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This calbeation cartficate documerts the tracsabilty 1o natanal slandards, which raaice the phy wnits of s (S1)
The imeasuremsnts Bnd e unceunliss with canfigance probabiity are grven on the following peges and are par of the certiticate.

All calbrasons have been conducted i (he dosad labamsary taciity; arvimnment lemperature (22 + 3)°C and humidity < 70%

Caltration Equipment used (MTE crecs for cafibestion)

Primary Standards [[8] Cal Dato (Cenificate No | Scheduled Calbration
Fower mater NRP M. 104778 06-Ape-16 {No. 217-02288/02289) Apr-17
Fower sensor NRF.291 SN 103244 06-Apr-16 (No 217-02288) Apr-iT
Fower sensor NRP-Z91 SN 103245 06-Apr-16 (No. 217-02280) Apr-17
4 20 o8 A SN 58277 (204) 06-Apr-18 (No. 217-02263) Apr-17
Rsterence Probe ESIONZ SN: 3013 31-Dac-18 (No. E53-3013_Decl6) Dec-17
| DAEA SN; £60 7-Dec-10 (No. DAEL-650_Dec16] Dec-17
: Sandards o Chack Outer (in houss) Schacuied Check
Powee matar E44108 SN GBA1203874 OB-Apr-16 (in house check Jun-16) In house check: Jun-18
Power sansor E4412A SN MYA 1485087 06-Apr-18 (in houss check Jun-16) | In house check: Jun-18
Powear sansor 44124 SN 000110210 U6-Ape-16 (i houss check Jun-14) In house check: Jun-18
T generator HP 86480 SN LUS3842001700 04-Aug 98 (In house check Jurr16) | In house check: Jun-18
Network Analyzer HP 8783E | SN US37390585 18.0ct-1 {in bouse check Oct-16) In house check: Oct-17
Functan
Approved by

This calbraton cenficate shidl not be reproduced except in full without wrilten spgroval of the laboratary
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Glossary:

TSL tissue simutating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DecpP diode compression paint

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

A.B.CD modulation depandent linearization paramelers

Polarization ¢ ip rotation around probe axis

Polarization % 4 rotation around an axis that is in the plane normal to probe axis {al measurement center),

e, B =0i1s normal to probe axis
Connector Angle information used in DASY system 10 align probe sensor X to the robot coordinate system

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) |EC 62200-1, "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 62200-2, "Procedurs to determing the Specific Absorption Rate (SAR) for wireless communication devices
used in ciose proximity to the human body (frequency rangs of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, ‘SAR Measurement Requirements for 100 MHz 10 6 GHz"

Methods Applied and Interpretation of Parameters:
NORMx.y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-celf, { > 1800 MHz: R22 wavegu:de)
NORMx,y.z are only intermediate values, |.,, the uncertainties of NORMx.y.z does not affect the E-field
uncertainty inside TSL {see below ConvF)

o NORM{Nx.y.z = NORMy.y,z * frequency respanse (see Frequency Response Chart). This lingarization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

« DCPyx,y.z: DCP are numerical inearization 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 to Average Ratio that Is not calibrated but determined based on the signal
characteristics

o Axy.z Bxyz Oxyz Dxy.z VRxy.z A 8, C, Dare numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
meda. VR is the maximum cafibration range expressed in RMS vollage acress the diode.

« ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfer
Standard for f < BOO MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 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 paramelers are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivily in TSL corresponds
to NORMSx,y.z * ConvF whereby the uncenainty 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

o Spherical isotropy (3D dewviation from isotropy): in a field of low gradients realized using a fiat phantom
exposed by a patch antenna

« Sensor Offset; The sensor offset corresponds to the offset of vitual measurement canter from the probe tip
{on peobe axis), No tolerance required,

« Cannector Angie: The angle Is assessed using the information gained by determining the NORMx (no
uncertainty requirad).
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Basic Calibration Parameters

Sansor X I Sensor Y 1 SensorZ Unc (k=2) |
Norm (uVAVim)')" 1.73 | 141 1.47 +10.1% |
L DCP (mV)” i 99.2 954 100.3

Modutation Calibration Parameters

uip Cc ication System Name A B c ) VR Une-
d8 | dBvjuv d8 mv (k=2)
0 CW x| 00 0.0 10 | 000 | 2424 | #33% |
Y| o0 0.0 1.0 | 2348 =
z| o0 | ov 1.0 228 1

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 uncettanties of Noem X.Y,Z 00 not atfect the E*-flakd uncertarty inside TSL (see Pages 5 and &)

¥ Numerical irsarization parameter; uncertainty not required

¥ Unoertainty is determined using the max. deviatico from linesr response applying rectanguiar dstritution and s expressed for the square of the
taid vale
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Calibration Parameter Determined in Head Tissue Simulating Media

% Relative | Conductivity | z Depth © Unc

T(MHz)© | Permittivity (8/m) ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.0 089 | 774 7.74 7.74 063 | 186 | +120%
835 415 0.90 7.26 7.26 7.26 0.72 1.75 +12.0 %
800 415 097 | 707 7.07 7.0t 0,38 2.40 +120%
1450 40.5 1.20 | Ba7 B.17 817 0.72 197 | #120%
1750 401 1.37 591 591 5.91 0.7 21 +£120%
1900 40.0 140 565 | 565 5.85 074 2.18 £120%

© Frequency validty above 300 MHE of = 100 MEz only appliss for DASY w44 and higher (see Page 25, else il is resticlod 10 = 80 MHz. The
uncertainty i the RSS of the Comv uncartainty &t cakbrabion frequency and the uncedainty for e indicated freguancy band. Frequency vaidty
below 300 MHE2 is + 10, 25, 40, 50 and 70 MHz for CornF assessments at 30, 64, 128, 150 ang 220 MHz raspectively, Above 5 GHz frequency
valcity can ba extendod fo £ 110 Mz

" At frequencies below 3 GHz, the valdity of tissue paramosers (i and ) can be retaxed (o © 10% # lguid compensason fommaia s applied 1o
maasurac SAR values. Al frequencies aboye 3 GHz, the validity of lissus peramaters (¢ 3nd o) & restncted (o 4 5%. The uncaainty is e RSS of
tha ConvF uncestainty for indicated target {issue parameters

% Alpha/Depth are determined during calibeation. SPEAG warrants 1ha the remaining deviation due 5o (he boundary effect afler compensatian is
always iegs than & 1% for frequencies below 3 GHz2 and balow + 2% foe froguencies betweon 3-6 GHz at any Gslance larger than ha the prote to
dameter fom tha boundary
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ET3DVE- SN:1630 Fabruary 27, 2017

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Calibration Parameter Determined in Body Tissue Simulating Media

' : Relative | Conductivity ' _ [ Depth® Une

_f(MHz)" | Permittivity (Sim) ConvF X | ConvFY | ConvFZ | Alpha {mm) (k=2)
750 | 555 0.96 6.91 691 | 65 058 | 185 | £120%
835 55.2 0.87 6.73 673 | 673 0.61 183 | £120%
1750 534 | 149 528 5.28 5.28 080 | 244 | 2120% |
1900 533 152 507 5.07 5.07 080 | 245 | $120%

Frequancy vaddity above 300 Mz of £ 100 MHz only applias Tor DASY v4.4 snd higher (soe Page 7). etse £ & restrczed o + 50 MHz The
uncantainty s the RSS of the ConvFF uncertanty al calityation Sequency and the uncertarty for the ndicaled requency bend. Frequency vaidty
baricrw 300 Mz 3 = 10, 25, 40, 50 snd 70 MHz for ConvF assessmants at 30, 664, 128, 150 and 220 MHE respectively. Abows 5 GHz freguency
validity can be extendsd o + 110 MHz
" At frequancies below 3 GHz, the validity of tssue parameters (¢ ind o} can ba relaed fo £ 10% if iquid compensation formua s sopled to
measured SAR values At reguencies abave 3 GHz. the valkifty of tissue parameters (r and ) is /esicted to = 5% The uncertainty is the RSS of
the Comd uncenainty for indicated target bissue parametars
* Apha'Degpth are determinad daring yn. SPEAG warrants tal e remaning dovaton due to the bourdary alfect sfer compensation s
Shways less than + 1% for frequencies balow 3 GHz and below + 2% for Mequencies botweon 38 GMz at any distance ksrger Man half the probe tip
diameter from the boundary.

Carfificate No: ET3-1630_Feb17 Page 6ol 11

F-TP22-03 (Rev.00) 112 /220 HCT CO.,LTD.



-
hC'- FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4

HCTCO,,LTD.
ET3DV6-5SN:1630 Febiruary 27, 2017
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: & 5.3% (k=2)
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Receiving Pattern (¢), 3 = 0°
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Uncertainty of Axial Isotropy Assessment; £ 0.5% (k=2)
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Dynamic Range f(SARead)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cortificse No ET3-1630_Fab17 Page 9 of 11
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ETI0OVE- SN!1630

February 27, 2017
Conversion Factor Assessment
f = B35 MH2 WGLS RS (H_com#)

f = 1800 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Other Probe Parameters

[ Sensar Arrangement Triangular |
Cannector Angle (%) 1288 |
| Mechanical Surface Detection Mode anabled |
| Optical Surface Detection Mode T disabsed |
Probe Overall Length 337 mm
“Probe Body Diameter | 10 mm
TipL eﬁ_;‘lh. 10 mm
Tip Diameter | 6.8 mm
Probe Tip to Sensor X Calbration Point T 27mm |
| Probe Tip to Sensor Y Calibration Point 27mm |
"Probe Tip to Sensor Z Calibration Point 2.7 mm |
| "Recommended Measuremant Distance from Surface 4 mm
Ceartificate No: ET3-1630_Fab17? Page 11 of 11
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Engineering AG g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzsriand 3@ g, Swiss Caibration Sarvice
Accrodifed by the Swiss Accreditabon Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signataries to the EA
Muttilateral Agreemant for the recognition of callbration certificates

Calbranon date:

Thig calibration cedtificate the iraceabiily to naticnal standards, wivich realze the physical unds of S9),
The measurements and the uncertaintes with canfidence probabiity sre gven on the following pages and are part of the cerificate.

Al calibrations have beon canducted in the closed taboentory facilty. anvironment tampansture (22 = 3)°C and humidity < 70%

Calibeation Equoment used (MATE crtical for caliiration)

Primary Standars n Cad Date (Cerfifiate No Scheduled Calitration
Pawer metar NRP SN 104778 06-Apr-18 (No. 217-0226842289) ApeA7

Pawer senso NAP-291 SN 103244 06-Apr-18 (No_217-02268) Apr1?

Power sansct NRP-291 SN 109245 0E-Apr-168 (No. 217-02289) Ape17

Ak 20 08 Altenuatar SN: SB277 (200) 05-Ape-16 (No. 217-02233) Ape-17

Reference Probe ES30VZ SN: 2013 31-Dee-15 {No_ ES3-3013 Decls) Dec-18

DAES SN 66 23-Dec-15 (N0, DAE4-560_Dec15) Dec-18

Secongary Standands 1D Chieck Dats (in houss) Schocubed Check
Power meter 44108 SN GB4$293874 08-Apr-16 {in howss check Jur- 18] in house chack: Jun-18

Power sensor E44124 SN: MY41458087 08-Apr-18 (i howsa chck Jun-16) In house check: Jun-18

Power sensor E4412A SN 000110210 08-Ape-16 (in houss check Jun-18) In house check: Jun-18

RF g HP B648C SN US3642001700 04-Aug-89 [irs house chack Jun-1 In house check: Jun-18
Intweek Anatyzer HP 87538 | SN US37300888 18-0¢101 {in house check Oct-15) In house chack: Oct-16

Caibrated by

Aparoved by:

Issued: July 29, 2016

This calibration cortificate shall not be reproduced excepl in ful wihoot wrsten approval af the laborstory.

Cartificate No: ET3-1805_Jul16 Page 1of 11
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Calibration Laboratory of
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Glossary:

TSL tissue simulating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DCP diode compression point

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

A.B,C.D modulation dependent linearization parametors

Polarization i ip rotation around probe axis

Polarzation & & rotation around an axis that is in the plane normal to probe axis (at measurement center),

lLe., 8 =0is normal o probe axis
Connector Angle Information used in DASY system 1o afign probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

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

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

¢) IEC 622082, “Procedurs 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"

Methods Applied and Interpretation of Parameters:

«  NORMx,y.z: Assessed for E-field polarization 4 = O (f < 900 MMz in TEM-ced, f > 1800 MHz: R22 waveguide),
NORMXx y.z are only intermediate values, i.e., the uncertainties of NORMx,y.z does nat affect the E”-field
uncertainty inside TSL (see below ConvF).

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

« DCPx,y,z: DCP are numerical linearization parameters assessad based on the data of power sweep with CW
signal {no uncenainty required). DCP does not depend on frequency nor media

« PAR;PAR is the Paak to Average Ratio that is nat calibrated but determined based on the signal
characteristics

e Axy.z Bry.z Cxy.z; Dxy.z VRxyz A B, C, D are numerical inearization parameters assessed based on
the data of power sweep ot specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the dicde.

«  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analylical fisld distributions based on power
measurements for f > 800 MHz. The same setups are used for assessmant 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 to the boundary. The sensitivity in TSL corresponds
1o NORMzx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency depandant
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to = 100
MHz.

« Spherical isotropy {3D deviation from isotropy): in a field of low gradients realized using & flat phantom
exposed by a patch antenna,

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

o Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required),

Cartificate No: ET3-1605_Jul16 Page Zof 11
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ETIDVE-- SN:1605 July 26, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Basic Calibration Parameters

| Sensor X Sansor Y Sensar Z Une (k=2)
Norm (uV/iV/my ) 146 1.83 155 +101%
{ DCP (mVW)" 100.9 99,5 99,3

Modulation Calibration Parameters

uio Communication System Name A B c D VR Une"
dé | dBVuV a8 | mv | (k=2
0 CW X |_ 00 0.0 70 | 000 | 2182 | 38 %
EANY 00 1.0 2325
z | oo 0.0 10 210.7

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%.

A The uncartainties of Nomm X, 2 da not affect the E*-fiske uncertainty inside TSL (sse Pages 5 am 6)

" Numenical ineanzation paramater: uncertainty not required

oy Uncartainty is determined usng the max: deviebon from inear respanse applying réctangular distnbution and & axpressed for the square of the
fieid value

Cartdicate No: ET3-1605_Jul16 Page 4 of 11
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ETIDVE-~ SN:160S July 28, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unc

f(MHZ)C | Permittivity” | (Sim)" ConvEX | ComvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.96 .96 6.96 032 | 281 | x120%
835 415 0.90 6.60 5.60 6.60 035 | 280 | +120%
200 415 0.07 5.50 6.50 6.50 0.31 284 | £120%
1450 40.5 1.20 5.64 5.64 564 048 | 260 | £120%
1750 40.1 1.37 537 | 537 5.37 072 | 215 | +120%
1900 40.0 1.40 518 | 518 518 | 080 | 208 | s120%
1950 40.0 1.40 5.03 5.03 5.03 080 | 210 | £120%
| 2300 39.5 1.67 4.79 4.79 4.79 080 | 205 | £120%

© Fraguency validity above 300 MHz of + 100 MHz only applies for DASY w4 4 and higher {see Page 2), cise it is restricted to £ 50 MHz. The
unceriainty is the RSS of the ConvF uncertainty st calbration fraquency and the uncertainty for the indcated frequency band. Fréquency vasdity
belorw 300 MHz in = 10. 25, 40, 50 and 70 MH1 for ConvF assessments at 30, 64, 128, 150 and 220 MHz respecsvely, Above § GHE frequency
valdlity can be extended to + 110 MHz,

\ A froquencies befow 3 Gz, the validity of tisawe parameters (¢ and ) can ba retaned to 4 10% # tguid compersaton formuls 1s sppled 1o
maesured SAR values. Al frequencies above 3 Gilz, the validity of ssue paramaters ( 8nd o) 18 restrcted 1o + 5% . The uncenainty is the RES of
tha CanvF uncertainty for indcated targst issue parsmelers

! AlphaiDepth are determined during calbtation, SPEAG warrants that the remaining doviation due to the boundary effect after compecsstion is
aways less than £ 1% foe frequencies balow 3 GHz and below + 2% for frequancies between 14 GHz at any distonce larger than haf the probe to
casmetar froe the Boundary.
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ET3DVE~ SN: 1605 July 29, 2018

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth” Unc !

f{MHz)® | Permittivity” (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2) |
750 55.5 0.96 6,55 6.55 6.55 039 | 228 +12.0%
835 55.2 0.97 642 | 642 6.42 042 223 | £120%
1750 534 1.49 4,79 4,79 4.79 0.80 2.38 £120%
| 1800 53.3 1.52 4.55 455 455 0.80 246 | 2120%

¥ Frequency validity sbove 300 MHz of + 100 Mz anly applies far DASY w4 4 and higher {ses Page 2), efse It is restrictad [0 + 50 MHZ. Tha
uncartanty is the RSS of the ConvF uncenanty ot calibration frequency and the uncenainty for e indcsted frequency band. Froquency validity
below 300 MHz is = 10, 25, 20, 80 and 70 MHz for CanvF nssessments at 30, 64, 128, 150 and 220 MHz respecsvely. Above § GHz freguency
validity can be extented to £ 110 Mz,

" A trequancies below 3 GHz, the validity of tssue parametens (c and o) can be retaxsd 10 £ 10% # lgud compensation formula (5 appied 1o
measured SAR values. At frequancies sbove 3 GHz, the validity of tesue parametars (s and ) i resincted 1o + 5% Tha uncertainty is the RSS of
the Comwf™ uncentainty for indcated target issue parameters

' AlphaDapth sre dsterminad during calbraton. SPEAG warants that the remaining deviatian due 1o the boundary eflect sflar compensation &5
adways jees than = 1% for frequencies bolow 3 GHz and belaw ¢ 2% for frequencees between 3-8 GHz at any dislance larger than hat the probe bp
dametar from the boundary

Certificate No: ET3-1605_Jul1s Page 6 of 11
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ET3DV6- SN!160S July 26, 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)
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ET30VE- SN:1605

July 29, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ET30VE- SN 1805 July 29, 2016
Dynamic Range f(SARcaq4)
(TEM cell , fova= 1900 MHZ)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ET3DVE~ SN160S July 29,2016
Conversion Factor Assessment
f= 835 MHz WGLS RE (H_comvf) = 1800 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ETIDVG- SN:1605 July 20, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Other Probe Parameters

Sensor Arrangement Triangulas
“Connector Angle (7) | ~ 588 |
“Mechanical Surface Detection Mode enabied |

Optical Surface Detection Mode disabled I
‘Probe Overall Length J T 337mm|

Probe Body Diamster 10mm |

Tip Length 10 mm
[ Tip Diamater 6.8 mm

Probe Tip to Sensor X Calibration Paoint 2.7 mm

Probe Tip to Sensor Y Calibration Point 2.7 mm

Probe Tip to Sensor Z Calibration Point ' 2.7 mm

Recommended Measurement Distance from Surface 4 mm
Certificate No: ET3-1605_Jul16 Page 11 of 11
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"I'C'- FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4

HCTCO.,,LTD.
Calibration Laboratory of R S e
Schmid & Pariner =) S Service suisse .rr.::m...
Engineering AG % ¢ Servizio svizzoro di taratura
Zoughausstrasse 43, 8004 Zurich, Switserland "’«.@.\5 S . gwiss Calibration Service
Meadush o
Accradited Ly Ihe Swiss Accreditation Servica (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories 1o the EA
Muttitateral Agreement for the recognition of calibration certificates
cient  HCT (Dymstec) Cartificate No: EX3-3967_Dec16
|CALIBRATION CERTIFICATE (Replacement of No: EX3-3967_Nov16
Otyect EX3DV4 - SN;3067
Caltyaton procedure(s) QA CAL-01.v9, QA CAL-12.v0, QA CAL-14,v4, QA CAL-23.v5,
QA CAL-25v6
Calibration pracedure for dosimetnic E-field probes
Caibration cate: December 14, 2016
This coritficate the iy 10 nationat , which reslize the ohysical units of measurements (S1)
The messurements and the uncer with cond biley ara givan on the folkwing peges and are part of the cenficale
Al calibrations have bean conducted in the cosad |ab y faciity. er parature (22 = 3)°C and humidity « 70%

Calibvration Equipmant 1eed (MATE criteal for calibration)

Primary Standards | ID | Cal Date {Certficate No ) Schedided Calbration
Powar metar NRP | SN 1776 | 08-Apr-18 (No. 217-02288/2289) Ape-17
Power sansoe NRP-Z31 SN 105244 | 06-Apr-16 (No. 217-02288) Apr-A7

_Fowar sansor NRP-Z01 SN 103245 | 06-Ape-16 (No. 217-02288) Apr-1T
Retarunce 20 0B Altenuator SN: 55277 (20%) 05-Apr-16 (No. 247-02293) Apr-17
Relerence Prabe ESIOV2 SN: 3013 31-Dec-15 {No. E53-3013_Dects) Dec-16
DAES SN. 662 23-Dec-15 [No. DAE4-660_Dac15) Dec-16
Secandary Standarts 10 Chock Date (0 houss) Schaduind Check
Power meter E44168 SN. GB41263874 06-Apr-15 (1 house check Jun-16} In hause check. Jun- 18
Power sensor E4412A SN: MY4 1498087 06-Apr-18 (0 housa check Jun-16} In house check: Jun-18
Power sensor E4412A SN. 000110210 06-Agr-16 (1 housa check Jun-16) In house check: Jun-18
RF gererator HP B848C SN, US36420071700 DA-Aug-99 (n house check Jun-18] In house chack: Jun-18
Network Analyzer HP 8753 | SN US37390685 18-Oct-01 (in housa check Oct-16) In hause chock: Ot 17

Name Fm Sigrature.,
Calibrated by: Joton Kastrat Laboentory Techrician a g [ é/[/r
| v
Agproved ty Kt Fokon: Technics Marager % /,%

155080 Decernber 14, 2016

This catbration certficate shall not be reproduced except in iull withaut written approval of the lab ¥
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HCTCO.,LTD.
Calibration Laboratory of S, S -
G DN 7 Kalib:
Schmid & Partner e g Survics sulsse d'étalonnage
Engineering AG £} & Servizio svizzero di taratura
Zoughausstrasse 42, 8064 Zurich. Switzerland C@:‘ S swiss Catibration Service
Accredied by the Swiss Accredtation Sanvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Servica is one of the signatories to the EA
Multilateral Agroament for the recognition af calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y.2 sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
Dce diodas comprassion point
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢ @ rotation around probe axis
Polarization 8 @ rotation around an axis that is in the plane normat to probe axis (at measuremeant center),
f.e., 8 =0 is normal to probe axis
Cannactor Angle information used in DASY system to align probe sensor X to the robot coordinate systam

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
Tochniques”, June 2013

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

c) 1EC 6§2208-2, "Procedure to determine the Specific Absarption 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 8656864, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMz.y.z: Assessed for E-field polarization 8§ = 0 (f < 800 MHz In TEM-call, f> 1800 MHz: R22 wavaguide).
NORMzx.y,z are only intermediate values, |.e., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL. (see below ConvF).

o  NORM(Nx.y,z = NORMx.y,z * frequency_response (see Frequancy Responsa Chart). This linearization s
implemented In DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
In the stated uncertainty of ConvF.

s [DCPx.y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP doas not depend on frequency nor media,

« PAR' PAR is the Peak to Average Ratio that s not calibeated but determined based on the signal
characteristics

o Axy.z Bxy.z Cxyz Dxyz VRx.yz A B, C, D are numerical knearization paramelers assessed based on
the data of power sweep for specific modutation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode,

s 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 fleld distributions based on power
measurements for f > 800 MHz Tha same selups 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 ¢iose 1o the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainly corresponds to that given for Convi. A frequency dependent
ConvF is used in DASY version 4.4 and higher which alows extending the validity from £ 50 MHz to + 100
MHz.

»  Spherical isotropy (30 dewiation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

»  Sonsor Offset The sensor offset corresponds to the offset of virtual measurement center from the probe fip
(on probe axis), No tolerance required

« Connector Angle: The angle is assessed using the information gained by datermining the NORMx (no
uncertainty required),

Certificate No: EX3-3967_Dec16 Page 2 of 11
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HCTCO.,LTD.

EX30Va - SN 3067 Decembar 14, 2018

Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated: December 14, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ system!)

Certificate No: EX3-3967_Dec16 Page 30f 11
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HCTCO,LTD.

EX30V4- SN:3067 Dacember 14, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Basic Callbration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uMAVim)*)" 0.53 0.40 0.47 +10.1 %
DCP (mV)® a0 3 291 100.0

Modulation Calibration Parameters

uiD Communication System Name A B c D VR Unc"
d8 | dBVuv dB mv (k=2)
0 CcWw X 0.0 0.0 1.0 0.00 1438 | *30%
L Y| 00 | oo | 10 1437
z| o0 00 10 1533 |

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%.

* Tha urcadartes of Norm X Y,Z do not affect the E'-Seld uncertainty inside TSL (see Pages 5 and 8).

* Numancal linearization paramedter uncestainty not required

' Uncertarty = determined uming the max. devartion from inasr response spphying reclangular datribubion and Is axpressad for the square of the
field value

Centificate No® EX3-3967_Deci6 Page 4 of 11
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HCTCO,LTD.

EX30V4- SN:3067 December 14, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) © Pem:l:y' co?w ConvF X | ConvFY | ConvFZ | Alpha® D(.np-:t)“ (2:;) |
150 52.3 0.76 12.93 12.93 12,93 0.00 1.00 $133%
300 453 0.87 12.06 12.08 12.08 0.10 1.20 £13.3%
450 435 0.87 1412 | 1112 11.12 0.15 1,20 £13.3%
750 41.9 | 088 10.53 10.53 10.53 | 0.56 0.80 £12.0%
835 415 0.80 10.07 10.07 10,07 0.43 0.80 £120%
900 415 0487 994 994 9.94 0.50 0.81 +120%
1450 40.5 1.20 8.48 8.48 8.48 0.42 0.80 +120%
1750 40.1 1.37 844 8.44 8.44 0.31 080 | £120%
1900 40.0 1.40 822 | 822 | 822 037 | 080 | £120%

2300 39.5 1.67 7.14 7.74 7.74 0.35 080 | £120%
2450 39.2 1.80 7.48 7.48 7.48 0.34 085 | £120% |
2800 39.0 1.98 7.23 7.23 7.23 0.40 088 | +120%
3500 37.9 291 7.41 7.41 741 | 048 085 | 2131%
5250 359 a7 549 | 540 549 0.20 180 | 2131%
5600 355 507 478 4,78 4.78 0.40 1.80 £13.1%
5750 354 522 5.08 5.09 5.00 0.40 1.80 | 2131 %

Frequency validity above 300 MHz of = 100 MHz only pgéas for DASY +4 4 and higher {see Page 2), eise it is restricted 1o = 50 MH2 The
uncartanty s the RSS of the CanyF uncetainty at calibration froquency and the uncertainty for the indicated frecuency band. Fraguancy valkity
befow 300 MHz is = 10, 25, 40, 50 and 70 MKz far Com# asasssmants at 30, 64, 128, 150 and 220 MHx respectively. Above 5 GHz frequency
validity con be extended (o + 110 MHZ
' At frequencies below 3 Giz, the validiy of Ussue parameters (e ang o) can bo relaxed to + 10% ¥ Sgud 100 foemuis & applied 10
massured SAR values. Al fraquonmes above 3 GHz, the vaidity of tssus peramelens (x 8nd o) 18 restnctad 10 £ 5%, The uncertainty is the RSS of
the ComnvF uncartanty for indicated target (issue parpmeters
O ANphaDept are determined during cafiteation. SPEAG warmants thet the remaining deviation due to the doundary effect alter compensation i
abways Joss than £ 1% for requancs beiow 3 GHz and bolow = 2% for frequencies hetween 3-8 GHz st any distance karges than hall 1he probe 1)
dameter from tha bouncary

Cerfificale No: EX3-2967_Dec1d Page Sof 11
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EX30Va- SN.3667 Decernbar 14, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Canductivity Depth * Unc

_f(MHz)® | Permittivity” {Sim) ConvFX | ConvFY | ConvFZ |Alpha® | (mm) | (k=2
150 61.9 0.80 12.24 12.24 12.24 0.00 1.00 | £133%
300 58.2 0.92 11.89 11,89 11.89 0.05 1156 | +133%
450 56.7 084 11,82 11.82 11.82 0.08 1.15 +133%
750 55.5 0.96 9.79 979 | 873 0.35 1.07 +12.0 %
835 55.2 0.87 9.62 9.62 9,62 0.35 088 | +120%
1750 53.4 1.49 B.19 8.19 8.19 0.43 080 | +120%
1900 53.3 1.52 7.87 7.87 7.87 0.42 080 | £120%
2300 52.9 1.81 7.68 7.68 7.68 0.48 080 | +120% |
2450 52.7 1.85 7.49 7.48 7.49 0.38 080 | £120% 7
2600 52.5 2.16 7.28 7.28 7.28 0.37 0.80 +120%
3500 513 a3 6.82 6.82 6.82 053 078 | £131%
5250 489 5.36 47 4.71 4.71 | 0.40 1.90 £13.1 %
5600 485 577 4.00 4.00 4.00 050 1.90 £131%
5750 48.3 5.94 4.24 4.24 4.24 0,50 180 | =131%

* Fraguency vality abovs 300 MHz of = looMH:on)ylp':nulorDASlecamhmha(uePageZ) ehlsmmmxsomm
uncenainty is the RSS of the ConvF uncertainty at cabbration freq y and the L y for the y bang. Frequency validity
Delow 300 MMz 15 & 10, 25, 40, 50 antt 70 MHz for ConvF sssessments 8t 30, B4, 123, 1sommwmooam Abtve 5 GHz fraguancy
vatlcity can be sxlendec 1o = 110 MHz

" At frequencies below 3 GHz. the valdy of lissus parsmeles (v sad o) can be relaxed 10 = 0% if liquid compensation formula is sppied to
massurad SAR values. Al requancies above 3 GHz, the valldity of issue parameters (¢ and a) in restricled to & 5% The uncenainty is the RSS of
tha CanvF uncestanty for ndicated target issue porameders

" AlphalOagth am d during ion. SPEAG that the remanng cevialion 608 10 he boundary effect atier compansation 5
always Jess than £ 1% for frequencies below 3 GHz ano below £ 2% for Mequencies batwean 3-6 GHa 8¢ any dstance larger fhan ha#f the probe tp
diameter from the boundary,

Cenificate No. EX3-3967_Dec16 Page 6of 11
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Frequency respons:
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f [MHz)

Uncertainty of Frequency Response of E-field: £ 6,3% (k=2)
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EX3DV4- SN:3967 Decambaer 14, 2016
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}cad)
(TEM cell , foyu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

=835 MHz, WGLS R9 (H_convF) f= 1900 MHz WGLS R22 (H_convF)

BAS WG W

2 z . ™
¢inm)

y
urte e
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3067 Decamber 14, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

[ Sensor mfa'gerﬁént Triangular
Connector Angle (%) 271
Mechanical Surface Detection Mode " enabled

“Optical Surface Detection Mode disabled |
Probe Overall Length 337 mm
Probe Bbd;DEmeter { T 10mm
Tip Length 9 mm
Tip Diameter 25mm

| Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibeation Point 1 mm
‘Probe Tip to Sensor Z Calibration Point 1 mm |

"Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-3967_Dec16 Paga 11 of 11
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FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4
HCTCO,LTD.
Calibration Laboratory of A, o Dee Kalibitardh
Schmid & Partner S = g Sorvice sutsse d'étalonnags
Engineering AG % g Servizio svizzero di tarsturs
Zeughausstrasse 43, 5004 Zurich, Switzedand e Swiss Calibration Service

O
Vel

Accredited by ihe Swiss Accreditation Servico (SAS)
Tha Swiss Accreditation Service s ane of the signatories to the EA

Accreditation Ne.: SCS 0108

Mustitateral Ag for the jon of calib certificatos
Gartiticate o EX3-7370_Aug16
——
Opjoct EX3DVA - SN:7370
Caibration procedora(s)
Calibration dote!

This calbeation cenficals documents the raceabiity to national standands, which realze the physical crits of measurements {Si)
The maset ang the with confick probebilly are ghvin on the foliowing poges and are pért of ihe caiticate

All caliorations have been conduciod in the dosed laboratory fasilty: anvironmant temperature (22 £ 5°C and humidRy < 70%

Calbratian Equipment wsed (ME TE crecal for calibeation)

Prmary Stsndards 10 Ca Date (Cortfcate No.) Scheculad Catbration

Power meler NRF SN: 104778 06-Ape-16 (No. 217-02288/02253) Apr-17

Power sersor NRP-201 SN: 103244 DE-Ape-16 (No. 217.02268} Apr-17

Power sensof NRP-281 SN: 103245 06-Ape-16 (No, 217-02263) Ape-17

Reference 20 4B Atanualor SN: 85217 (203 05-Agr-16 (No. 217.02293) Apr-17

R Probe ES30V2 SN 3013 31-Dac-15 (No, EE3-3013_Dec15) Dao- 18

DAEA SN 880 23-Doc-45% {Na. DAE4-HE0_Dec15) Doc-16

Secondary Slandards D Check Dete (in house) Scheduied Check

Power meter E44158 SN. GB41283374 U6-Apr-18 (n housa check Jur-18) in house checx_ Jun-18

Powar sensor E44124 SN, MYA41498087 O-Apr-18 (in house check Jun-16] in house check: Jun-16

Power gensor 441240 SN. 000110210 08-Apr-18 (0 housa check Jun-18) In bouse check: Jun-18

RF genaratar HE 85450 SN! US3IB4Z2U01700 O4-Auy-99 (n hewse check Jun-16) In house check, Jun-18

_Network Analyzar HP 8753E IN! USIT3H0585 18-Oct-01 {in house chack Oct-15) In howss check: Oct-18
Name Function Signature

Cantrated by, Jotan Kastratl * Laboraory Techniciun -:-*z - ,%/

issusd: September 1, 2016

Thss calibration cecificato shali not be reproducsd sxcept in hl without witten approva of tha lsbostory
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Calibration Laboratory of S Schweizorischer Kalibir
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Engineering AG e Servizio svizeero df taratura
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Accredted by the Swiss Accredtation Sarvice {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilaterat Agreement for the recognition of calibration certificates

Glossary:

TSL tssue simulating quid

NORMx,y.2 sensitivity In free space

ConvF sensitlvity in TSL / NORMx,y.2

DCP dicde compression point

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

A B C.D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarzation § 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),
Le., 8 =0 s normal to probe axis

Connecior Angle information used in DASY system (o align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b} IEC 62209-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz 1o 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 & GHz)", March 2010

d) KDB 885684, "SAR Measuramen! Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMY.y.z: Assessed for E-field polarization $ = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz R22 wavaguda)
NORMY,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).

o NORM(f)x,y.z = NORMx,y,z * frequency_response (see Frequency Response Chart). This nearization Is
Implemented in DASY4 software versions iater than £.2. The uncertainty of the frequency response is included
In the stated uncertainty of ConvF.

o DCPxy.z: DCP are numenical inearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency nor media.

«  PAR:BAR is the Peak to Avarage Ratio that is not calibrated but determined based on the signal
charactenstics

o Axyz Bxy.z: Cxy.z Dxy.z: VRxy.z A B, C, D are numerical linearization paramelers assessed based on
the data of pawer swesp for specific moduiation signal. The parameters do not depend on frequency nor
media. VR is tha maximum calibration range expressed in RMS voltage scross the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz The same setups ars used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given, Thess parameters are
used In DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF 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.

« Sphevical isotropy (3D deviation from isotropy); i a field of low gradients realized using a flat phantom
exposed by a patch antenna.

» Sensor Offset; Thea sensor offsst corresponds to the ofisat 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 datermining the NORMx (no
uncertainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Basic Calibration Parameters _

Sensor X Sensor Y Sensor 2 Unc (k=2)
Norm (uVi(Vim)")* T 0.48 0.49 0.42 101 %
DCP {mV)* 8B.7 108.3 93.7
Modulation Calibration Parameters ) .
uin [ ication System Nama A | B [ D VR Unc" |
d8 dBvuv B mV (k=2)
0 W X! 0o 0.0 10 | 000 | 1398 | #33% |
vy | o0 0.0 1.0 1364
zZ | 00 0.0 1.0 1426

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 uncedantes of Nomm X.Y,2 do not affect the E” Seid uncertainty inside TSL {4ee Pagss 5 and B)

¥ Numercsl lineanization paramaier: uncertanty not required

¥ Uncsetanty 5 determined using $ie max. deviatian from Inesr response applying rectangular disiribution and is expressed for the square of the
s vadue.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc

FIMHz)© | Permittivity” (Stm)" ConvF X | CowFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.78 13.30 13.30 13.30 0.00 1.00 £133%
300 45.3 0.87 12.29 12.29 12.28 0.10 1.30 £13.3%
450 435 | 087 11.07 | 11.07 11.07 017 1.60 +13.3%
750 419 0.89 10.41 10.41 10.41 0.42 0.91 +120%
835 M5 0.80 10.00 10.00 10.00 043 0.80 +120%
$00 41.5 0.97 9.75 9.75 2,75 0.39 0.93 +120%
1450 40.5 1.20 8.60 8.60 B.60 0.41 080 | £12.0%
1750 40.1 1.37 8.52 8.52 8.52 0,40 0.80 £120%
1900 40.0 1.40 8,16 8.16 B8 037 0.80 $120%
1950 40.0 1.40 7.4 7.94 7.94 0.38 0,80 £12.0%
2300 305 1.67 7.92 7.92 7.92 0.31 0.80 +120%
2450 30.2 1.80 7.28 7.28 7.28 0.41 0.80 | £120%
2600 39.0 1.96 7.15 7.15 7.15 0.41 0.80 £120%
5250 359 4.71 5.26 5.26 526 035 1.80 £131%
5600 355 5.07 4,60 4.60 4.60 0.40 1.80 £13.1%
5750 354 5.22 4.85 4,85 485 0.45 1.80 £131%

:vamyvmwam:\mmxol:tmumonlyapeahrnksx’vtlmdhﬁm(seerZ).clunumidsdlo:SOMHz ™e
uncartanty is the RSS of the CanvF uncertainty af calibration frequancy and the uncenainty for o Incicated frequency band. Frequency validity
betow 300 MHz is 10, 25, 40, 50 and 70 MHz for ConvF assessments 82 30, 54, 128, 150 and 220 MHz respectively. Above 5 GHz fequency
validity can be extended (o + 110 MHz

' Al frequencias beiow 3 Gz, the validly of Ussus paramesars (c and o) can be retaxed 1o + 10% # ¥oud compensation formus = apphied
messured SAR v8lues. Al frequencies above 3 GHz, the vakdily of tissue pacamaters (¢ and o} is restricled 1o = 5%, The uncertairty iz the RSS of
e Comnf unoertainty for indicaled targe! lsSus persmatens

& AphaDeptn are determined turing cibeation. SPEAG wamants that the remaining deviation dus o the toundary effoct sfter compensgalion is
n»twllmuun:1iluhmwonwc~3mzrdhd:nrsZ%'wfmwciasm}Getixutmvdmmmmmmmp’mnp
diameser from the boundary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth” Unc

Cf(MHZ)® | Pormittivity" {sim)" ConvEX | ConvFY | ComwFZ | Alpha® |  (mm) (k=2)
150 61.8 0.80 1243 1243 12,43 0.00 100 | £133%
300 58.2 0.92 11.62 11.62 11.62 0.08 1.20 £133%
450 56,7 0.24 11.22 11.22 11.22 0.10 150 | #133%
750 55.5 0.96 9.96 9,96 9.96 0.49 0.86 +120%
835 55.2 0.97 9.87 9.87 9.87 0.38 0.94 £12.0%
1750 53.4 1.49 8.24 8.24 . 8.24 0.37 080 | £120%
1800 53.3 1.52 7.92 7.92 7.92 0.42 080 | +120%
2450 52.7 1.95 762 7.62 762 | 035 080 | £120%
2600 525 2.16 7.42 7.42 742 | 043 0.80 2120%
5250 4589 5.38 4,56 4.66 4.66 0.50 1,50 +131 %
5600 48.5 5.77 392 392 3.92 0.55 190 | £131%
5750 483 504 | 425 425 | 435 0.55 180 | +131%

© Frequency vaitily above 300 MHz of £ 100 Mz only spplies for DASY v4 4 and higher (see Page 2), elae it 8 resiricled 10 + 50 MiHz. The
mcmoimylomo@so'm(hmFmw-tcﬁmamnhewomymhuwmbﬂmmcbmmy tand. Frequency vakdty
Dalow 300 MHz & £ 10, 2540, 50 and 70 MHZ for ConvF assessmants at 30, 84. 126, 150 and 220 MHz respectively. Above S GHz frequency
valdity can be extended to £ 110 MHz
'AlhemwssbnbwaGl-tz.mvdmmdmmwmtmunmmcmnemuxedm:w%lllqumcompnmmfmmhuappledm
mensured SAR values. Al fraquancios abava 3 Gz, the validgy al tissue paramoters (¢ and a) & restricted (0 & 5% The uncertainty is the RSS of
the Convi uncerainty for indicated targat lissue parameters.
°Whmmm¢m~;wm.Mvammmmummmmmmmbounoavywm-ﬁntmmmamn
llways\nslnanaI%lntlmnuendecbabwsthnncoobwsnhm«msma-seﬂzuawmln@«umhdlmmw
diamater from the Soundary.
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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)
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EX30OV4-SN:T3T0

August 30, 2016
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
?; v 3¢ B aReanta SR S I WIPEPARY SUPUSY > S i | e2-% .2 N SR . -3
&

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: A3LSMG1650

Report No: HCT-A-1706-F009-4

EX30V4A- SN:7370

Dynamic Range f(SAReaa)
(TEM cell , foyy= 1900 MHz)
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Uncartainty of Linearity Assessment: £ 0,6% (k=2)

Cerlificate No, EX3-7370_Aug16 Page 9 of 11

August 30, 2018

F-TP22-03 (Rev.00)

148 /220

HCT CO.,LTD.



o
"l’C'- FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4
HCTCO.,LTD.

EX30DV4- SN'7370 August 30, 2018

Conversion Factor Assessment

f= 835 MMz, WGLS R8 (H_comF) f= 1900 MHz WGLS R22 (H_convF)

EAR [N
e
AR WYY
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el
.3 2 ») X 3
o re— s "

Deviation from Isotropy in Liquid
Error (¢, 8), f = 300 MHz

=l

Hoo9 9
nonase®

peviation

Lo

-0 -08 96 04 02 00 02 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Other Probe Parameters

Sensor Arrangement Triangular
“Connector Angle () - | 98.9
| Mechanical Surface Detection Mode 3 enabled
| Optical Surface Detection Mods disabled

Probe Overall Length 337 mm
"Probe Body Diametar o 10 mm
Trp 'fénglh - 9mm |

Tip Diameter Z5mm

Probe Tip to Sensor X Calibration Point 1mm

Probe Tip to Sensor Y Calibration Point 1 mm

Probe Tip to Sensor Z Calibeation Point 1 mm

Recommended Measurement Distance from Surface ‘ 1.4 mm
Cestificats No: EX3-7370_Aup1é Page t1of 11
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FCC ID: A3LSMG1650

Report No: HCT-A-1706-F009-4

HCTCO,,LTD.
Calibration Laboratory of S Schweizarischec Kallbsierdlanst
Schmid & Partner = e sl
Engineering AG z s rizzero di
Zoughaussirasse 43, 8004 Zurich, Switzerland "g,,'@ S gwiss Calibeation Service

Acoredied by the Swiss Accredtation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multiiaterat Agroement for the recognition of callbration certificates

Calibration date:

The maesuremetis snd the

tiss wiih confi P

Calbraton Equipment used (MBTE critical foe calitrstion)

This calbeation certficate documants the troceabiity to naficnal standeeds, wiich resfize the physical units of messwremants (S1)
Dility are givan an tha followng pages end are part of the certificale.

All caibrations have been conducted In the closed dorsiony faciity. snvrcrment tnmperatise (22 £ 3)°C and humidity < T0%.

Accreditation No.: SCS 0108

Thes calibestion catificate shall not be reproduced except in fll withoul weillen spgmovad of [he aberatory.

_Primary Standards 1 Cal Dale (Camificate No | Scheduled Calibration
Power meter NRE SN: 104778 05-Apr-16 {No, 217-022882285) Ape-17
Powar sansor NRP.291 SN 103244 05-Apr-18 {No. 21702288) Ape-17
Powar sansor NRP-Z81 SN: 103245 05-Apr-16 (No. 217-02289) Ape-17
Rt 20 dB A SN S5277 (20%) O5-Apr-16 (No. 217-02233) Agr-17
1 Probe ESI0NV2 SN- 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16
DAE4 SN 650 23-Dac-15 (No. DAE4-E60_Dect§) Dec-18
| Secondary Standand i0 Chack Date (in house) Scheduled Check
Fower metar E44108 SN: GB41293674 5-Agr-18 {in house chedk Jun-16) In house chack: Jun-18
Pawer sensor E4412A SH: MY4 1456057 05-Agr-18 {in houne check Jun-18) | In houss chack: Jun-18
| Power sansor E4412A SN 000110210 08-Apr-16 (in house check Jun-16) I house check: Jun-18
HF ga HP G62HC SN US3642001700 04-Aug-9% {in house check Jun-16} In house chack: Jun-18
Analyzec HP 8753E SN US37360565 18-0¢ct-01 (in house chack Oct-15) In house check: Oct-18
Funtdion Signature
Approved by:

Certificate No: EX3-3203_Sep16 Page 1of 11

F-TP22-03 (Rev.00) 151 /220

HCT CO.,LTD.



o
"I'C'- FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4

HCTCO.,,LTD.

Calibration Laboratory of SO, & ——

Schmid & Partner % (s: Service suisse d'étalonnage
Engineering AG e Servizic svizzero di taratura

Zoughausstrasse 43, 0004 Zurich, Switzertand ‘-‘.,Mﬁ\‘_,? S ' guins Cuilbration Service

Actreditiod by the Swiss Accrediatian Service (SAS) Accraditation No.: SCS 0108

The Swiss Accroditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificstes

Glossary:

TSL tissue simulating quid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DCP diode compression point

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

A B.C,D modulation dependent linearization parameters

Polarazation ¢ o rotation around probe axis

Polarization & # rotation around an axis that is in the plane normal to probe axis (al measurement center),

re., B =0is normal to probe axis
Connector Angle information used in DASY systam to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Praclice for Determining the Paak Spabal-Averaged Specific
Absorption Rate (SAR) in the Human Head fram Wireless Communications Devicas: Measurement
Techniques®, June 2013

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

¢] IEC 62200-2, "Procedure to determine the Specific Absorption Rate (SAR) for wreless communication davices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurament Requirements for 100 MHz to 6 GHZ'

Methods Applied and Interpretation of Parameters:

o NORMy,y.2 Assessed for E-field polarization 8§ = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 waveguide).
NORMx,y.2 are only intermediate values, 2., 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 Response Chart). This linearization is
implementad in DASY4 software versions iater than 4.2, The uncertainty of the frequency response is included
In the stated uncertainty of CanvF.

«  DCPxy,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.

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

o Axyz Bxyz Cxyz Dxyz VRxyz A B, C, Date numerical linearation parameters assessed based on
the data of power sweep far specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range axprassed in RMS voltage across the diode.

« 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 field distributions based on power
measurements for f > 800 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 (o improve probe accuracy close 1o the boundary. The sensitivity in TSL cofresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which aliows extending the validity from £ 50 MHz to £ 100
MHz.

« Spherical isotropy (30 devialion from isotropy): m a field of low gradients reslized using a fiat phantom
exposed by a palch antenna.

* Sensor Offsel; The sensor offset corresponds to the offset of vintual 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 requirad)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Basic Calibration Parameters

[ Sensor X Sensor Y Sensor Z Unc (k#2) |
Norm (uVA(VIm))" 0.39 0.36 053 +101 %
LDCP (mV)” l 102.5 106.2 103.1
Modulation Calibration Parameters
uio c ication System Name A B [ 0 VR Une'
- 4B | dBVpv | dB mV (x=2)
0 | CwW X 0.0 0.0 1.0 000 | 1740 | 435%
Y | 00 0.0 10 | | 1848
z 0.0 0.0 1.0 1944 =

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

* The uncartainties of Noem X.¥,Z do not stfect ihe E*-fieid uncatainty Inside TSL (see Pages % and 6)
¥ Numerical inaanzation parameter; unceriainty not required

* Unoenainty is dotermined using the max: deviation from linaar respanse applying rectangular distibuton sad 18 sxpressed fof the square of the
taxi value

Corlificate No: EX3-3903_Sepié Page 4 of 11
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h'a- FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4

HCTCO,,LTD.

EX3DV4- SN:2803 September 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth ™ Unc
f(MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 13.42 13.42 1342 0.00 1.00 £133%
300 453 0.87 12.68 12.68 12.68 0.10 110 | £13.3%
450 435 0.87 11.00 11.00 11.00 0.20 1.25 +13.3%
750 419 0.89 11.35 11.35 11.35 0.33 114 | 2120%
835 415 0.90 10.72 10.72 10.72 0.51 080 | +£120%
900 41.5 0.97 10.30 10.30 10.30 0.35 1.01 +120%
1450 40.5 1.20 B.76 8.76 876 0.3 080 | £120%
1750 40.1 1.37 8.75 875 B.75 0.28 085 | +120%
1900 40.0 1.40 841 841 B.41 0.28 084 | £120%
1850 40.0 1.40 822 822 822 0.32 080 | £120% |
2300 395 | 167 8.01 | 8.01 8.01 | 032 080 | £120% |
2450 392 | 180 756 | 75 754 | 031 | oma | £120%
2600 39.0 1.98 7.42 7.42 7.42 0.31 0.86 £12.0%
5250 359 471 5.51 5.51 5.51 0,36 180 | £131%
5600 355 5.07 478 478 478 0.45 1.80 | £13.1%
5750 354 522 5.04 5.04 5.04 0.45 1.80 | £131%

‘quwnqmmtymmmxdalmMHzmymhoksvulmm(um!Lomnh'awmolozSOMﬂz ™e
uncertainty is the ASS aof the CanvF uncertainty at calfration fre y and the for the y bandd, F y valcity
below 300 Mz is £ 10, 25, 40, 50 and 70 MH2 for Com¥ assessments at 30, 64, 128, 1508\dmmzmowwiy AbawaMx'm:.-m:y
vlhdny can be extended 162 110 MHZ

' A1 trequencies bolow 3 Gz, th valdity of tissue parameters (¢ and o) can ba relaed 10 + 10% I iquic compensation formuda is sppled 10
measured SAR values, AL fraquencias above 3 GHz. the valldity of 1ssue parameters (& and o) is resiricied to = 5% The uncertainty is the R3S of
tha ConvF uncartanty for indicated target tssue paramaters,

% Alpha/Dapth are cetarmined during calibration. SPEAG that the ing o dus 10 the boundary affect aflee compensation Is
dvayulcuihanz!%hwhuqmm:mbdon:lGHzumwmz?ﬂﬂutmmoﬂmﬁom!wmlwumhﬂ!h-probnp
dametar kom the bountdary,
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HCTCO,LTD.

EX3DV4- SN:3903 September 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Body Tissue S|mulating Media

Rolative ConductMty | Depth © Une

F(MHZ)® | Permittivity” (8im)" ConvF X | ConvF Y _\ ConvFZ | Alpha® | (mm) (k=2)
150 651.9 0.80 13.33 1333 | 1333 000 | 100 | #£133%
300 582 0.92 12.07 12.07 12.07 0.08 110 | £133%
450 56.7 094 11.85 11.85 11.85 0.10 120 | +13.3%
750 55.5 0.98 10.50 10.50 10.50 029 113 | £120%
835 §5.2 0.87 10.42 10.42 10.42 0.55 0.80 £12.0%
1750 ! 534 1.49 B.37 B.37 8.37 0.35 0.91 £12.0%
1900 53.3 1.52 8.10 8.10 8.10 0.37 0,60 $12.0%
2450 527 1.95 7.69 7.69 7.69 033 | 085 $120%
2600 525 2.16 ' 745 745 ' 7A5 0.33 | 080 | $120%
5250 48.9 5.36 463 463 | 463 0.50 190 | £13.1%
5600 48.5 577 3.85 385 3.85 0.60 180 | 131 %
5750 48.3 5.94 413 413 413 0.60 190 | 131 %

 Frequency valdty above 300 MHz of £ 100 MHz cnly applies for DASY v4.4 and higher (ses Page 2), elsa it s restficted 1o ¢ 50 M4z The
uncedanty is tha RSS of the ComvF uncartainty at calibeaticn frequency and the uncantainty for the indicated frequency band. Frequency validity
Delow 300 MHz is £ 10, 2640, 50 and 70 Mz for ConyF assassments ol 33, 64. 128 150 ang 220 MHz mspoctvely. Above § GHz froquency
valdity can be extendad %o £ 110 MHz.

" Al requencies bakow 3 GHz. the validity of tssue parameters (e and o) can be relsxed o = 10% If Iguid compensaton fomula is applied o
measured SAR values. Al frequencies above 3 GHz. the validky of tissue parameters (c and o) & restricted 1o & 5% The uncananty = the RSS of
theConvF uncertainty for indicatad targal Ussue parametars.

% Alpha'Depth are detammined dunng calBirasion. SPEAG warrants thal the remarning Senviation tus 10 tha b y attect aftor

Blways kess than + 1% for fequencies below 3 GHz and below £ 2%'o"mmsb«ww&b@kalenymnmmmmhmm;xmup
diamater from the boondary.
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EX3DV4-- SN:3803 Seplamber 28, 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)
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HCTCO., LTD.

EX3DV4- SN:3903 Saptember 28, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
1
- L L) . o o
o X Y z Tot X Y b4
1
@' [
E TR o Seeen = = SRS = OV SR SRR DA SIS o o SRR =323
S [
Rot []
v‘:‘%,l-v-; £ ‘;'J 'w:'-"dn'.' 24 '“‘.—‘.;D
Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
Certificate No. EX3-3903 Sr-pTi Pape 6 of 11
F-TP22-03 (Rev.00) 158 /220 HCT CO.,LTD.



I CT

HCTCO.,LTD.

FCC ID: A3LSMG1650

Report No: HCT-A-1706-F009-4

EX30V4- SN3903

Input Signal [uV]

(=]

Dynamic Range f(SARcaq)
(TEM cell , fouu= 1900 MHz)

Septamber 28, 2016
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4

EX3DV4- SN:3903

September 28. 2016

Conversion Factor Assessment

=835 MHz WGLS RS (H_convF) = 1900 MHz, WGLS R22 {H_comvF)

i =]
Z, B
- I 3™
w
L] J ‘;:.;1 = X » - n;- :. ”\:V'AA;-A”:');:;{UQV‘ » =
v-:t-td "_!‘_'j" --:.'u wmtel
Deviation from Isotropy in Liquid
Error (4, 8), f = 900 MHz
1.0
08
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04
g5
00
& o2
04
-08
08
-10
0
" B0
-0 -08 -06 -04 02 00 02 04 06 D08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ha- FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4

HCTCO,LTD.

EX3DV4- SN:3903 September 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement ‘ Triangular
Connector Angle (*) o . [ T 333
‘Mechanical Surfsce Detection Mode enabled
“Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Dismater 1 T 10mm |
Tip Length “Gmm
Tip Diameter 25mm
[ Probe Tip to Sensor X Calibration Poirt T mm |
Probe Tip to Sensar Y Calibration Point T mm
Probe Tip to Sensor Z Calibration Point - Tmm
| Recommaeanded Measurement Distance from Surface 14 mm l
Certficate No: EX3-3903_Sep16 Page 110l 11
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Calibration Laboratory of c‘\'\J/».

Schmid & Partner %!’ NGy 5 Scmoveane e

c Service suisse ¢"Malonnage

Engineering AG 2 . Servizio svizzero di taratura
zmw.mm.m "t@ﬁ? ‘\ & S Swiss Calibration Service
M"uin\' - =
Aceredied by the Swiss Accreditatan Servion (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of callbration certificstes

This caliration certificate documents the traceabifly 1o national standards, which realize the physical unis of s (S1)
The meazurements and the uncertaintes with confidencs protakslity e given on the following pagen and are part of the certificate

ANl calibrations hava bean conducied In the chased lab y tachity, temoerature (22 £ 35°C and humidity < 70%.

Calioratian Equipmant usad (METE criticai for calbration)

Primary Standards [} Cal Dot (CertificsteNo.) | Scheduled Caliratian
Powar meter NRP 5N: 104778 D4-Ape17 (No. 217-02521/02522) Apr-10

Powsr sansor NRP-Z51 SN: 103244 (4-Ape-17 (No. 217-02521) Apr-18

Power sersce NRP-Z01 5N; 103245 (4-Ape-17 (No. 217-02525) Aped

Feterancs 20 dB Attenuator SN: SS277 (20x) 07-Ape-17 (No. 217-02528) Apr-18

Rafecenca Probe ESIOV2 5N: 3013 31.D8c-16 (No. ES3-3013_Dec16) Dec-17

DAE4 5N: 650 7-Dac-16 (No. DAE4-660_Dec16) Dac-17

S y Standards 10 Check Dals {in house) Schetuled Check
Power moter E44198 SN: GB41793874 06-Apr-36 (In houss chack Jun-16) In howse check: Jun-18
Power sensor £4412A SN: MYa149e087 O5-Apr-16 [In houss chack Jun-16) In hoaisa check: Jun-18
Power sensor E4412A SN: 000110210 08-Apr-16 (in house check Jun-16) In howse check: Jun-18
RF g HP 86480 SN: US3842U01700 04-Aug-09 {In hotise chack Jun-15) I housa check: Ain-18
N rk Anabyzor HP BT53E SN:- USAT150588 18-0c2.01 (iIn howse chack Oct-16) I house check: Q17

Name Function

Calibrated by: Michar ‘
Approved by:

Issued; May 31, 2017

This calbvation certficats shall not be reproduced exospt in full without writien approval of the Saboratory.

Caertificate No: EX3-3968_May 17 Page 10of 38
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HCTCO.,,LTD.

Calibration Laboratory of S, SelwabnmischerIalriond

Schmid & Partner de g = g Survice suisse d'étalonnage
Engineering AG ) 3 Servizio svizzero di taratura

Zoughausstrasse 43, 3004 Zurich, Switzerland {4@.\? S Swiss Calibration Service

ot

Accredited by the Swiss Accreditatan Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

M | Ag for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

NORMx.y,2 sensilivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DcP diode compression point

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

A B CD moduiation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Paolarization 8 8 rotation around an axis that is in the plane normal to probe axis (3t measurement center),

Le, 8 =0 Is normal 1o probe axis
Connector Angle information used in DASY system 1o align probe sensor X to the robat coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 82209-1, "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 82200-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devicas
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GH2"

Methods Applied and Interpretation of Parameters:
NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-csil; f > 1800 MHz: R22 waveguide).
NORMX,y.2 are only intermediata values, |.e., the uncertainties of NORMx.y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF)

o NORM()x.y.z = NORMx,y,2 * frequency_response (see Frequency Response Charl). This finearization is
impiemented in DASY4 software versions fater than 4.2. The uncertainty of the frequency response is included
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 nor media,

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

*  Axyz Bxyz Cxyz Dxyz VRxyz A B, C D are numerical linearization 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 maximum calibration range expressed in RMS voltage 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 > 800 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 to the boundary. The sensitivity in TSL coresponds
to NORMy,y,z * ConviF whereby the uncertainty corresponds to that given for CanvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz,

« Spherical isatropy (3D deviation from isofropy): in a Neld of low gradients realized using a flat phantom
exposed by a patch antenna.

* Sensor Offset: The sensor offset comesponds to the offset of virtual measurement center fram the probe tip
{on probe axis). No toleranca required.

« Connector Angle: The angle s assessed using the information gained by determining the NORMx (no
uncartainty required).

Certificate No: EX3-3968_May17 Page 201238
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EX30V4 - SN:3968

Probe EX3DV4

SN:3968

Manufactured: = September 30, 2013
Calibrated: May 31, 2017

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3966 May 31, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Basic Calibration Parameters

Sansor X Sensor Y Sensor Z Unc (k=2) |
Narm (uVi(Vim)) 0.34 0.33 0.41 101 % |
| BCP (mv)" 105.3 103.7 101.6 i
Modulation Calibration Parameters
' uD C ication System Name A a c D VR Unc-
| (R d8 | dBVuv 8 | mv | (k=2) |
G ow x| oo 00 | 10 | 000 | 1666 | =27% |
Y 00 0.0 10 | 167.0
Z 0.0 0.0 1.0 | 1628

Note: For details on UID parameters see Appendix.

Sensor Model Parameters
(] c2 a T T2 T3 T4 T5 T6
fF fF v ms.V™? ms.V™* ms v v
3891 285.0 34.75 14.00 1299 a7 0.303 0.332 1.002
38.40 2825 34.90 12.77 1.162 4935 0244 | 0361 | 1.003
27.87 2083 36.27 12.33 1412 4.946 0.00 0.285 1.004

N <[>

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 uncestartios of Norm X Y Z do not affect the E"-$eid uncertamty inside TSL {see Pages & and 6}
¥ Numencal lineavizaticn parameder- uncertarty nct required

. Uncertanty & delermined uaing e max. o jon from knear resp applyny rectangular distribuson and is expeessed for the squae of the
Neld vatue,
Cerificato No: EX3-3960_May17 Page 4 of 38
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HCTCO,LTD.

EX3DV4- SN:2964 May 31, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

A (MHZ) ¢ .m‘, ¥ W" ConvF X | ConvFY | ConvFZ | Alpha® m)u (g:;)
500 427 0.88 10.91 10.91 10.91 0.10 1.10 | #133%
750 419 0.89 10.78 10.78 10.78 0.58 080 | +12.0%
835 415 0.90 10.55 | 10.55 10.55 0.51 080 | +120%
900 415 0.97 10.23 10.23 10.23 0.50 080 | $120%
1450 405 1.20 9.14 9.14 9.14 0.39 080 | £120%
1750 401 1.37 9.06 9.08 9.06 0.43 085 | +120%
1900 40.0 1.40 8.66 8.66 8.66 043 080 | $120%
2450 392 1.80 7.95 7.95 7.85 0.37 0.91 £ 120 %
2600 39.0 1.96 7.72 172 7.72 0.42 003 | £120% |
5250 35.9 47 5.49 5.49 5.49 0.35 180 | £131%
5600 355 5.07 4.90 4.90 4.90 0.40 180 | 2131%
5750 354 5.22 5.07 5.07 507 0.40 180 | 2131%

¥ Frequercy validity abave 300 MHz of 4 100 MMz oy applies for DASY va.4 and higher (sse Page 2), oo ¢ & restricted to & 50 MHz. The
uncertainty is the RES aof the ConvF uncestanty ot calibeation fraquency and the uncetainty for the indicsted fraquency band. Freguency vaildity
balkaw 300 MHz = = 10, 25, 40, 50 and 70 MHz for ConvF sssesements af 30, B4, 128, 150 and 220 MRz respaciively. Abave 5§ GHz frequancy
validity can be entendad to + 110 MHz

' M frequencies befow 3 Giz, the validity of tasue parometers (2 and o) can be relaxed 1o 2 10% i liquid comp & hed to
maesswed SAR values. Al frequencias above 3 GHz, the validity of lissue parameters (e and o) & mesiricied to + 5% Thammmcmum.nssu
MCM uncertainty for Indicated target tissue parametens.

“ AlphaiDepth are determined during calbration. SPEAG warrants that the remamning deviabon due 10 the boundary effect atter compensation &
Shamys less than & 1% for frequencies below 3 Gz and below 2 2% for frequencies batween 3-6 GHz &t any dstance larger ihan ha¥f the probe o
diameter from the boundary

Certficate No: EX3-3968_May17 Page 50f 38
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EX30V4- SN:3068 May 31, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

. Relative Conductivity l = o Unc

t(MHz)® | Permittivity” (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
600 56.1 0.95 1081 | 1081 10.81 0.09 1.10 £133%
750 56.5 0.96 10.57 | 10.57 10.57 0.46 0.80 +12.0%
835 56.2 0.97 1015 10.15 10.15 045 0.88 £12.0 %
1750 53.4 1.48 8.54 8.54 854 042 0.84 +120%
1900 53.3 1.52 8.19 8.19 8.19 0.40 0.80 +12.0 %
2450 52.7 1.95 8.05 8.05 8.05 043 0.90 +120%
2600 52.5 2.16 7.87 7.87 7.87 0.32 0.98 +12.0 %
5250 48.9 5.36 4.90 4.90 4.90 040 1.90 +131 %
5600 48.5 577 4.18 4.18 418 D45 1.90 +13.1%
5750 48.3 1 5.94 4.28 4.28 4,28 050 | 180 +13.1 %

Flmmyuhﬂymmoumdz|00Mbcm'ynpplwsfamsvutwmnmtml’aoeadm!lnmxﬂoiozSOMNme
uncenginty is the RSS of the Com® uncertainty at caibration freq 2y ang the L y for the d fraquency band Fraquency validily
Delow 300 MHz 5 + 10, 25, 40, 50 and 70 Mz for ConvF assessmerts at 30, 64, 128, mwmmzmmu Above 5 GHE frecuancy
v-imymha-nmdodhoslmMH:

" At fraquencies bakw 3 GHz, the walidity of fissue paramelers (¢ and o) can be miaxed 1o £ 10% if liquid comp tion formuts s e Lo
messuted SAR values. Al frequancies abave 3 GHz, tho validity of tissue parametans (o and o) is restricted to £ 5% The uncertainty in the RSS of
the Conmv® uncenainty for indicated target issue paramesters.
© AphaiUepth are determinad duting catbrasion, SPEAG warrants that the remaining deviation dua 1o the boundary affect afler compansation s
always l8ss han £ 1'% for frequencies balow 3 GHz and below £ 2% for freguencies batwoen 3-6 GHz at any aStance larger than hall the probe to
diameter fram the boundary

Certificate No: EX3-3968_May17 Page B of 38
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Report No: HCT-A-1706-F009-4

EX30V4- SN.3968

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

May 31,2017

RAVICE-3 mmmEs]
»

T Ty T
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Frequenoy response (normalized)

0 500 1000

Uncertainty of Frequency Response of E-field; * 6.3% (k=2)

Cerificate No: EX3-38688 May17
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Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM f=1800 MHz R22
v . k3 B B *
Tot x 2 Tot Y 4
Fg 1 t g
-g | e S -£~"~-—.t s 2 :«; R e = .‘7*53’*"--0—.-‘:.8 o8- - g2 ;’"‘0 =
5 s > - :
1.5
L T e e T L L UFES EEr) e SO Vi L
150 100 a0 0 = X 150
3 o Rot [
'm'!v"ln.v c;ﬁ'.\'."!!: 'l!L—l"‘T.J.H.' ;".u;".r.u-;
Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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EX3DV4- SN.2968
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Certilicate No: EX3-3968_May17

Dynamic Range f(SAR}caq4)
(TEM cell , foua= 1900 MHz)
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Uncertainty of Linearity Assessment; £ 0.6% (k=2)
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EX3DV4- SN.3968

May 31, 2017
Conversion Factor Assessment
=835 MHz WGLS RS (H_comf) = 1800 MHz2 WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, §), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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EX3DV4- SN:3069

May 31, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters

Sensor Arrangement Triangular
..—Connector Angle (") 631 |
| Mechanical Surface Detection Mode enabled |

Optical Surface Detection Mode disabled

Probe Overall Length 337 mm

Probe Body Diameter 10 mm

Tip Léng-nh” 9 mm

Tip Daameter 25 mm

Probe Tip to Sensor X Calibration Point 1mm

Probe Tip to Sensor Y Calibration Poant 1mm

Probe Tip to Sensor Z Calibeation Point 1 mm
| Recommendead Measurement Distance from Surface - 1.4 mm

Centificate No: EX3-3068_May17 Page 11 of 38
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FCC ID: A3LSMG1650

Report No: HCT-A-1706-F009-4

Calibration Laboratory of

e
S

Schmid & Partner s g
Engineering AG
Zoughaussirasse 43, 3004 Zurich, Switzerland s

T

Accredied Dy the Swias Accraditation Servce (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilatersd Agreement for the recognition of calibration certificates

Calbation procedure(s)

Calibration date

This calbration canficate documents the traceabiity %o national standards, wiich realae the ohy

Schwelzerischer Kalibrierdisnst
Service suisse d'stalonnage
Servizio svizzero & taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

T and the

All catt 1 the ciosad lat

have been duct

y faciity. e

Caltwaton Eguipment 1sed (MATE cracal for calibration)

unts of (S1)
with corfidence probaliity are givan on the lotlowing pages and are part of the cestificatn

§ temnparature (22 = 35°C and humidity < 7T0%

Primary Stancands 1+ Cal Date [Certificate No.) Schedulwd Caliration
Pawer meter NP SN 104778 0f-Apr-18 (No. 217-0226842288) Apr-17
Fower sensor NRP-291 SN 103244 06-Apr-16 (No. 217-02268) Ape7
Power sansor NRP-Z91 SN 103245 06-Apr-16 (No. 217-02269) Ape-17

ce 20 dB Atteruator SN 85277 (20x) 05-Apr-16 (No, 217-02263) Ape-17
Federence Probe ESIDV2 SN 3013 31-Dec-15 (No. ES3-3013_Dec15) Dac-16
DAE4 SN 660 23.Dec-15 {No, DAES-660_Dec15) Dac-18

Standaos o Check Date {in house) Schecued Check

Power mater E44158 SN GE41293874 06-Apr-16 (in house chack Jun-16) In house chedc Jun-18
Poewr sersor E4412A SN MY412508087 DB-Apr-16 [in howss check Jun-16] In house chedk: Jun-18
Power sensor E4412A4 SN: 000110210 06-Apr-16 in howse chack Jur-16) in house chack: Jun-18
RF geoamor HP 6480 SN USIBA2U0 700 T4-Aug-69 {In house chack Jun-16) In house check. Jun-18
Network HP B7S3E SN USI7380585 18-0¢1-01 (n howse chack Oct-18) In house check: Oct-17
Calitrated by:
Approved by.

Issued November 26, 2016

This caltration certificate shab nol be reproduced axcapt in il withaut witten approval of the lsboratory
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HCTCO.,,LTD.

Calibration Laboratory of \\@, s s i N

Schm!d & F"anner M G Service suisse détuionnage
Engineering AG e Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurnich, Switzerland ‘54’/’//::\\:“\?. S Swiss Calibrafion Service

ol ol o

Accredied by the Swiss Accredization Service (SAS) Accreditation No.; SCS 0108

The Swiss Accraditation Service s one of 1w signatories to the EA

Multilateral Ag for the recognition of calibration certificates

Glossary:

TSL tssue simulating Bquid

NORMx,y,z sensitivity In free space

ConvF sensitivity In TSL / NORMx,y,z

DCP diode compeession point

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

A B CD modulation dependent linearization parameters

Polarization ¢ i rotation around probe axis

Polarization 8  rotation around an axis that is in the plane normal to probe axis (st measursment center),

i.e,, 8 =0 is normal to probe axis
Connactor Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 62208-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
praximity 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 ta the human body (frequency range of 30 MMz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:
NORMx.y,z- Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell, f > 1800 MHz: R22 w-avagunde)
NORMx.y,z ara only intermediate values, i.e., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below Conv).

o NORM(Nx.y.z = NORMx,y.2 * froquency_response (see Frequency Response Chart). This inearization is
implemented in DASY4 software versions later than 4,2. The uncertainty of the frequency response is included
in the statad uncartainty of ConvF,

« DCPx.y,z DCP are numerical ineanzation parameters assessed basad on the data of power sweep with CW
signal (no uncentainty required). DCP does not depend on frequency nor media,

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

o Axy.z Bryz Cxy.z Oxyz VRxyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific medulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voitage across the diode.

s ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field dstributions basad on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters appbed far
boundary compensation {alphs, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and highes which allows extending the validity from £ 50 MHz o + 100
MH2

= Spherical isotropy (30 deviation from isotropy): In & field of low gradients realized using a flat phantom
exposed by a patch antenna,

« Sensor Offset. The sensor offset correspands o the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

« Connoctor Angle. The angle is assessed using the Information gained by determining the NORMx (no
uncertainty required)

Certificate No! EX3-3797_Nov16 Page 2 of 11
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EX3DV4 - SN:3797

Probe EX3DV4

SN:3797

Manufactured:  April 5, 2011
Calibrated: November 25, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX30DV4- SN:3T97 November 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z | Unc (k=2)
| Noem (uV/vim)'y" 0.60 0.56 | 0.55 | =101 %
DCP (mV)" 97.9 97.7 97.2 1
Modulation Calibration Parameters
uiD Communication System Name A 8 c D VR Unc~ |
dB8 | devyv d8 mV {k=2)
0 cwW — | x| oo 0.0 10 | 000 | 1332 | +385% |
Y 00 00 1.0 | 1485
Z | oo 00 | 10 | 1eg |

The reported uncentainty 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%.

 Thw uncetakies of Norm X.Y,Z do not affect the E7-fiskd uncertairty reide TSL (see Pages 5 and &)

* Numencal lineanzation parameter: uncerainty not required

£ Uncertanty 15 determinad using the max. deviation from linesr resporse spedying rectanguiar Ssiroution and & mamessed for the square of the
feld vahio,

Centificate No: EX3-3797_Nov1d Page 4 of 11
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EX30V4a- SN:3Te7 Novemnbar 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth® Unc

f(MHz)© | Permittivity" (Sim)" ConvF X | ConvFY | ConveZ | Alpha® | {mm) (x=2)
150 52.3 0.76 11.99 11.99 11.99 0.00 100 | £13.3%
300 453 0.87 11.04 11.04 11.04 0.10 1.25 2133%
450 435 0.87 10.36 10.36 1036 | 015 125 | £133%
750 419 0.89 9,66 9.66 9.66 0.44 088 | +£120%
835 415 0.90 933 9.33 933 0.33 101 | +120%
900 415 0.97 9.17 917 9.17 0.46 080 | +120% |
1450 40.5 1.20 8.03 8.03 8.03 0.43 080 | $120%
1750 40.1 1.37 8.03 8.03 8.03 0.32 080 | £120%
1800 40.0 1.40 7.78 7.79 7.79 0.20 080 | £120%
2300 39.5 1.67 7.50 7.50 7.80 0.36 080 | £120%
2450 39.2 1.80 7.21 7.21 7.24 0.39 080 | +120%
2600 39.0 1.96 6.97 6.97 6.97 0.40 083 | +120% |
5250 359 471 5.06 5.06 5.06 0.35 180 | £131%
5600 355 5.07 462 462 4.62 0.40 180 | =2131%
5750 354 5.22 4.76 4.78 4.76 0.40 180 | 2131%

£ Frequancy vaidty 8bove 300 MHz of + 100 MHz only apphies for DASY vd 4 and tigher (sae Page 2). else f is restricied 1o £ 50 MHz The
unceniinty 5 the RSS of the ComF uncenainly &t caibeation frequency and the uncertainty for the indicated frequancy band Frequancy validity
batow 300 Mz = ¢ 10, 26, 80, 50 and 70 MHz for ConvF assessments at 30, B4, 128, 150 and 220 MHz respectivaly. Above & GHz frequency
vlidity can be exsended to = 110 MH2.

' At frequancies balow 3 GHz. the validity of tisus pacameless (c #nd o) can be miaued fo & 10% if liguid o ton 1 43 & apphed 10
moasured SAR values Al feauencies above 3 GHz, the validity of basue {eand al is 10 = 5%. The uncertainly is the RSS of
the Corn uncertainty for indcaied target issue paramesers.

“ Apha/Depth are delerminad during calirfion. SPEAG that the g o due to the boundery sifect Rl compansation &
alweys less than + 1% for frequoncies below 3 GHz and below + 2% for frequencies betwaen 3.6 GHz st any distance lasger than hall tha probe tip
diametar from the boundary

Cenlificate No: EX3-3797_Nov16 Page 5of 11
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HCTCO,LTD.

EX3DVA- SN:3797 November 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Body Tissue Simulating Media

P Relative | Conductivity \ . Depth © Unc |
f (MHz) Permittivity (Stm)" | ConvFX | ConvFY | ConvFZ | Aipha (mm) (k=2)

150 61.9 0.80 11.38 11.38 11.38 0,00 1.00 +13.3%
300 58.2 0.92 11.02 11.02 11.02 0.05 1.15 £13.3%
450 56.7 0.94 10.70 10.70 10.70 0.08 1.15 +13.3%
750 55.5 0.96 9.60 9.60 9.60 0.50 0.80 + 120 %

835 55.2 097 | 942 9.42 9.42 0.44 0.80 £120% |
1750 534 140 | 775 7.75 7.75 0.34 0.93 £12.0%
1900 533 1.52 7.45 745 7.45 0.41 0.80 £120%
2450 52.7 1.85 718 | 7.8 718 0.42 0.80 +12.0%
2600 52.5 218 5.94 5.94 5.94 0.32 080 | £120%
5250 489 5.36 4.43 443 4.43 0.45 1.90 +13.1%

5600 48.5 577 3.93 3.83 3,93 0.50 1.90 £131%
5750 483 504 | 419 418 4.19 0.50 190 | £131%

® Frequancy waidity abowa 300 MHz of + 100 MHz onfy applias for DASY v4.4 and higher (see Page 2). alse # Is restricted to & SOMHe The
uncertainty is the RES of the Comf uncertanty at calibration freg y and the ur y lor tha d freq y band. Freguancy validity
baaw 300 Midz = + 10, 25, 40, 50 8nd 70 MHz for CanvF assaasmects at 30, 64, 128, 150 and 220 MHz respectivaly. Above 5 GHz frequency
valldity can be extendsd 10 £ 110 MHz

" At froauancies below 3 Gitz. the valitiity of Tisua paramatan (c and o) can be rdaxed 10 + 10% If igue compansation formule s applisd to
measured SAR values At frequoncies abave 3 GHz, the validity of tiesue {rand a) 18 10 = 5%, The uncertainty is the RSS of
the Cornd uncanainty for indicaded target bssue parametens

= Apha'Depth are determinad dufing calitration. SPEAG warants that the remaning 0sviation due to the boundary affect after compensation
Always less than + 1%'orﬁuquew“bokm30mamwnwLz‘%!orhnueﬁdeabetwunanG&uimnmm&wmunnwmwouup
diameter from the boundary.

Certificite No: EX3-3797_Nov16 Page 6 of 11
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EX30V4- SN:3797 November 25, 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)
Cenificate No: EX3-3797_Novia Page 7 of 11
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EX30V4- SN.3797 November 25, 2016

Receiving Pattern (¢), 3 =0°
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Uncertainty of Axial iIsotropy Assessment: £ 0.5% (k=2)
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EX30V4- SN:3797 Novambar 25, 2016
Dynamic Range f(SAR}caq)
(TEM cell , foya= 1900 MHz)
—
- :
i i
10° i { -1 it
1
e
e 10%4 $ x4t
®
c
Lo
n
a A
£ of
] ..‘
107+ A
-
1
Fa
10! | ’
167 107 107 100 10° 10 10
SAR [mWiem3) -
* | o |
not compensated compensated
1=
50 B s o 7.5~ g AL o .S
wl
-1
2l — T +— _—
102 102 10 1R 10! 102 102
SAR [mW/em3)
* | |
not compensated compensated
Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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EX30V4- SN:3T9Y Novernber 25, 2016

Conversion Factor Assessment

{ = 835 MHz WGLS RS (H_convF) 1= 1900 MMz WGLS R22 (H_comvF)

«w

EaR NN

» ‘3— :
Deviation from Isotropy in Liquid
Error (6, 9), T = 900 MHz
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Uncertainty of Spherlcal Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,LTD.

EX30V4- SN:3797 Navember 25, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters

["Sensor Arrangemant Triangular
[ Connector Angle (7} G
Mechanical Surface Detection Mode - ~enabled
“Optical Surface Detection Mode ‘ disabled
Probe Overall Length | T 337 mm |
Probe Body Diameter 1 10 mm |
Tip Length - amm
"Tip Diameter 2.5mm
Probe Tip to Sensor X Galibration Point Tmm
‘Probe Tip to Sensor Y Calibration Paint i 1 mm
“Probe Tip to Sensor Z Calibration Point 1 mm
| Recommended Measurament Distance from Surface 14mm
Cartificato No: EX3-3797_Nov16 Page 11 0f 11
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HCTCO.,LTD.
Calibration Laboratory of SN, neitaticiies
d N 7, S
Schmid & Pariner % 8 Service sulsse am'ﬂ“
Engineering AG T C servisiosvizmro s taratura

Zeughausstrasse 43, 8004 Zurich, Switzerfand {‘/,,/:r;\\/_\\_\\\\? S swiss Calibration Service
Accredited by the Swiss Accraditation Senice (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multitateral Agr for the recognition of calibration certificates

client  HCT (Dymstec) Certificate No: DB35V2-441_Nov16
CALIBRATION CERTIFICATE

Object D835V2 - SN:441

Callbration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MMz
Caltration date November 16, 2016

This catibration cedificate documants the tracesbiity 1o nationa? standards. which realize the physical unils of measurements (S4)
The measurements and thi uncanainties with confidance probability ane given on the following pages and are part of the cedificate

Al calibeativns have basn conducied in the ciosed Iedoratovy tacility: emvironment femparature 122 + 3)°C and humidity < 70%.

Catibeation Equipment used (MATE critical foe calration)

Primary Standards 1D # Cal Date (Ceetificale No.) Scheduled Calibration
Power meter NAP SN: 104778 06-Ape-16 (No, 217-02288/02289) Apr7
Powar sensor NRP-Z81 SN 103244 06-Apr-18 (Na, 217-02288) Apri7T
Power aensor NRP-Z91 SN: 103245 U6-Apr16 (No. 217-02289) Apr-17
Ralerence 20 o8 Attenuatar SN 5058 (20%) 05-Apr-16 (Na. 217-02282) ApraT
Type-N ausmatch combination SN: 5047.2/ 08327 05-Apr-16 (No. 217-02255) Apr-17
Rofarance Probe £X30V4 SN 7348 154Jun-16 (Ne, EX3-7328_Jum16) Jun-7
DAE2 SN: 601 30-Dec-15 (No, DAE4-E01_Dec15) Dec-18
Secondary Standarda iD# Check Dale (in house) Scheduled Check
Powar matar EPM-4424 SN: GB37480704 070ct-15 (in house check Det-16) In housa check: Oct-18
Powor sansor HP B4B1A SN: US37292743 070ct-15 (in house chéck Oct-18) In house chack: Oct-18
Powwer sansor HP B481A SN MY&t0s2317 07-0ct-15 {in house check Det-18) in house chack: Do1-18
RF genesator RSS SMT-06 SK 100372 15Jun-15 (in house check Oct-18) In house chack. Oct-18
Netwark Analyzer HF 8753E | SN: US37390585 18-0ct-01 (in house chack Oct-16) n house check: Oct-17
Narme Function ratiro

Calibrated by: Claudio Lesibiar Labomatory Technician 5(7

| Vs

Approvad by: Katia Pokonic Tachnioal Menager /574,

tasvad: Novembar 17, 2016
This calibeation certéicate shalt not ba eproduced excepl in full without writtan approval of the fabaratory
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HCTCO,LTD.

e
Callb@ﬁon Laboratory of .__:t‘\‘é///'z’,‘ S  Schweizetischer Kalibrisrdienst
Schm[d & l_’artner M c Sarvice suisse d'stalonnage
Engineering AG g Servizio svizero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzeriand "z,,{fﬁ\\s’\ S Swiss Calibration Service
Accrodited by the Swiss Accreditalion Servios (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilaterat Agreement for the recognition of callbration 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, “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) 1EC 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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.80 mho/m
Measured Head TSL parameters (220+02)"C 40926% 0.94 mho/m + 6 %
Head TSL temperature change during test <05°C ——— —
SAR resuit with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Candition
SAR measurad 250 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalizad to 1W 9.38 Wikg + 17,0 % (k=2)
SAR averaged over 10 em’ (10 g) of Hoad TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.11 W/kg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0,87 mho/m
Measured Body TSL parameters (220+0.2)°C 552+6% 1.01 mha/m + 6 %
Body TSL temperature change during test <05°C aee -
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measurad 250 mW input power 248 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 9.62 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.63 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.37 W/kg = 16.5 % (k=2)
Certificate No: D835V2-441_Novié Page 30t 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transfarmed to feed point 5080-18jQ

Return Less -341dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.00-46

Return Loss -2404d8

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.369 ns |

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

The dipole is made of standard semirigid coaxial cabls. The center conductor of the feading line Is directly connected to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order 10 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 siill
according 1o the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Manulactured on March 08, 2001
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DASYS5 Validation Report for Head TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:441

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

Medium parameters used: f= 835 MHz: 6 = 0.94 S/m; & = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.72, 9,72, 9.72); Calibrated: 15.06,2016;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASYS5252.8.8(1258). SEMCAD X 14.6.10(7372)
Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=Smm, dz=5Smm
Reference Value = 61.83 V/m; Power Drift = -0.02 dB
Peak SAR (extrapolated) = 3.67 W/kg

SAR(] g) = 2.43 W/kg: SAR(10 g) = L.57 W/kg
Maximum value of SAR (measured) = 3.27 W/kg

-2.23

-4.47

-8.94

-11.7

0.dB =3.27 W/kg = 5.15 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerfand
DUT: Dipole 835 MHz; Type: D835V 2; Serial: D835V2 - SN:441

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

Medium parameters used: f= 833 MHz; o= 1.01 8/m: ¢, = 55.2; p= 1000 kg/m’
Phantom section: Flat Section ‘
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 15.06.2016:
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001

= DASY352 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 59.90 V/m: Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(1 g) = 2.48 W/kg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (measured) = 3.25 Wikg

-2.12
-4.24
6.37

-8.49

-10.61

0 dB = 3.25 W/kg = 5.12 dBW/kg
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Impedance Measurement Plot for Body TSL
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Certificate No: D1900V2-5d032_Mar17

HCTCO.,LTD.
Calibljation Laboratory of \Q\_/\'\'J N g Schweizerischer Kalibrierdienst
Schmid & Partner M c Service suisse ' étalonnage
Engineering AG i Servizio svizzero di taratura
Zeughaussirasse 43, 6004 Zurich, Switzeriand ’-,,/fﬁ\\\p-' S Swiss Calibration Servioe

Accraditation No.; SCS 0108

|[CALIBRATION CERTIFICATE

Object

Callbration procadurais)

Catbration dale

D1900V2 - SN:5d032

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

March 21, 2017

Calbraton Equipment used (MATE cribcal tor calibeation)

This caliteation certficate documents the traceability lo nationai standards, which reskze the physical units of measuremants (1=))
| The measyuraments and tha uncerainties with confidence probabity are given on the following pages and are part of the certdicate.

AP calitvations have baen conducted In tha closed labosmoey facility: anveonment temporature {22 + 31°C and humidity < 70%

Primary Standards 10 A Cal Date {Corificato No.) Scheduled Calbration

Fowsar mater NRP SN: 104778 06-Ape-16 (No. 217-02288/02266) Apr-17

Powsr sansor NRP-Z81 SN 105242 06-Ape-16 (No. 297-02268) Apr-17

Power sansor NAP-281 SN 103245 DE-Ape-18 (No. 217-0228%9) Ape17

Raferanoa A0 dB Altenuator SN: 5058 (20k) D5-Apt-16 (No. 217-02292) Ape-17

Type-N mismaich combination SN: 5047 2 / 06327 05-Apr-18 (No. 217-02295) Ape-17

FRetarance Probe EX3DV4 SN. 7348 31-Doc-18 (No. EX3-7349_Dec16) Dec-17

DAEA SN: 801 0d-Jan-17 (No. DAE4-801_Jan17) Jan-18

Secandary Standars lioe Check Oate {In house) Scheduled Chusck

Power matar EPM-442A SN (837480704 07-0ct-15 (in house chack Oct+16) In house chack: Oct-18

Power sensor HP B4B1A SN: US3T202783 07-0ct-15 (in house chack Oct-16) In house chack: Oct18

Power sensor HP B4B1A SN, MY41002317 07-0ct-15 {in houss check Oct-16) in house chack: Oct18

RF genarator R4S SMT-08 SN: 100572 15Jun-15 (n house cheok Oct-16) In house chack: Dot-18

Nalwork Analyzer HP 8753E SN US37390585 18-0c2-01 (in houss check Oct-16) In house check: Cct-17
Name Funcsian Signaturs

Cafibated by: Johannes Kurikka Laboradory Technician 7 te

Approved by: Katja Pokovic Technical Managor

AT

tasyed. March 23, 2017

[ This calibrstion cartificate shat not be reproduced except i full without wiitten appeoval of the abaatory
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Calibration Laboratory of ‘\\\‘\\'__,Z,’ Q  Schwaizerischer Kaiibe
Schmid & Partner SE \—/E ; Im'l.-' C Service suisse détalonnage

Engineering AG g Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzeriand "4,,'77'\\\‘\,\? S Swiss Calibration Service
Accredited by the Swiss Accradifation Sarvios (S48) Accreditation Ne.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag t 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, "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 (frequancy range of 300 MHz to 3 GHz)",
February 2005

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 8 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the cerfificate 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
parailel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures iow
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
multiphied by the coverage factor k=2, which for a narmal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration, &8 far as not given on page 1
DASY Vearsion DASYS V52,88
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 1800 MHz 2 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 400 1.40 mho/m
Measured Head TSL parameters (22040.2}°C 403+6% 1.38 mho/m £+ 6 %
Head TSL temperature change during test <05°C - —_
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAHA measured 250 mW input power 9.91 Wikg
SAR lor nominal Head TSL parameters normalized to 1W 40.0 Wikg = 17.0 "% (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 518 Wikg
SAR for nominal Head TSL parameters normalized to TW 20.9 Wikg = 16.5 "% (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220'C 533 1.52 mho/m
Measured Body TSL parameters {(220+02)"C 541 +B8% 1.50 mho/m =8 %
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 measured 250 mW input power 10.0 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 5,30 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 21.4 Wikg = 16.5 % (k=2)
Certificate No; D1800V2-50032_Mar17 Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 51704530

Return Loss -253d8

Antenna Parameters with Body TSL

Impedance, transformed 10 feed point 471Q+82

Retum Loss -231dB

General Antenna Parameters and Design

l Electrical Detay {(one direction) | 1.184 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipcée arms in order 1o improve matching when loaded according to the position as explained in the
‘Mexsurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive lorce must be applied 1o the dipole arms, bocause they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 17, 2003
Certificate No: D1900V2-5d032_Mar17 Page 4of 8
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DASYS5 Validation Report for Head TSL

Date: 21.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032

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

Medium parameters used: f= 1900 MHz; o = 1.38 S/m; & =40.3; p= 1000 kg/m’
Phantom section: Flat Section

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

DASY352 Configuration;
« Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12); Calibrated: 31.12.2016;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« EBlectronics: DAE4 Sn601; Calibrated: 04.01.2017
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASY52352.8.8(1258). SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x8x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 107.2 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 18,6 W/kg

SAR(1 g) = 9.91 W/kg:; SAR(10 g) = 5.18 W/kg

Maximum value of SAR (measured) = 15.4 Wikg

-3.60
-7.20
-10.80

-14.40

-18.00

0dB =154 W/kg = 11.88 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 21,03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2: Serial: D1900V2 - SN:54032

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

Medium parameters used: = 1900 MHz; 6 = 1.5 S/m; 5. = 54.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 3 (IEEE/TEC/ANST C63.19-2011)

DASY3S2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2016;
« Sensor-Surface: L4mm (Mechunical Surface Detection)
= Electronics: DAE4 Sn601: Calibrated: 04.01.2017
« Phantom: Flut Phantom 5.0 (back); Type: QD 000 PSO AA; Serial: 1002

« DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 104.1 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(] g) = 10 W/kg; SAR(10 g) =53 W/kg

Muaximum valoe of SAR (measured) = 14.9 Wikg

-3.40
-6.80
-10.20

-13.60

-17.00

0dB =149 Wikg = 1173 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accredaaton Sesvice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilsteral Agreement for the recognition of calibration certificates

HCT (Dymstec)
CALIBRATION CERTIFICATE

Accraditation No.. SCS 0108

Client Certificate No: D2450V2-743 Marl7

Objact D2450V2 - SN:743

Calibration proceduns(s)

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calration date:

March 15, 2017

This calibration certificate documents the irsceabiity b nationa! slandards, which reaize the physcal units of measuremants (S1)
Tha measurements and the uncenaingies with confidence probability are given on the lolawing pages and are part of ihe cedificats

Prenary Standards

Caibration Equipment used (MATE criticel for calibration)

D2

| A caliteatons have teen conducted In the closed laboratory tacity: emarcnment famperature (22 = 3)°C and humidty < 70%

This callbralion cartificate shall nal be reproduced except in full withou! written spproval of e laboratory

Cul Date (Cantilicate No ) Scheduied Callbration
Power maetar NRP SN 104778 06-Apr-16 (No. 217-022868:0228%) Ape-17
Power sensot NRP-Z91 SN 103244 05-Apr-18 (No. 217-02298) Ape-17
Power sensor NRP-Z91 SN 103245 06-Apr-18 (No. 217-02288) Ape17
Raference 20 ¢8 Aftanuator SN: 5058 |20%) 05-Apr-18€ (No. 217.02282) Apet?
Typa-N msmatch combinabon EN: 5047.2 F 06327 05-Apr-16 (No. 217-02295) Apr-?
Feterence Probe EX3DVA SN: 7348 31-Dec-16 (No. EX3-7349_Dec1t) Dec1?
DAE4 SN 1 Od-tan-17 (No. DAE4-601_Jan17) Joan-18
Secondary Standards 0¥ Check Dase {in house) Schedued Check
Powar mater EPM-442A SN: GBI7480704 07-Oct-15 (In houss chack Oct-16) In house check: Oct-18
Powsr sensor HP BAB1A SN: US37292783 07-0¢t-15 (In housa chack Qat-16) In housa check: Oct-18
Powar sensor HP BA81A SN MY41082317 07-0ct-15 {In houss chack Oct-16) In house check: Oct-18
AF generator R&S SMT.06 SN; 100972 15-Jun-15 (in housa check Oct-16) In house chack: Oct-16
Nelwork Analyzer HS B753E N: USH7ansas 18-Cct-01 {In house chack Oot-18) In house chack: Oct17
Name Finction Signature
: T
Calitzated by Johannes Kurida Labaratory Technician ; o
Approved by: Katja Pokavie Technical Manages

AT

Issued: March 16, 2017
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Accrediled by the Swiss Accreditition Service (SAS) Accreditation No: SCS 0108

The Swiss Accreditation Service is ono of the signatories to the EA
Multilateral Agreement for the recognition of callbration 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 Sid 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 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 GHz2)",
February 2005

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

» Elactrical 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%.

Cerificate No: D2450V2-743_Mar17 Page 20f8
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Measurement Conditions

DASY system configuration, as far as not glven on page 1
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 382 1.80 mho/m
Measured Head TSL parameters (22.0:02)"C 378+6% 1.87 mho/m + 6 %
Head TSL temperature change during test <05°'C - e
SAR result with Head TSL
SAR averaged over 1 om” (1 g) of Head TSL Condition
SAR measured 250 mW Input power 18.6 Wikg
SAR for nominal Head TSL parameters normalzed to 1W 53.0 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 6,30 Wikg
SAR for nominal Haad TSL parameters normalized to 1W 24.8 W/kg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appbed
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.95 mho'm
Measured Body TSL parameters (220=02)"C 528=z6% 203 mho/m+6 %
Body TSL temparature change during test <05°C e
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Candition
SAR measured 250 mW input power 12.9 Wikg
SAR for nominal Body TSL parameters normalized to 1W 50.6 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 6.04 Wikg
SAR for nominal Body TSL paramelers normalized 1o 1W 23.9 Wikg = 16.5 % (k=2)
Certificate No: D2450V2-743 _Mar17 Page 3018
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformead 1o teed point 5444+72Q
Returmn Loss -218d8
Antenna Parameters with Body TSL
Impedance, transformed 1o feed point 5010+78 0
Returmn Loss ~222d8
General Antenna Parameters and Design
[ Elactrical Dalay (one direction) I 1.180 ns

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

The dipole is made of standard semingid coaxial cable, The center conductor of the feeding fine s diractly connected 1o the
second arm of the dipole, The antenna s therefore short-circulted for DC-signals, On some of the dipoles, small end caps
are added to the dipcle arms in order 1o improve maltching 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 stil

according to the Standard.

Na axcessive force must be appilied o the dipole arms, because thay might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Manufactured on

December 01, 2003

Certificate No: D2450V2-743_Mar17
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DASY5 Validation Report for Head TSL

Date: 15.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

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

Medium parameters used: [ = 2450 MHz: o = 1.87 S/fm; £ = 37.8: p = 1000 kg/m”
Phantom section: Flat Section

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

DASY 52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.72, 7,72, 7.72), Calibrated: 31.12.2016;
o Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phuntom: Flat Phantom 5.0 (front), Type: QD 000 P50 AA; Senal: 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=3mm, dy=5mm, dz=5mm

Reference Value = 115.8 V/im; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(1 g) = 13.6 W/kg: SAR(10 g) = 6.3 W/kg

Maximum value of SAR (measured) = 22.3 Wikg

-4.60
-9.20
-13.80

-18.40

-23.00

0dB =223 W/ikg = 13.48 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 15.03.2017
Test Laboratory: SPEAG, Zurich, Switzeriand
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743
Communication System: UID 0 - CW; Frequency: 2450 MHz »
Medium parameters used: f = 2450 MHz; o = 2.03 S/m; & = 52.8; p = 1000 kg/m”

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79. 7.79). Calibrated: 31.12.2016;
« Sensor-Surface: L4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Seral: 1002

« DASYS52 52.8.8(1258); SEMCAD X 14.6.1((7372)

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

Reference Value = 105.3 V/im; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 25.5 Wikg

SAR(1 g) = 12,9 W/kg; SAR(10 g) = 6.04 W/kg

Maximum value of SAR (measured) = 20.2 Wikg

-13.20

-17.60

-22.00

0dB =202 Wrkg= 1305 dBW/kg
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F-TP22-03 (Rev.00) 207 /220 HCT CO.,LTD.



o
ha- FCC ID: A3LSMG1650 Report No: HCT-A-1706-F009-4

HCTCO.,LTD.

Impedance Measurement Plot for Body TSL
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Atcrudited by the Swiss Accreditation Senice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral Agreament for the recognition of calibration certificates

cient  HCT (Dymstec)

Accreditation No.: SCS 0108

Certificate No: D2600V2-1015_Jan17

CALIBRATION CERTIFICATE
Objest D2600V2 - SN:1015
Calioration procadureds) QA CAL-05.v8

Calibration date January 18, 2017

Canbration Equpment used (MATE critical for catibration)

Calibration procedure for dipole validation kits above 700 MHz

This caiibration canificate documents 1ha tracealility 10 national standards, which realze Ihe physical units of measuraments {SI),
The maasurements and the uncentaimies with confidence pecbabilty are given on the faliowing pages and are pan of Me cemiicate

Al calibrations have boon conductod in the dosad labormsory facilty: envircoment temperature (22 = 3)°C and humidity < 70%

Primary Standards LD ¥ Cal Date (Centificale No. ) Scheduled Calrabon

Power mater NRS | SN 104778 06-Ape-16 (No. 217.02288/02289) Apra7

Powsr sansor NRP-Z91 SN 103244 D6-Ape-16 (No, 217-02288) Apr17

Power sensor NFHP-Z81 SN 103245 06-Apr-16 (No. 2170226%9) Apra 7

Fateranca 20 dB Atenustor SN: 5058 (20k) 05-Apr-16 (No, 21702292 Apr7

Type-N mismaich combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02295) Ape7

Reterenca Proba EX30VA SN: 748 31-Dac-16 (No. EX3-7348_Dec16) Dec7

DAE# SN: 601 04-Jan-17 (No, DAEA-601_Jan17) Jar-18

Seccodary Starderds DA Check Dale (n house) Schaculed Chack

Power metsr EPM-4424 SN; GB37480704 07-0ct-15 {in housea chack Oct-18) In house check: Oct-18

Fower sensor HP BAB1A SN: US37202783 07-0c4-1% (In housa chack Oct-16) in house chack: Oct-18

Power sensor HF B481A SN: MY&1092317 07-Cct-15 {in housa chack Oct-18) In house check: Oct-18

RF garsratar RS SMT-06 SN: 100872 15-Jun-15 (in house check Oct16) in houso chack: Oct-18

Network Anulyzet HP B753E SN: US37300585 16-0ct-01 (In house check Dct-18) In housa check: Oct-17

Name Functron Signature

Calibeatod by: Leif Kiyanes Labortory Technician X‘/%/

Approved by Katja Pokovic Techaical Manager /C%
lasumd Juauary 19, 2017

Thes calibration cartificate shall not be reproduced except n full without weilten approval of the aboratory.
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Calibration Laboratory of \Q’/' % S Schwelzerlscher Kaiibrierds
Schmid & Partner =z Service sulsse d'étalonnuge
Engineering AG % C  Gervizio svizzsro di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland /’.—“‘\ S Swiss Calibestion Service
Accredited by the Swiss Accreditabion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories to the EA
Multilsteral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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 6 GHz"

Additional Documentation:
o) 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.

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

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

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

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

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

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

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

Certificate No: D2600V2-1015_Jan17 Page 2018
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapoiation
Phantom Madular Flat Phantam
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were appbed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 3%.0 1.96 mho/m
Measured Head TSL parameters (22.0202)°C 37426% 2.05 mha/m + 6 %
Head TSL temperature change during test <0D5"C
SAR result with Head TSL
SAR averaged over 1 em?® (1 g) of Hend TSL Condition
SAR measured 250 mW input power 14.8 Wika
SAR for nominal Head TSL parameaters normalized to 1W 57.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6549 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.5 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2,16 mho/m
Measured Body TSL parameters (22.0+02)°C 52326% 2.20 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 measured 250 mW input power 13.9 Wikg
SAR for nominal Bedy TSL paramaters normalized to 1W 55.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 617 Wiy
SAR for nominal Body TSL parameters normalized to 1W 246 Wikg = 16.5 % (k=2)
Cartificate No: D2600V2-1015_Jan17 Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to fead point 48B0Q-28Bi0

Retumn Loss -30.3 dB
Antenna Parameters with Body TSL

impedance, transiormed 1o leed point 4510Q-252

Heturh Loss -2484dB
General Antenna Parameters and Design

Electrical Delay (one direction) ] 1.150 ns

After long teem use with 100W radiated power, only a stight warming of the dipole near the feedpoint ¢an be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the leeding line is directly connectad 1o the
sacond arm of the dipole. The antenna is therefore short-circutted 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 (o the position as explained in the
*‘Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipale length s stll

sceording to the Standard,

No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged

Additional EUT Data
Manufactured by SPEAG
Manufactured on October 30, 2007

Cartificate No: D2600V2-1015_Jan17
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DASYS5 Validation Report for Head TSL

Date: 17.01.2017
Test Laboratory: SPEAG, Zurich, Swiatzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

Communication System: UID ) - CW: Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; o = 2,05 S/m; & = 37.4: p= 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration
« Probe; EX3DV4 - SN7349; ConvF(7.56, 7.56, 7.56): Calibrated: 31.12.2016;
e Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

« DASYS525288(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=5mm, dz=5mm

Reference Value = 116.7 V/im; Power Drift = -0.04 dB

Peuk SAR (extrapolated) = 32.4 Wikg

SAR(1 g) = 14.8 W/kg: SAR(10 g) = 6.49 W/ikg

Maximum value of SAR (measured) = 25.3 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =253 W/kg = 14.03 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.01.2017
l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1015

Communication System: UID () - CW; Frequency: 26{X) MHz

Medium parameters used: = 2600 MHz; o = 2.2 S/m: &= 52.3; p = 1000 kg/m’
Phuntom scction: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF{(7.48, 7.48, 7.48); Calibrated: 31.12.2016;
« Sensor-Surface; |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (back): Type: QD 000 PSO AA; Serial: 1002

« DASYS525288(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=5mm, dy=Smm, dz=5mm

Reference Value = 108.8 V/m: Power Drift = 0.06 dB

Pesk SAR (extrapolated) = 28.6 Wikg

SAR(1 g) = 13.9 W/kg; SAR(10 g) = 6.17 W/kg

Maximum value of SAR (measured) = 23.4 W/kg

dB
0

-4.60
-4.20
-13.80

-18.40

-23.00

0dB =23.4 W/kg = 13,69 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner Engineenng AG

s p e a g

Zeughaussirasse 43, 8004 Zurch, Switzerland
Fhone +47 44 245 9700, Fax +41 44 245 9779
info@speag.com, hitp /fwwaw. speag com

Certificate of conformity / First Article Inspection

Item Triple Modular Flat Phantomn V5.1
Type No QD 000 P51 C
Series No 1100 and higher
Manufacturer / Origin Untersee Composites
Knebelstrasse 8, CH-B268 Mannenbach, Switzertand
Tests

The sub-units of item 1100 are identified with the designation 1100/1, 1100/2 and 1100/3. Tests were
conducted on all 3 sub-units of this phantom.

Test Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requirements. 30 points over the bottom area
Material Dielectric parameters for required | 200 MHz — 6 GHz - Material
parameters frequencies Relative permittivity 3 - 5 sample
Loss tangent < 0.05.
Material The material is compatible with DGBE based simulating liquids, | Material
resistivity the liquids defined in the Observe Technical Note for Samples
standards if handled and cleaned | material compatibility.
accoerding to the instructions.
Shape Internal dimensions Internal height: > 175 mm Pre-series,
Bottom internal length: 280 mm | design
Bottom internal width: 175 mm
Nominal filling height: 155 mm
Nominal volume: 8.2 |
Sagging Depending on standard No initial sagging (negative 1100/2
preshaped, change < 0.5 mm
Standards

[1] [IEEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

2] IEC 62209 - 1, “Specific Absorption Rate (SAR) in the frequency range of 300 MHz to 3 GHz -
Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February
2005

[3] |EC 62208 ~ 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, Pant 2: Procedure to determine the Specific

Absorption Rate (SAR) for ...

[4] KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Conformity

including accessories and multiple transmitters”, March 2010

Based on the dimensions and sample tests above, we cerify that this item is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.

Date 16.07.2015
s p e a g
Signature / Stamp
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Attachment 5. —= SAR Tissue Characterization

The brain and muscle mixtures consist of a viscous gel using hydrox-ethyl cellulose (HEC) gelling agent and
saline solution (see Table 3.1). Preservation with a bactericide 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. The mixture characterizations used for
the brain and muscle tissue simulating liquids are according to the data by C. Gabriel and G. Harts grove.

Ingredients Frequency (MHz)
(% by weight) 1900 2450 -2700
Tissue Type Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1
Sugar 57.0 449 0.0 0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether ) ) )
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M 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-tetramethylbutyl)phenyl] ether

Composition of the Tissue Equivalent Matter
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Attachment 6. — SAR SYSTEM VALIDATION

Per FCC KCB 865664 D02v01r02, SAR system validation status should be document to confirm measurement
accuracy. The SAR systems (including SAR probes, system components and software versions) used for this
device were validated against its performance specifications prior to the SAR measurements. Reference
dipoles were used with the required tissue- equivalent media for system validation, according to the procedures
outlined in IEEE 1528-2013 and FCC KDB 865664 D01v01r04. Since SAR probe calibrations are frequency
dependent, each probe calibration point was validated at a frequency within the valid frequency range of the
probe calibration point, using the system that normally operates with the probe for routine SAR measurements
and according to the required tissue-equivalent media.

Atabulated summary of the system validation status including the validation date(s), measurement frequencies,
SAR probes and tissue dielectric parameters has been included.

SAR Probe Dielectric Parameters CW Validation Modulatlon Valldatlon
SR Probe I?I_r%) : Calibration | Dipole Date Measured Measured Probe  Probe MOD. | Duty
. el Permlttlwt ConduCtIVIty I Linearity | Isotropy| Type | Factor

7 1630 ET3DV6 | Head | 835 2017.03.10 41.3 PASS | PASS | PASS |GMSK | PASS

7 1630 ET3DV6 | Head | 835 | 441 | 2017.03.10 41.3 0.88 PASS | PASS |PASS | N/A | N/A | N/A
3 3797 [EX3DV4 |Head | 835 | 441 | 2016.12.06 41.6 0.9 PASS | PASS | PASS |GMSK| PASS | N/A
4 1605 ET3DV6 | Head | 835 | 441 | 2016.11.24 41.5 0.89 PASS | PASS |PASS | N/A | N/A | N/A
7 1630 ET3DV6 | Body | 835 | 441 | 2017.03.10 55.4 0.97 PASS | PASS | PASS |GMSK| PASS | N/A
7 1630 ET3DV6 | Body | 835 | 441 | 2017.03.10 55.4 0.97 PASS | PASS |PASS | N/A | N/A | N/A
4 1605 ET3DV6 | Head | 1900 (5d032| 2017.03.31 40.1 1.42 PASS | PASS | PASS |GMSK| PASS | N/A
9 3968 [EX3DV4 | Head | 1900 |5d032| 2017.06.13 39.8 1.41 PASS | PASS | PASS |GMSK|PASS | N/A
7 1630 [ET3DV6 | Body | 1900 (5d032| 2017.03.31 53.5 1.51 PASS | PASS | PASS |GMSK| PASS | N/A

8 3967 |EX3DV4 | Head | 2450 | 743 | 2017.03.24 39.2 1.83 PASS | PASS | PASS [OFDM| N/A | PASS
12 7370 |EX3DV4 | Body | 2450 | 743 | 2017.03.24 52.8 1.94 PASS | PASS | PASS [OFDM| N/A | PASS
5 3903 [EX3DV4 | Head | 2600 | 1015 | 2017.01.30 39.1 1.94 PASS | PASS | PASS | TDD |PASS | NA

5 3903 |EX3DV4| Body | 2600 | 1015 | 2017.01.31 52.3 217 PASS | PASS | PASS | TDD |PASS | NA

8 3968 |EX3DV4 | Head | 2600 | 1015 | 2017.06.13 38.7 1.95 PASS | PASS | PASS | NA N/A NA

5 3903 |EX3DV4| Body | 2600 | 1015 | 2017.01.31 52.3 217 PASS | PASS | PASS | NA N/A NA

SAR System Validation Summary 1g

Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table above
represent test configurations for which the measurement system has been validated per FCC KDB Publication
865664 D01v01r04. SAR system were validated for modulated signals with a periodic duty cycle, such as
GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664 D01v01r04.
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