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|CALIBRATION CERTIFICATE

Otjuct EX30V4 - SN:7441
Calibralion proceduse(s) QA CAL-01.%9, QA CAL-12.v8, QA CAL-14.v4, QA CAL-23.v5,
QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Cakbralion date November 15, 2016

This calitwation cenficate documents the traceabilily to national standands, which realize the physical units of measuremanis (51},
The measurements and Ing unsartainties with confidence probability are given on the following pages and are pan of the cerificale

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

Calbeation Equipment used (MATE eritizal for calibration)

FPrimary Standards e Cal Date {Ceriifizate Ne.) Scheduled Caliteation

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

Power sensor NRP-Z281 Sk 103244 06-Apr-16 (Mo, 217-02288) Apr-17

Power sensor NRP-Z91 3H: 103245 Of-Apr-16 (Mo, 217-02289) Apr-1¥

Ralergnce 20 a8 Attgnualor SN SH27T (20x) 05-Apr-16 (Mo, 217-02293) | Apr-17

Raterence Prabo ESI0DV2 SN: 3013 I-Dac-156 (Mo, ES3-1013_Decis) Dec-16

DAES SN: 660 23-Dec-15 (Mo, DAE4-660_Decis) Dec-16

Secondary Slandards (] Chick Dale (in housa) Schaduled Check

Powar mator E44158 SN: GB41203674 06-Apr-16 {in house check Jun-16) In howse check: Jun-18

Power sensor EA412A SN MY414058087 08-Apr-16 {in house check Jun-16) In housa check: Jun-18

Powar sansor E44124 | sw: Doo110210 06-Apr-16 {in house check Jun-16) In howsa check: Jun-18

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

Metwark Anatyzer HP B753E | SN: US37380585 18-0c1-01 {in housa chack Oct-18) In house check: Oet-17
Name Funclion Signalure .

Calitraed by, Jalon Kastrati Labaratory Technician L:__,_- t C_J_,;,_;-""J:'-"

— =

Approved by Kaija Pokovic Technical Manager /gffg

Esped: Movembar 15, 2016

This calibration cerificate shall not be reproduced except in full withoul wrilten approval of tha laboratary,
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Calibration Laboratory of

: Schwoizerisehor Kalibriordienst

SChmld & F“Ell'lr'ler g Service suisse d'étalonnage

Engineering AG Servizio svizzere di taratura
Zoughaussirasso 43, 8004 Zurich, Switzerland 5 Swiss Calibration Service
Aceredited by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is ono of the signatorios to the EA
Multilateral Agreement for the recognition of callbration certificatos
Glossary:
TSL tissue simulating lguid
NORMx,y.z sensitivity in free space
CanvF sensilivity in TSL / MORMzx,y,z
Doce diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parametars
Folarization o protation around probe axis
Polarization § 4 rotation around an axis that is in the plane narmal to probe axis (al measurement center),

i.g.. 8 =0is normal o probe axis

Connector Angle infarmation 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 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

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 uncartainty 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 lo Average Ratio that is not calibrated but determined based on the signal
characteristics

Ax, .z Bx.y,z Cxyz Dy VRxyz: A, B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR 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 > BO0 MHz, The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, dapth) 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 Offset: The sensor offset corresponds to the offsel of virual 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),
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EX3I0V4 - SN:T441 Novembar 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!)
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EXIDV4= SN.Ta41 MNowvembar 15, 2016

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

Basic Calibration Parameters

Sansor X Sensor Y SensorZ Unc (k=2)
Norm {pWi{Vim))* 0.40 0.48 0.38 £10.1%
DCP (mVv})" 100.2 101.2 104.2
Moglulation Galibration Parameters
[UiD Communication System Name A B [ D VR Une®
dB 4BV dB mv (k=2)
0 CW X 0.0 0.0 10 0.00 | 1885 | #3.5%
Y 0.0 0.0 1.0 1778
Z 0.0 0.0 1.0 1824

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
probahbility of approximately 95%.

* The uneertainlie:s of Norm X,Y.Z do nat affect tha E*field uncenainty inside: TSL (see Pages 5 and §).

" Wurnerical linearization parameter: uncenainty ra reguined.

£ Uncertainty iz determined using the max. dewviation from linesr response applying rectangular distribution and is expressed for the square of the
flald valug.

Cerfificates No: EX3-T441_Mow 16 Page 4 af 11




EX3DVA- SN:T441 hovember 15, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

£ {MHz) © 9:7:':1' ::ty‘ -::on[g;.::: i ConvFX | ConvFY | ConvFZ | Alpha® Dr.nl::': (2216'1
150 52.3 - 0.76 13.25 13.25 13.25 0.00 1.00 +13.3 %
450 43.5 0.87 10.98 10.88 10.98 0.02 120 | £13.3%
750 41.9 0.89 10.73 10.73 10.73 0.53 085 | +12.0%
900 41.5 0.97 10.22 10.22 10.22 0.41 0.96 £12.0%
1750 40.1 1.37 8.92 8.92 892 0.35 0.80 £12.0 %
1900 40.0 1.40 B.48 8.48 8.48 0.33 0.80 £120%
2450 39.2 1.80 7.85 7.85 7.85 0.35 0.84 +12.0 %
2600 39.0 1.96 7.53 7.53 7.53 0.36 0.80 +12.0%
5250 35.9 4.71 567 5.67 567 0.35 1.80 +13.1%
5600 35.5 5.07 5.00 5.00 5.00 040 180 | $13.1%
5800 35.3 5.27 511 5.11 5.11 040 1.80 | +131%

£ Frequency valigity above 300 MHz of + 40D MHz only applies for DASY 4.4 and higher (see Page 2), else il is restricled o + 50 MHz. The
uncarainty is the RSS of the ConvF uncertainty st calibration fraquancy and the uncertainty for thi indicated frequency band. Frequency validity
belgw 300 MHz I + 10, 25, 40, 50 and 70 MMz for ConvF assessments a1 30 64, 128, 150 and 220 MHz respeclively. Above § GH 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.
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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:-nli:my’ cn?g:lnf;mw ConvF X | ConvEY | ConvFZ | Alpha® p(mu I::;I
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 1.20 +133%
750 555 0.96 10.12 10.12 10.12 0.53 0.80 +12.0%
00 55.0 1.05 9.85 8.85 9.85 0.44 0.80 *12.0%
1750 53.4 1.49 8.25 8.25 825 0.37 0.80 *12.0%
1800 53.3 1.52 7.95 7.95 7.95 0.31 1.00 $12.0%

2450 52.7 1.95 7.67 7.67 7.67 0.36 0.80 +12.0 %
2600 525 216 7.38 7.39 7.39 0.29 0.80 £12.0 %
5250 48.9 5.38 5.24 524 5.24 0.40 190 | #131%
SE00 48.5 5.77 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 1.90 £13.1%

© Frequency validity above 300 MHz of £ 100 MHz only apples for DASY wd.4 and higher (see Page 2), else il is restrictad 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.
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EX3DVa- SM:Ta41

Movember 15, 2016

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

Frequency response (normalized)

(1] <7 . D ‘SN S
5L L i | i | [ | g : B o I - 1 L I 1
Q 500 1000 1500 2000 2500 3000
f[MHz]

Uncertainty of Frequency Responso of E-field: £ 6.3% (k=2)

Certificate Mo: EX3-T441_Nowv16
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ERIDWa= SN:Tda1 November 15, 2016

Receiving Pattern (¢), & = 0°

=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial lsotropy Assassment: * 0.5% (k=2)
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EX30V4- SM:T441

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

MNovember 15, 2016

Input Signal [uv]

10%

102 100 10° 10 102
SAR [mWlem3]

3| x|
not compensated compensated

Error [dB]
(=]

102 10 1|u= Tor 102 109
SAR [mWicm3] .

(o]
ngl compensated compensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

1

Certificate No: EX3-T441_Nov16

Page 2 al 11




EX3DV4— SN:T441 Mavember 15, 2016

Conversion Factor Assessment

f= 800 MHz, WGLS R (H_conmn) f= 1750 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (4, 9), f = 900 MHz

1.0 -08 06 -0.4 02 00 0z o4 0.5 oe 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EXA0V4— SNiT441

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 ¥ Calibration Point 1 mm
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




DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, BI04 Zurich, Switzerland

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

wmow

Acoradiled by the Swiss Aocreditation Service [SAZ)
The Swiss Accreditation Sarvice is one of the signataries to the EA
Multilateral Agraement for the recagnition of calibration certificates

Accreditation Mo.: SCS 0108

client  BACL Certificate No: CLA150-4020_MNovig
CALIBRATION CERTIFICATE
Object CLA150 - SN: 4020

Calibration procedureds)

QA CAL-15.v8
Calibration procedure for system validation sources below 700 MHz

Calibration data: Movember 08, 2016

| This callbratian certificale documents the traceability 10 naisnal standards, which ralize the physical units of measurements (S1).
The measuraments and the uncedaintizz with confidence robablity are given on the following pagas and are part of the certificate.

All calibrations have been conducted in the closed laboratary facility: environmant temperature (22 + 3)°C and hurnidity < 70%,

| Calibration Equipment used (MATE aritical for calibration)

| Primary Slandands D # Cal Date (Corlificate Ne,) Scheduled Calibration
Powar mater NRP SN: 104778 UG-Ape-16 (Mo, 217-02288/02280) Apr-17

Power sensor NRP-231 SM: 103244 DE-Apr-18 {Me. 217-02288) Apr-17

Power sengor MAP-Z91 SN; 103245 06-Apr-16 (Mo, 217-02288) Apr17

Reference 20 dB Attenuator SN 5128 (30b) O5-Apr-16 (Mo, 217-02254) Apr17

Type-M mismatch combination SM: 5047 2 0B327 O5-Apr-16 (Mo, 217-02255) Mpi-17

Referance Probe EX30NV4 SMN: 3877 31-Dec-15 (Mo, EX3-3877_Dec15) Dec-16

DaES SM: 654 12-Aug-16 (No. DAES-654_Aug16) Aug-17

Secondary Standards 0w Check Date (in house) Scheduled Check
Power maler E44198 Sh: GR41293874 O6-Apr-16 (Mo, 217-02285/02284) In house check: Jun-18
Power sonsor Edd120, BM: MY41458087 0G-Apr-16 (Mo, 217-02285) In housze check: Jun-18
Power sansor E44124, SiM: 000110240 06-Apr-16 (No. 217-02284 In house check: Jun-18
RF ganarator HP 86480 SM: US3E542001700 04-Aug-29 (in hause check Jun-16) In howss check: Jun-18
Netwark Analyzer HP B7S3E | BM: LIS37an0588 18-Cct-0 (in house check Oct-16) In house check: Oct-17

i 1 !
Mame Funetion fignat' re
Calibrated by Claudio Leublar Labaratory Technickan
Approved by: Katja Pokenic Tachnical Manager

Issued: Movember 10, 2016

| This calibration cerlilicate shall nol be reproduced except in full without writlan approval of ihe labaratory.

Certificate No: CLA150-4020_Novi§

Paga 1of 8




Calibration Laboratory of \\\-v@y&, o
oy g & :

Schweizerischer Kallbrierdienst

: & 5
Schmid & Partner ﬂﬂﬁﬂ;& 4 * o Semice suisse détmlonnage
Engineering AG i [ i A Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland c”f-;’:’:":\«\? X St S swiss Callbration Servics
Bl "
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service iz 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:

aj

b)

c)

d)

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

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

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

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

n
]

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 ceriificate are valid at the frequency indicated.
Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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%.

Cartificate Mo: CLATS0-4020 Movid Page 20l 8




Measurement Conditions

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

DASY Version

DASYS

V52.6.8

Extrapolation

Advanced Extrapolation

Phantom

ELI4 Flat Phantom

Shell thickness: 2 + 0.2 mm

EUT Fositioning

Tauch Pasition

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Fraquency

150 MHz £ 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 52.3 0.76 mhaim
Measured Head TSL parameters (220=02)°C E01+£6% Q.75 mha/m £ 6 %
Head TSL temperature change during test < 0.5 —
SAR result with Head TSL
SAR averaged over 1em’ (1 g) of Head TSL Candition
SAR measured 1 W input power 354 Wikg

SAR for nominal Head TSL parametars

normalized to TW

3.64 Wikg = 18.4 % (k=2)

SAR averaged over 10 em’ {10 g) of Head TSL

condition

SAR measured

1 W input power

2,46 Wik

SAR for nominal Head TSL parameters

normalized to 1W

2.47 Wikg % 18.0 % (k=2)

Body TSL parameters

The following parametars and calculations were applied.

Temperature Parmittivity Conductivity
Mominal Body TSL parameters 22.0°C 61.9 0.80 mkhadm
Measured Body TSL parameters {22.0 £ 0.2) "C Bl4+6% 0.82 mho/m + 6 %
Body TSL temperature change during test =0.5°C — o
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 1 W input power 3.81 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

3.73 Wikg = 18.4 % (k=2)

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

condition

SAR measured

1 W input power

2.57 Wilkg

SAR for nominal Body TSL parameters

normalized o 1W

2.52 Wikg + 18.0 % (k=2)

Cerificate No: CLA150-4020_MNow16
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transfarmed to feed point 44.4 01 - 1.8 0

Return Loss -24,1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4590 -6.0j0

Return Loss -225dB

Additional EUT Data

Manufactured by SPEAG

Manufactured on MNovember 25, 2015

Certiticate Me: CLAT50-4020_Novis Page 4 of &




DASYS5 Validation Report for Head TSL

Date: 07.11.2016

Test Laboratory: SPEAG. Zurich, Switzerland

DUT: CLA-150; Type; CLA-150; Serial: 4020

Communication System: UID 0 - CW; Frequency: 150 MHz

Medium parameters used: f= 150 MHz: o = 0,75 8/m; & =50.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN3877; ConvF(12.02, 12.02, 12.02); Calibrated: 31.12.2015:
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn654; Calibrated: 12.08.2016

Phantom: ELI v4.0; Type: QDOVAQDIBE; Serial: TP: 1003

DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

CLA Calibration for HSL-LF Tissue/CLA150, touch configuration, Pin=1W/Area Scan
(BIxB1Ix1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 5.06 Wikg

CLA Calibration for HSL-LF Tissue/CLA150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x10x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 81.89 ¥/m; Power Drift = (.02 dB

Peak SAR (extrapolated) = 6.81 Wikg

SAR(1 g) = 3.64 Wikg; SAR(10 g) = 2.46 W/kg

Maximum value of SAR (measured) = 5.06 Wikg

-2.81

-6.62

-8.42

-11.23

-14.04

0dB =5.06 Wikg = 7.04 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 08.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: CLA-150; Type: CLA-150; Serial: 4020

Communication System: UID 0 - CW; Frequency: 150 MHz

Medium parameters used: f = 150 MHz; o = 0.82 8/m; 5, = 61.4: p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/AEC/ANSI C63.19-201 1}
DASYS2 Configuration:
= Probe: EX3DV4 - SN3877; ConvF(11.44, 11.44, 11.44): Calibrated: 31.12.2015;
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn654; Calibrated: 12.08.2016
= Phantom: ELI v4.0; Type: QDOVAOD BE; Serial: TE: 1003
«  DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

CLA Calibration for MSL-LF Tissue/CLA150, touch configuration, Pin=1W/Area Scan
(81x81x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 5.32 Wikg

CLA Calibration for MSL-LF Tissue/CLA150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x10x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 80.95 V/m; Power Drift = -0.07 dB

Feak SAR (extrapolated) = 7.02 Wikg

SAR(1 g) = 3.81 W/ke; SAR(10 g) = 2.57 Wikg

Maximum value of SAR (measured) = 5.27 Wikg

-2.76
-5.52
.27
-11.03

-13.79

0dB =532 W/kg =7.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schwelizeriseher Kalibrierdlenst
Service suisse d'étalennage
Servizio svizzero di taratura
Swiss Calibration Service

Acereditation Mo.: SCS 0108

Certificate Mo: DA50V3-1096_Novi6

|CALIBRATION CERTIFICATE

.

| ﬁ'ﬁjl::‘.\

Calibration procedurels)

Calibration date:

D450V3 - SM: 1096

QA CAL-15.v8

Galibration procedure for dipale validation kits below 700 MHz

MNovember 07, 2016

Calibration Equipmant used (METE crilical for calbration)

This calibration certiicale decements the traceability 1o nalisnal slandards, which realize the physical units of measurements {S1).
The measutements and the uncertainlies with confidenca prabability & given an the folfowing pages and ame part of the cerificale.

Al calibrations have been conducted in the clesed laboralory facility: envitanmenl tempanature (22 = 3)°C and humidity < 70%.

Primary Slandards 0 # Cal Date (Certilicate No.) Scheduled Calibration
FPower mater NRP SM: 104778 Of-Apr16 (Mo, 21 7-02288/02358) Apr1T

Power sensor NAP-ZN SML 103244 06-Apr-18 (Mo, 217-02288) Apr-17

Pawer sensor NRP-231 SM: 103245 DB-Apr-16 (Mo. 217-0E269) Apr-17

Belarance 20 dB Attenualor SM: BATT (S0w) D5-Apr16 (Mo, 217-02203) Apr=17

Type-M mismateh combination SM: 5047.2 / 08327 D5-Apr-16 (Mo, 217-02205) ARF-17

Refarance Probe ETADVE SM: 1507 F-Dec-15 (No, ET3-1507_Dec15) Dec-16

DAE4 SN B54 12-Aug-16 (No. DAE4-654_Augi) Aug-17

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

Powar melar E44198
Povaar sensor E44120
Powar sonsor E44124

| AF generatar HP BE400C
Matwork Analyzer HP B753E

Calibraied by:

Approved by:

iShI: GE41253074
SH: MY 1408087
SM: 000110210
SR LIS3E42L01 700
SM: US37320585

Mame
Jeton Kastrali

Kalja Pokovic

06-Apr-16 (Mo, 217-02285/02284)
Q6-Apr-16 (Mo, 217-02235)
O6-Apr-16 (Mo, 217-02284
Ot=Aug-99 fin house check Jun-13G)
18-Dct-01 (i house check Oct-16)

Function
Lakamatony Technicinn

In house check: Jun-18
In house check: Jun-18
Im house ehick: Jun-18
In house check: Jun-18
| house chack: DoE-17

Signature

]
Technical Maneger ’éw/
— -

This calibyration cendicale shall not be reproduced excapt in full withou wrilten approval of tho laboratory.

|ssuad: Movember &, 2016

Certificate No: D450V3-1096_MNovie
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Calibration Laboratory of SR,

g F; 3 G  Schweizerischer Kalibrierdlenst
Schmid & Partner j — = c Service sulsse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzertand S S Swiss Callbration Service
inf
Accradited by the Swiss Accraditation Service (SAS) Accreditation Ne.: SCS 0108

The Swiss Accreditation Service is ane of the signateries to the EA
Multilateral Agreoment for the recognition of calibration cortificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z

MA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) |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 far 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
paint 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 connecior to the feed point. The Return Loss ensures low
reflected power, Mo uncertainty required.

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

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

SAR 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 85%.,

Certilicata Mo: D450M3-1086_MNovi 6 Page 2of &




Measurement Conditions

DASY system conliguration, as far as nol given on page 1.

DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom ELI4 Fiat Phantom Shall thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resclution dx, dy, dz =5 mm
Frequancy 450 MHz = 1 MHz
Head TSL parameters
The following parameters and caleulations wera applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 22.0 °C 43.5 0.87 mho'm
Measured Head TSL parameters (220£02)°C 439£6% 0.87 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
SAR measured 250 mW Input power 1.13 Wikg

SAR for nominal Head TSL parameters

nomalized ta 1W

4.53 Wikg £ 18B.1 % (k=2)

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

SAR measured 250 mW input power 0.759 Wikg

SAR for nominal Head TSL paramatars normalized fo 1W 3.04 Wikg = 17.6 % (k=2)
Body TSL parameters

Tha follewing parameters and calculations were applied,
Temperatura Parmittivity Conductivity

Nominal Body TSL parameters 220°C 56.7 0.94 mhoém

Measured Body TSL parameters (22.0x0.2)°C 5B0x6% 0.96 mho/m £ 6 %

Body TSL temparature change during test =05°C - —
SAR result with Body TSL

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

SAR measurad 250 mW input powar 1.15 Wikg

SAR for nominal Body TSL paramaters normalized 1o 1W 4,55 Wikg + 18.1 % (k=2}

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

SAR measured

250 mW input power

0.768 Wikg

SAR for nominal Body TSL parameters

normakized to 1W

3,03 Wikg £ 17.6 % (k=2)

Cenificate Mo: D450V3-1096_Mowv16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, fransformed to feed point 577 0-56[0
Aeturn Loss -21.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 54.20-95|0
Raturm Loss -20.1dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.346 ns

After long term use with 100W radialed power, anly a slight warming of the dipole near the feedpoint can ba maasured,

The dipole is made of standard semirigid coaxial cable, The center conductor of the Taading line is directly connected to the
sacond amm of the dipole, The antenna is therefors short-cireuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loadad according to the posilion as explained in the
"Measurement Conditions® paragraph. The SAR dala are nol affected by this change. The overall dipole length is still
according to the Standard.

No excessiva 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 Seplembear 15, 2015
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DASYS Validation Report for Head TSL
Dane: 07.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz; Type: D450V 3; Serial: D450V3 - SN: 1096
Communicution System: UID 0 - CW; Frequency: 450 MHz
Medium parameters used: =450 MHz: 6 = 0.87 S/m; 5, = 43.9: = 1000 ka/m”

Phantom section: Flat Section
Measurement Standard: DASY S (IEEENEC/ANSI C63.19-201 1)

DASY 32 Configuration:
= Probe: ET3DV6 - SN1507; ConvF(6.58, 6.58, 6.58); Calibruted: 31,12.2015:
= Sensor-Surface: 4mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sno54: Calibrated: 12.08.2016
¢ Phantom: ELL vd.0; Type: QDOVADDIBB; Serial: TP: 1003
= DASYSZ32RE(1258): SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/d=15mm, Pin=250mW/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm. dy=5mm, dz=5mm

Reference Value = 39.51 Vim; Power Drifi = -0.03 dB

Peak SAR (extrapolated) = 1.61 Wikg

SAR(1 g) = 1.13 W/kg: SAR(10 g) = 0.759 W/kg

Maximum value of SAR (measured) = 1.21 W/ke

-2.00
-4.00
-6.00
-8.00

-10.00

0dB = 1.21 W/kg = 0.83 dBW/ky
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 07.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz D450V3: Type: D450V 3; Serial: D4SOV3E - SN: 1096
Communication System: UID 0 - CW; Frequency: 450 MHz
Medium parameters used: =450 MHz; o = 0.96 $/m: ¢, = 58: p = 1000 kefm’

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/AEC/ANS] C63.19-201 1)

DASYS2 Configuration:
= Probe: ET3DVG - SN1507; ConvF(6.99, 6.99, 6.99); Calibrated: 31,12.2015;
= Sensor-Surface: 4mm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn654; Calibrated: 12.08.2016
*  Phantom: ELI v4.0; Type: QDOVAOOIBB: Serial: TP 1003
o DASYSZ52Z88(1258) SEMCAD X 14.6,10(7372)

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

Reference Value = 36,76 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 1,80 Wikg

SAR(1 g) = 1.15 W/kg; SAR(10 g) = 0.766 W/kg

Maximum value of SAR (measured) = 1,23 W/kg

-2.00
-4.00
-6.00
-8.00

-10.00

OdB = 1,23 Wikg = 0.90 dBW/kg
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Impedance Measurement Plot for Body TSL
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