, V1.8 Build 172

Back/Area Scan (71x151x1): Interpolated grid: dx=1.2mm, dy=1.2mm
Maximum value of SAR (interpolated) = 0.219 mW/g

Back/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 9.14 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 0.286 W/kg

SAR(1 g) = 0.207 mW/g; SAR(10 g) =0.172 mW/g

Maximum value of SAR (measured) = 0.216 mW/g

dB
— 0.000

—-8.10

|
-16.2 ‘“

-24.3

-32.4

-40.5
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6. Calibration Certificate

6.1. Probe Calibration Certificate

Calibration Laboratory of S\ S Schweizerdschar Kalibridienst
Schmid & Pariner 4 G Service sulsss d'italonnage
Engineering AG .\ s Servizia svirzers di ErAmE
Zeughausatrasse 43, 004 Zurich, Switzerdand Ny, Swiss Cafibration Servics
Ancraditad by thi Swiss Accroditation Sarvice {SAS) Accroditstion No: SCS 0108

The Swiss Accraditation Ssrvicn 15 ans ol the signetofes 1o the E&
Multiatoral Agreemeni for the recognition of calibration corfificates

S f e e e e

This calibrafion cortificats documants the irecesbifty |o nafo! stendants; which reaiize Ibe physcal onits of messuremenis (S1)
The mesursmantz and tha unesrminbes-with confidencs probabiiity are grven on iha iolowing pages and afs part of tha cortificaty

| AR caRbrafions have been sonducied in the tlosed kbarasony facity: envirsnmant lemparature (22 -+ 3)°C and hidity < T0%.

Catierzion Equipmant Lsad [MATE oriiest 00 coliraenm)

Primary Standars [11] Col Dt (Cesfificate No.) Scheduled Calbration
Power meter NRP G4 10477 0E-Aar-1E ﬂh-ﬁ?—m Ape-17
Power sensor NRP-201 BN 314 D5-Apr-1E (Mo 21F-02288) ApedT
Power sarsor NRP-291 BN: 103245 DE-Agr-16 iNo. 21702288 Age17

| Rofororee 20 68 Atienutor | SN SA3TT (3hg 05-Agr-1E (Ne- 217-02203) Ape17
Raferance Proba ES30NT SN; 313 31-Dec-15 (Mo, ES3-3013 Dacts) Dec-16
DAES SN B8l F3-Dec-15 (No: DAES-660_0=c18) Dec-15
Sarorgiary Standarcs D Check Datn (i housa) Schaduled Check
Powes metes E44158 Sh: GB412058T4 08-Aor-10 {i bouse chenk Jur-15) In heonie chech: Jun-18
Powae esnsor E44124 SM: MY4 1488087 OE-Ape-16 fin house chadk Jun-15) In hoxise chock, Jun-18
Parever aensor E44128 8N 000118210 28-Apr-1E {in houze check Jur-13) In house chedk: Jun-18
AP generabor HP BE460 SN: USSB42UnT 700 04-A153-00 {n housa ehack Jut- 16} iin hewen cheak: Jun-15
Matwork Analyzor HP B753E B US3TIR05E8 1B-0ct-01 (i house chack Oci-15 In housa cheel: Dci=15

Funchon
Calibrated by .
Appaovee by

Iszuad Septémber 2, 2016

This calibratian caftificais shal not be reprocuced @ecapt i full withoot witten approval of fha isboratony.

Geriificats Mo: ES3-3292_BepiB Page 1ol 11
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Favs.y Sehwomarisshar Kalibrisrdicnst
Schmid & Partner @ Y g Servicn sulsse d'édalonnags
ineering AG b Sorvizio avizzers di taraturs
hmw“r%mw Suwitzariand Yy - TS e
L
Accredited by the Gwiss Accredialion Sandds [SAS] Azereditation o SCS5 0108
The Swiss Ascredifation Bervies is ane of tha gignatories to the EA
Multiiateral Agreemant for the recognition of calibration certificates
Glossary:
T5L tizsue simulating ligued
NORMxy.Z gansiiity in free space
ConvF sensitivity in TSL / NORMx.y 2
DCF diode compression point
CF crast factor ( 1/duty_eyele) of the RF signal
ABCD madulation dependent linsarization parameters
Polgrization o p rotation around probe axs
Polarization 5 8 rotation around an axis that is in the plane normal to probe axls (at measurement center),
ie.. & =0 is normal b0 probe axs
Connector Angle information used in DASY system to slign proba sancor X 1o the rabot coordinale Sysiem

Calibration is Performed According to the Following Standards:

a)

b)

c)

IEEE Sid 1528-2013, “IEEE Recemmandsd Practica for Determining tha Peak Spatial-Avaraged Specific
Absomtion Rate (SAR} in the Human Head from Wiralass Communications Devices: Measurement
Technigues", June 2013

IEC 2205-1, *Procedure in measure the Specific Abzarption Rata [SAR) for hand-heid devices usad in chyse
proximity 1o the ear {frequency renge of 300 MHz to 3 GHz)", February 2005

IEC §7209-2, *Procedurs io determine fhe Specific Absorption Rate (SAR) for wireless communication devices
used in slose proximity 1o the human body (frequency range of 30 MHz o B GHzJ", March 2010

d) KDB 865634, “SAR Mezcuwrament Requirements for 100 MHz to 8 GHz"
Methods Applled and Interpretation of Parameters:

NORMy,y.2: Assessed for E-field polarization 5 =0 {f <900 MHz in TEM-cefl; > 1800 MHz: R22 waveguids).
NORMY,y,2 are only intermediate values, [, the uncerainties of NORMx.y 2 does no affact the E*-Feid
uncerainty inside TSL (s=e below ComF.

NORM{fx.y.z = NORMy.y,2z * frequency_response (see Frequency Response Chart), This linearizalion is
implemented in DAS Y4 software versions later than 42 The uncartainty of the frequency response & included
in the stated uncertsainty of Conv.

DCEx.y.z DCF are numencal linsarization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP doss not depend on frequency nor media.

PAR: PAR (s the Peak to Average Ratio that s not calbrated bul determined based an the signal
characteristics

Axy.r Bryz Oxyz Dxy.z: VRxy.2: A B, C D are nrumerical linearization parametars assessed basad on
the data of power sweep for specific modulation signal, The parameaters do not depend an frequency nor
media VA is the maximum calbration range expressed in RMS voltage across the dieda,

ConvF and Boundary Effect Parameters: Assessed in figt phantom using E-fisld (or Temperature Transfer
Standard for < 800 MHz) and inside waveguida using anatytical fieid distributions based on power
measuremants for { > BOO MHz. The same satups are used for asssessment of the paremelers applisd for
boundary compensation {aipha. depth) of which typical unceriainty velues are given, Those paramaters are
uzed n DASY4 softwars to improve probe accuracy close to the boundary. The sansitivity in TSL cormesponds
1o NORMx,y,z * ConvF whereby the uncariainty corresponds o thal given for Canv. A frequency dependent
ConvF is used in DASY version 4.4 and higher which aliows swtending tha vaiidity from = 59 MHz 1o = 100
MHz.

erwrmmwmmmﬂ:marﬂudmwmmmmamm
exposed by 8 patch antenna

Sensor Offsst, The sensor offset comesponds to the offsat of virtual measurement center from the probe tip
[on probe axiz). No tolerance required.

Connector Angle: The angle Is assessad Using the information gained by defermining the NORMx (no
unceainty required).

Certificate No: ES3-3202_Sepl6 Page 2of 11
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ES30NG —BN3292 Sepiember 2, 2618

Probe ES3DV3

SN:3292

Manufactured:  July 6, 2010
Repaired: August 29, 2016
Calibrated: September 2, 2016

Calibrated for DASY/EASY Systems

{MNote: non-compaticla with DASY 2 systaml)

Cerfficate No: ES3-3252_Sesn16 Page 3 of 11
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ES30V3A- SN32Z Saplombar 2, 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

IBaﬂ"uc Calibration Parameters

| Sensar X Sensor Y Sansor Uine {H-:ij_|
Momm :uwgumr‘]" 0.54 0.95 0.93 101 % |
| DCP {mV) 105.7 101.2 117

Modulation Calibration Parameters
(Ui

Ceommunication System Nama A B c o VR Unct
dB dBy/pV dB mv (k=2)
0 ow x 0o 0.0 1.0 0.0 20656 3.5 %
o oo 0.0 1.0 FIET
z [T 0.0 1.0 2.7 | ]

The reported unceriainty 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%.

M The unceralnties of Morm X ¥ T do not s¥ect the E™-keld uncertardy inesde TEL (s86 Pages 5 and B)

* Mumanosl Inesmration parameter Uncertainty nof reouesd,

T Unceraiy i determingd usng the mex. devislion from kness rsponss apphing rectangular distribution and s axpreseed for the square of ha
Bl valus.

Cartificaie No: E53-3292_Sepi8 Page 4 ot 11
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ES30V3- SN-3252 Saplamber 2, 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Head Tissue Simulating Media

| T {MHz)© nmi ' mmh .. ConvF X Eunﬁ‘fl ConvF Z | Alphat mji ::E .
450 435 0.87 7.12 712 712 | 020 | 130 | +133% |
750 a18 0.89 678 6.76 676 | osa | 118 | 2120%
835 15 0.90 653 853 653 | 043 | 164 | +120%
00 15 0.7 5.40 8.40 g40 | 053 | 143 | s120% |
1750 401 157 5.54 554 554 | om0 | 115 | +120%
1900 40.0 1.40 5.26 5.26 506 | 055 | 147 | +120%
2450 362 1.80 4.97 497 497 | oes | 141 | =120%
2600 380 156 477 477 477 | oso | 28 | s120%

¥ Frequency veldly above 300 iz of = 100 MHz oy applies for DASY v4.4 and higher {sce Pags 2), sise it ia metricied 1o 2 50 MHz The
unesrtarly iz tho BES of tha Comnr uncarainty &t calibrasion freguency and ihe wcaralnty for the indicated frequency Bend. Frequancy validity
below 300 MHz iz = 10, 25, 40, 50.and 70 MHz for GonvF asseccmants of 30, 54, 138, 150 and 220 MH: respecthaly Above 5 GHz Imguency
validity can be extended 1o = 110 MHZ

¥ 3 frequanees balow 5 GHz, the valefiy of iksue paramaters (¢ Ao o) can be melazed to = 105 i fiquid compensation fonmull i applied to
measursd SAR values. Atfrequanciss above 3 GHa, tha valioity of Sesua parameters (¢ and o) is resticled (o = 5% The uncadainty i the RSS of
fhe Comf uncertairdy for indicated targed fissus pammaters.

e ety are determined durng caliestion. SPEAG warranis that the remaining deviation due to e boundary effect altar compeneation =
Shwmye less than = 1% for frequencies below 3 GHe &nd below = 2% for frequencies betvesn 5-5 Oz al any distancs largar than half ths probe fip
dinmgthes from the boundary,

Cariificata No- ES3-3282_Sep18 Page 5 of 11
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Body Tissue Simuiating Media

_f(MHz) ¢ Mw l w ConvFX | ConwFY | ConvFZ | Alpha® mﬂ IELT;I
450 56.7 | o84 733 | 733 733 | 013 150 | £13.3%
750 555 096 5.25 6.25 625 0.38 166 | £120%
B35 552 e 627 6.27 6.27 D47 156 | 1204
BOD 55.0 1.05 818 618 615 nan 145 | £120%
1780 B34 1,42 5.28 528 5328 a7 138 | +120%
1800 £33 1.52 5.05 5.05 505 084 | 144 £120% |
2450 E27 1.95 4.70 470 a0 | om | 122 | £120%

| 2800 8] 298 | 4852 4.52 452 | 080 143 | £120%

& Fraquency vafidity sbave 200 Mz of = 100 Mz only applies for DASY vA.4 and fegher (6o Pags 2, eise 8 & restricead in < 50 MHz Tis
uncanainty is the RSS of the ConvF unceriminty st colbration frequancy and the unceramty for the indicaied lrequency bard Fraguency valdity
Dakrw 300 MHE k5 = 10, 25. 40, 50 and 70 MH: lor ComE assesamends &t 30, (4, 128, 150 and 220 MHz mspectively, Abave & GHz irecuency
validity can be exterdad to = 110 MHE

F &t frequencios. baiow 3 Gz, the velitiy of tissus sarsmeles (@ @nd o) can be mlaed to 2 10% if figeid comesnsssion formula is apglied &
meszuned BAR valusz. Al frequencies sbowa 3 GHz, the walidity of tae paramaters (¢ &no o) s restricted to + 5% The urcensinty = e RES of
the ComvF uncartainty for indicated targe! listue parameiss.

# Alph D ses delammined during caitrabon. SPEAG warranis that e emaning ceviabon Oue t0 The boundary eftedt ZREr COMPENSSIon &
alwiays bess than + 1% for Irequencies below 3 GHz and befow + 2% for froguencias betwean 3-8 GHz 6L any distance langor thin fad the proos 1p
dismtar om the boundary.

Cerfificale No: ES3-3262 Sepif Pags 6o 11
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ES3DV3- EN3262 Septamber 2, 2016

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

Frequenay fespansa (normalized)
T%;-
o
L
i
|
,*
1
|
|

1500 2000 2600 3000
f [MHz]

Uncartsinty of Frequency Responsa of E-field: 1 8.2% (k=2)

Certificata No: ES3-3202_Sep16 Page 7 of 11
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ES30DV3- SN3202 Soptember £, 2016

Receiving Pattern (¢), 5 = 0°

=600 MHz, TEM =1800 MHz,R22
LA = - =
= a x an
= i TR o ae » it 1" L Fax oas g _fl ¥
= "y o e
] = e o
L3 . . [ . L1
Tee X T z Tal | ¥ F]
= ' : 5 |
n:-é_---— sk ¥, oy } - T e YRR CLN. IR LT s i
E ﬂt';-w—ﬁ'WH—W' > =
i |
I{I_,A;T 11!”1 = -r_lfql : JL = 5-|_+I 1'Hu 150
n

- i M ; |
1’:15_!&4: L] '~' Hz 19@2’:-!1-11 Jﬁrﬁm

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2}

Cartificeta Mo: ES3-3202_Sep16 Page 8 of 11
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Septarmber 2, 2016

ES30V3-5N.3292

Dynamic Range f(SARpeaq)

(TEM cell , fovar= 1900 MHz)

10°

o o
T

| e

=i

10

Uncartainty of Linearity Assessment: £ 0.5% (k=2)

Page Sof 11
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ES30DNV3- SN3200 Soptembor 2, 2018
Conversion Factor Assessment
f= 500 MHz, WGLS RS (H_comF) f= 1750 MHz WGLS R22 (H_comF)
:;: 'nl
et
| F
!
s | =]
I | TF N
s 2! . ‘ 5 ml
!ﬁl l‘.;
1{::5 t
[T u::
| | =
==i 1 1 ¥ £ = = ] = DI - I ta__ A .:!:" = = " -
= afrmi
0] Y| 2 ¥ 1 ¥
e B e e

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

Cevinbion

48 -0 06 -04 02 00 02 04 D& 08 10
Uncertainty of Epherical lsotropy Assessmant: £ 2.6% (k=2)

Corificate No: ES3-3202 Septé Page 10 of 11
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Client

CTTL-BJ (Auden)

6.2. D835V2 Dipole Calibration Certificate

S,

¥
o

)

.

£

"y

“ b~
AR

Report No.: GTSR16110108-SAR

Schweizerischer Kalibrierdienst

Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

nwow

Accreditation No.: SCS 0108

Certificate No: D835V 2-4d069_Jul16

|CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

DB835V2 - SN:4d069

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

July 20, 2016

Calibration Equipment used (M&TE critical for calibration)

This calibration cerlificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 = 3)°C and humidity < 70%,

Primary Standards D # Cal Date (Certificate No.) Scheduled Callbration

Power meler NRP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRP-291 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-291 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Reference 20 dB Altenuator SN: 5058 (20k) 05-Apr-16 (No. 217-02202) Apr-17

Type-N mismatch combination SN: 50472 / 06327 05-Apr-16 (No. 217-02285) Apr-17

Reference Probe EX30V4 SN: 7348 15-Jun-16 (No. EX3-7349_Jun16) Jun-17

DAE4 SN: 601 30-Dec-15 (No. DAE4-601_Dec15) Dec-16

Secondary Standards D # Check Date (in house) Scheduled Check

Power maeter EPM-4424A SN: GB37480704 07-0ct-15 (No. 217-02222) In house check: Oct-16

Power sensor HP B481A SN: US37292783 07-0ct-15 (No, 217-02222) In house check: Oct-16

Power sensor HP 8481A SN: MY41082317 07-0ct-15 (No. 217-02223) In house check: Oct-16

RF generator R&S SMT-08 SN: 100972 15-Jun-15 (in house check Jun-15) In house check: Oct-16

Network Analyzer HP B753E SN: US37390585 18-Oct-01 (in house check Oct-15) In house check: Oct-16
Name Function Signature

Calibrated by: Michael Weber Laboratory Technician MM

Approved by: Katja Pokovic Technical Manager

e

Issued: July 22, 2016

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D835V2-4d069_Jul16
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate No: DB35V2-4d069_Jul16 Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

Report No.: GTSR16110108-SAR

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22,0°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0£0.2) °C 406 +6% 0.94 mho/m +6 %
Head TSI temperature change during test <0.5°C - —_—
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.45 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.44 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.59 W/kg
SAR for nominal Head TSL parameters normalized to 1W 6.18 W/kg + 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 552 0.97 mho/m

Measured Body TSL parameters (22.0 +0.2) °C 549+6% 1.01 mho/m £6 %

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

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

SAR measured 250 mW input power 2.50 Wikg

SAR for nominal Body TSL parameters normalized to 1W 9.69 W/kg £ 17.0 % (k=2)

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

SAR measured 250 mW input power 1.63 Wikg

SAR for nominal Body TSL parameters normalized to 1W 6.36 W/kg = 16.5 % (k=2)

Certificate No: D835V2-4d069_Jul16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.90Q-21jQ

Return Loss -31.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 488Q-25|Q
Return Loss -31.0dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.394 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on November 09, 2007
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DASYS Validation Report for Head TSL

Date: 20.07.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz D835V2; Type: D835V2; Serial: D835V2 - SN:4d069

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

Medium parameters used: f = 835 MHz; o = 0.94 S/m: & = 40.6: p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(9.72, 9,72, 9.72); Calibrated: 15.06.2016;
s Sensor-Surface: |.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601; Calibrated: 30.12.2015
* Phantom: Flat Phantom 4.9L; Type: QDO0O0OP49AA: Serial: 1001
* DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 62.09 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.70 W/kg

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

Maximum value of SAR (measured) = 3.26 W/kg

G |

0dB =3.26 W/kg =5.13 dBW/kg

Certificate No: D835V2-4d069_Jul16 Page 5 of 8
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Impedance Measurement Plot for Head TSL

Report No.: GTSR16110108-SAR
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DASYS Validation Report for Body TSL

Date: 20.07.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz D835V2; Type: D835V2; Serial: D835V2 - SN: 4d069

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

Medium parameters used: f = 835 MHz; o = 1.01 $/m; & = 54.9; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63. 19-2011)

DASY52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 15.06.2016:
¢ Sensor-Surface: |.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA: Serial: 1002
e DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 60.64 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.68 W/kg

SAR(1 g) = 2.5 W/kg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (measured) = 3.31 W/kg

0dB =3.31 W/kg =5.20 dBW/kg

Certificate No: D835V2-4d069_Jul16 Page 7 of 8
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Impedance Measurement Plot for Body TSL

28 Jul 2016 18:16:35
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6.3. D1900V2 Dipole Calibration Certificate

Calibration Laboratory of W _
Schmid & Partner 2 LAl § Schwaizerischer Kalibrierdignst
: c Sarvice suisas d'élonnage
EngInEEnng AG T3 Barvizie svicoero di taroturn
TR A W S owiss Catibration Service
Aicredied by the Swess Accradialon Senvice (S05) it 0108

The Swiss Accreditalion Servics is ene of the signalorias io the EA
Multilateral figreement Tor tha meognition of calibraticn carilicates

ceent  SMQ (Auden) Certificate No: D1900V2-5d184_Jan15
|GALIHHA'!1BH CERTIFICATE

ot D1900V2 - SN: 5d194

Cakbration procadurs(s) QA CAL-05va

Calibration procedure for dipole validation kits above 700 MHz

Ceafibraton date: January 07, 2015

This calibrariion cariticate documents the raceaniity ta nationsl SIancards, which reakizs the physical units of messurements (34
Tha mensunenanis and tha unssiinies wih confidenca prosaniity aes given an the followeng pages and ame part of Tha canificass

Al calibrations have bean candusied in the closed laboraiony facity: amdronment iempemiue (22 = 3°C and humidity < 7%

Calimation Eqidpment ussd MATE crbical for calteatian)

Primary Standarcs D Cal Dain [Godilicats Mo Schaduked Calibealion il
Prreai malar EPRM-H24 GBRITARNTTH OF-Oict-14 (Mo, 2Y7T-02020) Oet-15
Piwer sersace HP BIE1A UsaveeeTad OF-Oict-14 {Ma. 217-020220) Del-15
Powar serdor HP B4B1A MY410525T OF-Cict-14 (Mo, 217-02031) Oct-18
Relerance 20 dB Aleruatar BN: 5068 (20k) OF-Apr 14 (Mo, 217-01918) Agr-15
Type-M migmaich combinalion SH: S04T 2/ BEa2T OF-Apr-14 (Mo 217-00%21) Mg
Ralersncs Probe ES30V3 SN: 3305 3C-Dec-1d (No. ES3-3205_Dwci 43 Dec-15
DAE4 SN: B0 18-Aug- 14 (Ho. DAE4-E01_Augtd) Aug-15
Sscordary Slandards i a Creisch Dt (in house| Schadided Chack
AF genemlor AAS SMT-0E 100005 D~ Aug-BG (i house check De-13) In houso chook: Ocl-18
Matwork Araheor B9 ETS3E USATIHEEE S4205 1B=-Cict-01 {in houss chack Ocl-14)1 In house chaok: Ool-15
Slame Functian Signalu
Cabratad by oo Les var Lstomtory Technician |I |
i
Approved by Kaxta Fokove Tachnical Managse /éfé? %
Issand: danuary 7, 2015
Thes calbeation cerdilicate shal not b meprocuced aepl in ull wilkes s wiitten spproval of S ishomicry.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43 5004 Furich, Switoerland

Eohwelzerischer Kalibrierdienst
Service sulass Citalonnage
Servizio svizrero di taratura
Swiss Calibration Service

Arcradiled by the Swiss Aocradiaiion Service (SAS) Acereditation Ho.: SCS 0108
Tha Swiss Accreditation Service ks ore of the signatories to the EA
Multilainral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF . sensitivity in TSL / NORM x,y,z
MNiA 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

¢) KDB BB5664, “SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
d} DASY4/5 Systerm Handbook

Methods Applied and Interpretation of Parameters:

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

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

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncartainty 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
connactor,

+ SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
naminal 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%.

Cartificate No: D1 900W2-54154_Jan15 Page 2 of &
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Measurement Conditions

Report No.: GTSR16110108-SAR

DASY system configuration, as far as nol given on page 1.
DASY Version DASYS VE2.8.8
Extrapolation Advanced Exirapolatan
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mifm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Freguency

1500 MHz = 1 MHz

Head TSL parameters

The following parameters and calolations wens applied,

Tamperalune Permittivity Canductivity

MNominal Heasd TSL parameters 20 40.0 1.40 mho'm

Measured Head TSL parameters (2.0 0.2) °C 401 £ &% 1.39 mhaim = B %

Head TSL temperature change during test < 08 %0
SAR result with Head TSL

SAR averaged over 1 em” {1 g) of Head TSL Condition

SAR measured 250 mW inpul pawar 10,1 Wikg

SAR for naminal Head TSL parameters nonmalized 1o 1% 0.6 Wikg = 17.0 % (k=2

SAR aversged over 10 cm® (10 g) of Head TSL conditien

SAR measurad 250 mW ingut power 5.5 Wiky

SAR for nominal Head TSL parameiars normalizad o 1TW 1.3 Wikg = 16.5 % (k=2)
Body TSL parameters

The fellowing paramaters and calculations were applied.
Temparature Parmittivity Conductivity

Hominal Bady TSL parameters 220°C £33 1.52 mha'm

Measured Body TSL parameters (220 =+03)"C 813x6% 1.50 b + 6 %

Body TSL temperature change during test <05 "C e
SAR result with Body TSL

SAR sveraged over 1 em” (1 g) of Body TSL Conditian

SAR measurad 250 W iingut power 9.85 Wikg

SAR for nominal Body TSL paramedars normalized o TW 40.1 Wikg = 17.0 % (k=2)

SAR averaged over 10 em’ (10 g) of Body TSL eandition

SAR measured 250 mW input power 531 Wikg

SAR far nominal Bady TSL parameters normalized 1o 1W 21.3 Wikg = 16.5 % (k=2)

Cartificate Mo D1900V2-54154_Jan15
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Appendix (Additional assessments outside the scope of 5C5108)
Antenna Parameters with Head TSL

Impedance, transfarmad to fead poirt B3T+48 0
Fatum Loss - 24.5 dB

Antenna Parameters with Body TSL

Impadanca, ranstormed 1o feed poing 489101+ 51 )0
Aeturn Loss ' - 25,6 dH

General Antenna Parameters and Design

[ Elactrical Deday (one direction) ] 1201 ns

Adter long lerm use with 1004 radiated pavar, only & slight warming af the dipole near the teedpaint can ba measwenad.

The dipsie is made of standard semirigid coaxial cable. The cemar conductor of the feading line i& directly connecsed to the
second arm of the dipcle. The antenna is tharefore short-sircuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order tn improva maiching whan loaded according o the position as axplained in the
"Measurement Conditions® paragriaph. The SAR date are nol affected by this changs. The avesall dipala langth & =il
actording 10 the Standard

Mo excessive force must be appéed io the dipola arme, becauss \hey might bend or the soldered cennactions naar the
fesdpaint mmy be damaged.

Additional EUT Data

Mamufacturad by SPEAG
Manufacturad on hay DE, 2014

Cartificate Moo D1900V2-54104_Jan15 Faps £ af 8
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DASYS Validation Report for Head TSL

Date: 07.12.2015
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900Y2; Serial: DI900V2 - SN: 5d194

Communication System: UID 0 - CW; Freguency: 1900 MHz
Medium parameters used: = 1900 MHz; = 1.39 S/m; & = 40.1; p = 1000 kg/m”
Phamom section: Flat Section

Measurement Standard: DASYS (IEEEJBC/ANST C63, 19-2011)
DASY 52 Configuration;

» Probe: ES3DY3 - SN3205: ConvF(s, 5, 5): Cahbrated: 30.12.2014:

= Sensor-Surface: 3mm {Mechanical Surfuce Detection)

»  Electronics; DAE4 Sp601; Calibrated: 18.08.2014

= Phantom: Flat Phantom 5.0 ( fronth: Type; QDODOPS0AA: Serial: 100]

« DASYS2 52EB(1222); SEMCAD X 14.6.1007331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7y/Cube 0:

Measurement grid: dx=5mm, dy=5mm, de=5mm
Reference Yalue = 98.35 V/m; Power Drift = 0,04 dB
Peak SAR (extrupolated) = 18,5 Wike

SAR(1 g) = 10,1 Wikg; SAR(10 g) = 532 Wikg
Muximum value of SAR (measured) = 12.7 W/kg

£
RLEL]

1im

-0,

BdB= 2.7 Wikg = | L4 dBW/kg

Carificata No: D1300V2-54194 Jan15 Paga 5 af 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Bady TSL

Drape: O7.01.2015
Test Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 1900 MHz; Type: D1900Y2; Sertal: D1900V2 - SN: 5d194

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

Medium paremeters used: [ = 1900 MHz; 0 = 1.5 8/m; & = 53.3; p = 1000 kgfm®
Phantom section: Flat Section

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

DASYS2 Configuration
+ Probe: ES3DV3 - SN3205; ConvFi4.65, 4.65, 4.65) Calibrned: 30.12.2014:
»  Sensor-Surface: Imm (Mechanical Surface Detection)
# Electronics: DAE4 Sn601: Calibrated: 18.08.2014
* Phantom: Flat Phuntom 5.0 (back ), Type: QDOOOPS0AA; Serial: 1002

« DASYS2 52.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Walue = 95,88 Vim; Power Drifi = -0.00 dB

Peak SAR (extrapolsted) = 16,8 Wikp

SARI1 g) = 9.95 Wikg: SAR(10 g) = 531 Wikg

Muximum value of SAR (measured) = 1 2.6 Wikg

e

-NEAT

TR

bdB =126 Wikg= 1.0 dBW/kg

Cortdicate Moo D1800VE-50184_Jan1s Page 7 of 8
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Impedance Measurement Plot for Body TSL

Report No.: GTSR16110108-SAR
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6.4. D2450V2 Dipole Calibration Certificate

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zoughausstreses 43, 8004 Zurich. Switrerand

Schweizerischer Kalibriardesnal
Servioe sulsse dilalennsgs
Servizio avizzrers di arsliare
Swizs Callbrallon Servics

Accrodied by the Buiss Accrediation Serica (S45) Accreditation Mo,: SCS 0108
The Swiss Accreditafion Service is one of the algnataries to the E4

Mubiilateral Agresmen for the recognition of enlibsation certificates

Cliam SMQ (Auden) ; Cariilicsis No: D2450V2-955 Jan15/2

Calbration procedursds) oA CAL-05.v8
Calibration procadure for dipole validation kils above 700 MHz

Caltralion dats January 08, 2015

This cafibraticn cerifcnie documants the racestdity to national stancdaeds, which malize re piyeital ueis of measumments |51y
The maasremess and the urceriainties wih confidence probabiity &m givan on ihe folkming pages and are part of the corlBicats

All caibrations have bean conducied in ihe closed laboralory fciity; Snsranmant Mempemsie (22 + 3°C and humidiy < T0%

Cafibraton Equipmont usad (MATE enlizal &t cabbeation)

Prmary Standards Ik Cal Dain (Conilicsss Mo, ) Schedulod Calibraion
Powss meser EPM-S424 CEITABO74 OF-Dict-14 (Mo, 217-02020) D15

Powes pansar HP D4B1A USITIgETER O7-Oict-14 (Ma, 217-02020) Dies-16

Prwes sinsar HP G414 MYLI231T O7-Cict-14 (Mo, 21702021} Cies-15

Fgfarance 20 d8 Attenuator &MN: SDSE {20k} xApr-14 (Ko, 21701918 Api-15

Type:h mismaich combiraion Sh: 04T 2 | D63TT CE-Apr-14 [Ma, 217-01321) Apri5

Rsfamnca Proba ES30VE ‘ 24 a308 30-Dec-14 (No. E33-3206_Dectd) Dac-15

OHES B a0 1E-Aup-14 (N DAES-BON_Aug14] Aug-15

Secongary Standarnss [iDve Chack Data (in house) Sohadilad Check

AF genersior &S SMT-4 | 10K Bd-Aug-B8 {in housa chack Ocl13) in house check: D16
Hetwark Analyzer HP BYE3E US3ITIO0SES 34208 18-0ct-01 jin house chook Oct-14) In hiise check: D15

Mame Flrction _—
| Calimtad by Claisdio Leubier Laboratory Technlcan iE
Aqnprowar by Kaljs Pokovc Tachnisal Marsgsr M?gf:

laaiad Fabruary 10, 2014

This cafibration cerifcale shall nol be reaproduced aecap! in 1l witfeu wilien sppmyval of the iaborsany,
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Teughaussirasss 43, B004 Zurich, Switssrland

Schweszerischer Kalibrigrdiansd
Service sulsse dtalannage
Servizio swizzero di taratura
Swiinn Calibration Sarvice

Accredited by the Swiss Accredilation Sardca (SAS) Accreditation M. SCS 0108
The Swiss Accreditation Service (s one of the sigratanes ta the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL lissue simulating liguid

ConvF sansitivity in TSL/ MORM x,y,z
MiA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) KDB B65664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

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

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

= Feed Point Impedance and Return Loss: These parameters are measurad with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the faed 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.
Mo uncertainty required.

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

* SAR nomalized: 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 reponted uncertainty of measurement is stated as the standard uncertainty of measuremant
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cerificate No: D24S0W2-955_Jan1 52 Page 2 cf @
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Measurement Conditions

Report No.: GTSR16110108-SAR

DASY eystem configuration. as far as not given on page 1,
DASY Version DASYS VEZ BB
Extrapolation Advanced Exirapalation
Phantom Modular Flal Phariom
Distance Dipole Center - TSL 10 mem with Spacer
Zoom Sean Resolution dx, dy, dz =5 mm
Fraguancy 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
; ' Temperature Parmittivity Conductivity
Hominal Head TSL parameters 220°C 3932 1.80 mho/m
Measured Head T5L paramelsrs (220+02)"C 38,7 £ 6% 1,84 mhodm £ 6 %
Head TSL temperature change during test =05"C e
SAR result with Head TSL
SAR averaged ever 1 em® (1 g) of Head TSL Candition
SAR measunad 250 mAY input power 13.2 Wikg
SAR for nominal Head TSL paramaters narmalized to 1W 52.4 Wikg = 17.0 % (k=2)
EAR averaged over 10 cm® {10 g) of Head TSL condition
SAR maasunad 250 miW Input power G.12 Wikg
SAR for nominal Head TSL paramaters normekzed to 18 24.4 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameabens and calculations were applied.
Temperaiure Permittivity Conductivity
Mominal Body TSL parameters 22050 2T 1.895 mha'm
Measured Body TSL parameters (220=02"C 510=6% 2.03 mho'm = B %
EBody TSL temparature change during test P —
SAR result with Body TSL
SR averaged over 1 cm® (1 g) of Body TSL Candition
SR measuned 250 mW ingut power 13.8 Wikg

SAR for nominal Body TSL parameiers

normalizad o 1%

53.7 Wikg = 17.0 % [knZ]

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

condition

S8R measured

250 mW input power

€.36 Wikg

SAR for nominal Bady TSL parameders

normalized o 1W

25.0 Wikg = 16.5 % (k=2)

Cartificabe Mo: D2450V2-855_Jan15/2

Page 3 of B
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transtormed bo leed painl Bd.H {1+ 3.5 ]
Fatum Loss - 24,9 9B

Antenna Parameters with Body TSL

mpadance. translormed o feed poim Bl2R+49M
Aatum Loss - 26,0 dB

General Antenna Parameters and Design

| Electricat Delay (one direction] | 1.165 na

AMlar long term usa with 100W radiated power, anly & slight warming of the dipole near the fesdpaint can be rmeasunad,

Tha dipole = made of standand semirigid coasial cable. The cemer conductor of the teeding line is dirkclly cennacied 1o 1he
secarsd anm of the dipala. The antenna is therelare shor-circuied for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when (oaded according to the posltion as explainad in the
‘Measyramant Conditions” paragrapn. The SAR data are nol affected by this changa. The owerall dipale length is il
acconfing o the Standard.

Mo sxcessiva force mist be applied 1o the dgale arms, becausa they might bend or the soldered conneciions near thes
feadpoint may be damaged.

Additional EUT Data

Manuischurad by SPEAG
Manufacturad on August 05, 2014

Cerfificate Mo D2SE0VE-GEE Jan )53 Page 4 of B
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DASYS Validation Report for Head TSL

Drate: (8.01.2015
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 955

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

Medium parameters used: = 2450 MHz; o = | 84 S/m; g, = 30.7; p= 1000 kg/m
Phantom section: Flat Section

Measurement Standard; DASY S (IEEENEC/ANST ORI, 1M1 1)

DASYS2 Configuration:
«  Probe: ES3DV3 - SN3205; ConvF(4 45, 4.45, 4.45); Calibrated: 30.12.2014;
o Sengor-Surface: Imm iMechanical Surface Detection)
»  Electromics: DAE4 Sn601 ; Calibrated: |5.08,2014
» Phaniom: Flat Phantom 3.0 (from ), Type: QDOOOPS0AA: 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: di=Smm, dy=5mm, dz=3mm

Reference Value = 101.2 Vim; Power Drift = 0.03 4B

Peak SAR (extrapolated) = 27.5 Wikg

SAR( g = 13.2 Wikg: SAR(10 g) = 6.12 Wikg

Maximum value of SAR (measured) = [7.5 W/ikg

-5.00
-10.00
-15.00

-20.00

-25.00

OdB =175 W/kg = |1 2.43 dBW/ky

Cartificate No: D24502-055_Jan 152 Fapa 5ol B
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Impedance Measurement Plot for Head TSL

B Jan ZEls divd@s 5§
BRI Bif 1 U Fs 28 540 q. AHEEE 8 22531 pH 2 456,080 304 HHZ

Dl

Ay
1’.EI

Hld

CHZ 384 LOG 5 oB4REF -20 B . W=74,922 4B 2 490,898 B39 HHE

Hid | 1

START T 194,000 0BE M-z §TOP T ES0,008 388 MHz

Cerilicale Mo: D2430V2-055 Jan1572 Pega ol d
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DASYS5 Validation Report for Body TSL

Drate: 08.01.2015

lest Laboratory: SPEAG, Zunich, Switzerland

DUT: Dipole 2450 MHz; Type: D24530V2; Serial: D24502 - SN: 955

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

Medium parameters used: = 2450 MHz; o = 2.03 S/m: & = 51; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S ([EEETEC/ANS] Ca3.19-2011)

DASYS52 Configuration:

-

F"rll:lhr.': ES30¥W3 - 3N3205; ConvF(4.17, 4,17, 4.17): Calibrated: 30.12.2014:
Sensor-Surfece: 3mm (Mechanical Surface Detection)

Electronics; DAE4 SnedH ; Calibrated: 18.08 2014

Phaniom: Flat Phantom 3.0 (hack): Type: QDOOOPS0AA: Senal- 1000

DASYS2 528 8(1222); SEMCAD X 14.6.10(7331)

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

Reforence Value = 9796 Vim; Power Drift = 0.01 dB

Peak SAR (exirapolited) = 288 Wike

SARII g) = 13.8 Wikg: SAR(IT g) = 6.36 Wikg

Maximum value of SAR (measured) = 18.3 Wikg

-5.00

-10.00m

-15.00

-20.00

-25.00

0dB = 18,3 Wikg = 12.62 dBW/ksg

Cedificats NoC D24600/2-955 Jan1 52 Page T of 8
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Impedance Measurement Plot for Body TSL

B Jam TBLS 111481 Z7
EHL S11 1 W FS BESLCEY e #9500 MLE M 2 ASE.A00 DRk HHE

g
28

Hld

CHZ 311 LOE 5 g6 RIF -3 & U-ZE.BE3 48 2 450 @88 909 Akz

S e = e i

WEd * T : 4 . 4 L L

STAET £ 25@.000 Bpi Mz ' ETOF 2 ESE.0EA 898 MH=
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6.5. DAE4 Calibration Certificate

L . r
s, P~ i

ﬁ T7L s _&_?_.9_ %SCNAS S

NN cmsm
Add: No.51 Xuc;man Road, Haidian District, Beijing, 100191, China ", | W CNAS Lo
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209 "o
E-mail: cttl@chinattl.com Hitp://wwww.chinattl.cn
Client - ClQ(Shenzhen) Certificate No: Z16-97120

_cmsﬁmaﬁ CERTIFICATE
Object DAE4 - SN: 1315 ﬂ?ﬂ’(ﬂ/

Calibration Procedure(s)

FD-Z11-2-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: July 26, 2016

This calibration Certificate documents the traceability to national standards, which realize the physical units g
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22:3)°c an
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 27-June-16 (CTTL, No:J16X04778) June-17
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer Q\%
Reviewed by: Qi Dianyuan SAR Project Leader %
Approved by: Lu Bingsong Deputy Director of the laboratory M")

Issued: July 27, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z16-97120 Page 1 of 3
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&1L s o

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinattl.com Hitp://www.chinattl.cn
Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

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

« The report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate No: Z16-97120 Page 2 of 3
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é‘TTL LA 0 8 8

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinattl. com Http://www.chinattl.cn

DC Voltage Measurement
A/D - Canverter Resolution nominal

High Range: 1LSB = 6.1V, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range = Lirasis +3mV
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y Z
High Range 405.179 + 0.15% (k=2) | 405.018 + 0.15% (k=2) | 404.98 + 0.15% (k=2)
Low Range 3.99015+£0.7% (k=2) | 3.98549 + 0.7% (k=2) | 3.98861 £ 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

20.5%¢1°
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[ _.‘ ,‘
February 24, 2013
Acceptable Conditlons for SAR Measurements Using Probes and Dipoles

Calibrated under the SPEAG-CTTL Dual-Logo Calibration Program to
Support FCC Equipment Certification

The acceptable conditions for SAR measurements using probes, dipoles and DAESs
calibrated by CTTL (China Telecommuntcation Technology Labs), under the Dual-Logo
Calibration Certificate program and quality assurance (QA) protocols established
between SPEAG (Schmid & Partner Engineering AG, Switzerland) and CTTL, to support
FCC (U.S. Federal Communications Commission) cquipment certification are defined
and described in the following, The conditions in this KDB are valid unti] December 31,
2015.

1) The agreement established between SPEAG and CTTL is only applicable 10
calibration services performed by CTTL where its clients (companics and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong. CTTL shall inform the FCC of any changes or early termination 1o
the agreement.

2) Only a subset of the calibeation services specified in the SPEAG-CTTL agreement,
while it remains valid, are applicable to SAR measurcments performed using such
equipment for supporting FCC equipment certification. These nre identified in the
following.

a) Calibration of dosimetric (SAR) probes EXIDVx, ET3DVx and ES3IDVx,

i) Free-space E-field and H-ficld probes, including those used for HAC (hearing
aid compatibility) evaluation, temperature probes, other probes or equipment
not identified in this document, when calibrated by CTTL, are excluded and
cannot be used for measurements to support FCC equipment certification,

ii) Signal specific and bundled probe calibrations based on PMR (probe
modulation response) characteristics or probe sensor model bascd
lincarization methods that are not fully described in SAR standards are
excluded and cannot be used for measurements 1o support FCC equipment
certification,

b) Calibration of SAR system validation dipoles, excluding HAC dipoles,

c} Calibration of data acquisition electronics DAE3Vx, DAE4Vx and DAEasyVx.

d) For FCC cquipment certification purposes, the frequency range of SAR probe and
dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by
the equipment identified in the CTTL QA protocol (a scparate attachment to this
document),

¢) The identical system and equipment setup, measurement configurations,
hardware, evaluation algorithms, calibration and QA protocols, including the
format of calibration certificates and reports used by SPEAG shall be applied by
CTTL. Equivalent test equipment and measurement configurations may be
considered only when agreed by both SPEAG and the FCC,

f) The calibrated items are only applicable to SPEAG DASY 4 and DASY 5
systems or higher version systems that satisfy the requirements of this KDB.

3) The SPEAG-CTTL agreement includes specific protocols identified in the following
10 ensure the quality of calibration services provided by CTTL under this SPEAG-
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7.Liquid depth

" ,"'I'_K .

Photgraph of the depth in the Body Phantom
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8. Test Setup Photos
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Right Side Setup Photo

Front Side Setup Photo
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