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Appendix A. Calibration certificate
Appendix A.1 Probe Calibration certificate

Calibration Laboratory of

. S Schweizerischer Kalibrierdienst

Schmid & Partner c Service sulsse ¢"dtalonnage

Engineering AG s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerfand Swiss Calibration Service
Accrediad by tha Swiss Accreditation Sanvics |SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificatos
ciiont  KCTL (Dymstec) Certificate No: EX3-3865_Aug16

[CALIBRATION CERTIFICATE |

Object EX3D\V4 - SN:3865
Caileation procedures) QA CAL-D1.¥9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calteaton date August 30. 2016

This cafbration ceditcate documents the rsceabiity 1o national standads, which fealize the physical unis of measuraments (S1)
The maessurements and the uncertainties with cosfidencs protabilty are given on the following pages and are part of the certificate

All calbrations have Deen conducted in the clased labordiony faciity, smtronmen! lemparsture 122 = 3°C and humidiy < 705

Calbration Equipment used (MATE witical for cafibraton)

| Primary Standsids Lo Col | Scheduled Caltraticn
Power meter NRP | sN: 108778 | 06-Apr-16 {No. 217-02 9) A7
Pawer sensor NRP.251 SN 103244 06-Apr-16 (No, 217-D2238) 1 Aor-17
Pawer sergor NRP-Z91 SN 103245 08 Apr. 16 {Na. 217.02259) Apr1?
| Reference 20 03 Aflenvator | SN: S5277 (201 05-Apr-16 (No, 217-02233} Apr-17
Refersnce Proda ES30V2 5N 3013 31-Dec-15 (No ES3-313 Dects) | Dec-16 ’
OAES SN: 650 23.Doc-15 (No. DAEA-BE0_Dec18) Oec-16
| _Secondary Stavdards | L Check Dote (in housa) Scheculed Check
Power mator E44198 SN: GBA41203874 .;J?@:'.".f.’.’l’-', (in housa check Jun-16) In houss chack: )
Pawer sensor E4S12A SN: MY 41358087 05 Apr-16 {In house check Jun-16} In house check: J
_L‘: o sermor E4412A 1 SN 000110210 06-Apr-16 (in house check Jun-16) In house check
|_RF genarator HP 8648C ! SN: US3542001700 | O4-Au-86 {in houss chack Jun-16) In house check Jun-18
Notwors Analyzer HP 8753E | SN US3T390586 [ 18-Oct-01 i housa check Oct-15) In houss check: Oc-16
Name Function Signatiure
Caiibrated by Josan Kastratl Labomiory Technicsn  ——\) "
==L
Approved Dy. Katja Fokovic Technica! Manages S ’3’7: P

ssued: Auguat 31, 2016 ‘
This caibration cenificate shal not be repeoduced excet in Tull withaut written appeoval of the faboratory
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Calibration Laboratory of 28, S  Schweizerischer Kalibeisrdienst
Schmid & Partner % G Servics suisse diétaionnage
Engineering AG i s Servizio svizzero di taratura
Zoughausstrasso 43, 8004 Zurich, Switzariand g aﬁ.\?? Swiss Calibration Servics
Accredred by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accroditation Service is one of the signatories 1o the EA
Maultilaternl Agreement for the recognition of calibration certificates

Glossary:

TSL tssue simulating liguid

NORMx,y,z sensitivity In free space

ConvF sensitivity in TSL { NORMx y.z

pCcP dicde compression point

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

A B CD modulation dependent linearization parameters

Polarization 1p rotation around probe axis

Petarization 5 5 rotation around an axis that is in the plane normal to probe axis (at measurement center),
I.e., 8 =0 is normal to probe axis

Connector Angle information used in DASY system to akign probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

c) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human bedy (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 6 GHZ"

Methods Applied and Interpretation of Parameters:

* NORMy.y.z: Assessed for E-field polarization & = 0 (f < 900 MMz in TEM-cell, f > 1800 MHz: R22 wavegulde),
NORMx,y.z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*field
uncertainty inside TSL (see below ConvF),

*  NORM(fx,y.z = NORMx.y,z * frequency_response (see Frequency Responsa Chart). This linearization Is
implementad in DASY4 software versions later than 4.2, The uncertainty of the frequency response is inclucded
in the stated uncertainty of ConvF,

* DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency noe meda

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

o Axyz Bxyz Cxy.z Dxy.z, VRx,y.z: A B, C, D are numerical linsarization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maxamum calibeation range exprassed in RMS voltage across the diode,

s ConvF and Boundary Effect Parameters; Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical fisld distributions based on power
measurements for f > B00 MHz. The same selups are used for assessment of the patameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are gwven, These parameters are
used in DASY4 software 1o imprave probe accuracy close to the boundary. The sensitivity in TSL coresponds
to NORMx,y,z * Convi whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to = 100
MHz

s Spherical isotropy (3D deviaton from isotropy): in & field of low gradients reakized using a fiat phantom
exposed by a patch antenna.

= Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

» Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Probe EX3DV4

SN:3865

Manufactured:
Calibrated:

February 2, 2012
August 30, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatibée with DASY2 system!)

Cerlificate No: EX3-3865_Aug16

Page 3 of 11

This test report shall not be reproduced, except in full, without the written approval

KCTL-TIA002-004/2



http://www.kctl.co.kr/

KCTL Inc.

65, Sinwon-ro, Yeongtong-gu,
Suwon-si, Gyeonggi-do, 16677, Korea
TEL: 82-31-285-0894 FAX: 82-505-299-8311
www.kctl.co.kr

Report No.:

KR17-SPF0001-C
Page (58) of (98)

EX3DV4- SN:3365

August 30, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3865

Basic Calibration Parameters

) Sensor X Sonsor Y Sensor Z Unc (k=2) |

Norm (uMI(Vim)™y" 0.41 0.36 0.40 +101 %
| DCP (mV)" 8786 953 $9.3 -~ |
Modulation Calibration Parameters

uiD Communication System Name A B C o VR Unc"
| ! d8 dBVuV | a8 | mv (k=2) ‘
[0 cwW X 0.0 0.0 1.0 0.00 1439 27% |
: Y 0.0 0.0 1.0 1291
[ z | o0 0.0 1.0 141.0

probabllity of approximately 95%.

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

* The uncertainties of Nomm X,Y,2 do nat affect the E™-field uncerainty insce TSL (see Peges 5§ and §)

¥ Numerical knaarization parameter: uncertainty not requirad

* Uncsrtainty is determined using the max. desdiation from linear responss applying rectangular datribution and = expressad for the square of the

figic valua
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EX3DV4.- SN:3885 August 30, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3865

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth® Unc

T{MH2)® | Permittivity” (Sim)" ConvFX | ConvFY | ConvEZ | Alpha®  (mm) (k=2)
850 415 092 | 1068 10.68 10.68 0.38 092 | £120%
900 415 087 | 1048 10.48 10.48 041 080 | £120%
1750 40.1 1.37 9.00 9.00 9.08 0.30 080 | £120%
1900 40.0 1.40 | ses 8.68 8.68 0.31 080 | £120%
2300 39.5 1.67 8.27 8.27 8.27 0.25 080 | £120%
2450 39.2 180 | 781 7.8 7.81 0.25 083 | £120%
2600 | 39.0 1.96 7.57 7.57 7.57 0.27 090 | £120%
5200 | 36.0 4.66 5.06 506 | 506 0.30 1.80 | £131%
5300 359 4.76 4.83 483 | 483 030 | 180 | £131%
5500 35.6 4.96 465 | 465 485 040 | 180 | £131%
5600 | 355 5.07 4.44 4.44 4.44 0.40 180 | 2131 %
5800 | 353 5.27 4.55 4.55 4,55 0.45 180 | 2131 %

Frequency validty above 300 Mz of £ 100 MMz only apples for DASY wi 4 and higher {5ee Fage 2), else £ & restricied to £ 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty &t calibration frequency and the uncertainty for the indcated frequency band. Frequancy valdity
beiow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments &t 30, 64. 126 150 andd 220 MH2 respactvely. Above 5 GHz fraguency
valdity can be exdended to £ 110 MMz,

" M frequancies below 3 GHz, the validity of tssue parametars (¢ and a) can be relaxad 1o £ 10% If hgud compensation formuia S sppled 10
meaned SAR vauas. Al fraquencias above 3 GHz, e validily of lissus parsmelers (x and o) is resincled o £ 5%, The uncensinty is the RSS of
the Com# uncerainty for target tissue

“ Alpha/Depth are determined during calbestion. SPEAG warrants thed the remaining devation due to the boundary effect after compersaton e
always less than ¢ 1% for frequencies below 3 GHz and below + 2% for Irequancies betwaen 3-8 GHz a1 any distance largar than half the probe 1
diameder from the boundary
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EX30V4- SN.3865 August 30, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3865

Calibration Parameter Determined in Body Tissue Simulating Media

Relati Conductivity Dopth * Unc

f(MHz)® | Parmittivity (Stm)*" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
850 55.2 0.98 10.39 10.39 10.39 0.50 0.80 £120%
| @00 55.0 1.05 10.25 10.25 10.25 0.41 0.80 $120%
1750 534 1.49 8.62 8.62 8.62 0.38 0.80 120 %
1900 53.3 1.52 8.33 8.33 8.33 037 0.80 t120%
2300 52.9 1.81 8.15 B.15 8.15 0.36 0.80 2120%
2450 52.7 1.95 7.86 7.86 7.86 0.34 0.80 +120 %
2600 52.5 2.16 7.67 7.67 7.67 0.33 0.80 $120%
5200 49.0 5.30 4.51 4.81 4.61 0.45 1.90 +13.1%
5300 43.9 542 4.40 4.40 440 0.45 180 | £131%
5500 486 5.65 4.10 4.10 4.10 0.50 1.90 +131%

5600 48.5 5.77 3.92 3.92 392 0.50 190 | +£131%

| 5800 43.2 6.00 4.29 4.20 4.29 0.50 1.80 +13.1 %

" Frequency vaidity above 300 Mz of £ 100 MHz only apphes for DASY vwé 4 and higher (see Page 2), else il = resincted 0 £ 50 MHe The
urcantainty is the RSS of the ConvF uncentainty at calteation lreguency and the uncetanty for the ndcsted frequency Dangd. Frequency vakdly
bolow 300 MHz s = 10, 25, 20, 80 and 70 MHz for Convf assessments at 30, 64, 128, 150 and 220 MHz respectively, Above § GMz freguency
valdity can be extanded to £ 110 MHz.

' Al frequencies below 3 GHz, the varicity of tssue parametars (e and ) can be relaxed o & 10% if ligad compersation formula is appled fo
maasured SAR values, At fraquencies above 3 GHz. the valdity of tssue perameters (¢ and o) s estncted %o £ 5% The uncertarty is the RSS of
the CanvF uncertamty for ndcated larget tissus parametens

© AlphaDepth are Getenminad durng Caibration. SPEAG wanints Tat the remainng devistion dus 10 the boundary effect aftar compansatian is
Riways less than & 1% for feguences balow 3 GHz and balow + 2% for frequencies between 3-8 GHz at eny dstance larger than half the probe to
darneter from the boundary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

Frequency response (normalized)
-
(=]

T 1—“1 e L yi ;L
1500 2000 2500 3000
f [MHz]

ry!
R22

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM

~
Tee X Y z

Error [dE}

-
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bt e T RS
-1 A0
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R

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARpeaq)

(TEM

cell , foua= 1900 MHz)

August 30, 2018
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Uncertainty of Linearity Assessment: 1 0.6% (k=2)
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August 30, 2016

Conversion Factor Assessment

= 800 MHz WGLS RS (H_comf) f= 1750 MHz WGLS R22 (H_convF)

W

“

A [V
SN PN
-

Bl L " - A ] A X D 1 n -
# brev) ilow
Ll 2
T i

i
2

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

-0 -08 -06 -04 -02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30V4- SN:3665 August 30, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3865

Other Probe Parameters

[ Sensor Arrangement ) Triangular |
Connector Angle (*) 282
Mechanical Surface Detection Mode enabled

| Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm

[ Tip Length | Smm

[ Tip Diameter | 25mm

[Probe Tip to Sensor X Calibration Point 1 mm

["Probe Tip to Sensar Y Calibration Point Tmm
Probe Tip to Sensor Z Calibeation Point 1 mm
Recommended Measurement Distance from Surface [ 1.4 mm

Centificata No: EX3-3885_Aug16 Page 11of 11
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Appendix A.2 Dipole Calibration certificate

Cahbfanon Laboratory of s""\‘i_’/i,' % S Schwaizerischar Kalibrierdienst
SChM!d & Eartner M c Service sulsse d'étalonnage

Engineering AG e Servizio svizzero di taraturs
Zoughausstrasse 43, 8004 Zurich, Switzerland A S  swiss Calibration Servico

Yl bW

Accredited by the Swiss Accrediiaion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is ane of the signatories to the EA
Muitilateral Ag for the recognition of calibration certificates
ctient  KCTL (Dymstec) Certificate No: D2450V2-895_Jul16

|CALIBRATION CERTIFICATE

Chject D2450V2 - SN:895

Calibeation procedura(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Catbration date July 25, 2016

This calibeation carificate documents the tracasbiily 10 national standards, which malize thes physical units of measurements (S1)
Tha measurements and the uncertaintios with cordkdence probabiity are gven on the following pages and ase par of the cerdificate.

Al calbrations have bean conducted in the closed laboratory faclity. emércament lemperature {22 + 3)°C and humeadity < 70%

Calibration Equpmant usad (MSTE critical for calbration)

J’nn;‘ny Standards (104 Cal Dato (Certificate No | 2 Scheduled Callbration —
Powaer mater NRP | SN: 104778 06-Apr-16 (No. 217-02288:02289) Apra7
Power sersar NRP-251 SN: 103244 06-Apr-16 (No. 217-02288) Agrt7
Power sensar NRP-281 SN: 103245 O0&-Apr-16 (No. 217.02289) Apr-17
Reterance 20 4B Atlenuntor SN: 5053 (20k) 05-Ape-16 {No. 217-02292) Apr-37
Type-N miamalch combination SN: 5047 2/ 08327 05-Ape-16 {No. 217-02295) Apr-37
HAeference Proba EX3DVA SN: 7349 15-Jun-18 (No. EX3-7348 _lun1é) Jun17
DAE4 SN: 601 30-Deac-15 (No. DAE4-B01_Dec15) Dac-16
Secondary Standards - D # Chock Date (in house) Schaduled Check
Power metar EPM-442A SN: GBI7480704 0700115 {No. 217-02222) In house check. Oct-18
Power sensor HP B451A SN US372¢e2783 0700115 (No. 217-02222) In house check: Oct-16
Powar sensor HP 84814 SN: MYA41082317 07-0ct+15 {No. 217.02223) In house checic Oct-16
AF genarator RAS SMT .06 SN 100672 15-Jun-15 (in house check Jun-15) In house check: Oct-16
Network Analyzar HP 8753E SN US37390565 18-0¢1-01 {in housa chack Oct-15) In house check: Oct-16
Name Function Sigrature
Calibrated by: Mchae Weber Laboratory Technician MM
el

Approed by: Katia Pokoutc Tochrical Managor //(/?_

Issusad: July 26, 20186

This calibration cedificate shall nol be reproduced axcept in full without weitten apperoval ul'{h_e [a\bg{g{r_:ry.
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PN
Calib(atlon Laboratory of s“"‘l‘:f{/""z S Schweizerischer Kalibriordionst
Schmid & Partner k%—z_/-/m Sorvice susse d'étalonnage
Engineering AG Ty € sorvizio svizzero o tarstuea
Zeughausstrasse 43, 8004 Zurich, Switzarland s S Swiss Calibration Service
Il
Accrecitad by tha Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament 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) |EC 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 5 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
paralle! to the body axis.

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

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

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

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

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

DASY Version DASYS vs2s8

Extrapolation Advanced Extrapolation

Phantom Modular Fiat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The folfowing parameters and calculations were appied.
Temperature Permittivity Conductivity

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

Measured Head TSL parameters (220+02)"C 380=6% 1,86 mho'm £ 6 %

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

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

SAR measured 250 mW input power 133 Wikg

SAR for nominal Head TSL parameters normalized to 1W 52,0 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 6.15 Wikg

SAR for nominal Head TSL parameters normalized to 1W 24.3 Wikg = 16,5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 52.7 1.85 mho/m

Measured Body TSL parameters (220=202)C 518=6% 203 mho/m =6 %

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

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

SAR measuraed 250 mW mnput power 13.0 Wikg

SAR for nominal Bedy TSL parameters normalized 1o 1W 50.8 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 6.05 Wikg

SAR for nominal Body TSL parameters nomalized to 1W 23.9 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed 10 feed point

5410+22jQ

Retumn Loss -27.0dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 488Q <402

Relum Loss -28.0d8

General Antenna Parameters and Design

[ Electrical Delay (one direction)

I

1.158 ns —I

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

The dipole is made of standard semirigid coaxial cabie. The center conductor of the feeding ling 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 changa. The overall dipole length is still

according 1¢ the Standard.

Na excessive force must be applied to the dipole arms, because they might bend or the soldered connactions near the

feadpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

June 19, 2012
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DASYS Validation Report for Head TSL

Date: 25.07,2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz D2450V2; Type: D2450V2; Serial: D2450V2 - SN:895

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

Medium parameters used: = 2450 MHz; o = 1.86 S/m; & = 38; p = 1000 kg/m’
Phantom section; Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.72, 7.72, 7.72); Calibrated: 15.06.2016;
* Sensor-Surface: . 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601:; Calibrated: 30.12.2015
+ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

» DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = [14.6 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 27.2 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.15 Wike

Maximum value of SAR {measured) = 22.0 Wikg

-4.62
-9.24
-13.85

-18.47

-23.09

0dB =220 Wikg = 13.42 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 25.07.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz D2450V2; Type: D2450V2; Serial: D2450V2 - SN:895
Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; 6 = 2.03 S/m: & = 51.8; p = 1000 kg/m"

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.79. 7.79, 7.79); Calibrated: 15.06.2016;
» Sensor-Surface: | 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 30.12.2015
* Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA: Serial: 1001

» DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 106.8 Vim; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 26.0 Wikg

SAR(1 g) = 13 W/kg: SAR(10 g) = 6.05 W/kg

Maximum value of SAR (measured) = 21.2 Wikg

-4.40
8.79
-13.19

-17.58

-21.98

0 dB =21.2 W/kg = 13.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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Appendix A.3 Dipole Calibration certificate (D5GHzV2 1134

Calibration Laboratory of

" s Schweizerischer Kalibrierdignst
Schmid & Partner Service suisse d'étalonnage
Engineering AG C Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerfand S Sswiss Calibeation Service

Accredited by the Swiss Accretitation Seevice (SAS)
The Swiss Accroditation Service Is one of the signatories 1o the EA
Multitaterat Agr i i

Client KCTL (Dymstec)

Accreditation No.: SCS 0108

for the recog of on cer

Cortiticate No: DEGHzV2-1134_May15
[CALIBRATION CERTIFICATE -4l
[

Cbjoct DSGHzV2 - SN: 1134 ’

Caltalion procadurels)

QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-8 GHz

Caibration date

May 22, 2015

;] .

This calibration canficate gocumants the fracaabiity 10 national standards, wh I Al {54
The measuremenls and the uncedsinlies with confidence probablity are gven on the following pages and are pant of the catficate

A calbrations bave bean condugted In the closed labaratory faciity: ervircoment temporatire (22 » 3)°C and hurmidity < 70%

Calibraton Equpmant used (M TE critical for calraticn)

| Pnmary Standards 10 A __Ca Date (Certificate No.) Scheduled Calibration d

Powar mater EPM-4424 BBR37480704 07-Oct-14 (No. 21702070} Qat 16

Powor sansar HP B4B1A usSaracees O7-0ct-14 (No. 217-02020) Oct-15

Power sansar HP B481A MY41082317 U7-0ct-14 (No. 217-02021) Oa-15

Ralerance 20 6B Atermiator SN: 5058 (20k) OF-Ape-15 (No. 217-02137) Mar-16

Type-N mismaich combination SN: S047.2 7 08327 0V Apra15 (No, 217-02134) Mar-16

Ralarence Proba EX3DV4 SN;: 3503 30-Dac-14 (No. EX3-3503_Dec14) Oec-15

DAES SN: &0 18-Aug-14 (No, DAE4-601_Aug14) Aug1s

Secandary Standards De Chack Date (in house) Scheduled Chook

RF genorator RLS SMT06 100005 04-Aug-29 (in house check Oct-13) In houga chack: Oat-16
Netwark Analyzer HP 8753E USI730585 54206 18-0ct-01 (in hiouse chack Oct-14) In house chack: Oct15

Name Function Signatura
Casibmsted by Michised Waber Labgeatary Tochrician ” w
‘
Approved by: Katja Pokiovic Tachnical Manager e, =5
e e

Thes calibration canmficate shall not be reproduced except in full wthou! wiitten approval of the laboratory

Issued: May 22, 2016
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Calibration Laboratory of S Schweizerischer Kalibrierdienst

Schmid & Partner Service suisse d'dtalonnage
Engineering AG C  servisio svirzero o tarmturs

Zeughaussirasse 43, 8004 Zurch, Switzeriand S Swiss Callbration Service

Acerodited by the Swiss Accrediation Sandee (SAS) Accreditation No.: SCS 0108
The Swiss Accreditstion Servica Is one of the signatorios to the EA
Multilateral Agreement for the recognition of callbration cortificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures™ Part 2: “Procedure 1o determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

c} 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

Additional Documentation:
d) DASYA4/5 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,

» 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
paraliel to the body axis.

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

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

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

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

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

Iven on page 1.

DASY Version

DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, gy =4.0mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz = 1 MHz
5300 MHz + 1 MHz
5500 MHz = 1 MHz
5600 MHz = 1 MHz
5800 MHz = 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 38.0 4.66 mho/m
Measured Head TSL parameters (220202)"C J4826% 445 mho/m =26 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 100 mW input powae 7.77 Wikg
SAR for nominal Head TSL paramsters normalized o 1W 76.9 Wikg = 19.9 % (k=2)
SAR averaged over 10 em* (10 g) of Head TSL condition
SAR measured 100 mW inpet power 224 Wikg

SAR for noméinal Haad TSL parameters

normalized to 1W

22.1 W/kg = 19.5 % (k=2)
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Head TSL parameters at 5300 MHz

The following parameters and calculations were appéied

Temperature Pormittivity Conductivity
Nominal Head TSL parameters 220'C 359 4.76 mha/m
Measured Head TSL parameters {(220+02)°C 343+6% 4.54 mho/m = 6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SARA measured 100 mW input power 8.21 Wikg

SAR for namenal Head TSL parameters

normadized to 1W

81.2 W/ kg = 19.9 % (k=2)

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

SAR measurad 100 mW input power 2.38 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.5 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The following par s and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 356 4.968 mha/m

Measured Head TSL parameters (22.0=202)°C 2402868% 473 mho/m £ 6 %

Head TSL temperature change during test <05°C —_
SAR result with Head TSL at 5500 MHz

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

SAR measured 100 mW mput power 8.14 Wikg

SAR for nominal Head TSL parameters normaiized to 1W 80.5 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.34 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.1 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mhoim
Measured Head TSL parameters (220=02)°C BI9=8% 4.83 mho/m £ 6 %%
Head TSL temperature change during test <05°C — -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.05 Wikg
SAR for nominal Head TSL parameters normalized to 1W 79.6 Wikg = 19.8 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.31 Wikg
SAR for nominal Head TSL parameters normalized to 1W 22.8 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz
The following pasameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 353 527 mho/m
Measured Head TSL parameters {(220£02)"C 336+6% 5.03 mho/m £ 6 %
Head TSL temperature change during test <05°C —_ -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 ecm® (1 g) of Head TSL Conddion
SAR measured 100 mW input power 7.87 Wikg

SAR for nomenal Head TSL parameters

nomakzed to 1W

77.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.25 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

22.2 Wikg + 19.5 % (k=2)
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Body TSL parameters at 5200 MHz

The following parameters and calculations were appliod

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5,30 mha/m
Measured Body TSL parameters (22020.2)"C 47326% 543 mho/m 26 %
Body TSL temperature change during test <05°C - —
SAR resuit with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.53 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 74.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condtion
SAR measured 100 mW input power 2.11 Wikg
SAR for nominal Body TSL parameters normakized 10 1W 20.9 Wkg = 19.5 % (kw2)
Body TSL parameters at 5300 MHz
The following parameters and calculations were apphiod. .
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 489 5,42 mha/m
Moasured Body TSL parameters (22.0202)°C 471 6% 5.56 mho/m = 6 %
Body TSL temperature change during test <05*C - —-
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.60 Wikg
SAR for nominal Body TSL parameters normalized to 1W 75.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 212 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.0 Wikg = 18,5 % (ka2)
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Body TSL parameters at 5500 MHz

The tollowing pasameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220"C 48.6 5.65 mha/m

Measured Body TSL parameters (22.0+02)°C BB 26% 582 mho/m+6 %

Body TSL temperature change during test <05°C - —
SAR result with Body TSL at 5500 MHz

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

SAR measured 100 mW Input power 8.04 Wkg

SAR for nominal Body TSL parameters normalized to 1W 79.9 Wikg = 18.9 % (k=2)

SAR averaged over 10 ey’ (10 g) of Body TSL condition

SAR measured 100 mW input power 2.24 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 22.2 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations ware applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 485 5.77 mha/m

Measured Body TSL parameters {220+ 02)°C 466 +8 % 5,96 mho'm + 6 %

Body TSL temperature change during test <05°C ~ =
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 em® (1 g) of Body TSL Candition

SAR measured 100 mW input power 7.97 Wika

SAR for nominal Body TSL parameters nosmalized to 1W 79.2 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.21 Whkg

SAR for nominal Body TSL parameters normalized to 1W 21.8 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and caloulations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C q48.2 6.00 mhao/m
Measured Body TSL parameters (22.020.2)°C 46.326% 623 mho/m + 6 %
Body TSL temperature change during test <05°C -~ —
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 100 mW Input power 7.72 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

76.7 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

213 Wikg

SAR for nominal Body TSL parameters

narmalized to 1W

21.1 W/kg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed 10 foed point 479Q-84 02

Heturn Loss -202dB

Antenna Parameters with Head TSL at 5300 MHz

Impedance, transtormed to feed point 49860Q-7.0iQ

Retumn Loss -23.0dB

Antenna Parameters with Head TSL at 5500 MHz

Impedance, translormed to feed point S1.00-33Q

Retumn Loss -29.2dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, fransfomed to feed point 5400-39[Q
Return Loss -254 48

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 5530-50jQ

Return Loss -233dB

Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed 1o feed point ABO0Q-77K2
HReturn Loss -21.84dB

Antenna Parameters with Body TSL at 5300 MHz

Impadance, transiormed 1o feed point 4960Q-63jQ
Retumn Loss -240dB

Antenna Parameters with Body TSL at 5500 MHz

Impedance, transtormed 1o feed point 513Q-18jQ
Retumn Loss -33.00d8
Cerificate No: DEGHzV2-1134 May15 Pago 9 of 16
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5440-23iQ
Retum Loss -26.5dB
Antenna Parameters with Body TSL at 5800 MHz
Impedance, transformed 1o feed pont 5590-361Q
Retum Loss 23.7dB
General Antenna Parameters and Design
[jlectrical Delay {one direction) 1,204 ns j

3

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

The dipcie is made of standard semirigid coaxial cable. The center canductor of the feading ne 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 {o the dipole arms in order to improve matching when loaded according to the position as explaned in the
‘Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is stil

according 1o the Standard

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

feedpoint may he damaged

Additional EUT Data

Manufactured by

SPEAG

Manulacturad on

May 07, 2012

Certificale No: DSGHzV2-1134_Mayi5s
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DASYS Validation Report for Head TSL

Date: 22.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1134

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used; f= 5200 MHz; o = 4.45 Sim; & = 34.4: p = 1000 kg/m* , Medium parameters
used: = 5300 MHz; 6 =4.54 S/m: £ = 34.3; p = 1000 kg/m” , Medium parameters used: f = 5500 MHz: o =
4.73 Sim; =34 p = 1000 kg/m® , Medium parameters used: f = 5600 MHz: & = 4.83 Sim; 2, =339;p=
1000 kg/m® . Medium parameters used: f = 5800 MHz: a = 5.03 S/m; & = 33.6: p = 1000 kg/m?

Phantom section: Flat Section

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

DASYS2 Configuration:

» Probe: EX3DV4 - SN3503: ConvF(5.51, 5.51, 5.51); Calibrated: 30.12.2014. ConvF(5.21, 5.21,
5.21): Calibrated: 30.12.2014, ConvFi5,12, 5.12. 5.12): Calibrated: 30.12.2014. ConvF(4.92, 4,92,
4.92); Calibrated: 30.12.2014, ConvF(4,9, 4.9, 4.9): Calibrated: 30,12.2014:

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

= Electronics: DAE4 Sn601; Calibrated: 18.08.2014

«  Phantom: Flat Phantom 5.0 (front); Type: QDOGOPS0AA; Serial: 1001
= DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Vialue = 64.63 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(1 g) = 7.77 W/kg; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 17.6 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=tmm, dy=4mm, dz=1 4mm

Reference Value = 65,59 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 g) = 8.21 W/kg; SAR{10 g) = 2.38 W/kg

Maximum value of SAR (measured) = 18.7 Wikg

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

Reference Value = 64.27 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.4 W/kg

SAR(1 g) = 8.14 W/kg: SAR(10 g) = 2.34 Wikg

Maximum value of SAR (measured) = 19.0 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.94 V/m; Power Drift = 0.0]1 dB

Peak SAR (extrapolated) = 30.9 Wikg

SAR(1 g) = 8.05 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 18.8 Wike

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

Reference Value = 61.63 V/m; Power Drift = 0.03 dB

Peak SAR (exirapolated) = 32.1 W/kg

SAR(1 g) = 7.87 W/kg; SAR(10 g) = 2.25 Wikg

d8

0

—-6.00
; -12.00
-18.00
-24.00
-30.00

0 dB = 17.6 Wikg = 12.46 dBW/kg
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Impedance Measurement Plot for Head TSL

21 May 2017 A19:25:4)
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DASY5 Validation Report for Body TSL

Date: 21.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz: Type: D5GHzV2; Serial: DSGHzV2 - SN: 1134

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: S8 MHz

Medium parumeters used: = 5200 MHz; o = 5.43 S/m; & =47.3; p= 1000 kg/m’ , Medium parameters
used: £= 5300 MHz; 6 = 5,56 S/fm; &, =47.1; p = 1000 kg/m” , Medium parameters used: f = 5500 MHz; o =
5.82 S/m; &= 46.8; p = 1000 kg/m* , Medium parameters used: = 5600 MHz: 6 = 5.96 S/m; £ = 46.6. p =
1000 kg/m* , Medium parameters used: f = 5800 MHz; 0 = 6.23 S/m; & = 46.3; p = 1000 kg/m’

Phantom section: Flar Section

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

DASY52 Configuration:

+ Probe: EX3DV4 - SN3503; ConvF(4.95, 4,95, 4.93); Calibrated: 30.12.2014, ConvF(4.78, 4.78,
4,78); Calibrated: 30.12.2014, ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2014, ConvF(4.35, 4.35,
4.35); Calibrated: 30.12.2014, ConvF(4.32, 4,32, 4,32); Calibrated: 30.12.2014:

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

« Electronics: DAE4 Sn601: Calibrated: 18.08.2014

» Phantom: Flut Phantom 5.0 (back); Type: QDO0OPS0AA; Serial: 1002
» DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=52(00 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 59.11 V/m; Power Drift = 0.01 dB

Peak SAR (extrapoluted) = 29.5 W/kg

SAR(I g) = 7.53 W/kg: SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.8 Wikyg

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

Reference Value = 58.88 V/im; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30.6 Wikg

SAR(I g) = 7.6 W/kg; SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 18,1 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 59.33 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 34.1 W/ke

SAR(1 g) = 8,04 W/kg; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 19.4 Wikg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 58.26 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 34.9 W/kg

SAR(1 g) =7.97 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 19.6 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Meusurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 55.96 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 35.6 W/kg

SAR(1 g) = 7.72 W/kg; SAR(10 g) = 2.13 W/kg

Maximum value of SAR (measured) = 19.2 Wikg

-6.00

-12.00

-18.00

-24.00

-30.00

0dB = 17.8 W/kg = 12.50 dBW/kg
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Impedance Measurement Plot for Body TSL
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Appendix A.4 Justification for Extended SAR Dipole Calibrations

Instead of the typical annual calibration recommended by measurement standards, longer
calibration intervals of up to three years may be considered when it is demonstrated that the SAR
target, impedance and return loss of a dipole have remain stable according to the following

requirements

KDB 865664 D01v01r04 requirements

a) Return loss: < - 20 dB, within 20 % of previous measurement

b) Impedance: within 5 Q from previous measurement.
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c) Extrapolated peak SAR: within 15% of that reported in the calibration data

5200 Mz
2l Head/Body LEiE 3 extrapolated peak SAR (W/kg) A%
Antenna Measurement
2015-05-22 27.9
Head 14.0
D5GHzV?2 2016-10-18 31.8
SN 1134 2015-05-22 29.5
Body 2.7
2016-10-19 30.3
5800 Mz
2l Head/Body DED o extrapolated peak SAR (W/kg) A %
Antenna Measurement
2015. 05. 22 32.1
Head 7.8
D5GHzV2 2016. 10. 17 34.6
SN 1134 2015. 05. 22 35.6
Body 11.2
2016. 10. 20 31.6
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Appendix B. SAR Tissue Specification

The brain mixtures consist of a viscous gel using hydrox-ethl cellullose(HEC) gelling agent and saline
solution. Preservation with a bacteriacide is added and visual inspection is made to make sure air
bubbles are not trapped during the mixing process. The mixture is calibrated to obtain proper dielectric
constant (permittivity) and conductivity of the desired tissue.

Frequency (k) 750 ~ 835 1750 1900 2 450 P
Tissue Type Head | Body | Head | Body | Head | Body | Head | Body | Head | Body
Ingredient % by weigBW
Water 40.29 | 51.97 | 53.00 | 68.00 | 55.00 | 70.50 | 72.00 | 73.00 | 65.52 | 80.00
Salt (NaCl) 1.38 0.93 0.40 0.20 0.35 0.30 0.10 0.10 0 0
Sugar 57.90 | 47.00 0 0 0 0 0 0 0 0
HEC 0.24 0 0 0 0 0 0 0 0 0
Bactericide 0.19 0.10 0 0 0 0 0 0 0 0
Triton X-100 0 0 0 0 0 0 20.00 0 17.24 0
DGBE 0 0 46.60 | 31.80 | 44.65 | 29.20 0 26.90 0 0
Diethylene glycol hexyl 0 0 0 0 0 0 790 0 1724 0
ether
Polysorbate (Tween) 80 0 0 0 0 0 0 0 0 0 20.00
Tissue parameter target by C. Gabriel and G. Harts grove.
Salt: 99 % Pure Sodium Chloride Sucrose: 98 % Pure Sucrose
Water: De-ionized, 16 M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether, [2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra-pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethybutyl)phenyl] ether
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Appendix C. #Antenna Location & Distance
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