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Thia calibration certificate documents the raceatslity fo national standards, which reaiize the uny
The messuremens ard the uncerainties with corfdance prodabiity am given on the follawing pages and are part of the certificate.

Caulibtstion Equipmant used (IMETE criteal for calibration)
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Schweizerischer Kallbrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Servicn

Accreditation No.: SCS 0108

Al calibrations have been conductad In the closed labormory taciity, erviranment temperature (22 £ 3)°C and humidity < 70%

unts af 15

This calibration cerfilicste shall not be repro

Primaty Stardurds (12} Cai Date (Cartifcate No.) Schutuled Calbraton
Power meter E44108 GBA1253374 01-Apr-14 (No. 217.02128) Mar-16
Powsr sensor E44124 MY41438087 01-Apr-15 (No. 217-021281 Mar-18
| Reference 3 d8 Attenuator SN: 55054 {3c) 01:Ape-15 (No. 217-02129) Mar-16
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Seoondary Standards o Check Dt {in house) Scheduled Check
F HP 8548C US3BA2U01 700 &-Aug-98 (in house check Apr-13) In Nouse chick: Apr-18
leéz_qwnm US37350588 18-Oct-01 (in house chack Oct-15) In house check; Oct-18
Functian
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axcapt n Wil without weitlen approval of the laboratory
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Schmid & Partner i t‘// = g Sorvice suisse d'étalannage
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Zeughausstrasss £3, 3004 Zurich, Switzerland £ ,_ﬁ.\_.\- Swiss Calibration Service

Accredited by ihe Swiss Acoreditation Senvice (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreemant for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y.z sansiivity in free space

ConvF sansitivity in TSL / NORMx,y.z

DCP diode compression point

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

A B.C,D modutation dependent linearization parameters

Polarization o o rotation around probe axis

Polarization 5 # rotatlon around an axis that s in the plane normal to probe axis (at measuremant center),

e, B =0is normal to probe axis
Connector Angle information used In DASY system to align probe sansor X o the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

g}

IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spalial-Averaged Specific
Absarption Rate (SAR) in the Human Head from Wirelass Communications Devices: Measurement
Techniques®, June 2013

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

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

KDB 865664, "SAR Measurement Requirements for 100 MHz fo 8 GHz"

Methods Applied and Interpretation of Parameters:

NORMY.y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguude)
NORMzx,y,z are only mtermediate values, i.€., the uncertainties of NORMx,y,z does not affect the E “field
uncetainty inside TSL (see befow ConvF)

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

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

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

Axy.z: Bx,y,z Cx.y,z; Dx,y,z, VRx,y.z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific medulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibeation 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 f < 800 MHz) and Inside waveguide using analytical fieid distributions based on power
meaasurements for f > 800 MHz The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL coresponds
to NORMx,y.z * CanvF whereby the uncertainty corresponds 1o that given for CaonvF. A frequency dapendent
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 2 field of low gradients realized using a flat phantom
axposed by a patch antenna.

Sensor Offset: The sensor offset cormesponds to the offset of virtual measurement center from the probe tip
(on probe awis), No tolerance required.

Connector Angle: The angle is assessed using the information ganed by determining the NORMx (no
uncertainty required).
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Unc (k=2)
Norm (uVi(Vim}’)® 2.00 1.681 1.82 £101 %
DCP (mV)" 102.0 100.5 | 0¢85 | |
Modulation Calibration Parameters
uib c ication System Name A 8 c ) VR Une'
il I . . 98 [@BVpv | | dB | mV | (=2) |
0 | X 00 | 00 [ 10 | 000 | 2660 | 433%
Y 0.0 0.0 1.0 266.9
| 2 0.0 0.0 1.0 2592

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

* The urcararmias of Nom X Y,Z do nat aftect the E*-fietd uncertainty inside TSL (see Pages 5 and 6).

" Numarcal inganzaticn parameter: uncertainty not reguied

" Uncertainty & determined using the max. deviation from irear response applying rectanculsr dutribiution snd |s exprassad for the sousns of the
field vakue
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Une

T{MHz)® | Permittivity" (Sim)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.81 6.81 6.81 042 232 +120%
83§ 41.5 0.90 6.48 6.48 8.48 045 2.22 £12.0%
900 41.5 0.97 6.33 6.33 6.33 0.34 2.61 +120%
1450 405 1.20 5.61 5.61 5861 0.53 234 £120%
1750 401 1.37 _ 540 5.40 540 0.68 2.25 +120%
1900 40.0 140 | 520 5.20 5.20 0.78 205 +12.0 %
1950 40,0 1.40 5.04 5.04 5.04 0.80 2.16 +12.0 %
2300 39.5 1.67 4,88 4.88 4.88 0.80 1.94 +120%

© Fraquenty valdty sbove 300 MHz of = 100 MHz only apphies for DASY vd 4 and tighar (see Page 2), elso & & restricted to + 50 Mz The
uncedainty & the RSS of the Com® uncanainty at cadbration frequency and the uncartanty for the indicated frequency band. Frequency validity
Below 300 MHz is + 10, 25, 40. 50 and 70 MHz for CanvF assessmonts at 30, B4, 128, 150 and 220 MMz respactesy, Above § GHz frequency
valdty can be axtended o £ 110 MHz

Al requencies below 3 GHL the valldity of 15508 parsmeters (¢ and o) can be relaxad 10 = 10% i liquid compensation formula is appiied to
measurad SAR values. Al frequencies above 3 GHz, the validty of issue parametens (c and o) @ restncad 1o £ 5% The uncertanty & the RSS of
the ConvF uncertainty for indicaled targel lissue paramesers,

“ Alpha/Depth ars wi duting caltrasion. SPEAG warrants at the remaning deviation dus to the bouncdary effect after compersation is
alwarys less than 4 1% for frequencies bilaw 3 GHz and below = 7% for fraguancies batwean 3-6 GHz at any cistance larger than half the probe fip
digmetes from the Doundary
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Body Tissue Simulating Media

Relati Conductivity Dopth ™ Unc

1(MHz)© | Permittivity" {Stm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55,5 0.96 6.25 6.25 6.25 0.31 2.75 £12.0%
835 55.2 097 6.16 6.16 6.16 032 | 2713 | +£120%
1750 53.4 1.49 4,86 4.88 4.86 0.80 245 £120%
1800 53.3 152 4.68 4.68 4.68 0.80 231 £120%

“ Froguancy volidity above 300 MHz of 4 100 MHz anly appies far DASY w4 and higher (see Page 2§, clse # is restrictod to £ 50 MMz The
uncertanty is the RSS of the Canvi® uncensinty at caltration frequency and the uncertainty for the indicated frequancy banc. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ComF assessments af 30, B4, 128, 150 and 220 MHZ respectively. Above 5§ GHz frequency
valdity can be extended to + 110 MKz

¥ AL frequences below ) GHz, the vakdty of issue pararnetens (¢ 2nd o) can be rstaxed 1o 2 10% I iquid compansation Sarmul is sppled 1o
measured SAR values, At froquencies above 3 GHz. the validity of tissue parameters (¢.and o) Is resticind to + &% The uncartainty is the RSS of
the ConvF uncestamty for indicated target Sssue poramelers.

" Alpha'Dapth are ined duting calibration. SPEAG warants thal the remnaining ceviabion dus to the boundary effect allér compensation is
aways jess than ¢ 1% for Irequences delow 3 GHE and below £ 2% for frequencies batween 3-8 GHe at any delance larger (han hat the prode tip
dlameter from he boundary
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cy response (normalzed)

March 18, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field; £ 6.3% (k=2)
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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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Dynamic Range f(SARcad)
(TEM cell , fyo= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

1= 835 MHz, WGLS R9 (H_comF)

w " £ = -

# )
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= 1900 MHz WGLS R22 (H_convF)

X 1 L3
uliew e

Deviation from Isotropy in Liquid
Error (4, 9), f =900 MHz

10 08 08 -04
Uncertainty of Spherical isotropy Assessment:  2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

Sensor Arrangement Triangukar
" Connector Angle (*) T4 |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
| Probe Overall Length o 337 mm |
iL Probe Body Diamneter 10 mm |
{ Tip Length 10 mm
[ Tip Diamater 6.8 mm
“Probe Tip to Sensor X Calibration Point | 27 mm
| Probe Tip to Sensor Y Calibeation Point ‘ 2.7 mm
Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface ! 4 mm
Certificata No: ET3-1608_Mar16 Page 11 ol 11
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

Calibration Laboratory of

Schmid & Partner
Engineering AG
Zeughausstrasse

43, 8004 Zurich, Switzertand

Accreditnd by the Swiss Accreditation Senice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitataral Agreement for the recognition of calibration cortificates

Calbraton oste

This calramon ceaifioate

&

|l

F 5

o
7NN

18 he ity to

Calbrntion Equipment Used (MATE criical for calibration)

0

Accraditation No.: SCS 0108

©

Sarvice suisse d'étalonnage
Sarvizio svixzero & taratura
Swiss Calibration Service

standards. which raalize the ptysical units of messurenents (S().
The measurements and the uncanainties with confidénce probatslity are given an the fallowng pages and are part of the cedificate

Nl calratons have bean conductad i the closed labanstory faciity: ervtronment temperature (22 4 3)°C and humidity < T0%.,

Thes cafibeation carmficate shall net be reproduced sxcapt In 1ull without wettien approna of the laboratory,

Primary Stantarts i) Cal Date {Cenficata No.) Scheduled Caltiratian
Pawee mater NRP SN 104778 Ol-Apr- 18 (No. 21 7-02288/X12289) Apr-17

Pawer sensor NRP-291 SN 103244 O8-Apr-16 (No. 217-02288) Apr17

Power sensar NRP-291 SH- 103245 Of-Apr-18 (No. 217-02288) Agr-17

Ref 20 ¢8 Al SN S5277 (20x} 05-Apr-16 (Mo 217-12253) Apr-1?

Refersnce Probe ESSOVZ Sh- 3013 31-Dec-15 (No. E53.3013_Dec15) Dec-18

OAE4 SN 860 23.Dec-15 (No. DAE4-060_Dects) Oec 18

Secandary Stand D Check Ut (in house) Scheduled Check
Power meter E44 198 SN GBA1233874 Q6-Apr-18 (No. 217-02265X2284) in house check: Jun-16
Powes sensol EA1124 SN MYA 1468087 06-Apr-18 (No. 217-02285) in house check: Jun-16
Pawer sensar EA4124 SN 000110210 06-Ape-18 (No. 247-02284) in house check: Jun-16
2F g HP B648C SN USIB42001700 0d-Aug-84 (in house check Apr-13) in house chack: Jun-16
Network Anaiyzer HP B753€ | SN US37390585 18-Oct01 (i housa check Oct-15) in house chack: Oct 16

Name Function

Calibrated by etonKs Laboratce
Approved by.

Certificate No. EX3-3858_May16
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Calibration Laboratory of g Sch Per KaRbrierdh
Sd\mlld & Partner C  Service suisse d'dtalonnage

Engineering AG Servizio svizzoro di taratura
Zoughaussirasse 43, 8004 Zurich, Switzerand S S s S
Accroaiied by the Swias Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration certificales
Glossary:
TSL tissue simulating liquid
NORMx.y,z sensitivity In free space
ConvF sensitivity in TSL/ NORMx.y.z
DCP diode compression paint
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent flinearization parameters
Palarization ¢ W rotation around probe axis
Polarization & 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
e, § = 0 Is noomal 1o probe axis
Connector Angle information used in DASY system 1o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1628-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremeant
Techniques”, June 2013

b} 1EC 62209-1, "Procedure ta measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MMz (0 3 GHz)", February 2005

o) IEC 62209-2, "Procedure to determine the Specific Abscrption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

*  NORMx.y z: Assessed for E-fisld polanization & = 0 (f < 900 MHz in TEM-cell, I > 1800 MHz: R22 waveguide).
NORMx.y,z are only intermediate values, Le., the uncertainties of NORMx,y,z does not affect the E--field
uncartainty inside TSL (ses below ConvF).

«  NORM(fx,y.z = NORMx.y,z * fraguency_respanse (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 uncertainty of ConvF.

«  DCPxy.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no unceriainty required). DCP does not depend on frequency nor media.

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

o Axyz Byz Cxyz Dxyz VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power swaep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration 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 > B00 MHz The same selups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typical uncertaintly values are given. These parameters are
used in DASY4 software to Improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMY,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency depandent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz,

« Sphencal 1sotropy (3D dewiation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

« Connector Angle: The angle &5 assessed using the Information gained by determining the NORMx (no
uncertainty required)

Certificate No: EX3-3963_May16 Page 2 of 11

F-TP22-03 (Rev.00) 166 /262

HCT CO., LTD



-~
HCT FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LTD
EX3DV4 - SN.:3968 May 31, 2016

Certificate No: EX3-3968_May16 Page 3 of 11
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SN:3968

Manufactured:  September 30, 2013
Calibrated: May 31, 2016

Calibrated for DASY/EASY Systems
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Basic Calibration Parameters

... Sensor X Sensor Y Sensor 2 | Unc (k=2)
Norm (uVi(V/imy')y* 0.36 0.35 0,42 +10.1%
DCP (mV)" 101.7 102.0 a7 4
Modulation Calibration Parameters
uID | Communication System Name | A B c ) VR Une"
dB d8ypv | | dB mv (k=2}
0 | cW X 0.0 0.0 1.0 000 | 1344 | 225%
Y| 00 00 | 1.0 1315
Z| 00 0.0 1.0 1465 —

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

* Thes uncanainties of Notm X.Y.Z do not affect e £ field uncertainty inside TSL {see Pages 5 ard 6)
" Numanical lnearzation parameter. uncenainty nol reguired
" Uncartainty s detanmined using the max. devintion fron inssr response sophing ractangular datritution and Is expressed for the square of the

fiald value

Cartificata No: EX3-3568_May16
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Cowucumy Depth ™ Unc
1(MHZ) ¢ | Permittivity" {Stm) * ConvFX | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
150 523 0.76 1317 13.17 1317 | 0.00 1.00 | £133%
300 45.3 0.87 12.10 12.10 12.10 0.09 110 | +133%
450 433 0.87 10.73 10.73 1073 | 016 | 120 | £133%
750 41.9 0.89 10.27 10.27 10.27 0.51 I 080 | +120%
835 41.5 0.90 9.97 9.97 9.97 042 | 087 | +120%
a00 41.5 0.97 9.62 9.62 9.62 025 | 120 | £120%
1450 40.5 1.20 855 B.55 B.55 0.34 080 | +120%
1750 401 1.37 8.45 ' 845 B.45 0.33 080 | £120%
1800 400 1.40 814 | B4 8.14 0.31 080 | £120%
1950 40.0 1.40 7.89 7.89 7.89 0.37 080 | +120%
2300 39.5 1.67 7.72 7.72 7.72 0.30 089 | +120%
2450 392 1.80 7.30 7.30 7.30 0.35 080 | £120%
2600 39.0 1.96 7.24 7.24 7.24 0.37 0.80 | £120%
5250 35.9 4T 535 5.35 5.35 0.30 180 | £131%
5600 355 5.07 486 4.66 4.68 0.40 180 | £131%
5750 35.4 5.22 4.78 4.78 478 0.40 1.80 | $131%

‘Frmmvﬂhﬂynmmmzdz!mm:mfymphshrDASle4mnqhu(sque2; mum«m:mum The
uncartarty & the RSS of the ConvF uncestarty st calibration frequency and the y band. F valdty
Delow J00 MHZ is & 10, 25, 40, 50 and 70 MHz for CoovFF assesaments st 30, 64, 128, lSOtndeHzrnpacﬁvdy AbunsGMx!rmmy
valdtycanbomendedloxﬂouﬂz

© At Fequencies below 3 Gz, the valdey of tissue paramesers (c and a) can be relaxod t = 10% if iguid pensation formula ts appked 1o
maasured SAR values. Al frequencies above 3 GHZ, the valdily of tissue parametens (« and o) & restrictad (o £ 5%. Tha uncanainty is the RSS of
the CanvF uncertainty for ndicated target tssue parameters.

“ Alpha/Depth are determined during calibration. SPEAG that the jon due to tha boundary etfact atter compensation is
nmmmxi*hfbwmbe&cwl@knﬂibﬂwt?%bimmmMG&alwmmtﬂmhmmmw
diamater from 1he boundary,

Certificate No: EX3-3968_May16 Page Sof 11

F-TP22-03 (Rev.00) 169 /262 HCT Co., LTD



=
h'a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD

EX30V4- SN:3968 May 31, 2616

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ” Unc

f(MHz)® | Peemittivity" (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 12.46 12.46 12,46 0.00 100 | 2133%
300 58.2 0.92 11,57 11.57 11.57 0.08 1.11 £133%
450 567 094 11,24 11.24 11.24 0.10 120 | 2133%
750 55,5 0,96 5.65 9.65 9.65 0.40 082 | £120%
835 852 0.97 5.66 9.66 9.66 0.49 080 | £120%
1750 53.4 1.49 B.16 8.18 8.16 0.34 080 | £120%
1900 53.2 1.52 7.89 7.89 7.80 0.40 080 | +120%
2450 52.7 1.95 7.31 7.31 7.31 0.41 080 | +120%
2800 625 2,16 mm 7.1 7.1 034 | 080 | +120%
5250 48.9 5.36 4.37 4.37 4.37 0.50 180 | £131%
5600 48.5 577 3.78 3.78 3.78 0.55 180 | £131%
5750 483 5.94 3.02 3.92 3.92 0.60 190 | +£131%

FfequmvaiétyameOOM&ol:100Mlum»np¢mhmsvuémmgmcm!’m2) olse It |5 resvicted 1o = 50 MHZ The
uncenainty Is the RSS of the Cormd uncertamly ot calibration freg y and the ¢ y for the fraguancy band. Frequency valdity
bakow 300 MHz 5 + 10, 25, 40, 50 and 70 MHE for ConvF assessmens ol 30, 64, 124, 150“220Mhresoecnw~ Anove 5 GHz frequoency
validity can b6 @dencad 1o + 110 MHz
' At frequancies betow 3 Gz, the validity of tssue parameters (¢ and ) can be refaxed 10 = 10% If liquitt compansation formua s appbed to
measured SAR values. At frequencies abava 3 GHz, tha validily of tissue parameters {n and o) i reaiclad 1o = 5%. The uncertainty is the RSS of
mcwmnyhlwmodwwnssuapammu

* AphaDepsh are d during - SPEAG warrants that the ramanng deviation dua 10 tha boundary offect after compensation is
Swoys less Lhan = 15 for freguencies below 3 GHz snd bolow £ 2% for frequencies betanen 3-8 GHz at any datance larger than half the probe tip
dameder from the boundary
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

EX30V4~ SN:3068

normalized)

f,
\

Frequency response

May 31. 20186

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

| - e e 1 1 | - ] |
500 1000 1500 2000 2500 000
f MHz]

Uncertainty of Frequency Response of E-field: £ 8.3% (k=2)
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HCT FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2
HCTCO,LLTD

EX30V4.- SN:3968

May 31, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

=1800 MHz R22
o . D 5 i ©
Tot Y Tot X Y
g
5 g lg g —o—tre—g—t—b r»--g;:'::,:,‘-EZggzztls’ -2
@
) o1
, - 5
Rot 1]
AL 38| (o]

BCO M

5.

1800 MHz

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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HCTCO,LLTD

FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

EX30V4-- SN 3968

1074
1075
> !
S i
el 3
=)
wm
< |
g
= |

|

|

10° |

|

|

|

i

10"+
1o

1

o

o Q

-

w

10

Dynamic Range f(SAR}¢a4)
(TEM cell , fo.0= 1900 MHz)

-
&40
v
: .
i
i ’5
,'..l :
A
o
S
-
”
e
o £
.
10 10 10 10 10
SAR [mWicm3)
3 o]
ot compensated compensated

@ G il | PO B A B 4B @ — @~ ®
: MpSster-mntinaiioAF: FE SREIRE S5 v

; 2 il dil
102 104 100 o 102
SAR [mW/om3]
*| e
nct compensated compensatad

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

May 31, 2016
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LTD
EX3DV4- SN:3968 May 31, 2016
Conversion Factor Assessment
f= 835 MHz WGLS RS (H_comfF) = 1900 MHz WGLS R22 (H_comvF)
3 i

A1

——r

A1
-

Deviation from Isotropy in Liquid

Error (¢, 8), f =900 MHz

-1.0
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)

-08 06

04 02 00 02 04

08 10
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‘—"C'- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD

EX3DVv4- SN:3968 May 31, 2016

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

Other Probe Parameters

Sensor Arrangament ) Triangular
“Connector Angie (") 634
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode o ~ disabled |
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Tip Length 9mm
[ Tip Diameter 25mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibraton Point 1 mm
"Probe Tip to Sensor Z Calibration Point Tmm
Recommended Measurement Distance from Surface 1.4mm
Cenificate No: EX3-3968_May16 Page 11 of 11
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LTD
Calibration Laboratory of S,
Schmid & Partner % 7 .\ g Pt i
Engineering AG A g Senvizio svizzero g taratura

Zeughausstrasse 43, 3004 Zurich, Switzedand

Acoredited by the Swiss Acoradaation Sarvice (SAS)
The Swiss Accreditation Service is ane of the signatornias to the EA

This caiibration canficate cocuments the
The massLremants and the uncartamties with confidance probaliity am given on the follkwing pages und are paet ol (he cenlicste.

Swiss Caliration Service

%‘@* o ¢/

Accraditation No.: SCS 0108

All calbrabions have been conductad in the cosed laboratory facity. anvitonment tenpearsture (22 = 3)°0 and humidity < 70%.

Cuibvabion Equipment used (MATE crihical for calibration)

bifty ta

dards. which reakze the physaal uns of (&0

Primary Star 0 Cal Date (Cortficatn No § Scheduled Caib

Power meter E44108 GBL12G3874 01-Apr-16 (No. 21702128) Mar- 18

Power senzar £4412A4 MY 41490087 01-Apn 15 {No. 217-02128) tar-16

Rl 3 dB Attenuatar SN: 85064 (3] 01-Apr-16 {No. 217.02129) Mar-16

ek 20 dB A SN SSITT (20x) 01-Apr-15 (No. 217-02132) Mar-16

et 30 dB A SN 56928 {30b) 01-Apr-15 (No. 21742133) Mar-16

R Probe ES30V2 SN 3013 30-Dec-14 {No, ES3-3013_Dec14) Dec-15

OAE4 Sk 860 14-Jun-15 {No. DAE4-860_Jan15} Jan-16

Secondary Standards D Chack Date (in housa) Schedued Check

RF go HP BBaRC US3042001700 £-Aug-98 {in house checx Apr-13) I house chack Apr-16

Netwoek Anahyzor HP S783E | US37380565 18:0c1-01 (in houss check Oct-15) In house chack: O%5-16
Function

Approved by

ssusit: December 18, 20156

This calibeation cerilicate ahal nol be reproduced axcept 0 full without watten aparovad of the laboratary.
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LTD
Calibration Laboratory of S,
Schmid & Partner SN "Q"\ (s: m"wi::-““ :M".:."""
Engineering AG e Servizio svizzero di taraturs
Zeughausstrasse &3, 8004 Zurich, Switzeriand e ey S Swiss Calibration Servics
Accredited by the Swss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multiiateral Agroement for the recognition of calibeation centificatos

Glossary:

TSL tissue simulating fiquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

ocP dicde compression paint

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

A B CD modulation dependent Nnearization parameters

Polarization ¢ o rotation around probe axis

Potarization 8 4 rotation around an axis that Is in the plane normal to probe axis (at measurement center),
I.e,, % =0 is normal to probe axis

Conneator Angle information used in DASY system 1o align probe sensor X 1o (he robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b}
c)

d)

|EEE Std 1528-2013, “IEEE Recommended Practice for Detarmining 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 aar (frequency range of 300 MHz 1o 3 GHz)", February 2005

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

KDB 865684, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMY,y.z- Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-csll; f > 1800 MHz: R22 wavcguido)
NORMx.y,z are only intermediate values, i.e., the uncertainties of NORMx.y,z does not affect the E”-field
uncertainty inside TSL {see below ConvF).

NORM(fx.y,.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearizalion i
implemented in DASY4 software versions ater than 4.2. The uncertainty of the frequency response is iIncluded
in the stated uncartainty of ConvF.

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

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

Ax.y.z; Bx,y,z; Cx,y.z; Dx,y,z; VRx.y,z: A, B, C, D ara numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typical unceriainty values are given. These parameters ara
used in DASY4 software 1o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx,y.z * ConvF whereby the uncertainty correspands to that given for ConvF. A frequency dependant
ConvF 5 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 fiat phantom
exposed by a patch antenna,

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

Connectar Angle: The angle Is assessed using the information gained by detarmining the NORMx {no
uncertainty required)
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HCT FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LLTD

EX30V4 - 5N:396T December 16. 2015

Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated: December 16, 2015

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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h'a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LLTD

EX3DV4-— SN:3067 December 16, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uViVim)™y* 0.54 0.38 0.45 £101%
DCP (mV)" 101.3 g7.8 101.0
Modulation Calibration Parameters
uiD Communication System Name A B8 c ) VR Ung"
- a8 g8vVpV | | dB | mVv (k=2)
0 cW X 0.0 0.0 10 | 000 | 450 | 335%
Y | 00 0.0 1.0 143.7
Z 0.0 0.0 1.0 1382

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

* The uncartainties of Norm X.¥.2 do not atfect the E'-fieki uncertanty inside TSL (s=s Pages 5 and &)

¥ Nunerical ) paramaeter ¢ 1y not e
¥ Uncertainty is dutermined using the max. deviation from lnear respanse applying rectangular distnbution and 16 expressed for the squam of the
fiedd varhue
Cerificate No: EX3.3967_Dec15 Page & of 11
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h'a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD

EX3DVa- SN:3967 December 18, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) © Pe::m . c“{dsxnc)lmy ConvF X | ConvFY | ConvFZ | Alpha® D('n;n")i (;'-E)_
750 419 0.89 10.27 10.27 1027 | 021 139 | £120%
835 41.5 0.50 8.87 9.87 9.87 0.20 138 | £120%
900 415 0.87 | 9.70 9.70 370 0.25 115 | £120% |
1450 40.5 1.20 8.19 8.19 8.19 029 | 092 | +120%
1750 401 1.37 8.39 8.39 8.39 025 | 088 | £120%
1900 40.0 1.40 8.11 8.1 8.1 039 | 080 | :$120%
1850 40.0 1.40 7.90 7.90 7.90 038 | 086 | £120%
2300 395 1.67 7.73 7.73 7.73 l 037 | 084 | £120%
2450 392 1.80 742 | 742 | 742 | 040 | 080 | s120%
2600 39.0 1.96 747 7.47 7.47 0.41 083 | £120%
3500 37.9 291 788 | 768 7.69 094 | 063 | $131%
5200 36.0 4,66 537 5.37 5.37 0.35 180 | 2131%
5300 35.9 476 5.04 5.04 5.04 0.40 180 | #131%
5500 356 4,96 4,87 4.87 487 0.45 180 | +131%
5600 35.5 507 4865 4.65 4.65 0.50 180 | +131%
5800 353 5.27 4.69 4.69 4.69 0.50 180 | +131%

© Froguancy validity above 300 Mz of + 100 MHz unly spokes Sor DASY w4 4 and higner (sea Page 2), else if is restncted fo + 50 Mz, The
uncortanty is the RSS of the CanvF uncestainty a1 calidration requency and the uncertainty for the indcated frequency band. Frequency valdity
below 300 MHz is & 10, 25, 40, 50 and 70 MHz for Com assessmants 8¢ 30 64, 128 150 and 220 MHz respectively, Above 5 GHe Trequency
vabdtymbeeamdedlo‘ﬂow

" A troquencias below 3 GHz, the valdty of tissue parameters (o and o) can be relazed 1o + 10% # lqud foemasa =
measured SAR values, Al frequences above 3 GHZ, the valaity of 1ssus poramelers (c and o) s restncted 1o 2 5%, TNumeﬂtﬂyslmRSSd
Im ConvF uncaranty for Indicated target tssue parameters.

% AlphaDepth are detarmined during calibration. SPEAG warrants that the remaining deviatian due (o (he boundary effect aftar compensaton s
Pways kess than + 1% for frequencies below 3 Gz and below + 2% for frequencas batween 3-6 GHZ at any distance larger than half the probe tip
dameter from the boandary.
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h'a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD

EX30V4- SN:3067 December 18, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Une

Ct(MHZ)® | Permittivity (Sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.92 9.92 0.92 0.22 1.41 £12.0%
835 55.2 0.97 9.76 9.76 8.76 0.24 1.28 +12.0%
1750 53.4 1.49 8.04 B.04 8.04 0.40 0.85 +12.0%
1800 53.3 1.52 7.95 7.95 7.95 0.35 0.92 +120%
2450 52.7 1.85 7.31 7.31 7.31 0.40 086 | +120%
2600 525 216 7.18 7.19 7.19 0.25 105 | +120%
3500 51.3 an 686 6.86 6.86 0.36 1.14 | £131%
5200 49.0 5.30 4.32 4.32 4.32 0.55 190 | +131%
5300 4389 542 4.23 4.23 4.23 0.55 190 | £131%
5500 488 585 3.80 3.80 3.80 0.80 180 | +131%
5600 48.5 577 3.70 370 370 060 | 190 | +134%
5800 482 .00 382 382 | 382 060 | 180 | +13.1%

© Fraquancy valikdty above 300 MRz of 2 100 Mz only appies for DASY w £ and higher {see Page 2). alse It is resticied fo £ 50 MHz. The
uncermnty 5 the RSS of the ConvF unceriainty at caltwation fraguancy and the uncertainty for the indicated fraguency band. Frecuency validity
below 200 MHz is £ 10, 25, 40, 50 and 70 MMz for ConvF assesaments at 30, 64, 128, 150 and 220 MHz respectively. Abave 5 GHz frequency
vakdty can be exlended 1o = 110 MHz

" At trequencies balow 3 GHz. the valdity of fissup parameters (¢ and &) can be nelaed 10 + 10% if liquitt comp formula is anphed to
measured SAR values Al freguencies sbove 3 GHz, the validity of tasue paramesars (s and o) is reaticiad 10 £ 5%, The uncertainty is the RSS of
1he ConvF uncertainty for indicatad targel ssus parameters

% Alpha'Degth are d 0 durning SPEAG that tha ramanng ceviaton due 1o the y effect after cor

Atways less than + 'l’h.lukaqmbcbw!GNzanﬂbulow:thmSﬂGmuwd‘mmhnmllmmm
diameter from the boundary,
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HCT FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD
EX3DV4- SN:3967 December 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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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LLTD
EX3DV4- SN.2567 December 16, 2015
Receiving Pattern (¢), 9 =0°
=600 MHz, TEM =1800 MHz,R22
B . E) . = o
To X Y L Tot x Y 2
N2
g
T 00{ tpegrgpmtagpaa-e-at L= e T e = e Il 2 = = DR
a
[} Ro: o o 150
l'-l:nJh: 'lr.r 1 ) M '?:T‘v—-
Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

EX30V4- SN-3867

December 16, 2015

Dynamic Range f(SAR}caq)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

EX3DV4- SN.3867

Conversion Factor Assessment

December 16, 2015

f= 835 MHX.WGLS R9 (H_convF) = 1800 MHz WGLS R22 (H_convF)

2 5 E |
$ 1 B
e :
ns “ ’l: 2 |
ao;; w w0 w w ®m = ni—-- ;L“-;w 5 x = ‘_—;n‘_‘-—:— @
il zjvemi
o 3 ot L)
Deviation from Isotropy in Liquid
Error ($, 9), =900 MHz
10 D86 06 D4 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment; £ 2.6% (k=2)
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HCTCO,LTD

EX3DVA- SN:3967 December 16, 2015

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

Other Probe Parameters

Sensor Arrangement Triangular |
Connector Angle (_')“ -206
Mechanical Surface Detection Mads T enabled |
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
“Proba Body Diameter 1 T 10mm |
| Tlp Length 9 mm |
Tip Diameter 25mm
Probe T 10 Sensor X Calibration Point 1mm
Probe Tip 10 Sensor Y Calibration Paint 1 mm
Probe Tip to Sensar Z Cailbration Point 1 mm
"Recommended Measurement Distance from Surface . 1.4 mm
Curtificate No: EX3-3967_Dec15 Page 11 of 11
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h'a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCOLLTD
Calibration Laboratory of 280, s s Kaibrierd
Schmid & Partner M c Service suisse @élnlonnage
Engineering AG T S Servizio svizzero di taratura

Zeughsusstrasse 43, 5004 Zurich, Switzriand M Swiss Calitiration Service
Accrediled by the Swiss Accredtation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agr for tha recegnition of calibration centificates
cien  HCT (Dymstec) Cartificate No: EX3-3903 Sep15

Onject EX3DV4 - SNi3303

Cabraton procedursis) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibation date September 28, 2015

This cafiteation carnficate documents the taceabiity to natonal standards, which reafize 1he physical units of s (S

Tha and the L with conf provabiity am given on the following pages and ave parf of the cadificals

Al catbrations nave deen conducind 0 the dosed lab y taciily. e warature (22 + 3)°C and humidity < 70%.

Calbraton Equipmen veed (MATE crtcal for calibrabion)

Primary S D Cal Dste (Cectificats No | Scheduled Calbration

Power meter E44198 GBE41263874 01-Apr-15 {No. 217-02128) Mar-18

Power sensor E44124 MY41498067 01-Agr-15 (No. 217-02128) Mar. 16

Reference 3 &8 Attenuator SN 55354 {3c) 01-Api-15 (No. 247-02128) Mar-18

Reference 20 dB Attenuator SN; S5277 {20x) 01-Apr-15 (No 247-02132) Mar-16

Retference 30 dB Atlenuston SN: 5129 (30b) Q1-Apr-15 (No. 297-02133) Mar-19

Referencs Probe ES30V2 SN: 3012 30-Dec-14 (No. E53-3013 Dec14d) Dec-15

DAE4 SN 680 14-Jan-15 (No. DAE4-850_Jan15) Jan-16

Secundary Stendards 8] Chack Date (In house) Schaduled Chack

RF generator HP 6460 US3842001700 4-Aug-99 {in housa chack Apr-11) In howse check: Apr-16

Network Analyzer HP 5753 US37390885 18-0ct-01 (In house cheack Oct. 14) In houss check: C-15
[ Name Functon Sgnature

Catltrated by Israe Elnsoug Laboratory Technician: O! é‘—a :

kssued September 3}, 2016
This catbeation carvficate shall not be ceproduced excapt in lull without writien approval of the laboratory
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCT CO,LTD
Calibration Laboratory of W, Sctriekion Kokibrietds
Schmid & Partner % g Service suisse &'éalonnage
Engineering AG =i g Servizio svizzem di taratura
Zoughaussirasso 43, 8004 Zurich, Switzerland .;,@‘\,y’ Swiss Calibration Servies
Accrodited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 0108
The Swiss Accredilation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration centificates
Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitivity in free space
ConvF sensilivity in TSL / NORMx.y,z
oce diode compression paint
CF crest factor (1/duty_cycle) of the RF signal
A8 CD modulation dependent lingarization parameters
Potarization \p rotation around probe axis
Polarzation 4 5 rotation around an axis that s in the plane narmal to probe s (at measuremant center),
e, 8 =0is normal fo probe axis
Connector Angle information used in DASY system 1o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
€)

d)

IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatiak-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 1o 3 GHz)", February 2005

[EC 62208-2, "Procadurs to determine the Specific Absorplion Rate (SAR) for wireless communication devices
used In closa proximity to the human body (frequency range of 30 MHz to & GHz)", March 2010

KDB 865664, “SAR Measurement Requirements for 100 MHz 1o 6 GHz2"

Methods Applied and Interpretation of Parameters:

NORMx.y,z Assessed for E-field polanization & = 0 (f < 900 MHz in TEM-cedl; f > 1800 MHz: R22 waveguide)
NORMx.y.z are only intermediate values, |.e., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below CanvF).

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

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

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

Axy.z; Bx.y.z: Cx,y.z Dx,y.2; VRx,y,z: A, B, C, D are numerical ineasization 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 callbration 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 | < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessmant of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensilivity in TSL corresponds
1o NORMx.y.z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4 4 and higher which aflows extending the validity from + 50 MHz to = 100
MHz.

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

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

Connactor Angle: The angle is assessed using the information gained by detarmining the NORMx (no
uncertalnty requirad),
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EX30V4- SN:2903 Septembar 28, 2015

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

Basic Calibration Parameters

‘ Sensor X | Sansor Y “SensorZ Unc (k=2)
Norm (uV/AVim)')" 0.41 A 0.36 0.56 +10.1 %
DCP {mV)° | 103.7 : 108.6 99.4
Modulation Calibration Parameters
[UiD [ Communication System Name A B c o | VR Unc-
dB a8V da mV (k=2)
0 [cw ) x| 00 0.0 10 | 000 | 1452 | 27%
Y 00 0.0 1.0 | 1344
) Z | 00 0.0 10 | 1436 |

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

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

A The uncenaintes of Norm X Y,Z do not aflact the E* feld uncenianty inside TSL (soo Pages & and 6)
¥ Numancal lineavization parameder; uncertanty N0k réquined

¥ Uncertainty 5 determined using te max. davigtion fom Inear resporae applying rectanguiss deirbution and & axpressed far the square of the
fiold veiue

Certificate No: EX3-3903_Sep15 Paged4of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth @ Unc |
t(MHz)© | Permittivity” (§im)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)

835 415 0.90 9.84 984 | 984 0.20 158 | £120%
200 415 097 9.68 9.68 9.68 0.22 1.40 £12.0%
1450 40.5 1.20 8.25 8.25 B8.25 017 155 | £120% |
1750 40.1 1.37 8.29 8.29 8.29 0.37 080 | +120%
1800 40.0 1.40 8.03 .03 8.03 0.37 080 | +120%
1950 40.0 1.40 7.84 7.84 7.84 033 088 | £120%
2300 395 167 7.69 7.69 7.69 0.35 0.83 £120%
2450 39.2 1.80 7.35 7.35 735 | 042 080 | +120%
2600 39.0 1.96 7.09 7.09 7.09 0.26 113 | $120%
5200 36.0 4.66 528 5.28 5.28 0.40 180 | +13.1%
5300 35.9 476 5.08 5.08 5.08 0.40 180 | +131% ‘
5500 356 4,98 4.91 491 | 49 0.40 180 | £131%
5600 355 5.07 4.70 4.70 4.70 0.45 1.80 £131%
5800 353 527 | 480 4,60 460 | 045 180 | +131%

© Fracuency validity above 300 Mz of + 100 Mz orfy apphias for DASY va 4 and higher (see Page 2). 6isa ! i5 resinicted to = 50 MHz The
uncananly is the RSS of the CanvF uncenarity st calibvation frog y and the ur y foe tha Indicated fraquency band. Frequency velidity
betow 300 MHz in = 10, 25, 40, 50 and 70 MHz foc ConvF assessmends at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz
'N'mu&nwm&@umuviidnvolmuowmm(twa)mwmm:10%'Mwnpomtmnmnsooﬂe¢lh
measwed SAR valges Al frequencies abave 3 GHz, the validity of bssue paramesers (¢ and o) is resticied 10 = 5%, The uncertsnty a the RSS of
e Cord uncartainty for indcased targel issue parametars.

© ApnalDepth are dotermined during calibration. SPEAG warrants that the rémaining Gaviabion 0ue to the deundary effect sfter compansalion &
umnmsman:mlunqumnbﬂow:iommodwAmhrh.qummonJﬁﬁwm-vydistameuwmmnulmnmnp

diamatar from the boundury
Cartificate No; EX3-3203_Sep15 Page 5of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unc
{(MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2}
835 56.2 0.97 10.05 | 10.05 10.05 023 | 129 | £120% |
1750 534 1.49 7.94 7.94 7.94 0.39 085 | £120%
1900 53.3 1.52 7.72 1.12 7.72 0.34 087 | 2120%
2300 529 181 | 757 757 757 | 042 | 080 | +120% |
2450 52.7 1.95 7.38 7.38 7.38 0.31 095 | +120%
2600 52.5 2,16 7.22 7.22 7.22 0.2z 095 | +120%
5200 49.0 5.30 4.57 4.57 4,57 0.50 190 | £131%
5300 489 542 442 4.42 4.42 0.50 190 | +131%
5500 486 5.65 3.88 3.88 3.88 0.60 190 | 2131%
5800 48.5 577 3.74 374 3.74 0.60 1.80 | +131%
5800 48.2 6.00 4,05 4.05 4.05 0.60 190 | +131% ,

“qumcyvaldtymmmmctx100MHzonlvnpotm!010A$Yv44mdhgfmlumZ].dulurnimezsom.YN
uncerainty is the RSS of tha Comv uncenainty st caltvston fraguency and the uncertainty fof The indicatert fequency band. Frequancy validey
Delow 200 MHz is + 10, 25, 40, 50 and 70 MHz for Conv assessments at 3064, 128, 150 and 220 MHz respeciivedy. Above 5 GHz frequency
varkcity can b extendsd 1o = 110 Midz
'Atmqwnaubehm3GHx,lmuidlydtmaparunm(unan)unbemhmm:wmnlquldmnpmmmumsmhdto
musum)SARvabn.NhequmomzGm_thvﬂmdlmwmwhmdc)umlmdlozsﬂ Tha uncerainty is the RSS of
e ConvF uncestainty for mdicaled Larget tissug peameters.

“ AlphaDapth are deterrnined during caibration. SPEAG wurrants thet I remgining desiat y due 10 1% boundiary effect alter compensation =
uwuyslusltmz‘HHotlvoqmnmesbdm:\GHxmbebw:?%m'lrmnunwma:—s(}mnmwmlameuvanmmmwmm
dameter from tha boundary
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EX3DVa- SN-3503 Septembar 28, 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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Receiving Pattern (¢), S = 0°

=600 MHz, TEM f=1800 MHz,R22
» . > . . L]
Tot Y Tor ¥ 4
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% pug-sigmig-gotne~e=t L B S et e g o 8 S S
&

Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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EX3DV4- SN2903 September 28, 2015

Dynamic Range f(SAReaq)
(TEM cell , fovai= 1900 MH2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

£ =835 MHz WGLS RS (H_convF) 1= 1800 MHz WGLS R22 (H_convF)
3 4 ’Jl
L \

™ £ =
g n ;g
3 ¥ 3 " |

0 - ‘;’-"' “@0 w L ’110 | .\7 ; ALJ ‘I:.q = ) -

i & = W
Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz

0.8

Deviation
ool
o N &S

Lobbd b
coma®

10 -08 06 04 02 02 02 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment: * 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Trangular
Cannector Angle (*) - 332
Mechanical Surface Detection Mode ' - | "~ enabled |
T Opiical Surface Detection Mode ~ Gisabled |
‘Probe Overall Length B 337 mm |
Probe Body Diameter T 10mm |
| Tip Length 9 mm
Tip Diameter 25mm |
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip 1o Sensor Y Calibration Point | 1 mm
Probe Tip lo Sensor Z Callbration Poirt 1mm
Recommended Measurement Distance from Surface ' 1.4 mm_J\
Certificate No: EX3-3803_Sep15 Page 110t 11
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughaussirasse 43, 8004 Zurich, Switzeriand

Accradiied by the Swiss Accreditation Servcs (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multiistersl Agreement for the recognifion of calibration cerlificates

cient  HCT (Dymstec)

I
SN

Certificate No: D750V3-1014_Jul16

S
Cc
S

Accreditation No.: SCS 0108

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio avizzero di taratura
Swiss Calitration Service

The meast

s and he ur

infies with confid

Caliteation Equipment used (MATE crifical for caltbration)

CALIBRATION CERTIFICATE

Objerct D750V3 - SN:1014

Calitwation proceduse]s) QAGAL-OS.\»Q I Y | ’ :
Calibration procedure for dipole validation kits above 700 MHz

Catibration date: July 22, 2016

This calibeation cedificate documents the {racesbilty to national standards, which reaize the physical units of measuremants (1),
we protablity are gluen on the following pages and ame pan of tha cenficate

All calibrations have been conducted in the closed laboratory faclity: snvirpnmaent tumporature (22 = 3)°C and humdity < 70%,

This caliteation corfficate sl not ba reproduced excepl in Rl without written appeoval of the laboratory

Primasy Standards Lo ¥ Cal Date (Certficate No.) Schaculed Cailbration

Power mater NAP SN: 104778 05-Ap-16 (No. 217-02288/0228%) Ape-17

Powar sanaor NRP-Z91 SN: 103242 06-Apr-16 (No. 217-02288) Apr17

Power sensor NAP-291 SN: 103245 05-Apr-15 (No. 217-02289) Apr17

Feleranca 20 dB Alteauator SN: 5068 {20k) 05-Apr-16 {No. 217-02292) Apr-17

Type-N mismatch combination SN; 5047 2/ 05327 05-Api-16 (No. 217-02285) Apr17

Aelerance Probe EX30VA SN; 7340 16-Jun-18 (No. EX3-7348_Jun16) Jun-17

DAEA SN: 601 40-Dec-15 (No. DAE4-801_Dac15) Doc-16

Secondary Standards 10 ¥ Check Date {in houss) Sohedulad Check

Powsr metsr EPM-4424 SN GBI7480704 07-0ct-15 (No. 217-02222) I house chack: Oct18

Power sansar HP 84814 SN; LISa7292783 07-0ct-15 (No. 217-02222) In house check: Oct-16

Power sansar HF 84814 SN: MY41092317 07-0ct-15 (No. 217-02223) In house checke Oct-16

RF generator RAS SMT-06 SN 100672 15-Jun-15 {in house check Jun-15) in housa chock: Oct-16
| Network Anatyzur HF 8753E | SN US3Tas0585 18-0ct-01 {in houss chack Oct-15) in hibusa check: Oct-16

Namne Function
Cadbrated by Clavdio Lavblar Laboratory Technician
Approved by Rasa Pokavic

lssued, July 26, 2016

Certificate No: D750V3-1014_Jul1g
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B004 Zurich, Switzerland

G Schweizerischer Kaiibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accradited by the Swiss Accreditation Sarvica (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service s one of the signatories to the EA
Multilstersl Agresment for the recognition of calibeation certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 8 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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.

s 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.

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

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

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

Cenicate No: D750V3-1014_Jul16 Page20t 8
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HCTCO,LTD
Measurement Conditions
DASY system configuration, as far as not given oo page 1.
DASY Version DASYS V5288
Extrapolation Advanced Exirapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequoncy 750 MHz = 1 MH2z
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 {(220202)°C 409 268% 0.91 mho/m =26 %
Head TSL temperature change during test <05°C e —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 @) of Head TSL Condition
SAR measured 250 mW input power 212 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8.29 Wikg = 17.0 % (k=2)
SAR avaraged over 10 cm”® (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.39 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

5.46 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 555 0.96 mho/m
Measured Body TSL parameters {220202)°C 551+68% 0,98 mhoym = 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 2.24 Wikg
SAR lor nominal Body TSI parameters normalized to 1W B.74 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measursd 250 mW Input power 1.46 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

5.72 Wikg = 16.5 % (k=2)

Certficate No: D750V3-1014_Julié
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiommed to feed point 5470Q+22iQ

Aeturn Loss -26.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4360-08112
Retum Loss -411dB

General Antenna Parameters and Design

I Electnical Delay (one direction) ] 1.033 ns

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

The dipole is made of standard semirigid coaxial cable. The canter conductor of the feading line is directly connected to the
second arm of the dipole, The antenna is therefore shon-circulted for DC-signals. On some ol the dipoles, small end caps
are added 1o the dipole anms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manufactured on March 22, 2010
Cerilicate No: D750V3-1014_Jul1é Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 21.07.2016

Fest Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz D750V 3; Type: D750V3; Serial: D750V3 - SN: 1014

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

Medium parameters used: =750 MHz; o= 0,91 S/m; &= 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 15.06.2016;
Sensor-Surface: | 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 4. 9L; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1258). SEMCAD X 14.6.10(7372)

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

Reference Value = 58.75 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,19 Wikg

SAR(1 g) = 2.12 W/kg; SAR(10 g) = 1.39 W/kg

Maximum value of SAR (measured) = 2.83 Wikg

-2.14

-4.28

-6.42

-8.56

-10.70

0dB = 2.83 Wikg = 4.52 dBW/kg

Certificate No: D750V3-1014_Jul18 PegeSol &
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Pate: 22.07.2016
T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz D750V 3; Type: D750V 3; Serial: D750V3 - SN:1014

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

Medium parsmeters used: [= 750 MHz; o= 0.99 S8/m; & = 55.1; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9,99, 9.99, 9.99); Calibrated; 15.06.2016;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASY5252.8.8(1258);: SEMCAD X 14.6.10(7372)

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

Reference Value = 57.48 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.42 W/ikg

SAR(I g) = 2.24 W/kg; SAR(10 g) = L.46 W/kg

Maximum value of SAR (measured) = 3.01 Wikg

dB
0

-2.40
4.80

-9.60

-12.00

0 dB =3.01 W/kg =4.79 dBW/kg

Cartificate No: D750V3-1014_Jul18 Page 70! 8
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Impedance Measurement Plot for Body TSL
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h'a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCT CO,LTD
Callbfation Laboratory of :‘\‘f,',, S Schweirerischer Kalibrierdianst
Schmid & Partner M c Sarvice suisse d'éalonnage
Engineering AG T Sarvizic svizzero di taratura
Zeughausstrasss 43, 5004 Zurich, Switzeriand N S Swiss Calibration Service
T
Actrediied by the Swiss Accrodgation Sendce (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of cafibration certificates

ciient  HCT (Dymstec) Cartificato No: DB35V2-4d165_Novi5
[CALIBRATION CERTIFICATE

| Cbject DB35V2 - SN: 4d165

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

Cafbtration date: November 24, 2015

This caiibeation certiicata documants the traceability 1o national standards, which reakize the physical units of measurements {S1).
Thar and tha unc figs with confidence probabiity are given on the following pages and are part of the certdicate.

Al calibrations have been canducied In the ciosed laboratory facility: emsronment temparaturs (22 = 3}°C and humidity < 70%

Caltration Equipment used (MATE critical for calitration)

Primary Standards 1D # Cail Dats (Certificate Na.) Schaduled Caibration

Pawar meter EPM-4424 GR3I7TAEDT04 G7-0c1-15 (No, 217-02222) Oct-18

Pawar sansor HP 84814 US37292763 07-Oct-15 (No, 217-02222) Cet-18

Fowar sansor HP B481A | MY41092317 07-Oct-15 (No. 217-02223) Qct-16

fisterance 20 dB Atiequator SN BO58 (20k) 01-Ape15 (N 217-02131) Mar-18

Type-N mismaich combirstion SN 5047.2 /06327  01-Apr-15 (No. 217-02134) Mas-16

Reterence Probe EX3DVA SN: 7348 30-Dac-14 (No. EX3-7342_Dect4) Dec-15

DAE4 SN DY 17-Aug-15 (No. DAES-601_Aug15) Aug-16

Secondary Standards liow Cheex Date (in house) Scheduled Check

AF generatoe AAS SMT-06 | 100072 15-2un-15 {In house check Jun-15) In houss check Jun-18

Netwark Anatyzer HP 8753E | US37900585 S4206  18-Oct-01 (n houso check O-15) in house check. Oct-18
Nama Function Sigrature

Calibrated by: Michast Weber Labaratory Technician /’ M
Agproved by: Katja Poxovic Technical Manager %g

lesued: November 24, 2015

Tlla calinration gerdificate shall not be reproduced axcept in Il without wittten approval of the Iabonsiory

Certificate No; DE35V2-4d165_Nov1i5 Page 1 of 8
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HCTCO,LTD
Callbu_'atlon Laboratory of \\@’/f’,, §  Schwsizerischer Kallorierdienst
Schmid & Partner . = c Service sulsse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ,f-‘\?\ W S  swiss Calibration Service
byl
Accreditad by tha Swiss Accredilation Sarvica (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL fissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) 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:
8) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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 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 to a coverage
probability of approximately 95%.

Certificate No: D835V2-4d185_Novis Page2of8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 Mz = 1 MHz
Head TSL parameters
The {ollowing parameters and calculations were applied,
Tomperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 4.5 0,90 mho/m
Measured Head TSL parameters (220x02)°C 426+£6% 092 mhaim £ 6 %
Head TSL temperature change during test <05'C - —
SAR result with Head TSL
SAR averaged over 1 eny’ (1 g) of Head TSL Condition
SAR measurad 250 mW Input power 2.29 Wikg
SAR for nomenal Head TSL parameters normalized 1o 1W 9.06 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 149 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.90 W/kg = 16,5 % (k=2)
Body TSL parameters
The following pararneters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters {220=02)°C 55626% 0.99 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 measuted 250 mW input power 2.40 Wikg
SAR lor nominal Body TSL parameters normakzed to 1W 9,47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measurad 250 mW input power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6,25 W/kg % 16,5 % (k=2)

Cenilicate No: DB3SV2-44165_Novis

Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5210-47K2
Retum Loss -26.0dB

Antenna Parameters with Body TSL

Impedance, tranaformed to feed point 4780Q-681Q
Retumn Loss -22.7dB

General Antenna Parameters and Design

| Electrical Delay (one direction) l 1.440 ns ]

After fong 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 semengid coaxial cable. The center conductor of the feeding line s directly connected 1o the
second arm of the dipole, The antenna is therefore short-clroulted for OC-signals, On some of the dipoles, small end caps
are adgded o the dipole arms in order to improve matching when loaded according to the positicn as explained in the
"Measurament Conditions® paragraph. The SAR data are not atfected by this change. The overall dipole length |s still
according to the Standard,

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

Additional EUT Data

Manufaciurod by SPEAG
Manulactured on December 28, 2012

Certificate No: D835V2-4d165_Nov15s Pagedot8
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DASYS5 Validation Report for Head TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 4d165

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

Medium parameters used: = 835 MHz; o =092 S/m; & =426, p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77): Calibrated: 30.12.2014;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: 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 = 60.39 V/im; Power Drft = 0.02 dB

Peak SAR (extrapolated) = 3.40 W/kg

SAR(1 g) = 2.29 W/kg: SAR(10 g) = 1.49 W/kg

Maximum value of SAR (measured) = 3.03 Wikg

SLE

0dB =3.03 Wikg =481 dBW/kg

Canificate No: DB35V2-40165_Nov15 Paga5olB
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35V2 - SN: 4d165

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

Medium parameters used: f = 835 MHz: o = 0.99 S/m; & = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.72, 9,72, 9.72). Calibrated: 30.12.2014;
o Sensor-Surface: |.4mm (Mechanical Surface Detection)
o  Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 4.9L; Type: QDOGOP49AA; Serial: 1001

o DASYS5252.8.8(1222), SEMCAD X 14.6,1((7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube (:
Measurement grid: dx=5mm, dy=>mm, dz=S5mm

Reference Value = 61.95 Vim; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(! g) = 2.4 W/kg: SAR(10 g) = L.58 W/kg

Maximum value of SAR (measured) = 3.17 Wikg

SLBL

0dB =3,17 Wikg = 5.01 dBW/kg

Centificate No: DB35V2-4a165_Nav15 Page 7of &
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LTD
Calibration Laboratory of S, Schwetzert librierdisns
Schmid & Partner SN2 Service eu(:e:;‘::lonw '
Engineering AG % Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand % @l\‘s’ Swiss Calibration Sorvice

Accradited by ihe Swiss Accredation Senice (SAS)

The Swisa Accreditation Service is one of the signatories to the EA
Muhtilsteral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

cient  HCT (Dymstec) Certificate No: D1800V2-2d006_Jan16
CALIBRATION CERTIFICATE
Coject D1800V2 - SN: 2d006
Calibvation procedure(s) QA CAL-05.v89
Calibration procedure for dipole validation kits above 700 MHz
Catlibeation date: January 22, 2016

This calibration certificate documents the traceatility to national standards, which raafize the physical units of measurements (ST)

The measuraments and the v i with confidence p

Calibeation Equipment used (METE critical for calibmaticn)

Al calisrations lave tean conductad o the closad laboratory fachily. eavironment tempersture (22 + 3)'C and humidity « 70%.

y are given on Me folowing pages and are part of the cerdilicate

Primary Standards D # Cal Data (Cartificate No.) Schaduled Cafibyration
Power meter EPM-4424, GE3I74E0704 07-Cct-15 (No. 217-02222) Out-16
Pawer sansor HF 8481A US37292783 07-Oct-15 (Na. 217,02222) Oct-16
Power sanaor HP 84814 MY41092317 07-Cet-15 (No. 21702223} Oct-16
FAeteconce 20 dB Altenusicor SN: 5058 (20x) MAgr-15 (No, 217-02131) Mar-16
Type-N mismatch combenation SN £047.2 1 06327 01-Apr1 & (No, 217.02134) Mar-16
HAedorence Probe EX30V4 SN 7348 31-0ec15 (No. EX3-7349_Dectb) Dec-16
DAE4 SN: 601 30-0ec-15 (No. DAE4-801_Dec15) Dec-16
Secondary Standards =X Check Date (In house) Scheduled Check
AF generstor AAS SMT-08 | 100972 15-Jun-15 {in house chack Jun-15) In house chack: Jun-18
Network Analyzar HP 8753 US37300585 54206 180101 (n houss cheok Oct-15) In houss check: Oct-16
Name Function Signature
Catbrated by Mchaal Weber Laboratory Technican I Ké !
.
Approved by: Katlja Pakovic Technical Manages

This caiyration certilicate shall not be repeoducsd excapt in full without wiilten appeoval of the Wsbaratory.

-

Baped January 25, 2018

Centificate No: D1800V2-20006_Jan16
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HCTCOLLTD
Calibration Laboratory of A, Sitbitieriaitier 1l
% N . ibriercionst
Schmid & Partner e S Service sulsse d'étalonnage
Engineering AG = C ' servisio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ’—/r"ﬁ\-\"\? S Swiss Calibration Service
Accredited by e Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Muitil | Agr for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) IEC 82208-2, "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 detalls are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

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.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Certificate No: D1800V2-2d006_Jan16 Page2 ot 8
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Report No: HCT-A-1608-F001-2
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Measurement Conditions
DASY system cenfiguration, as far as not given on page 1,
DASY Version DASYS v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz £ 1 MHz
Head TSL parameters
The following parametess and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 400 1.40 mbho/m
Measured Head TSL parameters {220+02)"C 40126% 1.30 mhofm =6 %
Head TSL temperature change during test <05"C — -
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 250 mW input power 8.57 Wiy
SAR for nomeinal Head TSL parameters normalized to 1W 38.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 250 mW input power 5.03 Wkg
SAH lor nominal Head TSL parameters norrmalized o 1W 20.2 Wikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho'm
Measured Body TSL parameters (220202)°C 537+6% 152mho/m+6 %
Body TSL temperature change during test <05"C —_— —_
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Candition
SAR measured 250 mW input power 8.57 Wikg

SAR for nominal Body TSL paramsters

normalized ta 1W

38.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 5.05 Wrkg
SAR for nomsnal Body TSL parameters normalized to 1W 20.2 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 4650-6810
Return Loss -221dB
Antenna Parameters with Body TSL
Impedance, transformed 1o leed paint MU7TQ-62/K
Aetun Loss -21.3dB
General Antenna Parameters and Design
| Electrical Delay (one direction) ] 1.208 ns

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

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

according to the Standard,

No excessive force must be applied 1o the tpole arms, because they might bend or the solderad connections neat the

feadpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manutactured on July 23, 2001
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: DI1S00V2; Serial: DIS00V2 - SN: 24006

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: ['= 1800 MHz; o = 1.39 S/my; & = 40.1; p = 1000 kg/m*
Phantom section: Flut Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31,12.2015;

Sensor-Surface; 1. 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

DASY352 52.8.8(1258); SEMCAD X 14.6.1(7372)

Date: 22.01,2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0):
Measurement grid: dx=Smm, dy=5mm, dz=5mm
Reference Value = 106.1 Vim; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 9.57 W/kg; SAR(10 g) = 5.03 Wrkg
Maximum value of SAR (measured) = 14.5 Wikg

-3.60

-1.20

-14.40

-18.00

0dB = 14.5 Wkg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 22.01.2016

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00OV2Z; Serial: DI1S00V2 - SN: 2d006
Communication System: UID () - CW; Frequency: 1800 MHz
Medium parameters used: f= 1800 MHz; o= 1.52 S/m; £ = 53.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)
DASYS2 Configuration:

«  Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 31.12.2015;

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

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

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

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

Reference Value = 102.4 V/m: Power Drift = -0.01 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) =9.57 W/kg:; SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 14.4 Wikg

-3.60

-1.20

-10.80

-14.40

0dB =144 W/kg = 11.58 dBW/kg
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Impedance Measurement Plot for Body TSL

22 Jan 2016
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HCTCO,LTD
Calibration Laboratory of SO, Schweizerischer Kalibrierdienst
Schmid & Partner % S Service suisse d'étalonnage
Engineering AG T c Servizio svizzero ¢l taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand e ana S swiss Calibration Service
Accredited by the Swiss Accradation Service (SAS) Accraditstion No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Muitilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: D1900V2-5d061_Apri16
CALIBRATION CERTIFICATE

Object D1800V2 - SN: 5d061

Calibeation procedureds) QA CAL-05.v8

Calbration date: Aprﬂ 25, 2016

Calibeation Equipment used (METE critical for cabration)

Calibration procedure for dipole validation kits above 700 MHz

This calluration cedificals dacumants the raceabilty to national standards, which realize tha physical Unils of maasuremeants (51)
The measiremants and the uncedainties with cenflidence probabillly are ghen on the folowing pages and are par of the certificate

All calbrations have bean contuctad n the closed ory fachity: 22 £ 3)°C and humidily < 70%

This calibration cedtiticata shall not be reproduced except In full without writton aporoval of the laboralory

Primary Standarcs 10 # Cal Date {Cestificate No.) Schaduled Callbraton

Power meoler NP SN 104778 06-Ape-16 (No, 217-02288/02288) Apr-17

Power sensor NRP-Z91 | SN 103244 06-Apr-16 (No. 217-02268) Apr-17

Power sensce NRP-Z81 SN 103245 D5-Apr-16 (No, 217-02289) Apr-17

Aeferance 20 dB Altenustor SN 5058 (20k) 0S-Apr-16 (No. 217-02292) Apr-17

Type-N mismatch combination SN 5047 2/ 06327 05-Apr-16 (No. 21702295) Ape17

Referance Probe EX30V4 SN: 7345 §1-Dec-15 (No. EX3-7340_Dec15) Dec-18

DAE2 SN 601 30-Dec-15 (No. DAE4-601_Dac15) Dec-16

Secongary Siandards D# Check Date (in house) Scheduled Chock

Powar metor EPM-342A SN: GEI7480704 07-0ct-15 [No, 217.02222) In housa check: Oct-16

Powar sensar HP 8481A SN: US37292763 07-Oct-15 (No, 217.02222) In house check: Oct-16

Pawer sansor HP 84814 EN MY41092317 07-0ct-15 (No, 217-02223) In house check: Ocl-18

AF genarator &S SMT.06 SN: 100872 156-Jun-15 {in house check Jun-15) In house check: Oct-18

Network Anatyzer HP 8753€ , BN UIS37390585 18-O0t-01 (in house check Oct-15) in house check: Oct-18
Narne Function Signatjure

Calbrated by. Michasl Waber Laboralory Technician

Hlelgs

Approved by: Kaja Pokovic Technical Managor /%4

lesued Apnil 26, 2016
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Calibration Laboratory of S, G Schweizerischer Kalibrierdienst
Schmid & Partner m Service suisse détalonnage
Engineering AG s C' servisio svizasro di taraturn
Zaughaussirasse 43, 8004 Zurich, Switzerland {-/,, //,‘;\\\\ p? S  swisa Calibration Service
UM
Accredited by the Swiss Accreditation Serveos {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilatersl Agreement for the recognition of calibration cartificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) |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 valld at the frequency indicated.

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

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

* 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 nommalized: 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%.

Cedtificate No: D1200V2-5d061_Apri6 Page2oi8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYs V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center- TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 400 1.40 mho/m
Measured Head TSL parameters (22.0+0.2}°C 400+6% 1.37 mho/m + 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAH moeasured 250 mW input power 3.53 Wikg
SAR tor nominal Head TSL parameters normalized to 1W 38.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 5.01 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.2 W/ikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mha/m
Measured Body TSL parameters (220+02)°C 528+6% 1.49 mho/m =6 %
Body TSL temperature change during test <05°C - —
SAR resuit with Body TSL
SAR averaged over 1 cm? (1 g) of Body TSL Condition
SAR measured 250 mW Input power 9.82 Wikg
SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 5.20 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.9 Wikg = 16.5 % (k=2)
Centificate No: D1900V2-50d061_Apr16 Page 30of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250+771Q
Retum Loss -221dB

Antenna Parameters with Body TSL

Impadance, transformed to feed point 4790+B5)Q

Aeturn Loss -21.0dB

General Antenna Parameters and Design

I Electrical Delay (one direction) [ 1192 ne

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

The dipole is made of slandard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the
sacond amm of the dipole. The antenna i therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length is still
according to the Standard.

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

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on December 10, 2004
Centificate No: D1900V2-50d061_Apr16 Page 4 ol B
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DASYS Validation Report for Head TSL

Date: 25.04.2016
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

Communication System: UID 0 - CW; Frequency: 190 MHz
Medium parameters used: F= 1900 MHz; o = 1.37 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEIEC/ANSI C63.19-2011)
DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated; 31.12,2015;
o Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12,2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

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

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

Reference Value = 107.4 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17.2 Wikg

SAR(1 g) = 9.53 W/kg; SAR(10 g) = 5.01 Wikg

Maximum value of SAR (measured) = 14.5 W/kg

-3.80
-7.60
-11.40
-15.20

-19.00

0dB =145 W/kg=11.61 dBW/kg

Certificate No: D1200V2-53061_Apri6 Page 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 25.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061

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

Medium parameters used: [ = 1900 MHz; 6 = 1.49 S/m; & =32.9; p = 1000 kg/m’
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEETEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002

» DASYS252.8.8(1258); SEMCAD X 14.6.1(§7372)

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

Reference Value = 104.3 V/m; Power Drift = -0.03 dB

Peak SAR {extrapolated) = 17.3 Wikg

SAR(1 g) = 9.82 W/kg; SAR(10 g) =5.2 W/kg

Maximum valuc of SAR (measured) = 14.9 Wikg

-3.80
-1.60
-11.40

-15.20

-19.00

0 dB = 14.9 Wikg = 11,73 dBW/kg
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Impedance Measurement Plot for Body TSL

35 Apr 2016 11356553
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Calibration Laboratory of S8, Schweizerischer Kalibrierdienst
Schmid & Partner %& Service sulsse d'étalonnage
Engineering AG T Secvizio svizzero di taratura

Zoughausstrasss 43, B004 Zurich, Switzerland A ,'/’FI\\“\_.\-’ Swiss Calibration Service
Accredited by the Swiss Accreddatian Sendce (SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Muttilateral Agr for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: D2450V2-965_Apr16
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 965

Caibraticn procedura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz
Calitratian date: April 19, 2016

This calibeation centficate documents tha raceability to national standards, which realize the physicsf units of measurements (S1).
Tha measuroments and the uncenainties with confidence probabiity are givan on tha folkswing papes and are part of the canificate.

Al calitvations have baen condugiod in the closed Iabormiory faciiity: enviconment temperature {22 + 3y°C and humidity < 70%,

Caitirnbion Equipment used (METE critical for calibration)

Primary S IDa Cal Date (Cerificate No.) Scheduled Calration

Pawar meter NAP SN: 104778 O6-Ape-16 (No. 217-022B8/02289) Apri7

Powar sensor NRP-Z81 SN: 103244 06-Apr-16 (No. 297-02288) Aprd7

Powar sensor NRP-281 SN 103245 D6 Ape16 (Na, 217-02208) AprAT

Heferonca 20 dB Attenuaior SN 5053 (20K) 05-Apr-16 (Na. 217-02282) Apr17

Type-N mismatch combination SN: 5047,2 1 06327 D5-Apr-16 (No, 217-02295) ApeT

Aeferanca Proba EX30V4 SN 7349 31-Doc15 (No. EX3-7348_Dec15) Dec-16

DAE4 SN: 601 30-Dec-15 (No DAE4401_Decis) Dec-16

Secondary Standards DA Check Date (i heuss) Scheduled Chack

Powar meter EPM-242A SN: GB37450704 O7-Oct-15 (No. 217-02222) In house check: Oat-18

Power sensar HP 8481A SN: US37292783 07-Oct-15 (No, 217-02222) In house check: Oct18

Power sersar HP 84814 SN MYA41092317 070115 (Na, 217-02223) In house check: Oct-18
| AIF genacator H&S SMT-04 SH: 100972 15-Jun-15 {In house chock Jun-15) In howss check: Oct-18

Network Anatyzar HP 8753E | SA: US37380585 1800101 (in house check Oct-15) In house check: Oct-16

Name Function Signature

Caibyratad by: Michaal Webior Latoratory Technician m!*r

Appiounsd by: Katia Pokovic Tecnnical Managar //5% %%/

Issued: Aprf 20, 2016

This calibadion centiticate ahial not be reproduced except i full without wrilten appeoval of the laboratary.
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Calibfation Laboratory of G  Schwsizerischer Kalibrierdienst
Schmid & Partner Service suisso d'étalonnage
Engineering AG C  Servisioavizaero di Serstina
Zeughausstrasse 43, 8004 Zurich, Switzertand S Swiss Calibration Service

Accredited by 1he Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) 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.

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The tollowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 38,2 1.80 mha/m
Measured Head TSL parameters (220=02)°C 400286 % 1.83 mho/m =6 %
Head TSL temperature change during test <05C — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Whg
SAR for nominal Head TSL parameters normalized 1o TW 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.89 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Body TSL. parameters 220"C 527 1.95 mho/m
Measured Body TSL parameters (22.0+02)°C 527 6% 1.98 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 Caondition
SAR measured 250 mW input power 12.4 Wikg
SAR tor nominal Body TSL parameters normalized 1o 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 ecm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Wikg
SAR for nominal Body TSL parameters nomalized to TW 23.0 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 54610+ 38)Q

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51004590

Retumn Less -245dB

General Antenna Parameters and Design

[Eiectncal Delay (one direction) ] 1162 ns I

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the leeding line is directly connected to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipcies, small end caps
are added 10 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 to the Standard.

No excessive lorce must be applled to the dipole arms, because they might bend or the solderad connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
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Report No: HCT-A-1608-F001-2

DASYS5 Validation Report for Head TSL

Fest Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

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

Medium parameters used: = 2450 MHz; o = 1.83 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.76, 7.76, 7.76). Calibrated: 31.12.2015;

Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001

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

Date: 19.04.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5mm, dy=5Smm, dz=5Smm
Refercnce Value = 112.4 Vim; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 25.6 Wi/kg

SAR(1 g) = 12.7 W/kg; SAR(10 g) = 5.89 W/kg
Maximum value of SAR (measured) = 20.7 W/kg

-5.00

-10.00

-15.00

-20.00

-25.00

0 dB =20.7 Wikg = 13.16 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 19.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 963

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

Medium parumeters used: = 2450 MHz; o= 1,98 S/m; &, =52.7; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79, 7.79); Calibrated; 31.12.2015;
« Sensor-Surface: 1, 4mm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 30.12.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

« DASYS5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 104.7 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 24.7 Wikg

SAR(1 g) = 12,4 W/kg: SAR(10 g) = 5.78 W/kg

Muximum value of SAR (measured) = 20.0 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =200 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LTD
Calibration Laboratory of SN, Schwaizeri
Schmid & Partner — s s
Engineering AG % c Servizio svizzero dl taratura
Zeughnusstrasse 43, 8004 Zurich, Switzerfand ’q%ﬁ_\‘_\? S swiss Catibration Servics

Accradited by the Swiss Accredilntion Servics (SAS)
The Swiss Accreditation Service is ono of the signatories to the EA
Multilateral Agreement tor the recognition of callbration cerfificates

ciem  HCT (Dymstec)

Centificate No: D2600V2-1106_Feb16

Accraditstion No.: SCS 0108

CALIBRATION CERTIFICATE

Object

Calration dale

Caliraton procedure(s)

D2600V2 - SN: 1106

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

February 18, 2016

Calration Equipment used (METE critical lor calibention)

This calbration cerfilicate doclements the traceabiity to national standards, which realize the physica unts of measuraments {S1),
The measirements and the unceranties with confidence protahiiity are gven an the Sollowing pages and are pan of the ceniticate

All cadbrations have boen conducted In the cioced laboratory facility: anvwonment lemperalire (22 + 3°C and humidity < 70%

Primary Standards Da Cal Date (Canificats No.) Echeduled Calibration |
Powar meter EPM-342A GBIT4B0704 07-0ct-15 (No. 217-02222) Oct-16

Power sensar HP B48TA US37202783 07-0ct-15 (No. 217-02222) Car-16

Power sonsor HP 8481A MY41092317 07-0ct-15 (No. 217-02223) Oct-16

Refarance 20 48 Attenuator SN: 5058 {20k) O1-Apr-15 (No. 217-02131) Mur-18

Typa N msmatch combination SN: 50472/ 05227 01:Apr-15 (No. 217-02134) Mas-16

Refarance Probs EX3DV4 SN: 7349 31-Dec 15 (No, EX3-7328 Dects) Dec-18

DAE4 SN: 601 30-Dec 15 (No. DAEL.E01_Dects) Dec-16

Saecondary Slandards 10 Check Date (mhouse) Schacled Chack
i RF generator RAS SMT-06 100872 158-Jun-15 (n house check Jun-15) in house check: Jun-18
| Netwark Analyzer HP 8753€ US37390685 54206  18-0c1-01 (in houso check Oct-15) in house check: Oct-16

Name Functian S re

Calitwated by Clauda Laubler Labaratary Tachnician
] Approved by Katja fokovic Technical Manager

Issuod: February 18, 2046

This callbration cartificale shall not be reproduced axcept in full wehout weittan approval of the lataratory.

Certificato No: D2600V2-1106_Feb16
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Calibration Laboratory of

Schmid & Partner 8 mnmm::n B
Engineering AG C  Seririosvtesers o tacatira

Zoughsusstrasse 43, 8004 Zurich, Switzerlsnd S Swiss Calibration Service

Accredited by the Swiss Accradtation Senvice (SAS) Accreditation No.: SCS 0108

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

Multilateral Ag for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
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.

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 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.

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nomina! Head TSL parameters 220°C 390 1.96 mho/m
Measured Head TSL parameters (220+£02)C 381+6% 2.01 mhoim = 6 %
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Cendition
SAA measured 250 mW input power 14.0 Wikg
SAR for nominal Head TSL parameters normalized 1o TW 55.1 Wkg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL candition
SAR measured 250 mW input power 618 Wikg
SAR for nominal Heod TSL parameters normakized to 1W 24.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220+0.2)°C 52526% 218 mhom =6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Contdition
SAR measured 250 mW input power 13.4 Wikg
SAR for nominal Body TSL paramaters normatized 10 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 5,94 Wikg
SAR for nomina! Body TSL parameaters normalized to 1W 23.7 Wikg = 16,5 % (k=2)
Certificate No: D2800V2-1106_Feb16 Page3ofB
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed polm 49540 -7310
Retumn Loss -22.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 44B0Q-60 0

Return Loss -215d86

General Antenna Parameters and Design

lEioctrical Dalay (one direction) I 1.150ns ]

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

The dipole s made of standard semirigsd coaxial cable. The canter conductar of the feeding line is directly connected to the
sacond arm of the dipole. The antenna is tharefore shon-circuited for DC-gignals. On some of the dipoles, small end caps
are added to the dipole amms 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 s still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on February 18, 2015
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DASYS Validation Report for Head TSL

Date: 18.02.2016
Test Labormtory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: { = 2600 MHz: 6 = 2.01 S/m; & = 38.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.49, 7.49, 7.49); Calibrated: 31.12,2015;
« Sensor-Surface: | Amm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

o DASYS5252.8.8(1258); SEMCAD X 14.6.1((7372)

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

Reference Value = 113.4 Vim: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.19 W/kg

Maximum value of SAR (measured) = 23.1 Wikg

-4.89
-9.77
-14.66

-19.54

-24.43

0dB =231 W/keg = 13.64 dBW/kg

Cartificate No: D2600V2-1106_Feb16 Page5¢cl 8

F-TP22-03 (Rev.00) 243 /262 HCT CO., LTD



aCT

HCTCO,LLTD

FCC ID: ZNFH990

Report No

: HCT-A-1608-F001-2

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

Date: 18.02.2016
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

Communication System: UID 0 - CW; Freguency: 2600 MHz

Medium parameters used: = 2600 MHz: o = 2.18 S/m; ¢ = 52.5; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.6, 7.6, 7.6); Calibrated: 31.12,2015;
« Sensor-Surface: [ 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn60)1; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Senal: 1002

« DASYS252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 14,1 V/im: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(I g) = 13.4 W/kg: SAR(10 g) = 5,94 W/kg

Maximum value of SAR (measured) = 21.2 Wikg

-4.82
-9.64
-14.46

-19.28

-24.10

0dB =212 Wikg = 13.26 dBW/kg
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Impedance Measurement Plot for Body TSL

12 Feb 2016 18:@8:27
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Accredited by the Swiss Accreditation Senvica (SAS)
The Swisa Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec)

Cartificate No: DSGHZV2-1107 _Jan16

Accreditation No.: SCS 0108

CALIBRATION CERTIFICATE

Objact

Caltration precedurals)

Calibration date:

DSGHzV2 - SN: 1107

QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

January 29, 2016

| Calitwation Equipment usod (M&TE ctical for calibration)

This calbration cerlificate documents the fraceabiity o naticnal standards, which realize the physicai urits of measuremants {S1)
The messurements and the uncartanties with canfidence peobabiRy a8 givan an the following pages and ace part of the certificate,

Al calibeations have been conducted in the closed laboratory faciity: environmendt temperstuns (22 « 3)'C and humidity < 70%.

This ca}bralm cerfificate shall not be reproducad excapt in ull without written approval of the aboratory.

Primary Standards iDa Cul Dale (Certifi No.) Scheduled Calibraton

Fowar meter EPM-442A GB37480704 07-0ct-15 (No. 217-02222) Oct-16

Power sensar +HP BARTA US37202783 07-0ct-15 (No. 217-02222) Oct-16

Fowear sensor HP B4BTA MY41082317 07.0ct+15 (No. 217-02223) Oct-16

Felerence 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combingtion SN: 5047.2 / 06327 O1-Ape-15 (Na. 217-02138) Mar-16

Referance Proba EX30V4 SN 3503 31-Dec-15 (No. EX33503 Dects) Dec-16

DAES SN 80t 30-0a0-15 (No. DAE4-&IY_Dac15) Dec-16

Sacondary Standards 1D ¥ Check Date (in house) Schaduled Chack

AF gonerator HAS SMT-06 100972 15-Jun-15 (in house check Jun-15) In house chack: Jun-18

Network Analyzer HP 87538 US37390585 S4206 18-0ct-01 (in hause check Oct-15) In house check: Oct-16
Name Function Sgnature

Calitrated Ly Michasl Wabar Laboratory Technician 7@ !

Approved by: Katja Pokovic Technicat Manager

SEC

Issued: Janvary 29, 2016

Certificate No: DSGHzV2-1107_Jan18
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Calibration Laboratory of S, Schwelzsrischer i
& ; A Kafibrierd
Schmid & Partner S 8 sﬂ::. n:u coum: 2
Engineering AG 5 = C. swic svizzero di taratura

Zeughsusstrasse 43, 8008 Zurich, Switzerland "4,,’/7?_\\\‘:,@ S swiss Callbration Service
Accredited by 1he Swiss Accredtation Service (SAS) Accreditation No: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Ag t for the gnition of calibeation certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-2, "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 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.

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

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

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

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

DASY Version DASYS v52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

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

Frequency 5600 MMz = 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations wete applied.

Temperature Permittivity Caonductivity

Nominal Head TSL parameters 220°C 359 4.71 mho/m

Measured Head TSL parameters (220£02)°C 352:6% 4.55 mha/m + 6 %

Head TSL temperature change during test <05°C o e
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 Wikg

SAH for nominal Head TSL parameters nomalized to 1W 77.8 Wikg = 19.9 % (k=2)

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

SAH measured 100 mW Input power 224 Whg

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

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 355 5,07 mho/m
Measured Head TSL parametors (220+02)°C 3T 26% 490 mho/m £ 6 %
Head TSL temperature change during test <05°C -

SAR result with Head TSL at 5600 MHz
SAR averaged over 1 ecm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.10 Wikg
SAR for nominal Head TSL parameters normalized to TW 80.5 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 233 Wikyg

SAR for nominal Head TSL parameters

nommalized to 1W

23.1 Wikg £ 19.5 % (k=2)

Head TSL parameters at 5750 MHz

Tha following parametess and calculations were applied.

Tomperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 354 5.22 mho/m
Measured Head TSL parameters (22.0+0.2) °C 345+6% 5.05 mho/m =6 %
Head TSL temperature change during test <05"C - e

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 Wikg
SAR for nominal Head TSL parameters normabizad to 1W 76.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.21 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

21.9 Wkg = 19.5 % (k=2)
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Body TSL parameters at 5250 MHz

The tollowing parameters and calculations were applied

Temperature Parmittivity Conductivity

Nominal Body TSL parameters 220°C 48.9 5.36 mho/m

Measured Body TSL parameters (2204 0.2)°C 47046% 544 mho/m + 6 %

Body TSL temperature change during test <05*C - —
SAR result with Body TSL at 5250 MHz

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

SAR measured 100 mW input power 7.46 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 Wiy

SAR for nominal Body TSL parameters normalized to 1W 20.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 435 5.77 mho/m

Measured Body TSL parameters (220=202)°C 464 :6% 5.91 mho/m + 6 %

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

SAR averaged over 1 em’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.95 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 78.9 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL cenditicn

SAR measured 100 mW input power 2.24 Wikg

SAH for nominal Body TSL parameters normalized to 1W 22.2 Wikg = 19.5 % (k=2)
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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 483 5,94 mhoim
Measured Body TSL parameters (220+02)°C 4B61:6% B8.12mha/m £ 6 %
Body TSL temperature change during test <D5°C - —_
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input powar 7.55 Wka
SAR for nominal Body TSL parametars normalized to 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 2.12 Wikg

SAR for nominal Body TSL parameters

normalized o 1W

21.0 W/kg £ 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 5520-7310

Return Loss -21508
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 56.9Q-02

Retum Loss -2514d8B
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transfarmed 10 feed point 5680+07Q

Retun Loss -238dB
Antenna Parameters with Body TSL at 5250 MHz

Impedancs, transformed to feed point 4850Q-73|Q

Retum Loss -224d8B
Antenna Parameters with Body TSL at 5600 MHz

Impedance. transformed to feed point 5530Q-39)Q

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

Impeadance, transfarmed to feed paint 55210-441)

Retumn Loss -238dB
General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.196 ns

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

The dipole is made of standard semirigld coaxial cable, The center conductor of the feeding ling Is directly connected to the
second am of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are acded 10 the dipole arms in order 1o improve matching when loaded according to the position as explained in the
"Measutement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Manufactured on

March 11, 2011
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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: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: §750 MHz
Medium parumeters used: = 5250 MHz: 6 = 4.55 S/m; & = 35.2; p = 1000 kg/m* . Medium parameters
used: f=5600 MHz: o = 4.9 S/m; .= 34.7; p = 1000 kg/m’ , Medium parameters used: f = 5750 MHz; o =
5.05 S/m; & =34.5; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe; EX3DV4 - SN3503: ConvIF(5.53, 5.53. 5.33); 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: 1. 4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 30.12.2015

» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
« DASY5252.8.8(1258); SEMCAD X 14.6.1(0(7372)

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

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

Peak SAR (extrapolated) = 28.7 Wikg

SAR(1 g} =7.82 W/kg: SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.4 Wikg

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

Reference Value = 71.71 V/m; Power Drift = 0,08 dB

Peak SAR (extrupolited) = 31.8 Wikg

SAR(1 g) =8.1 W/kg: SAR(10 g) = 2.33 W/kg

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

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

Maximum value of SAR (measured) = 19.0 Wikg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 29.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz: Type: D5GHzV2; 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 §/m; & = 47; p = 1000 kg/m' , Medium parameters used: [
= 5600 MHz; 0 =5.91 S/m; & = 46.4; p = 1000 kg/m* , Medium parameters used: f = 5750 MHz: o = 6.12
S/m; & =46.1; p= 1000 kg/m*

Phantom section; Flat Section

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

DASYS2 Configuration:

» Probe; EX3DV4 - SN3503; ConvF(4.83, 4.85, 4.85); Calibrated: 31.12.2015, ConvFi(4.35. 4.35,
4.35); Calibrated: 31.12.2015, ConvF(4.3, 4.3, 4.3); Calibrated: 31.12.2015;

» Sensor-Surface: |.4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 30,12.2015

* Phantom: Flat Phantom 5.0 (back); Type: QDDODPSOAA; Serial: 1002
« DASY5252R.8(1258);: SEMCAD X 14.6.10(7372)

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

Reference Vilue = 66,57 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 27.9 W/kg

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

Maximum value of SAR (measured) = 17.0 Wikg

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

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

Peak SAR (extrapolated) = 32.5 W/kg

SAR(1 g) = 7.95 W/kg; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.8 Wikg

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 (extrapolated) = 32.2 W/kg

SAR(I 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 - 5800

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 | 472 | 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
Diethylene glycol i i
hexyl ether
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

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

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

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 Prob Probe Dlelectrlc Parameters CW Validation Modulation Validation
robe o

System Probe T Calibration| Dipole | Date Measured Measured ... Probe | Probe MOD. Duty

No. Point Permlttlwty Conductivity y LinearityIsotropy Type Factor

2 1609 |[ET3DV6 |Head | 750 | 1014 | 2016.04.04 41.7 0.91 PASS | PASS | PASS | N/A

2 1609 |[ET3DV6 | Body | 750 | 1014 | 2016.04.05 55.3 0.96 PASS | PASS | PASS | N/A | N/A | N/A
2 1609 |[ET3DV6 | Head | 835 | 4d165 | 2016.04.04 41.6 0.92 PASS | PASS | PASS |GMSK|PASS| N/A
2 1609 |[ET3DV6 | Head | 835 | 4d165 | 2016.04.04 41.6 0.92 PASS | PASS | PASS | N/A | N/A | N/A
2 1609 |ET3DV6 | Body | 835 | 4d165 | 2016.04.05 55.4 0.96 PASS | PASS | PASS |GMSK|PASS| N/A
2 1609 |ET3DV6 | Body | 835 | 4d165 | 2016.04.05 55.4 0.96 PASS | PASS | PASS | N/A | N/A | N/A
9 | 3968 |EX3DV4 | Head |1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS |GMSK|PASS| N/A
9 | 3968 |EX3DV4 | Head |1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS | N/A | N/A | N/A
8 | 3967 |EX3DV4| Body |1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS |GMSK|PASS| N/A
8 | 3967 |EX3DV4| Body |1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS | N/A | N/A | N/A
8 | 3967 |EX3DV4 | Head |1900| 5d061 | 2016.05.09 39.9 1.41 PASS | PASS | PASS | N/A | N/A | N/A
8 | 3967 |EX3DV4 | Head |1900| 5d061 | 2016.05.09 39.9 1.41 PASS | PASS | PASS |GMSK|PASS| N/A
8 | 3967 |EX3DV4| Body |1900| 5d061 | 2016.05.10 53.1 1.51 PASS | PASS | PASS |GMSK|PASS| N/A
8 | 3967 |EX3DV4| Body |1900| 5d061 | 2016.05.10 53.1 1.51 PASS | PASS | PASS | N/A | N/A | N/A
5 | 3903 |EX3DV4 | Head |2450| 965 |2016.05.02 39.1 1.78 PASS | PASS | PASS |OFDM| N/A |PASS
5 | 3903 |EX3DV4| Body |2450| 965 |2016.05.03 52.4 1.96 PASS | PASS | PASS |OFDM| N/A |PASS
5 | 3903 |EX3DV4 | Head |2600| 1106 |2016.03.07 39.2 1.94 PASS | PASS | PASS| NA | NA | NA
5 | 3903 |EX3DV4 | Head |2600| 1106 |2016.03.07 39.2 1.94 PASS | PASS | PASS | TDD |PASS| NA
5 | 3903 |EX3DV4 | Body |2600| 1106 |2016.03.08 52.1 212 PASS | PASS | PASS| NA | NA | NA
5 | 3903 |EX3DV4 | Body |2600| 1106 |2016.03.08 52.1 212 PASS | PASS | PASS | TDD [PASS| NA
5 | 3903 |[EX3DV4| Head |5250| 1107 |2016.02.10 36.2 4.77 PASS | PASS | PASS |OFDM| N/A |PASS
5 | 3903 |EX3DV4 | Head |5600| 1107 |2016.02.10 35.7 5.02 PASS | PASS | PASS |OFDM| N/A |PASS
5 | 3903 |[EX3DV4 | Head |5750| 1107 |2016.02.10 35.1 5.18 PASS | PASS | PASS |OFDM| N/A |PASS
5 | 3903 |[EX3DV4 | Body |5250| 1107 |2016.02.11 48.3 5.4 PASS | PASS | PASS |OFDM| N/A |PASS
5 | 3903 [EX3DV4 | Body |5600| 1107 |2016.02.11 47.9 5.83 PASS | PASS | PASS |OFDM| N/A |PASS
5 | 3903 [EX3DV4 | Body |5750| 1107 |2016.02.11 48.1 5.99 PASS | PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary 1g
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Probe Dielectric Parameters CW Validation Modulation Validation
Calibration | Dipole Date Measured Measured | Probe | Probe MOD.| Duty

Point Permittivity Conductivity Sensitivity Linearity/lsotropy Type |Factor

5 3903 |EX3DV4 | Body [5250| 1107 | 2016.02.11 48.3 5.4 PASS | PASS | PASS [OFDM| N/A |PASS

5 3903 |EX3DV4 | Body |5600| 1107 | 2016.02.11 47.9 5.83 PASS | PASS | PASS [OFDM| N/A |PASS

5 3903 |EX3DV4 | Body |5750| 1107 | 2016.02.11 48.1 5.99 PASS | PASS | PASS [OFDM| N/A |PASS

SAR System Validation Summary — Extremity SAR Considerations

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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