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Client BACL Cartificate No: EX3-7441_Nov16

|CALIBRATION CERTIFICATE

Objuct EX30V4 - SN:7441
Calibralion procedure(s) QA CAL-01.v9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5,
QA CAL-25.v6

Calibration procedure for dosimetric: E-field probes

Cabbralion date November 15, 2016

This calibeation cenficate documents the traceabilily to mationa) standards, which realize the physical units of measuremants (51},
The measurements and Ing unsartainties with confidence probability are given on the follawing pages and are pant of the cenificale

Al calibrations have been conducted in the closed labaratory faciity: esvirenment lemperalure (22 £ 3)°C and humidity < 70%.

Calbration Equipment used (MATE gritical for calibrafion)

Primary Stanidards e} Cal Date (Ceriifizate Ne.) Scheduled Caliteation

Power meter MRP SN 104778 06-Apr-16 (Mo, 217-02288/02260) Apr-17

Powear sensor NRP-Z91 SM. 103244 06-Apr-16 (Mo, 217-02238) Apr-17

Power sensor NRP-Z91 SH: 103245 Of-Apr-16 (Mo, 217-02289) Apr-17

Ralergnce 20 a8 Attgnuator SN SH27T (20x) 05-Apr-16 (No. 217-02293) | Apr-17

Raterence Prabo ESI0DV2 SH; 3013 M-Dec-156 (Mo, ES3-1013_Decis) Dec-16

DAES SN: 660 23-Dec-15 (Mo, DAE4-660_D=cis) Dec-16

Secondary Slandards (5] Chick Date in howsa) | Schaduled Chesk

Powar mador E44158 SH: GB41203B74 06-Apr-16 {in house check Jun-16) | In house check: Jun-18

Powir sonsor E4412A SN MY414058087 08-Apr-16 {in house check Jun-16) In howsa check: Jun-18

Powar sansor 44124 | sw: poo110210 06-Apr-16 {in house check Jun-16) In howse check: Jun-18

RF generalor HP BE4EC | SH: US2842001700 4-Aug-88 {in house check Jun-16) In howss check: Jun-18

Metwark Anatyzer HP B7S3E | SN: US37380585 18-0c1-01 {in housa chack Oct-18) In housa check: Oet-17
Name Funclion Signalure 2

Calibrated by Jabon Kastrati Laboratory Technician “c"- [" ,:,_,;""J.r

P e

Approved by Kaija Pokovic Technical Manager /gé;?/g

Esped: Movembar 15, 2016

This calibration cerificate shall not be reproduced except in full without written approval of tha laboradory,
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of

: Schweizerisehor Kalibriordienst

Schm|d & PEII'IFIEJ' i Service suisse d'étalonnage

Engineering AG Servizio svizzero di taratura
Zoughaussirasso 43, 8004 Zurich, Switzerland 5 Swiss Calibration Service
Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is ono of the signatorios te the EA
Multilateral Agreement for the recognition of callbration certificatos
Glossary:
TSL tissue simulating liguid
NORMx,y.z sensifivity in free space
CanvF sensitivity in TSL/ NORMzx,y,z
DceP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parametars
Polarization o nrotation around probe axis
Polarization § 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e.. 8 = 0is normal to probe axis

Connector Angle information used in DASY syslem to align probe sensor X to the robot coordinate system
Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, “|IEEE Recommended Praclice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wirgless Communications Devices: Measuremeant
Technigues”, June 2013

b) [EC 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 G2209-2, "Procedure to determine the Specific Absorplion 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 o 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMz.y.z: Assessed for E-field polarization 8 = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
MORMz.y,z are only intermediate values, i.e., the uncertainties of NORMzx.,y.z does not affect the E'-field
uncenainty inside TSL (see below ConvF).

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

DCPy,.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 nor media.

PAR: PAR is the Peak fo Average Rafio that is not calibrated bui determined based on the signal
characteristics

Ax, .z Bx.y,z Cxyz Dy VRxyz: A, B, C, Dare numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VIR is the maximum calibration range expressed in RMS valtage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > BOO MHz, The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close fo the boundary, The sensitivity in TSL corresponds
to NORMz. v,z * ConvF whereby the uncerlainty corresponds 1o that given for ConvF, A fraquency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

Spherical isotropy (30 deviation fram isolropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offsel: The sensor offset corresponds to the offset of virlual measurement center from the probe tip
{on probe axis). No tolerance required,

Conneclor Angle: The angle is assessed using the information gained by determining the NORMx (no
uncerainty required),

Certificate Ma: EX3-7441_Mov16 Page 2 af 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DV4 - EN:T441 MNowvember 15, 2016

Probe EX3DV4

SN:7441

Manufactured:  May 31, 2016
Calibrated: November 15, 2016

Calibrated for DASY/EASY Systems

{Mote: non-compalible wilth DASY2 system!)

Cenificats Mo: EX3-7441_Nowis Page 3 of 14




Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDVd= SN:Tdd1

Novembar 15, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7441

Basic Calibration Parameters

Sansor X Sansor Y SensorZ Unc [k=2)
Norm {pViWm)S" 0.40 0.45 0.36 £10.1 %
DCP (mV)" 100.2 101.2 104.2
Modulation Galibration Parameters
[UiD Communication Systern Name A B c D VR Unc®
dB 4BV v dB m¥ (k=2)
0 Cw X 0.0 0.0 1.0 0.00 | 1885 | +3.5%
by 0.0 0.0 1.0 1778
Z 0.0 0.0 1.0 1B2.4

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

* The uncertainties of Nom X,¥.Z do nat affect tha EX-feld uncenainty inside TSL (see Pages 5 and &).
. Numadnal linearization parameter: uncefainty me eguined.
Unuﬂ'taﬂly ts determined using the max. dewistion from lingar response applying reclangular distabulion and is expressed for the square of Ehe

flald valus.

Cerlificals Mo: EX3-T441_Movi6
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DVd- SN:T441 November 15, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7441

Calibration Parameter Determined in Head Tissue Simulating Media

£ {MHz) © Pa?t:f:illl:i.tyF cm[g;:lﬂgltr ConvF X | ConvFY | ConvFZ ﬂﬂl_ai Df.nl:r?: {:-I:;l
150 52.3 ] 13.25 13.25 13.25 0.00 1.00 +13.3 %
450 43.5 0.87 10.98 10.98 10.98 Q.02 1.20 +133%
750 41.9 0.49 10.73 10.73 10.73 053 0.85 +12.0 %
900 41.5 097 10.22 10.22 10.22 0.41 0.86 £120%
1750 40.1 1.37 8.92 a.92 8.92 0.35 0.80: £120%
1900 40.0 1.40 B48 8.48 B.48 0.33 0.80 £12.0%
2450 39.2 1.80 7.85 7.85 7.85 0.35 0.84 +12.0%
2600 39.0 1.86 7.53 7.53 7.53 0.36 0.80 +12.0%
5250 35.9 4.7 5.67 5.67 5.67 0.35 1.80 +13.1%
5600 35.5 5.07 5.00 5.00 5.00 040 1.800 +13.1%
5800 35.3 5.27 511 5.11 5,11 040 1.80 +13.1%

© Frequency valicily above 300 MHz of + 40D MHz anly applies for DASY v4.4 and higher (see Page 2), elsa il is resiricied o £ 50 MHz. The
uncerainty is e RSS of the ConvF uncertainly 3t calibration fraquancy and the uncestainity for the indicated frequency band. Frequency validity
palow 300 MHz |5 + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 126, 150 and 220 MHz respeclively. Above 5 GHz frequancy
validity can be exionded fo £ 110 MHz.
* A frequancies below 3 GHz, tha validity of tissue paremeters (¢ amd o) can be relaxed bo = 10% I liquid compensation formula is appiad 1o
measured SAR welues. Al freguencies above 3 GHz, 1ha validity of tissue paramaetess (e and o} Is restriclad 1o £ 5%. The uncertainty is the RSS of
Ene CorwF uncertainly for indicated darget tissue parameelers. )
AlphaDepih are determined during calbration. SPEAS warrants Ehat the ramaiming dinakion dus 15 the boundary effect after cormpensation i
always less than £ 1% Por frequencies below 3 (3Hz and below + 2% for frequencias batwoen 346 GHz a1 any distanca larger than half the probe tip
diametar from the boundary.

Certificate No: EX3-7441_Novié Page 5of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDV4~ SN: 7441 Mowember 15, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7441

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz) © Pef:-mmy‘ cn?g::;m“ ConvF X | ConvF¥ | ConvFZ | Alpha® "m’iu l::;}
150 61.9 0.80 12.58 12.58 12.58 0.00 1.00 £13.3%
450 56.7 0.94 12.08 12.08 12,08 0.06 120 | £133%
750 55.5 0.96 10.12 10.12 10.12 0.53 0.80 | £120%
900 55.0 1.05 9.85 9.85 9.85 0.44 080 | *120%
1750 534 1.49 8.25 8.25 2325 0.37 0.80 | =120%
1800 533 1.52 7.95 71.85 7.95 0.3 1.00 212.0%

2450 527 1.95 7.67 7.67 7.67 0.36 080 | $12.0%
2600 525 216 7.39 7.39 7.39 0.29 080 | £12.0%
5250 48.9 5.38 5.24 524 5.24 0.40 1.90 +13.1%
SE00 48.5 577 4.33 4.33 4.33 0.50 1.80 +13.1%
5800 48.2 6.00 4.48 4.48 4.48 0.50 1.80 131 %

 Frequancy validity abave 300 MHz of 100 MHz only appSes for DASY vd.4 and higher (see Page 2}, else il is resirictad 1o + 50 MHz. The:
uncerainty is the RSS of the ConvF uncenainty at calibration frequency and thie uncertainty for the indicated Srequency band . Frequency valudity
Belew 300 MHE i8 £ 10, 25, 40, 50 and 70 MHz for CorwF assessments at 30, 64, 128 150 amd 220 MH2 respectively. Above 5 GHE frequency
walidity can be exiended to £ 110 MHz,

Ap frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can ba relaxed fo £ 10% if liquid compensalion form ula is appliad 1o
rmazsured SAR valuss. Al frequentiss above 3 GHz, the validity of tissue paramelers (o and o) i restristed 18 + 5%. The uncartainty is the K55 of
1he ConwF uncanainty for indicated tanget tissus parameters.

AlphaiDepih &re delenmingd Suring calibration. SPEAG warrants that the remaining <eviation dus to the boundary alect after compensation is
always less than £ 1% for fraquantios Balow 3 GHz and balew = 2% for requencios batwoen 3-8 GHz ol any distanca larger than half the probe 1ip
ciamatar from the boundary.

Cerificale Mo EX3-T441_Mov16 Page 6 of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EX3IDN A= SN:Ta41 Movember 15, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Certificate No: EX3-T431_Now1g Page 7 ef 1




Bay Area Compliance Laboratories Corp. (Kunshan)

EXI0Wd= SN:Tddd Movember 15, 2016
Receiving Pattern (¢), & = 0°
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Uncertainty of Axiall Isotropy Acsessment: = 0.5% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX30V4- SMiT441

MNovember 15, 2016

Dynamic Range f(SARpead)
(TEM cell , fova= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificate No: EX3-T441_Nov16 Page 9 al 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DVd4— SN:7441 Movember 15, 2018

Conversion Factor Assessment

= 900 MHz, WGLS R9 (H_com ) f= 1750 MHz.WGLS RZ2 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

1.0 -08 06 -0.4 <02 00 0.2z o4 bl oe 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDV4- SN:T441 Hovember 15, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7441

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) 1021
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Cwverall Lenglh 337 mm
Probe Body Diamater 10 mm
Tip Length 9 mm
Tlp Diameler 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Proba Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Cenlificale No: EX3-T441_Nov16 Page 11 of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand e g ko;:‘/

Schweizerischer Kalibrierdienst
S

c Service sulsas d'étalonnage
S

Servizlo avizzero di taratura
Swiss Celibration Service

Accredited by the Swiss Accreditation Senice {S45) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the slgnatories to the EA
Multilateral Agreement for the recognition of calibration cartificates

Client BACL Certificate No: D2450V2-970_Jul15
CALIBRATION CERTIFICATE |
Oibject D2450V2 - SN:970

Calibration procedure(s) QA CAL-05.v9

Calibration procedurs for dipole validation kits above 700 MHz

Calibration dabe: July 08, 2015

This callbration certificate docurmants the traceabdity to national standards, which reslize the physical units of measwnemants (51)
The measuramants and e uncerainties with confidence probability s given on the following pages and are part of tha cerificate

AN palibrations have besn conducted in the dosed laboratory facility: envirmnment temperatura (22 + 3)°C and humidity < 70%.

Callbration Equipment used (M&TE critical for calibration)

Primary Standards | iD# Cal Date (Cenificaie No.) Scheduled Calitration

Power matar EPR-4424 GEITABOTO4 I:IT-DCI-H.I:MD_ 297020200 Cet-13

Power sansor HP B4B14A uS3Tan2ved 07-Oct-14 (Mo, 217-02020) Oct-15

Power sensor HP B4B1A Myd1082317 07-0ct-14 (Mo, 217-02021) Qat-15

Retfarances 20 4B Attenuator SN: 5058 (20K) 01-Apr-15 (Mo, 217-02131) Mar-16

Type-h miamatch combination | SN: 50472/ 06327 01-Apr-15 (Mo, 217-02134) Mar-16

Aeference Probe ES30Y3 | SM; 3205 30-Dac-14 (Mo, ES3-3205_Dect4) Dec-15

DALY SM: E01 1B-Aug-14 (Mo, DAEL.G01_Augid) Aug-1h

Secondary Standards |iD# Check Date (in house) Scheduled Check —

AF generator RES SMT-D6 | 100005 02-Aug-39 (in house check Oct-13) In howse check: Oct-16

Matwork Analyzer HP B753E US37an0585 34206 18-0ict-01 (in house check Oot-14) In howse chack: Qol-15
Marra Funclion Sagnadure

Calibrabed by: Jaton Kastrati Laboratory Technician {l' G AT

| :
Approved by: Kalja Potde Technical Manager

igsued: July &, 2015

Thic ralibralinn cartifieate shall nab he memoduced excent infull without writlen aporoval of the iaboratory,




Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of AN,

; SN Schweizerischer Kalibrierdienst
Schmid & Partner iﬂ HL—;:"-JE';_ g Service suisse d'étalonnage
Engineering AG ST Servizlo svizzern di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland A 5  swiss Calibration Service
st
Acerociled by the Swiss Accrediiation Serice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Multilateral Agresment 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) |EEE 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) |EC 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

¢) |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 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Conditions: Further details are available from the Validation Report at the enc
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.

s Feed Point Impedance and Retumn 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. Nu uncerlainty 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 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%.




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions
DASY system configuration, as far as not given on page 1,
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapalation
Phantem Madular Flat Phantom
Distance Dipole Center - TSL 10 mim with Spacer
Zoom Scan Resolution e, dy, dz =5 mm
Frequancy 2450 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters {(22.0+0.2)"C 37.9+6% 1.88 mho/m + 6 %%
Head TSL temperature change during test <0.5°C —
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition B
SAR measured 250 mW input power 13.7 Wikg
S AR for nominal Head TSL parameters normalized to 1W 53.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL candition
SAR maasurad 250 mW input power 6.41 Wikg
S4HA ler nominal Head TSL parameters nomalized to 1W 25.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Mominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (22,0 £0.2)°C 52,4 +6 % 2.03 mhao'm £ 6 %
Body TSL temperature change during lest =050
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.1 Wikg

SAR for nominal Body TSL parameaters

normmalized to 1W

51.3 Wikg = 17.0 % (k=2)

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

condition

S5AR measured

250 mW input power

6.11 Wikg

SAR for nominal Body TSL parameters

nomalized 1o 1W

24.2 Wikg = 16.5 % (k=2)




Bay Area Compliance Laboratories Corp. (Kunshan)

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, ransformed to feed point E350+09§Q
Retum Loss -29.1 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 050 +2E0
Return Loss -31.6dB

General Antenna Parameters and Design

| Electrical Delay fone diretion) 1,150 ne

After long term use with 100W radiated pawer, 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 feading fine s directly connected to the
second arm of the dipole. The antenna is therefore short-circuited far DC-signals. On some of the dipoles, small end caps
ars added to the dipale 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.

Mo excessive force must be applied to the dipole arms, bacause they might bend er the scldered connections near ine
feadpaint may be damaged.

Additional EUT Data

Manufacturad by SPEAG
Manutacturad on Dacember 30, 2074




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Head TSL

Date:; 08.07.2015
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:970

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

Medium parameters used: f = 2450 MHz; o = 188 S/m; &, = 37.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/EC/ANSL C63.19-201 1)

DASYS52 Configuration:
»  Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30,12,2014;
« Sensor-Surface: 3mm {Mechanical Surface Detection)
« FElectronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom; Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 101.1 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28,1 W/kg

SAR(1 g) = 13.7 Wikg; SAR(10 g) = 6.41 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

dB

-4.00
-8.00
-12.00

-16.00

-20.00

0dB=17.9 Wikg=12.53 dBW/kg




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 08.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:970

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

Medium parameters used: f = 2450 MHz; o = 2.03 8/m; & = 52.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe; ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sné01; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

« DASYS252.8.8(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=3mm, dy=5mm, dz=Smm

Reference Value = 94.92 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 26.9 Wikg

SAR(1 g) = 13.1 Wikg: SAR(10 g) = 6.11 Wikg

Maximum value of SAR (measured) = 17.2 W/kg

dB

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =172 W/keg= 1236 dBW/kg




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of A% g Sehweizarischor Kalibriordionst
Schmid & Partner ila‘-f{—\?!mféﬁ c Sorvice suisse d'etalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland '-1,”/;:\:\.,\:‘“ S Swisa Calibration Service
AT
Accraled by Ihe Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement lor the recognition of calibration certificales

Client BACL Cartificate No: D5GH2zV2-1245_Nov16

|CALIBRATION CERTIFICATE

Object D5GHzZV2 - SMN:1245

Caliration procedurels) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz

Calibration date: Movemnber 07, 2016

This calibration certificale documents the tracaability to national standards, which realize tha physical units of measurements (S1).
Tha measurements and ihe uncerainiizs with confidenca probability are given on the folowing pages and are part of the cemificate

All galibralions have been conducled in the closed laboratory facility: envirenment tarmperature (22 + 3)°Coand humidity < 70%

Calibration Equipment used (METE erilical for callbration)

Primary Standards lios Cal Dale (Cenificate No.) Scheduled Calibration
Pawer maler NAF SN: 104778 06-Apr-16 (Mo, 217-0228802269) Apr17
Power sensor NRP-Z91 Sh: 103244 Dh-Ape-16 (Mo. 217-02288) Apr-17
Power sensor NRP-Z91 SM: 103245 06-Apr-15 (Mo, 217-0E289) Apr-1T
HAeteranco 20 dB Afternuator SN: 5058 (20k) 05-Apr-16 (No. 217-02232) Apr-1T

| Type-N mismatch combanation SM: 5047.2 / DB32T 05-Apr-16 (Mo, 217-02205) Apr-17

| Reference Probe EX3DVE | 8hl; 3503 30-Jur16 {No. EX3-3303_Juni6) Jur-17
DAES SN B0 30-Dec-15 (Mo. DAE4-GD1_Daci5) Dec-16

| Secondary Standards | 1D Check Dale {in housa) _Scheduled Check
Powar metar EPM-4424 SM: GRAT4BO704 07-0c1-15 {in house check Oct-16] In house check: Oct-18
Power sensor HP 84814 SN Usarenzrad 07-Oct-15 {im house check Ocl-16) In house check: Oct-18
Power sensor HP 84814 SM: MY41082317 07-0ct=15 {in house check Ocl-16) Im house check: Oct-18
AF generatar HAS SMT-06 SM; 100972 15-Jun-15 (in howse chock Oct-16) In kouge check: Ocl-18
hetwark Analyzer HP B7S3E SM: US37380585 18-Oct-01 {in house check Oct-16} In house check: Oet-17

Name Function 'gﬁm e l

Calitrated ty: Claudio Leubler Labaralory Techniclan
Approved by Katja Pokovic Toehnical Manager

Issuad: Movember B, 2016
This calibration cartilicate shall not ba reproduced excepl im full withoul writlen appraval ol tho labomalory.
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Calibration Laboratory of

; S Schwelzerischer Kalibrierdienst
SChIT!Id & Partner C Service suisse d'etalonnage
Engineering AG Servizio svizzero di laratura
Zoughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Serviee
Accradited by the Swiss Acoreditation Service (SAS) Acereditation No.: SCS 0108

The Swiss Accreditation Service Is ane of the signatories to the EA
FMultilateral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y,z
MIA 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 Technigues”, June 2013

b) 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

c) KDB 865664, "SAR Measurement Regquirements for 100 MHz to & GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s 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 Retumn Loss: These parameters are measured with the dipaole
positioned under the liquid filled phantom. The impedance stated is transiormed from the
measurement at the SMA connector to the feed point. The Return Lass ensures low
reflected power. No uncertainty required.

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

» SAA measured: SAR measured at the staled antenna input power,

»  SAA 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%.

Cerlificate Mo: DSGHzV2-1245_Oct1& Page 2 of 13
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Measurement Conditions

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

DASY Version DASYS V52.8.8

Extrapolation Advanced Extrapciation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz = 1 MHz

Frequency 5600 MHz = 1 MHz
5800 MHz = 1 MHz

Head TSL parameters at 5250 MHz
The following parameters and calculalions weare applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 35.8 4.71 mho/m

Measured Head TSL parameters (22.0=02)°C 349+6% 4.57 mho/m £ 8 %

Head TSL temperature change during test =05°C hd
SAR result with Head TSL at 5250 MHz

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

SAR measured 100 mW inpul power 8.03 Wikg

SAR for nominal Head TSL paramelers nomalized o 1W 79.8 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW inpul power 2.31 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.9 Wikg £19.5 % (k=2)

Cerificale No: DSGH2V2-1245_0ct16 Page 3of 13
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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 345+6% 4.86 mho/m £ 6 %

Head TSL temperature change during test <0.5°C e _—
SAR result with Head TSL at 5600 MHz

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

SAR measurad 100 mW input power B.21 Wikg

SAR for nominal Head TSL parametars normalized to 1W B81.5 W/ kg £ 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 paramelers nomalized to 1W 23.2 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 35.3 5.27 mho/m

Measured Head TSL parameters (22.0 £0.2) °C 341£6% 5.12 mhoim + 6 %

Head TSL temperature change during test <05°C e —
SAR result with Head TSL at 5800 MHz

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

SAR measured 100 mW input power 7.898 Wikg

SAR for nominal Head TSL paramelers normalized to 1W 79.1 Wikg £19.9 % (k=2)

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

SAR measured 100 mW input power 2.26 Wikg

SAR for nominal Head TSL paramelers normalized to 1W 22,4 Wikg £ 19.5 % (k=2)

Cartificate Mo: DSGHzV2-1245_0ct16
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Tempearalure Permittivity Conductivity

Nominal Body TSL parameters 22.0"°C 48.9 5.36 mho/m

Measured Body TSL parameters (22.0£02) °C 46.9 =6 % 5.51 mho/m £ 6 %

Body TSL temperature change during test =05°C — waee
SAR result with Body TSL at 5250 MHz

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

SAR measured 100 mW inpul power 7.85 Wikg

SAR for nominal Body TSL paramelers normalized to 1W 77.9 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW inpul power 219 Wikg

SAR for nominal Body TSL parameters normalized fo TW 21.7 Wikg =19.5 % (k=2)
Body TSL parameters at 5600 MHz

The tollowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m

Measured Body TSL parameters (220+02)°C 463+6% 5.98 mho/m + 6 %

Body TSL temperature change during test <0.5°C — -
SAR result with Body TSL at 5600 MHz

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

SAR measured 100 mW input power 7.86 Wikg

SAR for nominal Body TSL paramaters normalized io 1W 78.0 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL conditicn

SAR measured 100 mW inpui power 2.19 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 21.7 Wikg £ 19.5 % (k=2)

Certificate No: D5GHzV2-1245_0cl16

Page 5of 13




Bay Area Compliance Laboratories Corp. (Kunshan)

Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0£0.2) °C 4596 % 6.26 mho/m £ 6 %
Body TSL temperature change during test =05°C == -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.64 Wikg

SAR for nominal Body TSL paramsters normalized to 1W 75.8 Wikg + 19.9 % (k=2)
SAR averaged over 10 em® {10 g) of Body TSL condition

SAR measured 100 mW inpul power 2.12'Wrkg

SAR for nominal Body TSL parameters

normalized o 1W

21,0 Wikg = 19.5 % (k=2)

Cetificate No: D5GHzV2-1245_0ct16 Page 6of 13
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedanca, transformmed to feed point 48.6 11 - 4.6 [Q
Return Loss - 26.6 dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 4080+1.2j0
Retum Loss -385dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 54.4 € + 0.4 [Q
Return Loss -27.4dB

Antenna Parameters with Body TSL at 5250 MHz

Impedance, fransformed 1o feed point 4750 -1.7 &
Retumn Loss -30.3dB

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 50.50Q+29Q
Return Loss -31.0dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, fransformed to feed point 5500+ 140
Return Loss - 26.1 dB

General Antenna Parameters and Design

I Elactrical Delay (one direction) | 1.185ns

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 to the dipole arms in order 1o improve matching when loaded according to the position as explained in the
"Measurement Condilions™ paragraph. The SAHR data are nol affected by this change. The overall dipale length is still
according to the Standard,

No excessive force mus! be applied to the dipols arms, bacause they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manutactured on January 22, 2016

Certificate No: D5GHzV2-1245_0ct16 Page 7 of 13
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DASYS Validation Report for Head TSL
Date: 07.11.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole D5GHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1245

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5250 MHz; o =4.57 S/m; & = 34.9; p = 1000 kg/m’

Medium parameters used: [ = 5600 MHz; ¢ = 4.86 S/m: & = 34.5; p = 1000 kg/m’

Medium parameters used: = 5800 MHz; o = 5.12 5/m; & = 34.1; p = 1000 kg.-’m“'

Phantom section: Flat Section

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

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.42, 5.42, 5.42); Calibrated: 30.06.2016, ConvF(4.89, 4.89,
4.89); Calibrated: 30.06.2016, ConvF(4.85, 4.85, 4.85); Calibrated: 30.06.2016;

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

s Electronics: DAE4 Sn601; Calibrated: 30.12.2015

+ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 70.71 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 29.5 Wikg

SAR(1 g) = 8.03 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 18.5 W/kg

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 = 70.93 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 32.4 Wikg

SAR(1 g) = 8.21 W/kg; SAR(10 g) = 2.34 Wikg

Maximum value of SAR (measured) = 19.5 W/kg

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

Reference Value = 68.60 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 33.1 Wikg

SAR(1 g) =7.98 Wikg; SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measured) = 19.4 W/kg

Certificate No: DSGHzV2-1245_MNov16 Page 8 of 13
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-5.00

-10.00

-15.00

-20.00

-25.00

0 dB = 18.5 Wikg = 12.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 07.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1245

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz Frequency: 5800 MHz
Medium parameters used: f = 5250 MHz; o = 5.51 8/m; & = 46.9; p = 1000 kgfm

Medium parameters used: f = 5600 MHz; o = 5.98 5/m; &, = 46.3; p = 1000 kgfm

Medium parameters used: f = 5800 MHz; ¢ = 6.26 8/m; &, =45.9; p= 1000 kg'm’

Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.85, 4.85, 4.85); Calibrated: 30.06.2016, ConvF(4.35, 4.35,
4.35); Calibrated: 30.06.2016, ConvF(4.27, 4.27, 4.27); Calibrated: 30.06.2016;

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

+ Electronics: DAE4 Sn601; Calibrated: 30.12.2015

« Phantom: Flat Phantom 5.0 (back); Type: QDO00P50AA; Serial: 1002
« DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 67.32 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 29.5 Wikg

SAR(1 g) = 7.85 W/kg; SAR(10 g) = 2.19 W/kg

Maximum value of SAR (measured) = 18.0 W/kg

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=1.4mm

Reference Value = 66.22 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 32.3 W/kg

SAR(1 g2) = 7.86 W/kg: SAR(10 g) = 2.19 W/kg

Maximum value of SAR (measured) = 18.6 W/kg

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

Reference Value = 64.61 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 33.0 W/kg

SAR(1 g) = 7.64 Wikg; SAR(10 g) = 2.12 Wikg

Maximum value of SAR (measured) = 18.3 Wikg
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0dB =183 W/kg = 12.62 dBW/kg
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Impedance Measurement Plot for Bedy TSL
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