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Glossary:

T5L tissue simulatimg liquid

MORMx,y,z sensilivity in free space

ConvF sensilivity in TSL/ NORMz v,z

OCP diatle compression point

CF crest factor (1/duty_cycle) of the RF =ignal

A B.C.D medulation dependent lineanization paramaisers

Folarization ¢ pratafion around probDe axis

Palzrizalion § A redalion around an axie that ig in the plane normal o probe axis (31 measurement cenber),

ie., # =0 is normal to probe axis
Connector Angle information usad in DASY system (o align probe sensar X o the robot ceordinate system

Calibration is Performed According te the Following Standards;

a)

b

IEEE Sid 1528-2013, "|EEE Recommended Praclice for Datermining the Peak Spatal-Averaged Specific
Absarption Rete (3AR) in the Human Head from Wirgkss Communications Devicas: Measurement
Techniques”, Juna 2013

IEC 622081, “Procedure to maasure the Spacific Abserpticn Rate (SAR) for hand-held devices used in Close
proscmity to the ear (frequency rangsa of 300 MH:z to 3 GHz)", Febuary 2005

Meathods Applied and Interpretation of Parameters:

MQRMx, . 2; Assessed for E-fiedd polarization 8 =0 (f < 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
MORM:,y,z 2re only intermediate values, i e, the uncertainties of NORMy.y, z does not affect the E”-field
uncertainty inside TSL (e halow Coni).

MWORMx, .2 = NORMx, 1.2 * frequency_response (see Frequency Response Chart). This Erearization is
mplemented im DASY4 software versions later than 4.2. The uncenainty of the frequency res ponse is included
in the stated uncertainty of ComvF.

DGPxy,.z DCP are numarical lingarization parameters assessed based on the data of power sweap with CW
signal (no uncerainty required). DCP does not depend on freque ncy mor madia.

AR PAR i the Peak to Averege Ratio that is not calibrated byt determined based on the signal
characierislics

Az Beyz Cepz Dy y2 VRey. = A B C, D are aumarical linearization parameters acsasced baced on
the: data of power sweep for specific madulation signal. The parameters do not depend on frequency nos
media, VR ig tha maximum calibration range exprassad in RMS wollage across the diode.

ConvF and Boundary Effact Parame fers: Assessed inflal phantom using E-field (or Temperature Transfer
Standard far | £ B0 MHZ) and inslde waveguide using analytical field distributions based on power
mieasuremants for f > BOO MHz. The same setups are used for assessmaent of the pararmeters applied for
boundary com pensation (alpha, depth) of which typical uncerainty values are given, These parameters ae
usEd in DASYS software fo Improve probe accuracy chose 1o the boundary, The sensitivity in TSL comesponds
to WNORMx.y.z * GarivF wiheraby the unsertainty comsspends to that given far ConvF, A Trequency dependeant
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 BMHz to £ 100
MHz.

Spherical isatropy (30 dewatian fromm isotropy): in a field of low gradients realized using a flat phantom
exposed by a palch antenna,

Sensor Offzet: Tha sensor offset correspands to the offset of vidual measuwement center Trom the probe tp
(on probe axis). No tolerance required

Carector Angle: The angle is assessed using the information gained by determining the NORMy (no
uncarfainty required).
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EX3DV4 - SNTI28 Febnuary &, 2015

Probe EX3DV4

SN:7329

Manufactured: December 11, 2014
Calibrated: February 5, 2015

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 systeml)
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EX30V4- SH-T328

Febeuary 5. 201%

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Basic Calibration Parameters

Sonsor X ﬁ? Sansor I Unc (k=z2)
Mo (pvimpr 0.48 043 046 £10.1 %
DCP (mv]" BE.T 876 04.2
Modulation Calibration Parameters
uin Communication Syetem Nama A B 5 B YR Ume-
dB dByvv dB mv {k=2}
o [=1] ¥ 0.0 [T} 1.0 000 | 1378 | £0%
hd [1E] 0.0 1.0 147.0
z 0.0 0.0 1.0 150.5

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

+ Thes teveaitainties of Mammi,¥,Z do not affect the E% il uncar sirity instice TSL (see Fages § and &),
Fu

nCErminky nod required.

* Uncertainty is debermined using [ mea, devialian from lingar respons o appheing ectanguler dsifbution @nd s sxpressad for the squan of e

field vahae.

Coerlificate Mo: EX3-T320_FebiS
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EX30Vd- SM:T328

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Head Tissue Simulating Media

Fabnuary 5, 2015

| 1) © Pormitivity” Ot | convex | comvev | comez | Aipha® mu ez}
900 415 087 952 | 952 | 952 | 040 | 086 | 2120%
1750 40.1 137 812 | 812 | 812 | 020 | 080 | 2120%
1800 40.0 1.40 788 | 788 788 | 068 | 061 | 2120%
2450 382 1.80 706 | 706 706 | 033 | 084 | £120%

© Frequency valitily abava 300 MHz of + 100 MHz only appies for DASY w4 and higher (seo Page 2), else it i resticled fo £ 50 MHz The
uncertainty & tha RSS of the ConwF uncartainty i calibralion frequency and the uncarainty far the indicated frequancy band. Frecuency validity
bl 300 MiHz g = 10, 28, 40, 50 ard 70 MHE for ConvF assessments at 30, 54, 128, 150 and 220 MHz respecively. Above 5 GHz equency

walidity can be extended (o + 110 MHz,

F Al bequoncies below 3 GHE, the validity of iasue paramaters (¢ and o) can ba relaned (o 1 10% # bguid compensation formula & applisd o
meaninel SAR values. M frequencias absrva 3 GHE, the validity of Fssue paramelars [t and o) is restricted 1o + 5%, The uncariainty is the RSS of
the ConuF uncertainty fos indicated largel lisbus parametors.
AphaiDapih are determined during calbralion, SPEAG wamants that the remaing devialeon dun to the boundary effect afer compansalion &
abways begs (kan & 1% for fraquenchas below 3 Gz and below + 2% for fequencies batwean 346 GHz at any dislance lamer than hall the probe in
diamalees from e boundarny.

Cerlificats Mo: EX3-T320_Febis
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EX3DVd- SMN:TI29 February 5, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Body Tissua Simulating Media

1 {MHz) © .-m:#.r* m{&i&&m CorvFX | CorvFY | ComvFZ | Alpha® m‘ Ifllggl
200 55.0 1.05 917 917 217 &4 0.80 £120%
1750 53.4 149 7.85 7.5 F.a5 070 084 | +120%
1900 53.3 152 158 7.56 756 | 056 | 070 | #120% |
2450 2.7 1.85 7.20 T.20 .20 .78 0.59 £120%

% Eroquancy validity sbvave 300 MHE of & 100 MHE cnly appies tor DASY 4.4 and higher (ses Page 2), slss it is resiicled 1o £ 50 MHz. The

uncarsnty is the R3S of Me ConvF uncenainty i catbation frequency .and the uncerlainty for the indicated frequancy band. Frequency validity

Barlow 306) MHz ig = 10, 25, 40, 50 ard 70 MHz lor ConwF assessmients al 30, 64, 128, 150 and 230 MHz respecively. Above § GHe

walidity can b xdanded bo £ 710 Mz,

* it frequencios below 3 GHz, Whe validily of issue parametars (= and a) can ba relaxed b & 10% # Squid cempens-ation formeda & applisd 1o

measured SAR values. A frequencies abowe 3 GHE, the walidity of lissus parsmelers (¢ ard o) s restricted 1o + 5%. The uncerlainty i the RSS of

the ConwF uncarainty for indcated targel lissue paramalers,

9 Alaha/Dwupth are Salemmined duning calbration, SPEAG warranks that the remsining devialion dus = (he boundany offect ofter compensalion ia

mwu:'u;m::m fnl':lrw.mndﬂ beeboray 3 Gz and below & 2% lor Sequencsss batwean 3-6 GHz at any distance kanger tam hall (ke probs o
ober Baurdary.
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EX3DW4- SN:7329 Febmuary 5, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Rasponse of E-field: £ 6.3% (k=2)
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EX3DVa= Sh.T320 Febiruary @, 2015

Receiving Pattern (¢), 3 =0°

=500 MHz, TEM f=1800 MHz R22
e ; " o " i [ []
Tel X Li i Tot X i F4
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Uncertainfy of dxial Isotropy Assesament: £ 0.5% (k=2)
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EX3I0W4- SH:-7329 Fabruary 5, 2015

Dynamic Range f(SARpead)
(TEM cell , foum= 1900 MHZ)

Input Signal [uv']

0= - LT

10
EAR [miMicm3]
] o]
net sompensated compensated
g -
1
i) : AR 1 B 1
5 0 e e = L YR R L
LE i
o E . (S i Lbigl b died}
104 101 i1 1m m il 103
SAR [miWicm|
Le] [&]
not compensatec cormmenaambed

Uncertainty of Linearlty Assessmant: £ 0,6% (k=2}
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EXA0Va- SN:T320 Febduary 5, 2016

Conversion Factor Assessment

1= 900 MHz WELS F8 (H_con) f= 1760 MH2 WELE R22 (H_eanvF)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical |sotropy Assessment: & 2.6% (k=2)
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EX3IDV4— 5M:7329

February 5, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Other Probe Parameters

Sangor Arangarrent Trigngular
Connactor Angle (7} 245
Mechanical Surface Detection Mode anabled
Oplical Surfaca Dateckon Made digabled
Probe Overall Length 33T mm
Frobe Body Diameler 10 mm
Tip Langth 9 mm
Tip Diametsr 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Probe Tip 10 Sensor Z Calibraiion Foint Tmm
Recormmen ded Measuremant Distance from Surface 1.4 mm

Certificate No: EX3-7329_Faebi15 Page 11 of 11




DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of

Schmid & Pariner
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 BACL

wow

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

Accereditation No.: SCS 0108

Certificate No: D900V2-1d183_Jul15

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

D800V2 - SN: 1d183

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

July 14, 2015

Calibration Equipment used (M&TE critical for calibration)

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

All calibrations have been conducted in the closed laboratory facilily: environment tempaerature (22 + 3)°C and humidily < 70%.

Network Analyzer HP 8753E

Calibrated by:

Approved by:

This

US37300585 54206

Name
Leif Klysner

Katja Pokovic

18-Oet-01 (in house check Oct-14)

Function
Laboratory Technician

Technical Manager

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

~:

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Powar matar EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP 8481A Usar292783 07-Oct-14 (No. 217-02020) QOct-15

Power sensar HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Oct-15

Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Typa-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16

Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dac-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

Secondary Standards 1D # Check Dale (in house) Scheduled Check

RF generator A&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16

In house check: Ocl-15

Y

G =<

Issued: July 14, 2015

Certificate No: D900V2-1d183_Jul15

Page 10f 8




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

Aceredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditalion Service is one of the signatories to the EA

Muitilateral Ag t for the gnition 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:

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

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

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

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

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

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

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

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: DS00V2-1d183_Jul15 Page 2 of 8




Measurement Conditions

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

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 900 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 0.97 mho/m

Measured Head TSL parameters (22.0+0.2)°C 422 +68% 0.95 mho/m + 6 %

Head TSL 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 2.61 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

10.6 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.68 Wikg

SAR for nominal Head TSL parameters

normalized to 1TW

6.82 Wikg % 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.0 1.05 mho/m
Measured Body TSL parameters (22.0+02)°C 54.8+6% 1.03 mho/m = 6 %
Body TSL temperature change during test =05°C e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

2.61 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

10.6 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.69 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.83 W/kg = 16.5 % (k=2)

Cerlificate No: D900V2-1d183_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 52.3Q-15iQ
Return Loss - 31.6 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4760 -24j0
Return Loss -20.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1411 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 connecled 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 malching when loaded according 1o 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 scldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 31, 2014

Certificate No: D900V2-1d183_Jul15 Page 4 of 8




DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN: 1d183

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: =900 MHz; o = 0.95 S/m; g, = 42.2: p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:

]

Probe: ES3DV3 - SN3205; ConvF(5.94, 5.94, 5.94); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 14.07,2015

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 = 58.62 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 3.89 W/kg

SAR(1 g) = 2.61 W/kg; SAR(10 g) = 1.68 W/kg
Maximum value of SAR (measured) = 3.06 Wikg

-4.40

-6.60

-11.00

0dB =3.06 W/kg =4.86 dBW/kg

Cerlificate No: D900V2-1d183_Jul15 Page 50f 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 10.07.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN: 1d183

Communication System: UID 0 - CW: Frequency: 900 MHz

Medium parameters used: = 900 MHz; o = 1.03 S/m; g = 54.8; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:
* Probe: ES3IDV3 - SN3205; ConvF(5.95, 5.95, 5.95); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
¢ Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA: Serial: 1001
»  DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 56.48 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.86 W/kg

SAR(1 g) = 2.61 W/kg; SAR(10 g) = 1.69 W/kg

Maximum value of SAR (measured) = 3.07 W/kg

-2.00
-4.00
-6.00

-8.00

-10.00

0dB=3.07 W/kg =4.87 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accradited by the Swiss Accradtation Service [SAS)
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Mulilnternl Agreement for the recognition of calibration certificates

Chent BACL

g Schwelzersehor Kolibrierdienst

c Service suisse d'étalonnage
Servirio svizzera di taratura

S  swiss Colibratian Service

Accreditation No: SCS 0108

Corifients He: D1T50V2-1141_Julis

|CALIBRATION CERTIFICATE

| Cject D175002 - SM:114

Calfratan procsdureis) OA CAL-05.v3

Calileation data: July 09, 2015

Calibration Equipment usad {METE eritical for calibrasian)

Calibration procedure for dipole validation kits above 700 MHz

This calitration cerificale documants the traceabilty 1o mational standards, which realize the physical urts of measuremants (S1),
Thir measuremants and the uncar ainties with canlidense prabability arm givan an tha faliowing pages and are part of (he certdicata,

All calibralicns have baen conducted in the cosed laboratony facilty; ardronmant lamperatun (22 = 3)°C and humidity = 70%

Primary Standards | 0w Cal Diato {Corlificate Ha.) Schedulad Calitration
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| Pawor sansar HP 84814 LFS37 202703 W14 Mo, 247-02020) Oa-15
| Paveer sansar HP 84814 MY41002317 OFOp14 (Mo, 217-02021) Cet-15
Refarence 20 B8 Altanuator BM: SO56 [20) =Apr15 (Mo, 217-02131) lar-16
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Figlarence Prabe ES30W3 5M; 3205 A0-Doc-14 (Mo, E53.3805_Dactd) Dee-15
DAES SN 61 1B-Aug-14 (Ha. DAES-G0_Augtd) AU-15
Secondary Standards |iow Chack Date {in house) Scheduled Chack
FF generalor RES SMT-06 [ 1o0005 04-Aug-29 (in bawsa chock Oct13) In howse chesck: Oet-18
Ralwork Analyzer HP BTEIE | US3T350585 54306 18-0ct-01 {in house check Oct-14) In house check: Del-15
Mamea Funcgion Signalud
Catbralad by Ciaixdio Loublar Laberatary Technican L
1
Approved by Katja Pokavic Techrical Managar M&.
Igguad July 14, 2045
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Calibration Laboratory of et

et Schweizerischer Kalibrigrdonst

Schrnid & Partner % Sorvien suisse délalonnage

Enginearing AG o Servizla suizzore ¢i toratura
Zeughnussirasse 43, 6004 Zurich, Switzerlandg ’uﬁ.“w\ Swiss Calibration Service
Accredited by the Swiss Accraditation Service (SAS) Accreditation Ho.: SCS 0108
The Swiss Accreditation Service is one of the signaterics 1o the EA
Multilateral Agreemant for the recognition of calibrafian cefificales
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORM x.y,z
/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 622081, "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 82209-2, "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 & GHz)", March 2010

d) KDE 865664, "SAR Measurement Requirements far 100 MHz to 6 GHz"

Additional Decumentation:
&) DASY4/s System Handbook

Methods Applied and Interpretation of Parameters:

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

= Anlenna 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 Relurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremeant at the SMA connector to the feed point. The Aeturn Loss ensures low
reflected power. Mo uncertainty requirad,

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

+  SAA 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%.

Cerificate Mot DA750V2-1141_Jul15 Page 2af g




Measurement Conditions
DASY sysiem configuration, as far as nol given on page 1.

DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantam Madular Flat Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequancy 1750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations ware applied.
Tamperature Permittivity Conductivity
Nominal Head TSL parametors 22.0°C 40,1 1.37 mhodm
Weasured Head TSL paramaters (22.0£0.2)°C 3680+6% 1.38 mhoim = 6 %
Head TSL temperatura change during test <0.5C nem
SAR result with Head TSL
SAR averaged over 1 cm® {1 g) of Head TSL Condilian
SAR measured 250 mW input power 9.31 Wikg
SAR for nominal Head TSL paramaters normalized to W 6.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Hesd TSL conditicn
SAR measurad 260 mW inpul powar 4,97 Wikg

nomalized 1o 1W

SAR for nominal Head TSL paramaters

19.7 Wi = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations ware appliod.
Temperature Permittivity Conductivity
Nominal Body TSL parametars 220G 534 1.48 mho/m
Measured Body TSL parameters (220202 °C 528 +8% 1.48 mho/m = & %
Body TSL temperature change during test =05%C s
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 9,37 Wikg
SAR for nominal Body TSL parameters nomnalized to 1W 37.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Body TSL conditlen
SAR measured 250 mW input power 5.07 Wikg
SAR lor nominal Body TSL parameters nomalizad o 1W 20,3 Whkg = 18.5 % (k=2)

Certificabe No: DA750V2-1141_JuH 5
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 51.10Q-01j0
Return Loss -39.5dB

Antenna Parameters with Body TSL

Impadance, transiomed to fead point 4660 4+030
Relurn Loss -20.0dB

General Antenna Parameters and Design

i Elactrical Delay {one direction) I 1.225 ns —[

After long berm use with 100W radialed power, only a slight warming of the dipole near the feedpaint can be measured.

The dipole 15 made of standard semirigld coaxial cabla. The center conductor of the feading line is direcily connected 1o the
second am of 1he dipole. The antenna is therelore short-circuited for DC-signals. On soma of the dipoles, small and caps
are added to the dipols ams in order to improve matching when loaded according to the position as explained in the
"Measuremsent Conditions™ paragraph, The SAR dala are not affected by this changa. The overall dipole langth is skl
according 10 the Slandard.

Mo excessiva forge must be appliad to the dipole arms, because they might bend or thi soldered connections near the
feedpoint may be damaged,

Additional EUT Data

Manuifacturad by SPEAG
Manutactured on September 30, 2014

Certilicate Mo: D1750v2-1141_Jul15 Page 4ol B




DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1T50V2; Serial: DITS0V2 - SN:1141

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: [= 1750 MHz: o= 1.38 S/m; &, = 38.5; p= 1000 kg_.uhﬂ"

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/AECSANS] C63.19-201 1)

DASYS2 Configuration:

Probe: ES3DV3 - SN3205; ConvF(5,2, 5.2, 5.2); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sna0 | Calibrated: 18.0%.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial; 1001

DASYS52 SLE8(1222): SEMCAD X 14.6.10(7331)

Dune: 09.07.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz=5mm
Reference Value = 93.34 Vim: Power Drift = 0.04 dB
Peak SAR (extrapolated) = 16.6 W/ikg

SART g) = 9.31 W/kg: SARII0 g) = 4.97 Wikg
Maximum value of SAR imeasured) = 1.3 Wikg

1012

-13.50

-16.87

OdB=11.3 Wikg = 10,53 dBW/kg

Cartilicate Mo: D1750Y2-1141_Jul15 Page 5ol @




Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 09.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2: Serial: DI750V2 - SN:1141

Communication System: UID 0 - OW; Frequency: 1750 MHz

Medium parameters used: F= 1750 MHz; o = 148 S/m: g, = 52.2; p = 1000 kg/m®
Phantom section: Flat Section

Meusurement Standard: DASYS (IEEE/NEC/ANST Co3.19-2011)

DASYS2 Configuration:
= Probe: ES3DV3 - SN3205; ConvFid.88, 4.88, 4.88): Calibrated: 30.12.2014;
o Sensor-Surface; 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 18,08,2014
= Phamom: Flat Phantom 3.0 (back); Type: QDIGOPS0AA: Serial: 1002
« DASYS52 52.8.8(1222); SEMCAD X 14.6,10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube ()
Measurement grid: dx=3mm, dy=53mm, de=5mm

Reference Value = 92,95 Vim: Power Drilt = (0,02 d3

Peak SAR (extrapolated) = 15.9 W/kg

SAR(1 g) = 9.37 Wikg: SAR(10 g) = 5.07 Wkg

Maximum value of SAR (measured) = | 1.8 Wikg

=-3.00
-6.00
=9.00

=12.00

=15.00

OB = 11.8 Wkg = 10.72 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accreditation No.: SCS 0108

Certificate No: D1900V2-5d206_Jul15

[CALIBRATION CERTIFICATE

Object

|

Calibration procedure(s)

Calibration date:

D1900V2 - SN:5d206

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

July 14, 2015

Calibration Equipment used (MATE critical for calibration)

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

All calibrations have been conducled in the closed laboratary facil ity: environment temperature (22 = 3)°C and humidity < 70%.

Metwork Analyzer HP 8753E

Calibratad by:

Approved by:

US37390585 54206

Nama
Leif Klysnar

Katja Pokovic

18-Cct-01 (in house check Oet-14)

Funciion
Laboratory Techniclan

Technical Manager

Primary Standards o] Cal Date (Cenificate No.) Scheduled Calibration
Power mater EPM-4424 GE37480704 0F-0et=14 (Mo, 217-02020) Cet-15

Power sensor HP BAB1A US37282783 O7-Cet-14 (Mo, 217-02020) Cet-15

Power sensor HP 84814 MY41092317 07-Oct=14 (Mo, 217-02021) Cet-15

Reference 20 B Altenuator Sh: 5058 (20k) (-Apr-15 (Mo. 217-02131) Mar-16

Typa-N mismaltch combination SN: 5047.2 /06327 01-Apr-15 (Mo. 217-02134) Mar-16

Reterence Probe ES30V3 SN: 3205 30-Dec-14 (Mo. ES3-3205_Deci4) Dec-15

DAE4 | SN: 601 18-Aug-14 (Mo, DAE4-601_Augid) Aug-15

Secondary Standards ID # Check Date {in house) Scheduled Check

RF generator &S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Ocl-16

In house check: Oct-15

Signature

i
e

Issued: July 14, 2015

This calibration certilicate shall not be reproduced except in full without writlen approval of the laboratary,
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Calibration Laboratory of
Schmid & Partner
Engineering AG

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

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

c) 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.

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

o 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: D1900V2-5d206_Jul1s Page 2 of 8




Measurement Conditions

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

DASY Version DASYS v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (2202 0.2)°C 397+6% 1.38 mho/m £ 6 %
Head TSL temperature change during test <05°C neee
SAR result with Head TSL
SAR averaged over 1cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 5.35 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

21.5 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0£0.2)°C 527 +6% 1.54 mhofm £6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
S5AR measured 250 mW input power 10.3 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 40.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.51 Wikg

SAR for nominal Body TSL parameaters

normalized to 1W

21.9 W/kg = 16.5 % (k=2)

Centificate No: D1300V2-5d206_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250 +6.5)0
Retumn Loss -23.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 486Q+7.1jQ
Retumn Loss -22.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 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 shor-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve mateching when loaded accarding to the pasition as explained in the
“Measurement Gonditions” 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 October 21, 2014
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DASYS5 Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d206

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

Medium parameters used: = 1900 MHz; 6 = 1.38 S/m; &, = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY352 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014:
e Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 5.0 (front); Type: QDODOP50AA; Serial: 1001
« DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 99.02 V/m: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.4 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 £) = 5.35 W/kg

Maximum value of SAR (measured) = 12.8 W/kg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB =128 W/kg=11.07 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 14.07.2015
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d206

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

Medium parameters used: = 1900 MHz; o = 1.54 S/m; &, = 52.7; p = 1000 kg/m’
Phantom section; Flat Section

Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-201 1)

DASY52 Configuration:
e Probe: ES3DV3 - SN32035; ConvF(4.65, 4.63, 4.63); Calibrated: 30.12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
o DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 95.62 V/m; Power Drift =0.02 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(I g) = 10.3 W/kg: SAR(10 g) = 5.51 W/kg

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

-3.40
-6.80
-10.20

-13.60

-17.00

0dB=129Wrkg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Impedance Measurement Plot for Body TSL
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