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Cattraion due: e
This calbention cemficale documants the traceabiity (o national standards, which realize the physical units of 81
Trw wrd the with protatdity wre gven on the folowng pages s are gt of the cenificste,

Al Catbrations hitve been conduced I the closed laborsiory ety srvironment tempersturs (22 = 3)°C and bumidity < 70%

Cadibeation Equpment used (MATE crifical for caltration)

Prenary Standa (8] Cal Date {Certificate No ) Schecued Caltration
Power moter E44108 G4 1203474 01-Apr-15 (No. 217-02128) Mar- 16
Power sensor E4412A MY&3395087 01 Apr-15 (No. 217.02128) Mar-18
Rt 3 dB Altes SN 55054 (3c) 01-Apr-15 (No. 217-02129) Mar-16
Raokh 20 dB A SN SS277 (200 D1-Apr-15 (No. 217-02132) Mar-16
Rek 30 d8 Amonusion SN: §5126 (300) 01-Apr- 15 (No. 217-02133) Mar-18
Roference Probe ESIDV2 SN 3013 30:Dec-14 (No. ES3-3013_Dectd) DOwc-15
OAE4 S 80 14-Jor-15 (Ne. DAE4-660_Jan15) Jon-16
S ry Standardy 0 Chack Dute (0 house) Schedulod Check
RF ge HP B USISL2004 700 4-Aug-09 (In house check Apr-13) In houss check: Apr-16 |
Notwork Anahyzor HP B783E USI7I00585 18-Oct-01 (in house check Oct-15) In house check: Oct-16
Function
Cadbratod by
Approved by:
Issund: December 14, 2016
Thin calibraton certAcate Ahadl not be reprod oxcapt In ull wehout wrimen approval of the latoratory.
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCTCOLLTD
Calibration Laboratory of O Sohwalieriaie
% N Kalibrisrdienst
Schmid & Partner — g Service sulsse d'étalonnage
Engineering AG % g  Servisio svizzero & taratur
Zeughausstrasse 43, 8004 Zurich, Switzerland 'n"'/d:'\;yv’ Swiss Calibration Servicy
Acctedted by 1he Swiss Accredention Service (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the recognition of calibration cartificates
Glossary:
TSL tissue simulating liquid
NORMXx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
oce dinde compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters
Polarization ¢ ¥ rotation around probe axis
Polarization 9 8 rotation around an axis that s in the plane narmal to probe axis (al measurement canter),
.2, 8 =0is normal to probe axis
Connector Angla information used in DASY system to align probe sensor X 10 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®’, Juna 2013

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

c) 1EC 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 Measuremant Requirements for 100 MHz 1o 6 GHz"

Hethods Applied and Interpretation of Parameters:;
NORMx.y. 2 Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; T > 1800 MHz: R22waveguide)
NORM,y.z are only intermediate values, i.e.. the uncertainties of NORMx.y,z does not affect the E*-fisld
unceriainty nside TSL {sea below ConvF).

*  NORM(flxy.z = NORMYx.y.z * frequency_responss (see Frequency Raesponse Chart). This linearization is
implemented in DASY4 software versions later than 4,2, The uncertainty of the frequency response is included
in the stated uncertainty of ConvF

* DCPxy.z: DCP are numerical lineanzation paramelers 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
charactenistics

o Axyz Bryz Cxyz Dxyz VRxyz A B C, D are numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maxamum calibration range expressad in RMS voltage across 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 fiekd 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 unceortainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
0 NORMx,y,z * ConvF wheraby the uncertainty corresponds to that given for CanvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which aliows extending the validity from £ 50 MHz to £ 100
MHz

o Spherical isotropy (3D deviation from isotropy): in & field of low gradients realized using a flat phantom
exposed by a patch antenna.

* Sensar Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

e Connector Angle: The angle is assessad using the information gained by determining the NORMx (no
uncertainty required)

Cerificate No: EX3-3987_Dec15 Page 2of 11
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Manufactured:  September 30, 2013
Calibrated: December 16, 2015
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCTCO,LTD

EXI0OVA- SN:3067 Docember 16, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z T Unc (k=2)
Norm (qurwmf}‘ 0.54 0.38 0.48 | 2101 %
DCP (mV) 101.3 978 101.0 |
Modulation Calibration Parameters
uio c ication Sy Name A 8 c D | VR Unc™
______ d8 d8vVuV | dB mv (k=2)
v cw x| 00 00 10 | 000 | 1450 | *35%
Y| 00 0.0 10 | 1437
i 0.0 00 10 | 1382

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 1o a coverage
probability of approximately 95%

* The urcertantes of Noom X Y.Z do not aftect the E"-Ssid uncantainty inside TSL (5ue Pages 5 and 8)
¥ Numerca linearization parametor uncertamnty not requyred

'Urmgdﬂmur\cﬂwﬂgmm: from Srear response appltying rectanguiar astriiution and & cxpressed for the square of the
field valoe
Carificate No: EX3-3967_Dects Page 4 of 11
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCTCO,LLTD

EX3DV4- SN:3067 December 16, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) © p%' comm ConvF X | ConvFY | ConvFZ | Alpha® mu (‘:-‘;)
750 419 0.89 10.27 10.27 1027 | 021 139 | £120%
835 415 0.80 987 9.87 9.87 0.20 138 | £120%
900 415 0.97 8.70 9.70 9.70 0.25 115 | 2120%
1450 405 1,20 8.19 8.19 8.19 029 | 082 | £120%
1750 401 1.37 838 B.39 8.39 025 | 088 | £120%
1900 400 1.40 811 B.11 811 030 | 080 | £120%
1950 40.0 1.40 7.90 7.90 7.90 038 | 086 | £120%
2300 385 1.67 7.73 7.73 7.73 037 | 084 | 2120%
2450 39.2 1.80 7.42 7.42 7.42 040 | 080 | £120%
2600 39.0 1.96 7.17 7.17 7.7 0.41 083 | 2120%
3500 378 2.91 7.69 7.69 7.69 094 | 063 | 131%
5200 36.0 466 537 537 | sa37 0.35 180 | £131%
5300 35.9 4.76 5.04 5.04 5.04 0.40 180 | £131%
5500 356 496 487 4.87 4.87 0.45 180 | +131%
5600 355 5.07 455 465 4.65 0.50 180 | £131%
5800 353 5.27 4.69 4.60 4.69 0.50 180 | £+131%

~rm-cyvnmaboa:oomax1mwmmwwyu4wm(uomm mt-vmmawmx ﬂn
uncortairty i tha RSS of the Com# uncentainly i calibention frequency ang the uncartanty for the y band. F

betow 300 MMz is £ 10, 25, 40, 50 and 70 Miz for CanvF assensments at 30, 64, 128 mwmmw Abwnscmm
vabdty can bo extended 1o = 110 MHz

" Al roquencies delow § Gz, the valdity of tssue parameters (< and o) can be relaxed 10 = 10% It hquid compensation farmula is applied 1o
measured SAR values. Al bequencies adove 3 GHZ. the volidty of tssus parameters (e and o) & restricted to ¢ 5% The uncertacty is the R3S of

e Convi WMM!MWWM

7 AlptaDepth are d dunng SPEAG that the remaning deviation dus (o the boundary effact after compensation in
piways ess than ¢+ 1% for trequencies below 3 GHz and below £ 2% for fréquencies betwean 3-6 GHz at any aistance larger than haif the probe lip
mameter from the boundary,
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCTCO,LLTD

EX3DVA- SN.3067 December 16, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth * Unc

1(MH2)® | Parmittivity" {&m)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 56.5 0.06 9.92 9.2 292 022 141 £120%
835 56.2 0.97 2.76 978 876 0.24 128 | +120%
1750 53.4 1.49 8.04 8.04 8,04 040 085 | +120%
1800 53.3 1.52 7.95 7.95 7.95 0.35 082 | +120%
2450 82.7 1.85 7.31 7.31 7.0 0.40 088 | +120%
2600 52.5 216 7.19 7198 7.18 0.28 1.05 | +120%
3500 513 a3 6.86 6.86 6.88 0.36 1.14 £13.1%
5200 49.0 530 432 432 432 0.55 190 | £131%
5300 489 542 423 423 4.23 0.55 190 | +131%
5500 488 585 3.80 3.80 3.80 0.60 1.90 | #131%
5600 485 577 3.70 370 3.70 0,80 180 | £131%
5800 482 6.00 3.82 382 3.82 0.60 190 | +131%

‘menmm-mumduwmwmmmsvucwmlu-mn mmmwzmm ™he
uncertainty is the RSS of the Core® unoortanty at calbration frog y #7d the unt y for the ¥ band Froquency validity
Delow 300 MMz s £ 10, 25, 20, 50 and 70 MMz for ConvF assessments at 30 64, 128 lsomm“cmpedvm Above § GHe frequency
valdity can be axtended o £ 110 MHz.

" At requencies below 3 GHz. e validity of tssue parameters (e and «) can be relaned t ¢ 10% # igud compensaton formuta = sppiied to
messured SAR values. Al frequencien above 3 GHZ. 1he volcity of ssue pacamaten (¢ and o) m restricied 1o = 5% The uncertainty is the RSS of
tthﬂlmmwwwmal

= Apha'Oepth are ing SPEAS warrants that Ihe remaining deviation due 1o the boundary effect after compensaton o
alwayu lgsa than + ﬁhhwbw-:@krduba 2% for frequencies batween 3.6 GHz at sy distance laeger than hall the probe tip
diamoter from the boundary.
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HCT CO,LTD
EX3IDV4- SN:3967 Dacembar 16, 2015
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,LLTD

EX3DV4.- SN.2967

December 10, 2018

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Unceriainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Canificate No: EX3-3067_Dec1d Page 8 of 11
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCTCOLLTD
EX3DVA- SN:3967 December 16, 2015
Conversion Factor Assessment
{= 835 MHz, WGLS R (H_comf) f= 1800 MHz WGLS R22 (H_comvf)
Ibt\\ ] ]
!D' \
§ n -
i i
; wi
U?[‘J - '-l ) - .:" . w B I"l l; - Q -‘l i ” ‘:'“ A ‘D.- e o
'&‘ -..:;‘-o - -.i‘l-
Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
10 08 08 04 02 00 02 04 06 08 10
Uncaortainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
C—enﬁwu No: EX3-3967 Dects V Page 10 of 11
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hC'- FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCTCO,LTD

EX30V4- SN:AGET Decombear 16, 2015

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

Other Probe Parameters

"Sensor Arrangement ‘ f&ﬁa&ﬁ;]
Connector Angle (*) -20.6
Mechanical Surface Delection Mode T enabled
Optical Surface Detection Mode disabled
“Brobe Overall Length 337 mm |
Probe Body Diameter i 10 mm |

| Tip Length : *B_r—n‘rﬁﬁ‘
Tip Dismeter 25mm |
Probe Tip to Sensor X Calibration Point 1 mm 1
Probe Tip to Sensor Y Calibration Point 1 Tmm
Probe Tip to Sensor Z Calibration Point 1T mm

"Recommended Measurement Distance from Suriaca 14 mm |

Centificate No. EX3-3967_Doc15 Paga 11 of 11

F-TP22-03 (Rev.00) 109 /190 HCT Co., LTD



FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCTCO,LTD
Calibration Laboratory of &, S Schweizerischer Kalibriecdienst
Schmid & Partner % C Service suisse d'étalonnage
Engineering AG : : s Servizio svizzero ¢ taratuea
Zoughausstrasse 43, 8004 Zurich, Switzeriand ’—4,,/{;?\?9 Swiss Calibeation Service
Pl
Accracied by the Swiss Accreditasion Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recagnition of calibration certificates
cient  HCT (Dymstec Cortficate No: EX3-3968_Jun15’
Ot E£X3DV4 - SN:3068.
Caibration procedire(s) QA CAL-01.v9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5,
Calbwasion date. June 18, 2815
This calibration cedificate & ks the Yy to | standards, which realfize the phyaical units of measurements (S1),
The nts @ the ur with confi Dabiity are given on thie followeng pages and e part of the cerificate.
AR catibeations have been conductod o the ciomed lab y focility. em 1 x0 (22 + 3)°C and humidty « T0%.
Calibration Equipment used (MATE concal for cotbration)
{
Prmary Standards 1 Cal Dote (Cevtificate No | Schaduded Calbration
Pawer meter £44198 GBA1203874 D1.Age. 15 (Na. 217-02128) Mar18
Power sensor E44124 MY4 1485087 01-Agx-15 (No. 21702128) Mar 16
Red 3 48 Atterviator SN S5054 (3¢) 01-Apt-15{No_ 217-02129) Mar 18
Refecence 20 dB Attenuator SN §5217 (20%) 01-Ape-15 (No. 217-02132) Mar.18
Reference 30 d8 Atenuater SN: 35129 {30b) 01-Apt-15 (No. 217-02133) Mar- 16
Refeconce Probe ES3DV2 SN: 3043 30-Dec-14 (No. ES3-3013_Dag14) Dec-15
DAE4 SN 560 18-Jan-15 {No. DAEA-660 Jan15) Jar-16
Secondary Standards D Check Date (in house) Scheduled Check
RF generaloe HP 88480 US35420U01700 4-Aug-99 (in nouss check Apr-13) In house check. Ap-16
Network Anadyzer HP 8753 US37T390585 18-0ct-01 {in house chack Oct-14) in house check. Oct-15
| v
Issuad June 18, 2015
This calibestion cartificate shall not ba reproducesd sxcapt in ful withowt weton approvel of the labcoratory.
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCT CO,LTD
Calibration Laboratory of D Sk PTE
Schimid & Partner N .\ (s: mmcmmm
Engineering AG e g Servizio svizzero di tarstura
Zoughausstrasse 43, 2004 Zurich, Switzerland —-,,‘4ﬁw\? \\‘ A Swiss Calibeation Servico
Accreditod by thit Swiss Accraritaton Service (SAS) Accroditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreamant for the racognition of calibration cectificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensilivity in free space

CoavF sensitivity in TSL / NORMx,y.z

DCP diode compression point

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

ABCD modulation dependent linearization paramelers

Polarization ¢ ¢ rotation around probe axis

Polarization 8§ 3 rotation acound an axis that is in the plane normal to probe axis (a3t measurement center),
L., § = 0 is nomal to probe axis

Connector 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 Rate {SAR} in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b) IEC 622091, "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

Methods Applied and Interpretation of Parameters:

s NORMx.y.z: Assessed for E-field polarization 8 = D (f < 900 MHZ in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx.y,z are only intermediate values, i e., ths uncertainties of NORMx v,z does not affect the E*-fiaid
unceriainty insiie TSL {see below ConvF),

= NORM(Nx.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This ineacization is
implemented in DASY4 software versions iater than 4.2. The uncertainty of the fraquency response i included
in the stated uncertainty of CanvF.

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

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

o Axyz Bryz Cxyz Dryz VReyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signat. The parameters do not depend ‘on frequency nor
media, VR is the maximum cafibration range expressed in RMS voitage across 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 satups 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 10 improve probe accuracy Close to the boundary, The sensitivity in TSL corresponds
to NORMz,y,z * Convl- whereby the uncertainty cofresponds to that given for ConvF. A fraquency dependent
ConvE is used in DASY version 4.4 and higher whick allows extending the validity from £ 50 MHz 1o £ 100
MHz,

« Spherical isotropy (3D deviation from isotropy): in-a field of low gradients realized using a flat phantom
expased by a patch antenna.

« Sensor Offsel: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No lolerance required.

« Connegtor Angle: Tha angle is-assessed using the information gained by determining the NORMx (no
uncertainty required).

Contificate No: EX3-3965_Junis Page 2of 11
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hC'- FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCTCO,LTD

EX3DV4- SN:3968 June 18, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (p\VOVIm) )" 0.36 0.35 0.42 +10.1 %
DCP (mV)* 1031 102.8 96.8 i

Modulation Calibration Parameters

[UID Communication System Name | A 8 c | b VR Unc®
‘ de | dBvpv | dB mv (k=2)
0 cw X | 00 0.0 10 | 000 | 1303 | #30% |
| Y | 00 00 10| 1208
1 z| 00 0.0 10 | 1423

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 comresponds 1o a coverage
probability of approximately 95%,

A Tria wncertalalios of NormX,Y,Z do not affect the E7-Nietd uncertainty inside TSL {see Pages 5§ and 6.
* Numerical nearzation parameter; uncenainty not recred

" Uncertainty is determined using tha max. deviation from Inesr respanse applying rectanguiar cistrib and 5 expr d for the square of the
fetd value.
Certificate No: EX3-3968_Jun15 Page dof 11
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCTCO,LTD

EX30DV4- SN:3968 June 18, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.
T(MH2)® | Permittivity” | (Stm)” ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 13.08 13.09 13.09 0.00 100 | =133%
300 453 087 12.28 12,28 12.28 0.10 120 | £133%
450 435 0.87 10.61 10.61 10.61 0.18 120 | +133%
750 418 0.89 992 9.92 9.92 0.18 157 | #120%
835 a41.5 0,90 9.60 9.60 9.60 0.21 164 | +120%
900 415 0.97 9.45 8.45 9.45 0.22 125 | £120%
1450 40.5 1.20 828 B8.28 828 0.28 102 | £120%
1750 40.1 1.37 823 B8.23 8.23 0.31 080 | $120%
1800 40.0 1.40 795 7.95 7.95 0.30 0.80 +12.0%
1950 40.0 1.40 7.66 7.86 7.66 0.38 080 | £120%
2300 395 1.67 7.51 7.51 7.51 0.37 080 | +120%
2450 3g.2 1.80 7.21 7.21 7.21 0.36 080 | +120%
2600 39.0 1.96 7.06 7.06 7.06 0.39 085 | £120%
3500 37.9 281 6.82 6.82 6.82 029 133 | 2131%
5200 36.0 466 5.26 5.26 5.26 0.30 180 | 2131%
5300 359 4.78 5.09 5.09 5.09 0.35 1.80 | $13.1%
5500 356 4.96 4.86 4,86 4.86 0.40 180 | +13.1%
5600 355 5.07 459 4.59 4.59 0.40 180 | £13.1%
5800 35.3 527 468 468 4.68 040 180 | *131%

 Fraquency mmmmw.1wmwwummsvuawmm4mvmz> also it Is restricled 10 + 55 Mz The
Msmmdw&:ww cafibratico freq and the y for the band. Fraquency vasdty
beiow 300 MHz t5 = 10, 25, 40, MMIOMH:WCWFamaIm &4, 928, 1SONﬂONWy Above 5 GHz frequency
vMunb.wmnwm:

* Al requencias below 3 GHz, the validity of Sssue parametess (= A o) can ba refgued fo ¢ 10% & hiquid scompensalion foamula ts appied 0
meosured SAR values. Al froquancies abava 3 GHz, the validty of Ussue paramecens (v and o) s restrictid lo £ 8%, The uncectanty @ the RSS of
mwmmmmmmpm

that e ing deviaton due to the dary effoct after

duyemm £ mmﬁmeG&mm:mwwmmMcmmwdammmwwmep
diamnetar from the boundary,
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCTCO,LTD

EX3DV4- SN:3868 June 18, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

f{MHz) © p.“n?‘m' cmw ConvF X | ConvFY | ConvFZ rAlp_rg“ m)u m
150 61.9 0.80 12,40 12.40 12.40 0.00 1.00 | £13.3%
300 58.2 092 11.34 11.34 11.34 0.05 1.10 | +133%
450 56.7 0.94 10.86 10.86 10.86 0.12 120 | +133%
750 58.5 0.96 9,49 8.49 949 0.34 103 | +120%
836 55.2 0.97 9.55 9.55 9,55 0,50 080 | £120%
900 550 1.05 9:34 9.34 9.34 0.42 093 | £120%
1750 534 1.49 7.87 7.87 7.87 0.42 0.80 | £120%
1900 533 1.52 7.60 7.60 7.60 0.33 095 | £120%
2450 527 1.95 7.25 7.25 7.25 0.36 080 | £120%
2600 52.5 216 7.10 7.10 7.10 0.24 080 | +120%
5200 49.0 5.30 a7 a7 471 040 190 | £131%
5300 489 542 4.44 4.44 4.44 0.40 1.90 | £131%
5500 486 565 4.14 4.14 414 045 190 | £131%
5600 485 577 3.93 3.93 3.93 0.45 190 | 2131%
5800 482 6.00 427 427 4.27 0.45 190 | 2131 %

© Frequency valday above 300 MHz of 2 100 MHz only sppies for DASY w4 and higher (soe Page 2), she 33 restricted fo 1 50 MHz. The
unceriainty is the RSS of the Coenvi® uncenanty st Cokaration frequency and the uncertainty for the indicaied fraquency band. Fraguancy validity
belaw 3060 MiHz s + 10, 25, 40, S0 and 70 MHz for Comf assessments at 30, 64, 128, 150 ond 220 MHz respecively. Above 5 GHz frequency
vislicity can be extended 10 £ 110 MHZ

" At fraquencies belaw 3 GHz, the valdity of lissue parameters (c-and o) can be relaxed 1o = 1% i iquid on formude is
measured SAR vales, At fraquencies above 3. GH. the visidity of fissue parameters (c 8nd o) 15 restricied (o & 5%. Tn-momawybn\ansSol

mmmmmmwdwmm

ae determined dufing calibration. SPEAG warmacts that the remaining deviaton due 1o the boundary effect sfter b
ohnyslmmn:19&latwu«msbomBMMW:NW*WMNMHWMWN"N“NM'D
diameter from the boundary
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F-TP22-03 (Rev.00) 115 /190 HCT Co., LTD



-~
‘—'C'- FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCT CO,LTD
EX3DV4- SN:3962 June 18, 2015
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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HCTCOLLTD

EX3DV4-- SNIIg6a June 18, 2015

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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FCC ID: ZNFHRF

EX30DV4- SN:3968

%
5 ]
g
>
o)
§' 10'
1074
10'4
10°
1«
g 0
<
w
“dos
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Dynamic Range f(SAR}eaq)
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rot compensated compensated

Uncertainty of Linearity Assessment:  0.6% (k=2)
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FCC ID: ZNFHRF

HCTCO,LTD

Report No: HCT-A-1604-F008-2

June 18, 2015

EX3DV4- SN3ISES
Conversion Factor Assessment
{ = 835 MMz, WGLS RS (H_convfF) { = 1900 MHz WGLS R22 (H_comf)

o0
!

903 c x R . 'D— L3 :(il i‘ "0 1 ;) v.\o”n“*n”.z‘. a“
3 jmm] ijom
i = X s
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

02 04 08B 08 10

-08 05 -04 02 00
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)

10

Certificate No: EX3-3968_Juni5 Page 10 of 11

HCT CO., LTD

F-TP22-03 (Rev.00) 119 /190



-~
hC'- FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCTCO,LTD

EX30V4- SN:3968 June 18, 2015

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

Other Probe Parameters
Sensor Arrangement Triangular
“Conneclor Angle (°) RGER
Mechanical Surface Detection Mode ensbled
"Oplicai Surace Detection Mode = ’ disabled
| Probe Overall Length = [ 337.mm |
“Probe Body Diameter 10 mm
| Tip Length B amm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1mm |
Probs Tip to Sensor Z Calioration Pont | Tmm |
l Recommended Measurement Distance from Surface l 1.4 mm ‘
Certificate No; EX3-3968_Jun15 Page 11 of 11
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HCTCO,LTD

FCC ID: ZNFHRF

Report No: HCT-A-1604-F008-2

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzariand

FAecredied by the Swiss Accredtatian Sarice (SAS)
Thu Swiss Accreditation Secvice is onw of the signatories to the EA
Multitateral Agreement far the recognition of calibration certificates

& fo“'\

Accreditation No.: SCS 0108

This cattration conficate documents the fraceabiity to national standards, which realze the physcal unes of measwrements (S1)

The nts and the fies with confidence probabilty ate given on the foliowing pages and ure part of the cenificate.
Al caltratons have been conduciod n the closed y facinty: petature (22 « 3)°C snd humidity < 70%,
Catbration Equipment wsed (MATE critical for calibration)
Standarts 0 Cal Date (Cortficate Na ) Scheduled Calbraton

Power mates EA41658 GB41293874 Qt-Apr-15 (No. 257-02128) Mar-10

Power sensar E4412A MY4 1408087 01-Apr15 (Na 217-02128) Mar-16

Refarence 3 9B Anenuaror SN. 55062 (3c) O01-Apr-1% (No. 277-02126) Mar-10

Ruterence 20 uB8 Ateouator BN 55277 (20 01-Apr15 (Na 21702132) Mar-18

Reference 30 6 Anenuator | SN. $5129 (300) Q1-Apr-15 (No 217-02133) Mar-10

Rutwrence Probw ES30V2 SN 3013 30-Dec- 14 (Na. E53.3013_Dec14) Dec-18

DAE4 SN. 560 14.Jan 15 (Na. DAE4-880_Jan18) Jan 16

Secondary Stardands D Check Dato (i house) Sched: Check
| RF generater HP B645C US36420U01700 4-Aup98 (In house check Apr-13) I house check: Apr-18
Network Anatyzes HP B753E US3T300585 18-0c141 (n houso check Oct-15) In house check: Oct-18

Function
Calteatod by L aboraliny
Aporoved by

This oalibration certificate shall not be reproduced excest in full without wiitten anproval of the laboratarty

Certificate No! EX3-3797_Novis

Pags 10f 11
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCTCOLLTD
Calibration Laboratory of PR Bebwvelnsctach Aocdi
Schmid & Partner ~— g mmfmnm
Engineering AG > Servizio svizzero di taratura
Zeughausstrasse 43, 0004 Zurich, Switzerand {’%ﬁ.\ S Swiss Calibration Service
Accredied by fhe Swiss Accredtation Serace (SAS) Accreditation No.: SCS 0108
The Swiss Accroditation Servica is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration centificates
Glossary:
TSL tissue simulating liquid
NORMx.y,z sensitivity in free space
ConvyF sensitivity in TSLINORMx
pDcP diode compressan point
CF crest factor (1/duty_cycie) of the RF signal
A B.C.D modulation dependent linearization parameters
Polarization o @ rotation around probe axis
Polarization 5 8 rotation around an axis that is in the plane normal to probe axis (at measuremant centar),
Lo, 9 =01 normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate systom

Calibration is Performed According to the Following Standards:

8)

)
c)

d)

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

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

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

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polrization 8 = 0 {f < 900 MHz in TEM-cell: f > 1800 MHz: R22 waveguide)
NORMx.y,z are only intermediate values, |.6., the uncertainties of NORMx,y.z does not affect the E”-fiald
uncertainty inside TSL (see below ConvF).

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

DCPx,y.z: DCP are numerical linearzation parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depand on frequency nor media.

PAR; PAR is the Peak to Average Ratio that Is not calibrated but determined based an the signal
characteristics

Axyz; Bx,y.z, Cx,y.z; Dx,y.z; VRx,y.z. A. B, C, D are numerical inearization 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 distnbutions 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 uncenainty 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 * ConyF 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 isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
axposed by a patch antenna.

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

Connector Angle: The angle Is assessed using the information gained by determining the NORMx (no
uncertainty requirad).

Certificasts No: EX3-3787_Novis Page 20l 11

F-TP22-03 (Rev.00) 122 /190 HCT Co., LTD



-~
‘—'C'- FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCTCO,LTD
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Manufactured:  April 5, 2011
Calibrated: November 24, 2015
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

HCTCO,LTD

EX30Va- SN-3787 November 24, 2015

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

Basic Calibration Parameters
Sensor X Sensor Y Sensor Z Unc (k=2)
| Norm (uVi(Vim)')" 0,62 0.58 0.56 +10,1%
| DCP (mV)" 9.5 97.0 98 .4
Modulation Calibration Parameters
uiD | Communication System Name | A | B c 3) VR Unc®
B d8 d8vuv as mv (k=2)
0 cW x| o0 0.0 10 | 000 | 1775 | 25%
| v 0.0 0.0 10 1769 ‘
| 2 0.0 0.0 1.0 1718

ed uncertainty of measurement is stated as the standard uncertainty of measurement

The re
mumplﬁo%nby the coverage factor k=2, which for a normal distribution corresponds 1o a coverage

probability of approximately 95%.

* The uncertaies of Norm XY, Z do not affect the E™fisld uncertanty inside TSL (see Pages 5 and &)

" Numercs! Ineanzation paramater: uncenainty not requined,
‘Uvmamﬁdommmumu o Non from bnear T RPEiyIng rectangular Gstibubon and od for 1he sguarm af ihe
fal O viviom
Centificats Na: EX3-3707_Nov15 Pago4dof 11
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCTCO,LTD

EX3DV4- SN3797 November 24, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © Pom' °°"Ls:"‘-?§""" ConvEX | ConvFY | ConvF2 s m‘r (uk-n;)
750 41.9 0.89 9.38 9,38 9.38 0.32 096 | +120%
835 415 0.80 B.98 B.98 8.98 0.16 1.78 | $120%
900 415 097 8.66 B.86 8.86 0.21 153 | £120%
1450 405 1.20 7.73 7.73 7.73 0.15 177 | £120%
1750 40.1 137 7.85 7.85 7.85 0.35 080 | +120%
1900 400 1.40 7.61 761 7.61 0.34 08) | £120%
1950 40.0 1.40 7.32 7.32 7.32 039 | 083 | £120%
2300 385 167 r.27 1.27 7.27 0.39 085 | £120%
2450 392 1.80 .90 6.90 6.90 0.40 080 | £120%
2600 38.0 1.96 6.68 6.68 6.68 048 080 | =120%
3500 378 2.91 861 6.61 6.61 0.39 089 | 2131%
5200 36.0 4.66 4.80 4.80 4.80 0.40 180 | 2131%
5300 35.9 4.76 4,59 459 4.58 0.40 180 | 2131%
5500 356 495 452 4,52 452 0.45 180 | 2131 %
5800 355 5.07 421 421 421 0.50 180 | #131%
5800 353 527 4.20 4.20 420 0.50 1.80 | £+131%

" Frequency valdiy sbove 300 Mz of & 100 MHz only nppdes for DASY w4 4 and vgher (s0a Poge 2), oise It is restricted 1o = 50 MMz The
uncertnty is the RSS of the Comd uncenainty # calteaton frequancy and the uncertainty for the indicated frequency band. Frequency vty
baolow 300 MHz is £ 10, 25, 40, 50 ana 70 MHz for Convi assessments at 30, 64, 126, 150 and 220 MMz respectively, Above 5 GHz bequency
mmumw:nom

" At froquencies bulow 3 GHz. the vaildity of lissue parameten (¢ and o) can be relsd 19 + 10% If Sgud compensation fonmus & applied to
measured SAR vaes At froquencies above 3 GHz. the validity of tssue parnmeters (e and o} s restncied 1o £ 5%, The uncertainty 8 tha RSS of
the ConvF Mmunmnmwmmm

“ Apha/Degth are d SPEAG warronts that the remaining devistion dus 10 the boundary sffect after comgx
ambam-nzmbmmmJONznmmtﬂbmmncwmmy&nruuwmmmmm
diameter from the boundery
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCTCO,LTD

EX30V4- SN-3797 November 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

1(MHZ)© | Permittivity” (8im)* ConvF X | ConvFY | ConwFZ | Alpha® | (mm) (=2}
750 555 0.98 9,39 9.39 9.39 0.29 116 | £120%
835 §5.2 0.97 8.17 9.17 947 0.32 108 | £120%
1750 534 1.49 7.52 7.52 7.52 0.42 080 | £120%
1900 533 1.52 7.32 7.32 732 0.31 097 | £120%
2450 52.7 1.95 ] 6.91 £.01 8.91 0.34 085 | £120%
2600 525 216 | 675 | 675 | 675 | 016 | 0o | s120%
5200 49.0 5.30 4.24 4.24 4.24 0.50 1.90 +£13.1%
5300 48.9 542 4.07 4.07 4.07 0.50 190 | 2131 %
5500 486 | 586 3.80 3.80 3.80 0.55 190 | 2131%
5600 485 577 3.54 3.54 3.54 0.60 190 | £131%
SB0O 48.2 6,00 3.84 384 384 | 060 180 | £131%

“ Frequency valldity above 300 Mz of & QWMWQNQIGDASVN‘MMM[MMZ) mummmmn 50 MHz. Tha
uncstakity o the RSS of me Conyf uncertanty st caliboation S y et the ue y for y band. Frequency validity
bedow 300 MHz % = 10D 25, &0 suwmumtuWawmmau 84, 128 |sommummm Abmsm:hmy
vaiiddy can be extended to £ 110 MHz

M Irequencies Delow 3 GHz. the validlity of tssus paramaiers (= and o) can be relaxed 1o 2 10% 1 lgued compensaton fomula is appled 1o
measured SAR values. At froquencies sbove 3 Ghiz, the validty of tissue parseneten (c and o) = restricied (0 £ 5%. The uncertainty is the RSS of
mwmmbmmwm

" Npha/Dept are during calb SPEAG il that (e ree G Oevialion due 10 the boundery sflect after Compansation W
ahenyn jess than = 1% 10r froguancies besow 3 GHz and balow = 2% for fraguencins between 3-6 GHz st any dstance lnrgor than had the prode tp
Sametar from the boundary
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EX3DV4- SN3797 Novembor 24, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2

EXI0OVa. SN.3Ta7

November 24, 2015

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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EX3DV4- SN3T97 November 24, 2015
Dynamic Range f(SARcad)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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HCTCO,LTD

Report No: HCT-A-1604-F008-2

EX30DV4- SN3787 November 24, 2015

Conversion Factor Assessment

=835 MHZ WGLS R (H_comF) = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

10 08 08 04 02 00 02 04 ©6 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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FCC ID: ZNFHRF

Report No: HCT-A-1604-F008-2

EXIDV4- SN:3797

Novernber 24, 2015

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

Other Probe Parameters

| Sensor Arrangement Trinngular
Connector Angle (*) 675
[ Mechanical Surface Detection Mode enabled
"Optical Surface Detection Mode disabled |
Probe Overall Length 337 mm
Probe Body Diameter — 10 mm |
Tip Length amm |
“Tip Diamoter 2.5mm
‘Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Pomt 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurament Distance from Surface 1.4 mm

Cartificate No: EX3-3787_Nov13 Page 11 of 11
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FCC ID: ZNFHRF

Report No: HCT-A-1604-F008-2

HCT COLLTD
Calibration Laboratory of N Sitwelesiacher Kiliteesianst
Schmid & Partner = g Service suisse détalonnage
Engineering AG s Sarvizic svizzero di taraturs
Zeaghausstrasse 43, 1004 Zurich, Switzariand Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accroditation Service is one of the signatodies to the EA
Multilateral Agreament for the recognition of calibration certificates

Calibration Equipmant used (MATE critical lor caltwason )

This calibration cedificale docurmants the dty 10 national standands, which reaiize the physical units of measurements {55

The measuraments and the with confi probatifity wee gven on the KEowIng pages and s part of the cwtifcate.

A calitrations. hive been canducted |n the closed laboratcry facildy: savennment lempecutrs (22 & 31°C and numiday < 70%

This calbranon cortficam shal not be reproduced Gxcept in full without weitten aporovil of the eboratory,

Frimary Stor 2] Cal Date {Certificate No ) Schetulnd Caktvation
Power meter E44168 CB4 4203074 01-Apr- 15 (No. 217.02128) Mar-10

Power sensor E4412A MY 41488087 0\&451”0 217-02128) Mar-16

Reference 3 9B Attenuetor SN: 55064 (3¢) 0%Ape15 (No 217-02128) Mar-19

Raterence 20 08 Atlarstor | SN 88277 (20w) 01-Ap-15 [No_217-02132) Mar- 16

Reference 30 o8 Atleouator BN 55129 (30b) (1-Ape-15 (No. 21702133} Mar-19

Red Probe ES30V2 SN. 3013 30-Dac-14 (No. £53-3013_Decid) Dec-18

DAES SN 480 14-Jan 15 (N0 DAE4-660_ Jan15) Jan-10

s y Standards 0 Check Date (in house) Scheduled Check

RE genesutor HP BE648C US3842001 700 4-Aug-99 (In house check Ape-13) In house check: Apr-18
Natwork Analyzer HP 8753E US37300685 18.0ct-01 {In house chack Oct-14) In house check: Oct-15
Calitirated by

Approved by:
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HCTCO,LTD
Calibration Laboratory of B St
Schmid & Partner ] g Smuhd‘:nw
Engineering AG % Sarvizio sviczero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switseriand g S swiss Calibeation Servics
Accredited by the Swiss Accradilation Senice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMX.y,z

pce diode compression point

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

A.B.C.D modulation dependent linearization parameters

Polarization ¢ w» rotation around probe axis

Polarization % # rotation around an axis that is in the plane normal to probs axis (at measurement center),
La., 8 =0 is normal 1o probe axs

Connector Angle infarmation used in DASY system to align probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

IEC 82209-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-heid devices used in close
proximity to the ear {frequency range of 300 MHz to 3 GHz)", February 2005

|EC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication davices
used in close proximity 1o the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assesssd for E-field polarization 8 =0 (f 5 900 MHz In TEM-cell, > 1800 MHz: R22 wavequide)
NORMX.y.z are only intermediate values. i.e., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

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

DCPx.y,z. DCP are numerical linsarization 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 Prak to Average Ratio that is not calibrated but determined based on the signal
charactenstics

Axy.2: Bx.y.z: Cxy.z Dxy,z VR.y.z 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. VA & 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 distribubons based on power
measurements for f > 800 MHz. The same sefups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx,y.z * Convf whereby the uncertainty comesponds to that given for ConvF, A frequancy dependent
ConvF s used in DASY version 4.4 and higher which allows axtending the validity from £ 50 MHz fo £ 100
MHz.

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

Sansor Offset, The sensor offsel corresponds 1o the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance raquired.

Connector Angle: The angle is assessad using the information gained by determining the NORMx (no
uncarainty required).
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EX3DV4- SN:3863 August 27, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVAV/im))" 0.37 0.35 0.45 101 %
DCP (mv)" 101.9 103.9 98.9
Modulation Calibration Parameters
uiD Communication System Name A B c I D VR Unc™
I d8 | dBvjv | o8 | mV | (=
0 oW | x| ob 0.0 10 | 000 | 1318 [ #27%
Y| o0 0.0 10 | 1209 ||
Z 00 0.0 10 | 1264

The reported uncertainty of measurement is stated as the standard uncerainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 85%.

The uncertunties of Notm XY .2 do not sffect the E°-field uncertminty ingside TSL (see Pages § and 0)
" Numencal inearization paramater: uncertmnty not s

 Unoanainty is determined usng the max. deviation from Inear response PEpIng rectanguiar dslribution acdd m exprassed tor ihe squme of the
fwld value
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth © Une

1(MHz)® | Permittivity" (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 1189 11.89 11.80 0.00 100 | 2133%
450 43.5 0.87 10.31 10.31 10.31 0.17 130 | 213.3%
750 419 0.89 9.83 9.83 9.83 0.24 1.21 £12,0 %
835 415 0.90 946 .46 9.46 0.21 130 | +120%
900 415 0.97 9.28 9.28 9.28 0.26 1.1 +120%
1450 40.5 1.20 831 8.31 8.31 0.15 1.81 +120%
1750 40.1 1.37 8.18 8.18 8.18 0.36 080 | +120%
1900 40.0 1.40 7.84 7.84 7.84 0.21 107 | $120%
1850 400 1.40 7.60 7.60 7.60 0.31 080 | $120%
2450 39.2 1.80 7.04 7.04 7.04 0.27 098 | £120%
2800 39.0 1.96 6.84 6.84 6,84 0.27 104 | +120%
3500 379 291 6.77 6.77 6.77 0.38 1.06 | £131%
5250 359 4.7 4.94 4.94 494 0.35 180 | +131%
5600 355 507 | 444 4.44 448 | 045 | 180 | +131%
5750 354 522 b.ss 4.65 465 045 180 | £131%

“ Fraquency validity above 300 MHz of 2 100 Mz only spplies for DASY va 4 and higher (see Page 2) &adcvw'mdlotsnm 1?-
uncenanty is the RSS of the ConvF urcertandy at calittation frequency and the Wy fof the y band. F

below 300 Mz u 2 10, 25 20, 50 and 70 MHz for Conv® sssesaments st 30. §4_ 128 mwmmm AboanHzfrmy
validity can bo extended 1o = 110 MHZ

" A rpquencies below 3 Gz, the validity of issue paratneters {1 and o) can be relaxed 1 = 10% If bquid compensation formulta is d 1o
measured SAR values. Al freguencias above 3 GHz, the valaty of lissue paramtens (¢ and o) & restrcted 1o © 5% fhumtynmﬂSSd
mwwwmnwwm

“ AlphaDaptn are dueng 1havt (v rer 1y due 10 e b y ottect atter wsation s
@woys j0ss than = mmmm3&umm12&mmmum-mmwmummu
dameter fom (he Soundary.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth * Une

f(MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ComvFZ ‘Alpha‘: (mm) (k=2)
150 61.9 0.80 1168 11.68 11.68 ] 0.00 1.00 213.3 %
450 56.7 0.94 10.67 10.67 10.67 0.10 1.20 £13.3%
750 55.5 0.96 978 976 9.76 0.25 1.16 +£120%
835 552 0.97 940 9,40 9.40 0.23 1.44 +120%
1750 53.4 1.49 7.73 7.73 7.73 0.24 1.01 +120%
1900 533 1.52 7.48 7.48 7.48 0.39 080 | *120%
2450 527 195 7.11 7.1 711 0.31 080 | +120%
2600 525 216 6.97 897 6.97 0.33 0.80 +120%
5250 489 5.36 4.44 4.44 4.44 0.40 190 | +131%
5600 485 5.77 a7 377 377 0.50 1.90 £13.1%
5750 48.3 594 4.08 4.08 4.08 0.50 190 | £131%

’meymnnym.\wu'kdt‘wWamynwb\WOASlelmhwurluerZl eise { & restrcted 1o 4 50 MHZ The
uncanainty i the RSS of the ConvF uncernainty at calibratian frequency and the uncertainty for the indcated kequency band. Frequancy vakdty
Delow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assosamants of 30 64, 128 150 and 220 MH2 respectvely. Above 5§ GHz frequency
umunuwmm:uoum

Al froquoncies below 3 GH2. the valiaty of lissue paramsters (¢ and =) can be miaxed 1o = 10% If liquid waation fi ha is
maasured SAR valuss. At frequencers above 3 GHz. the vaidity of issue parmmelen (« #nd o) & restncted 10 + 5% TMMﬁvumRSSd
Wmemmmp’mm

Y Alpha/Depth are determined during catibraition. SPEAG warmanis that the remaining deviation due 10 the boundary effect sfler compensation i
atways less than = 15 for frequencies below 3 GHz and below ¢ 2%, for frequencies between 3-8 GHz at sty (istancs larger thar half the probe bo
Aameter from the Doundary,
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Frequency response (normalized)

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

0 500 1000 1800 2000 2500
f [MHz]

ew Rz

Uncertainty of Froquency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

f=1800 MHz R22
* LJ - d . o .
§ {
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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input Signal [uV]

Error [d8]

August 27, 2015

Dynamic Range f(SAR}caq4)
(TEM cell , foum= 1900 MH2z)
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Uncertainty of Linearity Assessmont: £ 0.6% (k=2)
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Conversion Factor Assessment

f= B35 MHz WGLS R9 (H_convF) = 1900 MHz WGLS R22 (H_com#)

x . -t " - . L .~ e
e 3 g
2 2 2] LY
D wasier abia e

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

' oo
ossggbanh

<40 08 08 04 02 00 02 04 06 0B 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

Sensor Arrangement Triangular
“Connector Angle () 1053
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
“Probe Overall Langth === = — = 337 mm
“Probe Body Diameter 10mm
Tip Length amm |
Tip Damater 25 mm
Probe Tip to Sensor X Calibration Point o 1 mm
Proba Tip to Sensor Y Calitration Point 1 mm
Probe Tip to Sensor Z Galibrabon Point o 1 mm
Recommended Measurement Distance from Surface E ~ 1Amm |
Certificate No. EX3-3863_Aug1s Page 11 of 11
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
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Calibration Laboratory of Sy, Schweizerischer Kalibrierdienst
Schmid & Partner % 2 Service sulsse détalonnage

Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand ‘-,,,'ﬁ‘\‘s’ S Swiss Colibration Service
Accradided by the Swise Accredaation Senvico (SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Service is 0ne of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certiticates
cilent  HCT (Dymstec) Certificate No: D750V3-1014_Jul15

|CALIBRATION CERTIFICATE
|

| Objoct D750V3 - SN: 1014

Catirabion procedurels) QA CAL-05.v8
Calibraticn procedure for dipole validation kits above 700 MHz

Cafibration date: July 23, 2015

This calibeation cemticate documents 1ha raceability to national stardurds, wiveh resiiza the physical unis ol measarements (SI).
Tha measurmments and the uncartainties with contidence probiabiity are given on tha following pages and ate part of the cartificate

Al calibeations have Deen conducted in the closed labotatory faciity: erviraonment temperature (22 + 3)°C and humidity « 70%.

Calbration Equipment used (MSTE antical for calibration)

Primary Standards lIDw Cal Dato (Cortiicate No.) Sehedued Calbraton
Power meter EPM-442A | GRI74BOTO4 07-Oct-14 (No. 217-02020) Oct-15
Power Seneor HP 84814 \ US37262783 07-Oct-34 (No. 217-02020) o158
Power sansie HP B281A MY41002317 07-Oct-14 {No. 217-02021) oS
Reference 20 ¢B Atencalor | SN: 5058 (20%) 01-Ape-15 (No. 21702337) Mar-16
Type-N mismatch combination SN SIMT 2/ DeS2Y 01-Apr-15 (No. 217-02134) Mar-16
Refarancs Probs ESIOV3 SN 3205 20-Dec-14 (No. ES3-3205_Dec1d) Dac-1%
DAEA SN 501 18-Aug-14 (No. DAEA-E0T_Aug14) Aug15
| Secondary Stangdards Lo Chook Date {in houss) Soheduled Check
AF generator AES SMT-08 | 100005 D4-Aug-99 (in huse check Oct-13) I hoyse Gheck: Oct-16
Network Analyzer HP 8753E | US37300584 54206 38-0Oct-01 (in nouse chack Oct-14) I house chack: Cct-15
Namo Function Si &
Caliveatod by Michasl Webar Laboratory Tochnickan %—
Approved by: Katja Pakorde Tochnical Manapar P C' 4/{_,,
e o

[ssaed: Juy 23, 215
This calibeation cedtificata shall not be réproduced axcept in full without writter appcoval of 1he laboratory

Certificate No: D750V3-1014_Juls Page10f8

F-TP22-03 (Rev.00) 144 /190 HCT Co., LTD



FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCT CO,LTD
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Schmid & Partner "\\\v\é/"‘. 2 Service suisse d'éalonnage

Engineering AG % Sorvizio svizzero di taratura
Zeughsussirasse 43, 8004 Zurich, Switzertand % ,'ﬁ‘\f S Swiss Calibration Service
Acsrarited by the Swiss Accrediation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is ane of the signatories to the EA
Multilateral Ag t for the recognition of calibration cortificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,2
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) 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.

e Antenna Paramelers 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.

e 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.
Neo 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%.

Ceriificate No: D750V3-1014_Jul15 Page 2 of B
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HCTCO,LTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS v528e
Extrapolation Advanced Extrapofation
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 419 0.89 mho/m
Measured Head TSL parameters (220£02)°C 42526% 6.90 mhoim =6 %
Head TSL temperature change during test <05'C - e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2,05 Wikg
SAR for nominal Head TSL parameters normalized to 1W B.15 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.34 Wikg
SAHR for nominal Head TSL parameters normalized to 1W 5.33 Wikg = 16,5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220"C 555 0.96 mha/m
Measured Body TSL parameters (22.0+0.2)°C 551 6% 098 mho/m 86 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 216 Wikg
SAR tor nominal Body TSL parameters normalized to 1W 8.49 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAH measured 250 mW Input power 142 Whkg
SAR for nominal Body TSL parameters normalized 1o 1TW 5.60 Wikg = 16.5 % (k=2)

Certificate No. D750V3-1014_Jults
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o fead point 53904172
Reaturm Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to leed point 48.102-1.31
Aeturn Loss «36.0d8

General Antenna Parameters and Design

| Etectrical Detay (one direction) [ 1,036 1S |

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

The dipole is made of standard semirigid coaxfal cable. The center conductor of the feeding line is directly connected to the
sacond arm of the dipole. The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
ara added to the dipole arms in order to improve malching when loaded according to the position as expiained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according fo the Standard.

No gxcessive force mus! be applied to the dipole arms, because they might bend or the soldeved connections rear the
feadpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on March 22, 2010
Certdicate No: D750V3-1014_Jults Page 401 8
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DASYS5 Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1014

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: £=750 MHz: o =0.9 S/m; & = 42.5; p = 1000 kg/m'
Phantom section: Flat Section

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

DASYS2 Configoration:
o Probe: ES3IDV3 - SN3205: ConvF(6.44, 6.44, 6.44); Calibrated: 30.12.2014;
« Seasor-Surface: 3mm (Mechanical Surface Detection)
o Electromes: DAEA Sn601: Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP4YAA: Serial: 1001

o DASYS5252.8.8(1222). SEMCAD X 14.6,10(7331)

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

Reference Value = 53.32 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.05 Wikg

SAR(1 g) = 2.05 W/kg; SAR(10 g) = 1.34 W/kg

Maximum value of SAR (measured) = 2.40 Wikg

-2.00
-4.00
-6.00

-10.00

0 dB = 2,40 W/kg = 3.80 dBW/kg

Cenficate No: DY50V3-1014_Jul1s Page 501 &
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 23.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1014

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: { = 750 MHz: 6 = 0.98 S/m; 5 = 55.1; p = 1000 kg/m'
Phantom section: Flat Section

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

DASYS52 Configuration;
« Probe: ES3DV3 - SN3205: ConvF(6.21, 6.21, 6.21); Calibrated: 30.12.2014:
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated; 18.08.2014
o Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

o  DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 52 42 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,15 W/kg

SAR(1 g) = 2.16 W/kg; SAR(10 g) = 1.42 W/kg

Maximum value of SAR (measured) = 2.51 W/kg

dB
0

-2.00
-4.00
“6.00
-8.00

-10.00

0 dB =2.51 W/kg =4.00 dBW/kg

Conicats No: D750V3-1014_Jul1s Page7of8
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCT CO,LTD
Calibration Laboratory of AN Schweizerischer Kalibrierdienst
Schmid & Partner % 8 Service suisse d'étalonnage
Engineering AG 3 C arvisio svizzero o tarsturs
Zeughausstrasse 43, B004 Zurich, Switzerland % 4@.\«‘? S Swiss Calibration Service
Actredded by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Ag for the recognition of calibration cerificates
ciiet  HCT (Dymstec) Cartificate No: DB35V2-4d165_Nov15
|CALIBRATION CERTIFICATE
l
| Object DB35V2 - SN: 4d165
Catbration procodure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Cafitration date: November 24, 2015
This calitetion cortificate docurments the trac y lo dardy, which realize the physical unha of f vents {S1),
The measurameonts and the with confidence probability are given on the following pages and are part of the cenificate

Af calibrations have been conductod in the closed lsboratory faciity: environmaent temperature (22 + 3)°C and humidity < 708%.

Calvralion Eguipmant used (MATE critical for calbrabon)

Primary Standards ID* Cal Date [Certificate No | Scheduled C on
Power motor EPM-442A GB3748070¢ 07-0ct-15 (No. 217-02227) Ocr-16

Power sensor HP 8481A USH7292783 07-0c-15 (No. 217-02222) Cct16

Power sansor HP 8481A MYA0e2E Y 07-Oct-15 (No. 217-02223) Ot 16

Reterence 20 dB Atteruator SN 5058 (20x) O1-Apr-15 (No. 217-02131) Mar-18

Type-N mismatch combination BN 50472/ 06327 01-Apr-15 (No. 21702134} Mar-16

Referance Probe EX30VeE SN T340 30-Dec-14 (No. EX3-7349_Dectd) Dec-18

DAE4 SN: 601 17-Aug-15 (Na. DAEA-801_Aug15) Aug-16

Secondary Stangards Dw Check Dute (n houssa) Scnedufed Chack

RAF ganermtor HAS SMT-06 100072 15-Jun-15 (1 houss check Jun-15) n house chock. Jurn-18
Network Anatyser HP 8753E US37300505 S4206 18.0¢1-01 (in house check Oct15) I house check: Oct-16

Signaturs
Caltwated by Michasl Wabar Laboratory Techniclan l %
Approved by Kasia Pokavic Technical Manager % %

Hauen Novembar 24, 2015

This calration cerificate shall not be repeodicsd sxcept n full without withen approval of the labaratory.

Cerificata No: DA35V2-4d165_Novis Page 1of8
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HCT CO,LTD
Calibration Laboratory of RS Schweizertschor Kalibrierd
Schmid & Partner Qj% g Servico sulsse d'étalonnage
Engineering AG B Servizio svizzero i taraturs
Zoughsussirasse 43, 8004 Zurich, Switzerland Y ’@\\\\c S  Swiss Calibration Service
Accredited by the Swiss Accradiution Senice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum 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 1o a coverage
probability of approximately 95%.

Centificate No: DB35SV2-4d165_Novis Page20f8
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HCTCOLLTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, gz = 5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 415 0,90 mho/m
Measured Hoad TSL parameters (220202)°C 426=6% 0.92 mho/m =<6 %
Head TSL temperature change during test <05"C — e
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW input powar 229 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 9.06 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 149 Wikg
SAR tor nominal Head TSL parameters normalized to TW 5.90 Wikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and caloulations were applied
Temperature Pormittivity Conductivity
Nominal Body TSL parameters 20"C 552 0.97 mha/m
Measured Body TSL parametors (220202} °C 556=6% 0.99 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 2.40 Wikg
SAR for nominal Body TSL parametars nomalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW nput power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 6.25 W/kg = 18.5 % (k=2)
Coarntficate No: DB35V2-4d185_Novi1s Page 3of8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point S21Q-47Q
Returm Loss -260dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780-68j0
Return Loss -227d8B

General Antenna Parameters and Design

I Elactrical Deiay {one direction) J 1440 ns ]

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

The dipole is made of standard seminigid coaxal cable, The center conductor of the feeding line is directly connected 10 the
second am of the dipole. The antenna is therefore short-circuitad for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when loaded according to the pasition as éxplainaed in the
"Measurament Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is stil
according to the Standard

No excessive lorce must be appled 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 December 28, 2012
Certificate No: D835V2-4d165_Novis Paga 4 of 8
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DASYS Validation Report for Head TSL

Date: 24.11.2015
est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d165

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

Medium parameters used: =835 MHz: 6= 0.92 S/m; & = 42.6; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS2 Configuration
« Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77. 9.77); Calibrated: 30.12.2014;
¢ Sensor-Surface: | .4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08,2015
»  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASY52 52.8.8(1222); SEMCAD X 14.6,10(7331)

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

Reference Value = 60.39 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.40 Wikg

SAR(1 g) = 2,29 W/kg: SAR(10 g) = 1.49 W/kg

Muximum value of SAR (measured) = 3.03 Wikg

432

-lamn

0 dB = 3.03 W/kg = 4.81 dBW/kg

Cenificate No: DB3SV2-4d165_Nov15 Page50i8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN: 4d 165

Communication System: UID () - CW; Frequency: 835 MHz

Medium parameters used: T = 835 MHz; o = 0.99 S/m; & = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Stundard: DASYS (IEEE/IEC/ANST C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;

Sensor-Surface: | 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17,08,2015
Phantom: Flat Phuntom 4.91; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1222), SEMCAD X 14.6,10(7331)

Date: 24.11.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=5mm, dy=5mm, dz=5mm
Reference Value = 61.95 V/m: Power Dnift = -0.02 dB
Peak SAR (extrapoluted) = 3.54 Wikg

SAR(1

g) =24 W/kg; SAR(10 g) = L.58 W/kg

Maximum value of SAR (measured) = 3,17 W/kg

L8

an

wmn

0dB =317 W/kg=5.01 dBW/kg

Certilicate No: DB35V2-40165_Nov15 Page 7ol B
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFHRF Report No: HCT-A-1604-F008-2
HCT COLLTD
Calibration Laboratory of A0, Schweizerischer Kalibrierdienst
Schmid & Partner S \\\_// = e Service sulsse d'étalonnage
Engineering AG % C arvinio svizae & terstirs
Zeughausstrasse 43, 8004 Zurlch, Switzorland Y ,’f'\\‘_‘w\? S swiss Catibration Service
Aoccredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Multitatoral Agreement for the recognition of calibration cortificates

cient  HCT (Dymstec) Certiticate No: D1900V2-5d032_May15
CALIBRATION CERTIFICATE

Cbjoct D1900V2 - SN: 5d032

Cailyration procedure(s) QA CAL-05.v8

Calibration procedurs for dipole validation kits above 700 MHz

Galibration date: May 20, 2015

This calitbeabion cetificata documents the tracaabilly 1o réficnal standands, which realize the physical units of measurements {SH),
Tha measuramuonts and the uncedalntias with confidence probability are given on the folowing pages and are pant of the certificate,

AZ caliteations have baen canducted In the ciosed iaboratary facity: emdrcamant temparature (22:= 31°C and humidity < 70%

Calloration Equipment used (MATE critica for caiibention)

Primary Standards 10 # Cail Date (Certificalo 8o.) Scheduied Calibration

Powar meder EPM-4424 GB37AENTO4 07-01-14 (Na. 217-02020) Oct-15

Paower sensor HP 8481A US37292768 07-Oct14 (No, 21702020 Oct-15

Powar sansor HP 84814 MY£1082317 O7-Oct-14 (No. 217-02021) Oct-15

Feterence 20 9B Atlenuator SN: 5058 (20k3 01-Apri5 (No, 20702131) Mar-16

Type-N mismalch combination SN S0472 106327  O1-Apr-95 (No. 217-02134) Mar-16

fefacence Probe ES3OV3 SN: 3206 30-Dec-14 (No, ES3-4206_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAEG-B01_AugTa) Auag1s

Secondary Standards liow Check Date {in house) Schoduled Check

RF generator RS SMT-06 | 100008 04-Atg-98 (i house check Oct-13) I houss check; Oct-16
Notwork Analyzor HP &753E | US37980695 54208 18-O5t-01 (in house chack Oct-14) 1 bowse check: Oct-15

| Y %
Calitwated by: Le#t Rlysnor Labaratory Technician €. 4 ! _
P Kaila Pokovic Todhnical Mankget Mf

Issued: May 20, 2015

Tﬁswmxmwnanfmmmwumanxo@mtuuwmmmnwwsdmlmm

Centificate No: D1900V2-56032_May15 Page 10/8
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HCT COLLTD
Calibration Laboratory of G Schweizerischer Kalibrierdienst
Schmid & Partner c Service sulsse d'éalonnage
Engineering AG Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Accredtiod by the Swiss Accrediation Senvca (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiaterat Agreement for the recognition of calibration cortificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

« SAR for nominal TSL parameters: The meastred 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%.

GCertficate No: D1900V2-50032_May1s Page 20l 8
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Measurement Conditions
DASY system configuration, as far as nol n on page 1.
DASY Vaersion DASYsS V528.8
Extrapolation Advanced Exirapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ax, dy, d2 = 5mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 400 1.40 mha/m
Measurad Head TSL parameters {(220202)°C 389286% 1,37 mho/m £ 6%
Head TSL temperature change during test <05°C e —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL - Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Head TSL parameters normadized ta 1W 41.1 Wikg = 17.0 % (ku2)
SAR averaged over 10 cm” (10 g) of Head TSL corxdition
SAR measured 250 mW input powes 5.33 Wikyg
SAR for nominal Head TSL parameters nommalized 10 1W 21.4 Wikg + 16.5 % (k=2)
Body TSL parameters
The following paramaeters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters {220+02)C 527 28% 1.5 mho/m £ 6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.9 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 541 Wha
SAR for nominal Body TSL paramelers notmalized to 1W 21.7 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d032_May15

Page 3of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiomed to feed point 5130+52i0
Return Loss -255dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point A74404+551Q
Retum Loss -242d8

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1,195 ns |

After long term use with 100W radiated powar, only a stight warming of the dipole near the feedpoint can be maasurad.

The dipote is made of standard semirigid coaxial cabie, The center conductor of the ferding line is directly connected to the
second amm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o Imprave matching when loaded according 1o the position as explained in the
"Measurement Conditions™ pasagraph. The SAR data are not affected by this change, The overall dipole length is still
according to the Standard,

No excessive force must be appiied to the dipole arms, because thay meght bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufactured on March 17, 2003
Cortificate No: D1900V2-5d032_May15 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 20.05.2015
Test Laboratory; SPEAG, Zurich, Switzerfand
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54032

Communication System; UID 0 - CW; Frequency: 1900 MHz2

Medium parameters used: f = 1900 MHz; ¢ = 1.37 S/m: g, = 38.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/TEC/ANSIL C63.19-2011)

DASY52 Configuration:
« Probe: ES3IDV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014;
» Sensor-Surface; 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Snol1; Calibrated: 18.08,2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Senal: 1001

« DASY3252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 99.00 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.6 Wikg

SAR(1 g) = 10.2 W/kg: SAR(10 g) = 5.33 W/kg

Maximum value of SAR (measured) = 12.7 W/kg

-3.60
-1.20
-10.80

-14.40

-18.00

0dB =127 W/kg = 11.04 dBW/kg

Certificate No; D1900V2-5d032_May15 Page 50l 8
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impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 20.05.2015
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: 6 = 1.51 S/fm; &, =527, p = 100 kg/m'

Phantom section: Flat Scetion
Measurement Standard: DASYS (IEEEMEC/ANSI €C63.19-2011)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65), Calibrated; 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 3.0 (back): Type: QDOODOPSOAA; Serial: 1002

» DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)
Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=5mm, dz=5mm
Reference Value = 96.54 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolaied) = 17.3 W/kg

SAR(I g) = 10.2 W/kg: SAR(10 g) = 5.41 W/kg
Maximum value of SAR (measured) = 12,8 Wikg

-71.60
-11.40
-15.20

-19.00

0dB =12.8 W/kg = 11.07 dBW/kg

Certificate No: D1900V2-5d032_May15 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Report No: HCT-A-1604-F008-2

HCTCO,LTD
Calibfation Laboratory of ‘,:\‘“'&'./;"’z, S Schweizerischer Kalibrierdienst
Schmid & I?artner % c Service suisse d'étalonnasge
Engineenng AG T Seryizio svizzero di taratura
Zeughausstrasse 33, 8004 Zurich, Switzerland VTS S Swiss Colibration Service

Accradited by the Swiss Accreditation Sarvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

cient  HCT (Dymstec) Certificate No: D2450V2-743_May15
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 743
Calibrstion procedurels) QA CAL-05.:9 ; o
Calibration procedure for dipole validation kits above 700 MHz
Calioration date: May 19, 2015

Caliteation Equipmant used (MATE vriical far calibration)

This calibration canficate documents tha traceability 1o national standards, which reakza the physical units of measuremants (St
The measurements and 1ha uncerainiies with contidence peobabiity ace given on the foflowing pages and are part of the cerificate.

Al calibrations have been conducied in the casod laboralory fadiity: eavironment fempariture {22 = 3)"C and humidity < 70%.

Primary Standards LD # Cal Date (Certiicate No.) Scheduledt Catbration

Power mater EPM-442A | GBarasoros O7-Oct-14 (No. 247-02020) Oct15

Poywer sansor HP 84814 1837202783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A MY41092317 07-Oct-14 (No. 217-02021) 015

Reference 20 4B Atlenislor SN: 5058 (20K) 01-Apr-16 (No. 217-02131) Mar-16

Typa-N mismalch combination SN! 50472/ 05327  O1-Api-15 (No. 217-02134) Mar-16

Roforence Probe ES30V3 SN 3208 30-Dec-14 (No. ES3-3205, Dect4) Dec-15

DAE4 SN: 601 18-Aug-14 {No. DAES-E01_Aug14) Abg-15

Secondary Standards 10 # Check Data (in house) Scheduled Check

AF generator R&S SMT-06 100005 02-Aug-82 (in houss chack Oct-13) In howse check: Oct-16

Natweek Analyzer HP 87536 US37390685 54206  18-Oct-01 (in house chack Oat-14) In house check: Oct-15
Name Function ¥

Calitratied by: Michasl Webet  Laboraiory Tachrician 7 %_

A >
Approved by; Ktja Pokewe Tochnical Manager.

Issued: May 20, 2015

This calibeaticn canficata shall not be regroducad axcept In ful without written aparoval of the
Certificate No: D2450V2-743_May1s Page 10f8
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Calibration Laboratory of S Schwetzerischer Kalibriordienst
Schmid & Partner S s Secvice suissa d'élalonnage
Engineering AG g C serviaio svizzero di taeatura
Zeughaussirasse &3, 8004 Zurich, Switzorland “ ,,ﬁ\‘f S Swiss Calibration Service
Accredited by the Swiss Accreditation Servica (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR 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: D2450V2-743_May15 Page 2 of &
F-TP22-03 (Rev.00) 169 /190 HCT CO., LTD
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Measurement Conditions

DASY system configuration, 83 far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modutar Fiat 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 foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 382 1,80 mho/m
Measured Head TSL parameters {226=202)°C 3789+6% 1.84 mho/m £6 %
Head TSL temperature change during test <0.5°C - e
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR maasured 250 mW input power 5.32 Wikg
SAR for nominal Head TSL perameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 527 1,95 mho/m
Measured Body TSL parameters (220£02)°C 507 +6% 203 mho'm+6 %
Body TSL temperature change during test <05°C —— ——e
SAR result with Body TSL
SAR averaged over 1 ecm® (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.4 Wikg
SAH for nominal Body TSL parameters notmalized to 1W 52.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.20 Wikg
SAR for nominal Body TSL paramaters narmatized to 1W 24.4 Wikg 2 16.5 % (k=2)
Cortiticate No: D2450V2-742_May15 Page3of8
F-TP22-03 (Rev.00) 170 /190 HCT CO., LTD
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5420+44 12
Return Loss -246dB

Antenna Parameters with Body TSL

Impadance, translormed to feed point 5140+6.1jQ
Return Lass -2424d8

General Antenna Parameters and Design

| Esectrical Detay (one direction) | 1160 ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the teeding line is directly connecied 1o the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals, On some of the dipoles, srall end caps
are added 1o the dipole amms in order to improve matching when loaded according to the position as explained i the
*Measurement Conditions® paragraph, The SAR data are not affected by this change. The overall dipole length is st
according to the Standard.

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on December 01, 2003
Certificate No: D2450V2-743_May15 Page 4 of8
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DASYS5 Validation Report for Head TSL

Date: 19.05.2015
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: f = 2450 MHz: o = |84 §/m; &= 37.9; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3203; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

o DASYS252.8.8(1222); SEMCAD X 14.6,10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (TxTx7)/Cube O:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 101.4 V/m; Power Drift =0.04 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) = 13.6 W/kg: SAR(10 g) = 6,32 W/kg

Maximum value of SAR (measured) = 17.7 Wikg

dB

-4.80
-9.60
-14.40
-19.28
-24.00

0dB =177 W/kg = 12,48 dBW/kg

Certificate No: D2450V2-743_May1s Page Sof 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

Communication System: UID () - CW; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz: 6 =2.03 S/m; & = 50.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/ABC/ANS] C63.19-2011)

DASY52 Configuration:
e Probe: ES3DV3 - SN3205: ConvF(4.32, 4,32, 4,32); Calibrated: 30.12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back): Type: QDODOP30AA; Serial: 1002

« DASYS252.8.8(1222) SEMCAD X 14.6.10(7331)

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

Reference Value =96.12 V/m: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.2 W/kg

Maximum value of SAR (measured) = 17.7 W/kg

dB

-4.80
-3.60
-14.40
-19.20
-24.00

0dB = 17.7 W/kg = 12.48 dBW/kg

Certificate No: D2450V2-743_May15 Page 7of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFHRF

Report No: HCT-A-1604-F008-2

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrasse 43, D004 Zurich, Switzertand

Accrediled by the Swiss Accreditaton Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr nt for the

ciient  HCT (Dymstec)

g,

gnition of calibeation cartificates

Certificate No: DSGHZV2-1107 _Jan16

S  Schwelzerischer Kalibrierdianst
¢ Service suisse détalonnage
S

Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Caliteation Equipment used (MATE ertical for calibration)

CALIBRATION CERTIFICATE
Otyect D5GHzV2 - SN: 1107
Castration procadure(s) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz
Calibention date; January 29, 2016

This caldration certificale documents the traceability 10 nationel standards, which realize he physical units of measurements (SI)
The measurements and the uncertanties with canlidence probability are given on iha fcilowing pages and are pan of the cenicate

A callbentions have bean conducted ¥ the closed laboratory tacility: envionment lemparaturn (22 + 3)°C and humidity < 70%.

This cakbration certificate shall not be

Primary Standards e Cal Dase (Certificate No. ) Scheduled Calibetion

Powar moter EPM-442A GB374a0704 07-0¢1-15 (No, 217-02222) Oct-18

Power sonsor HP 8481A USaz2e2783 07-0c1-15 (No. 217-02222) Oct-16

Power sensor HP B4B1A MY21092317 07-0c1-15 (No, 217-02223) Oct-18

Relerence 20 dB Attenualoe SN 5058 (20%) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 50472 / 06327 01-Apr-15 (No. 21702134) Mar-16

Raferonce Probe EXIDVE BN: 3503 51-Doc-15 (No. EX3-3503_Dec15) Doc-16

OAES SN. 601 30-Doc-15 (No. DAE4-601_Dec15) Dec-10

Secondary Stundards 0¥ Chock Date (in housa) Schaduled Check

AF genarator RAS SMT-06 100972 15-Jun-15 (in hause chock Jun-15) In house chack: Jun-18

Notwork Analyzer HP B753E USS7300685 54208  18-Oct-01 (in house chack Ot-15) In house check: Oct-16
Narme Funcion Signaturs

Caliventod by, Michaal Waber Labocsory Techcian y“!

Approved by: Katja Pokovic Technical Manager

EC

isswed: January 29, 2016

ed axcepl In Uk without wiitten approval of the luboratory

Cartficate No: DSGHzV2-1107_Jan18

Page 1 of 13
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HCTCOLLTD
Calibration Laboratory of SO
Schmid & Partner — S ::wlamluom
Engineering AG S C  servizio svizeo taratura
Zoughousstrasse 43, 8004 Zurich, Switzertand % ,:/l\\“\‘.x? S swiss Calibration Service
Accreded by the Swiss Accreditation Service {SAS) Accraditation No.: SCS 0108

The Swiss Accroditation Service is one of the signatories to the EA
Multitateral Agreement far the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) 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 Retumn 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%.

Certificale No: DEGHzV2-1107_Jan16 Page 20 13
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Measurement Conditions
DASY system configuration. as far as not given on page 1
DASY Version DASYS V5288
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ax,dy =40mm, dz =1.4mm Graded Ratio = 1 4 {Z diraction)
5250 MHz = 1 MHz
Frequency 5600 MHz = 1 MHz
5750 MHz + 1 MHz
Head TSL parameters at 5250 MHz
The follawing parameters and caiculations wero applied
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 471 mho/m
Measured Head TSL parameters (220+02)'C 352:26% 4.55 mho/m = 8 %
Head TSL temperature change during test <05'C eee -

SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.82 Wig

SAR for nominal Head TSL paramaters

nomalized 1o 1W

77.8 Wikg = 19,9 % (k=2)

SAR averaged over 10 cmy’ (10 g) of Head TSL condition

SAR measured

100 mW input power

224 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.2 Wikg = 19.5 % (k=2)

Cartificate No: DEGHzV2-1107_Jan16

Page 3 of 13
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Head TSL parameters at 5600 MHz
The following parameters and calculations were apphed
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 55 5.07 mho/m
Measured Hoad TSL parameters (220=+02)°C 3M47=26% 4.90 mho/m = 6 %
Head TSL temperature change during test <05'C — —
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 810 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W B0.5 W/ kg = 18.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 100 mW input power 2.33 Whkg
SAR for nominal Head TSL parameters nomalized 10 TW 23.1 Wikg = 19.5 % (k=2)
Head TSL parameters at 5750 MHz
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Head TSL parameters (220£02)°C 345+6% 505 mho/m £ 6 %
Head TSL temperature change during test <05*C - —
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW Input power 773 Whkg

SAR for nominal Head TSL parametars

normalized to 1W

76.8 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 100 mW input power 221 Wihkg
SAR for nominal Head TSL parameters normalized ta TW 21.9 Wikg = 19.5 % (k=2)
Cortificate No: D5GHzV2-1107_Jan18 Page 4 of 13
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Body TSL parameters at 5250 MHz

The following parameters and calcutations were apphied.

Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.36 mho/m
Measured Body TSL parameters (220+202)C 470=6% 544 mho/m = 6 %
Body TSL temperature change during test <05"C — -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measursd 100 mW input power 746 Wikg
SAR for nominal Body TSL parameters normalized to 1W 74.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 211 Wikg
SAR for nominal Body TSL parameters normalized 1o TW 20.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were appliad.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 485 5.77 mho/m
Measured Body TSL parameters (220402} "C 464+6% 591 mho/m =8 %
Body TSL temperature change during test <05°C e —
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.95 Wikg
SAR for nominal Body TSL parameters normalized to 1W 78.9 Wkg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW inpent power 2,24 Wikg
SAR for nominal Body TSL parameters normatized to 1W 22.2 Wikg = 19.5 % (k=2)
Cartificate No: DSGHzV2-1107_Jan16 Page 50l 13
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Body TSL parameters at 5750 MHz
The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.3 5.84 mho/m

Measured Body TSL parameters (220=02)"C 48.1:6% 6.12 mho/m ¢ 6 %

Body TSL temperature change during test <05'C -— —
SAR result with Body TSL at 5750 MHz

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

SAR measurad 100 mW input powar 7.55 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 74.9 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 212 Wig

SAR for nominal Body TSL paramoters nomafized to 1W 21.0 Wikg = 19.5 % (k=2)
Certificate No: DSGHzV2-1107_Jan16 Page 6ol 13
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 5520-73jQ

Return Loss -215dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed 10 teed point 5590-02 2

Retum Loss -251d8
Antenna Parameters with Head TSL at 5750 MHz

Impedance, tfranstormed to feed point 5880+07jQ

Retum Loss -23.8dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point BS5Q-73IN

RBetum Loss -224d8
Antenna Parameters with Body TSL at 5600 MHz

Impadance. transformed 1o feed polm 5530-38Q

Retum Lass -241dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to leed point 5520-44i0

Retumn Loss -238dB
General Antenna Parameters and Design

| Etectrical Delay (ane direction) | 1,196 ns

After long teem 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 shon-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained In the
‘Measurement Conditions" paragraph, The SAR data are not affected by this change. The overall dipole length is still

according 1o the Standard.

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

feedpoint may be damaged.
Additional EUT Data

Manusfactured by

SPEAG

Manufactured on

March 11, 2011

Certificate No: DSGHzV2-1107 _Jan16
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DASYS5 Validation Report for Head TSL

Date: 28.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGH2V2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: {= 5250 MHz; o = 4.55 S/m; & = 35.2; p = 1000 kg/m' , Medium parameters
used: = 5600 MHz: 6 =4.9 S/m; & = 34.7; p = 1000 kg/m” , Medium parameters used: = 5750 MHz: o =
5.05 Sim; £ = 34.5; p = 1000 kg/m'

Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(3.53, 5,53, 5.53); Calibrated: 31,12.2015, ConvF(4.99, 4.99.
4.99); Calibrated: 31.12.2015, ConvF(4.95, 4.95, 4.95); Calibrated: 31,12.2015:

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

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

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

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 72.04 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 7.82 W/kg; SAR(10 g) = 2.24 Wikg

Maximum value of SAR (measured) = 18.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan.
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 71.71 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 31.8 W/kg

SAR(I g) = 8.1 W/kg: SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 19.4 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 69.35 V/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 31.7 W/kg

SAR(1 g)=7.73 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 19.0 Wikg

Cartificate No: D5GH2V2-1107_Jan16 Page 8 of 13
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 29.01.2016
Test Laboratory: SPEAG, Zurich, Switzerlund

DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW: Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: { = 5250 MHz; o = 5.44 S/m; £ = 47; p = 1000 kg/m’ , Medium purameters used: f
= 5600 MHz; 0 =5.91 S/m; & =46.4; p = 1000 kg/m" , Medium parameters used: f = 5750 MHz: o = 6,12
Sim; & = 46.1; p = 1000 kg/m’

Phantom section; Flat Section

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

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.83, 4.85, 4.85); Calibrated: 31,12.2015, ConvFt4.35, 4.35.
4.35): Calibrated: 31.12.2015, ConvF(4.3, 4.3, 4.3); Calibrated: 31.12.2015;

o Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 30.12.2015

» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
* DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =3250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 66.57 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(1 g) = 7.46 W/kg; SAR(10 g) = 2.11 W/kg

Maximuam value of SAR (measured) = 17.0 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Refercnce Value = 67.15 V/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 32.5 W/kg

SAR(I g) = 7.95 W/kg: SAR(10 g) = 2.24 W/kg

Mauximum value of SAR (measured) = 18.8 Wrkg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.88 V/m; Power Drift = 0,02 dB

Peak SAR (extrupolated) = 32.2 Wikg

SAR(1 g) = 7.55 W/kg; SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 18.1 Wikg
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Impedance Measurement Plot for Body TSL
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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 bacteriacide is added and visual inspection is made to
make sure air bubbles are not trapped during the mixing process. The mixture is calibrated to obtain proper
dielectric constant (permittivity) and conductivity of the desired tissue. The mixture characterizations used for
the brain and muscle tissue simulating liquids are according to the data by C. Gabriel and G. Hartsgrove.

Ingredients Frequency (MHz)
(% by weight) 2450-2700 5200 - 5 800
Tissue Type Head | Body | Head Body Head Body Head Body Head Body
Water 411 51.7 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.4 0.9 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 47.2 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.2 0.1 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
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
189 /190 HCT CO., LTD
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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.

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

SAR

System Probe
Probe Type

Dielectric Parameters CW Validation Modulation Validation

Probe

Calibration | Dipole Date

Measured Measured Probe | Probe MOD. | Duty

Point Permittivity Conductivity| SC"SVIY || inearitylsotropy Type |Factor TAR
9 3968 [EX3DV4 | Head | 750 | 1014 |2015.08.14 42.1 0.9 PASS PASS | PASS | N/A | N/A | N/A
9 3968 [EX3DV4 | Body | 750 | 1014 |2015.08.14 55.7 0.98 PASS PASS | PASS | N/A | N/A | N/A
9 3968 [EX3DV4 | Head | 835 | 4d165 | 2015.12.01 41.8 0.89 PASS PASS | PASS |GMSK|PASS| N/A
8 3967 [EX3DV4 | Head | 835 | 4d165 | 2015.12.28 41.2 0.9 PASS PASS | PASS |GMSK|PASS| N/A
9 3968 [EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS PASS | PASS |GMSK|PASS| N/A
3 3797 [EX3DV4 | Head [1900| 5d032 | 2015.12.01 40.1 1.41 PASS PASS | PASS |GMSK|PASS| N/A
3 3797 [EX3DV4 | Body [1900| 5d032 | 2015.12.02 52.4 1.51 PASS PASS | PASS |GMSK|PASS| N/A
3 3797 EX3DV4 | Head |2450| 743 |2015.12.01 38.4 1.8 PASS PASS | PASS |OFDM| N/A |PASS
3 3797 [EX3DV4 | Body [2450| 743 |2015.12.02 53.5 1.92 PASS PASS | PASS |OFDM| N/A |PASS
1 3863 [EX3DV4 | Head |5250( 1107 |2016.02.10 36.2 4.77 PASS PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Body (5250| 1107 |2016.02.11 48.3 54 PASS PASS | PASS |OFDM| N/A |PASS
1 3863 [EX3DV4 | Head |5600( 1107 |2016.02.10 35.7 5.02 PASS PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Body [5600| 1107 |2016.02.11 47.9 5.83 PASS PASS | PASS |OFDM| N/A |PASS
1 3863 [EXB3DV4 | Head |5750( 1107 |2016.02.10 35.1 5.18 PASS PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Body [5750| 1107 |2016.02.11 48.1 5.99 PASS PASS | PASS |OFDM| N/A |PASS

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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