-
h’a- FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1

HCTCO,LLTD

Attachment 3. — Probe Calibration Data

F-TP22-03 (Rev.00) 124 /202 HCT CO,, LTD



aCT

FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accroditation Service is one of the signatocdes to the EA
Multilateral Agreament for the recognition of calibration certificates

This calibration cedificale docurmants the

The measuraments and the

with conf

ity 1o nati

Calibration Equipmant used (MATE cnitical lor caltwason )

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

| standiards, which reaiize the physical units of measurements {51
probatifity e gven on the KEowing pages and s part of the cetifcate.

HCTCOLLTD
Calibration Laboratory of Ay, Sitiidikcabiis KNS
Schmid & Partner = g Service sutsse Cétalonnage
Engineering AG g Servisio svizzero df taratura
Zeughausstrasse 43, 1004 Zurich, Switzariand Swiss Calibration Service

Frimary Star 10 Cal Date {Certificate No ) Schetund Caktration

Power meter E44168 G841 203074 01-Age-15 (No. 217.02128) Mar-10

Power sensor E4412A MY 41488087 OY-Apr-15 (No 217-02128) Mar-16

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

Reterence 20 08 Attonsator SN 58277 (20) 01-Apt-15 (No. 217-02132) Mar- 18

Ref 30 ¢ Aleouatoe | SN 55129 (30b) (1-Ape-15 (No. 21702133} Mar-19

Rk Probe ES30V2 SN. 3013 30-Dac-14 (No. E53-3013_Decid) Dec-18

DAES SN 480 14-Jan 15 (N0 DAE4-560_Jan15) Jan-10

S y Standards D Check Date (in house) Scheduled Chack

R¥ genertor HP B64EC US3842001 700 A-Aug-29 (In house chack Ape-13) In house check: Apr-16

Natwork Analyzer HP 3753E US37300685 18-0ct-01 (in house chack Oct-14) In house check: Oct-15
Function

Approved by:

This caltranon certficam shal not be reproduced Gxcept in full without weitten aporovil of the eboratoey,

Certificate No; EX3-3863_Aug15

Page 10l 11

F-TP22-03 (Rev.00)

125 /202

HCT CO,, LTD



CT

FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1
HCT CO,LTD
Calibration Laboratory of AN Sch
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Accredited by the Swiss Accradilaton Semice (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMX.y,z

pce diode compression point

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

A.B.C.D modulation dependent linearization paramelers

Polarization ¢ w» rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)
Metho

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

IEC 82208-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-heid devices used in close
proximity to the ear {frequency range of 300 MHz to 3 GHz)", February 2005

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

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

ds Applied and Interpretation of Parameters:

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

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

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

PAR: PAR is the Prak to Average Ratio that is not calibrated but determined based on the signal
charactenstics

Axy.z; Bxy.z: Cxy.z Dxy,z VRx.y.z A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VA & the maximum calibration range expressed in RMS voltage across the diode

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributons based on power
measurements for f > 800 MHz. The same sefups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx,y.z * Canvf whereby the uncertainty comespands to that given for ConvF, A frequancy dependent
ConvF s used in DASY version 4.4 and higher which allows axtending the validity from £ 50 MHz fo £ 100
MHz.

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

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

Connector Angle: The angle is assessad using the information gained by determining the NORMx (no
uncartainty required).
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EX3DV4- SN:3863

August 27, 2015

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

Basic Calibration Parameters

[ Sensor X Sensor Y Sensor Z Unc (k=2)
| Norm (uVi(Vim)') 0.37 0.35 D45 101 %
| DCP (mV)" 101.9 103.9 98.9 -
Modulation Calibration Parameters o
uin c ication Sy Name A B c | b VR Unc"

— d8 d8vuv dB mvV (k=2)
[0 oW X | oD 0.0 10 | 000 |38 | e27%
\ |y | o0 | o0 | 10 | | 1299
| Z| 00 0.0 10 126.4

probability of approximately 85%.

The reported uncertainty of measurement is stated as the standard uncerainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage

* The uncertmnties of Notm XY Z do not sffect the E*-fisld uncertminty inside TSL (see Pages § and 0)

" Numencal inearization paramater: uncermnty nol moured

" Unoertainty is determined usng the max. deviation from Inear sponase Rpphing rectanguiar dsitibution sodd m exprassaed 1or Ihe squms of the

fwld value
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EXI0V4- SN-3863 August 27, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth © Une

1(MHz)® | Permittivity" (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 1189 11.89 11.80 0.00 100 | 2133%
450 43.5 0.87 10.31 10.31 10.31 0.17 1.30 | 213.3%
750 419 0.89 9.83 9.83 9.83 0.24 1.21 +120%
835 415 0.50 9.45 .46 9.46 0.21 130 | +120%
900 415 0.97 9.28 9.28 9.28 0.26 1.1 +120%
1450 40.5 1.20 831 8.31 8.31 0.15 1.81 +120%
1750 40.1 1.37 8.18 8.18 8.18 0.36 080 | +120%
1900 40.0 1.40 7.84 7.84 7.84 0.21 107 | $120%
1850 400 1.40 7.60 7.60 7.60 0.31 080 | $120%
2450 39.2 1.80 7.04 7.04 7.04 0.27 098 | $+120%
2800 39.0 1.96 6.84 6.84 6,84 0.27 104 | $+120%
3500 379 291 6.77 6.77 6.77 0.38 1.06 | £131%
5250 35.9 4.7 4.94 4.94 494 0.35 180 | +131%
5600 355 507 | 444 4.44 444 | 045 | 180 | £131%
5750 354 522 1 465 4.65 4.65 0.45 180 | £131%

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

Delow 300 Mz u 2 10, 25, 20, 50 and 70 MHz for ConvF sssenaments st 30. §4_ 128 mmmmw Aboanszvmy
validity can bo extended 1o = 110 MHZ

" A lrpquencies bolow 3 Gz, the validity of tissue paratneters (r and o) can be roloxed 0 = 10% If bquid pensation formula is ap
measured SAR values. Al freguencias above 3 GHz, the valaty of lissue paramtens (¢ and o) & restrcted 1o © 5% fhumtynmﬂSSd
mleumnwwm

“ AlphaDaptn are dueng 1havt (v rer "y due 10 he boundary etiect atter c wsation s
@woys Jess than = mmmmsmmmxmmmmum-mmwmummn
dameter fom (he Soundary.
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

EX3DV4-- SN:3883

August 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth * Une
f(MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 1168 11.68 11.68 | 0.00 1.00 2133 %
450 56.7 0.94 10.67 10.67 10.67 0.10 1.20 £13.3%
750 555 0.96 978 9.76 9.76 0.25 1.16 +£120%
835 55.2 0.97 9,40 9,40 9.40 023 1.44 +120%
1750 53.4 1.49 7.73 7.73 7.73 0.24 1.01 +120%
1900 533 1.52 7.48 7.48 7.48 0.39 080 | *120%
2450 527 195 7.11 7.1 711 0.31 080 | +120%
2600 525 2186 6.97 897 6.97 0.33 0.80 +120%
5250 489 5.36 4.44 4.44 4.44 0.40 190 | $131%
5600 485 5.77 a7 377 377 0.50 1.90 £13.1%
5750 48.3 594 4.08 4.08 4.08 0.50 190 | £131%

“ Fraquency validity sbove 300 MHz of + 100 MHz only spobes tor DASY v4 4 and higner (see Page 2) eise t & restrctod (o 4 50 MHZ The
uncanainty i the RSS of the ConvF uncernainty at calibratian frequency and the uncertainty for the indcated kequency band. Frequancy vakdty
Delow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assosamants of 30 64, 128 150 and 220 MH2 respectvely. Above 5§ GHz frequency

valdty can be sdended i 2 110 MMz

Al froquoncies below 3 GH2. the valiaty of lissue paramsters (¢ and o) can be miaxed o = 10% If liquid compensation formula is appied 1o
measured SAR valuns. A frequences above 3 GHz. the valitity of tissus parmmelens (« #nd o) & restricted 10 ¢+ 5% The uncartainty is the RSS of

the ConvF uncartainty for indicated target tssus parametears

Y Alpha/Depth are determined during catibaition. SPEAG warmanto that the remaining deyiation due 10 the boundary eflect sfler Sompensaton is
atways less than = 15 for frequencies below 3 GHz and below ¢ 2%, for frequencies between 3-8 GHz at sty (istancs larger thar half the probe bo
mietar from the Doundary,
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

Frequency response (normalized

EX30V4- SN3862

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

0 500 1000 1800 2000 2500
f [MHz]

Uncertainty of Froquency Response of E-field: £ 6.3% (k=2)
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Report No: HCT-A-1607-F002-1
HCTCO,LTD

EX30V4- SN.3883

August 27, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz R22
% j!QV'Q-A‘.‘g 5.‘_3-.91‘292510 ";3":";:"‘_1‘
Ro¥ [}
Fa ) o ]

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30Vv4- SN:3863 August 27, 2015

Dynamic Range f(SAR}caq4)
(TEM cell , feun= 1900 MH2z)
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Uncertainty of Linearity Assessmont: £ 0.6% (k=2)
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

EX30V4- SN:3863

August 27, 2015

Conversion Factor Assessment

= B35 MHz WGLS R9 (H_convF)

£ - K -
&l

“wesser

2
Ve

[ = 1900 MHz WGLS R22 (H_conm)

3 [mng

Deviation from Isotropy in Liquid

Error (¢, 9), f =900 MHz

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

08 08 04 -02 00 02 04

06 08 10
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HCTCO,LTD

EX3DVa- SN.3863 August 27, 2015

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

Other Probe Parameters

Sensor Arrangement Triangular |
T'Connac(or Angle (%) 105.3 |
[ Mechanical Surface Detection Mode o enabled |
| Optical Surface Detection Mode disabled
| Probe Overall Langth 337 mm
[Probe Body Diameter ] - 10 mm

Tip Length amm |

Tip Damater 25 mm
“Probe Tip to Sensor X Calibration Point 1 mm
:_F‘robo Tip to Sensor Y Calitration Point 1 mm
[ Probe Tip to Sensor Z Galibraton Point | 1 mm
| Recommended Measurement Distance from Surface T4 mm |

Cerificate No: EX3-3863_Augts Page 11 of 11
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

HCT CO,LTD
Calibration Laboratory of AV et Schislanrischer Kakibriend)
Schmid & Partner = “ g Servica sulsse Cétaloanage
Engineering AG Sorvizio svizzero di taraturn

Zeughausstrasse 43, 8004 Zurich, Switzariand

Aecredited by e Swiss Accredtatian Sarvice (SAS)
Thu Swiss Accreditation Secvice is onw of the signatories to the EA
Multitateral Agreement far the recegnition of calibration centificates

This calibration certificate shall not be reprduced excest in full without written spproval of the labaratary

Calibration date:

This cattration conficate gocuments the traceatyity to national standards, whech realze the phy unes of 151
The and the ey with confidence protiabilty ate given on the foliowing pages and dre part of the cenificate.
Al cabtr have been cond n the closed lab y facinty: petature (22 « 3)°C snd humidity < 70%,
Catbration Equipmernt wsed (MATE critical for calibeation)

Standarts 0 Cal Date (Cortficate Na ) Scheduted Calbraton

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

Power sensar E4412A MY41408087 01-Apr15 (Na 217-02128) Mar 18

Ref 3 B Anenuarior SN. 55062 () O1-Apr-15 (No. 217-02120) Mar-16

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

Reference 30 B Anieouator | SN. $5129 {300) Q1-Apr-15 (No. 217-02133) Mar-10

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

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

Secondary Standands D Check Dato (i house) Scheduied Check
|_RF genarater HP 8648C US38420U01700 4-Aup98 (in house check Apr-13) in house check: Ape-18
Network Analyzes HP B753E US3T300585 18-0c141 (n houso check Oct-15) In house chock: Oct-18

Function
Caltratad by L aboraliny
Aporoved by
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HCTCO,LTD

Calibration Laboratory of AN, Bk o

Schmid & Partner N g mmﬁ'ﬁ:wlm
Engineering AG % Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerand ‘-,,,‘ﬁl\ S Swiss Calibration Service

Accredied by fhe Swiss Accredtation Serace (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConyF sensitivity in TSL / NORMx

pDcP diode compressan point

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

A.B.C.D modulation dependent linearization parameters

Polarization p @ rotation around probe axis

Polarization 5 8 rotation around an axis that is in the plane normal to probe axis (at measuremant centar),

Lo, 9 =01 normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate systom

Calibration is Performed According to the Following Standards:

8)

)
c)

d)

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

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

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

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

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

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

Certificasts No: EX3-3787_Novis Page 20l 11
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Report No: HCT-A-1607-F002-1

EX30Va- SN3787

November 24, 2015

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

Basic Calibration Parameters
Fasic Latoraton Tamn

§mm X Sensor Y Sensor Z Unc (k=2})
| Norm (uVi(Vim)*)* 0.62 0.58 0.56 +10.1 %
DCP (mV)” 995 97.0 98.4
Modulation Calibration Parameters
uio C ication System Name A 8 c D VR Unc"
o d8 dBvVuv a8 mv (k=2)
0 oW x| 00 0.0 10 | 000 | 1775 | 25%
Y 0.0 0.0 10 T 1769
12| oa 00 1.0 i LLAZ 2 S

muitipl

The ref)oned uncertainly of measurement is stated as the standard uncertainty of measurement
ed by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

* The uncertairies of Normn XY, Z do not affect the E*-fisld uncertarty insice TSL [see Pages 5 and 8)

" Numercsi Inearnzaton paramater. uncenainty not tequired

' Uncananty 15 determined using the max. devsalion from linear respanse RPEiyIng rectangular GSIHBUbon and i expressed for Ihe sguam af the

fal O wiveom
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HCTCO,LLTD

EX3DV4- SN3797 November 24, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © Pomﬂdl:_:i:y' °°?3-'SM" ConvE X | ConvFY | ConvFZ | Alpha® D(.r::)‘ (:-mz)
750 41.9 0,89 9.38 9,38 9.38 0.32 096 | +120%
835 41.5 0.0 B.98 B.98 8.99 0.16 178 | $120%
800 415 097 8.86 B.85 8.88 0.21 153 | £120%
1450 405 1.20 7.73 7.73 7.73 0.15 177 | £120%
1750 401 137 7.85 7.85 7.85 0.35 080 | £120%
1900 40.0 1.40 761 761 7.61 0.34 080 | £120%
1950 40.0 1.40 7.32 7.32 7.32 0.39 083 | £120%
2300 m5 167 1.21 r.27 7.27 0.39 085 | £120%

2450 | 3p2 1.80 890 | 690 6.90 0.40 080 | £120%
2600 38.0 1.96 6.68 668 6.68 048 080 | =120%
3500 KTA:) 2.91 8.61 6.61 6.61 0.39 089 | 2131%
5200 36.0 4.66 4.80 4.80 4.80 0.40 180 | 2131%
5300 35.9 4.76 459 4.59 4.58 0.40 180 | 2131%
5500 356 496 452 4,52 452 0.45 180 | 2131%
56800 355 5.07 421 4.21 421 0.50 180 | #131%
5800 353 5.27 420 4.20 4.20 0.50 180 | £131%

Y valdty shove 300 Mz of & 100 MHz only appdes for DASY w4 4 and ghaer (306 Page 2), oise It is restricted 1o = 50 Mz The
..m-mmnmnssumcm“mwuwcmmnmmmwbnmmhmmw Fcequmvdmy
balow 300 MHz s ¢ 10, 25, 40, 50 and 70 MHz for Conv assassments at 30, 64 126, 150 and 220 MMz respectively. Above 5 GHz Yequency
valcity can be exdended 10 £ 110 Mz

" At roquencies bulow 3 GHz. the vaidity of lissue parametens (¢ and o) can be relasd 19 + 10% If Sgud compensation fonmuss & applied to
measured SAR vaes At froquencies above 3 GHz. the validity of tssue parnmeters (e and o} s restncied 1o £ 5%, The uncertainty 8 tha RSS of
the ConvF ununumylot ndicited targol Saaue parametars

“ Alpha/Deginh are during cal SPEAG onts that the d Gu 10 the boundary sffect aher
nmmmmzmluh:qmmaomnmwmtzkwmmncﬂzmwdmuwwmmmmno
dismeler from the bowndery
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EX30V4- SN:3797 November 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity { Depth * Unc

1(MHZ)© | Permittivity” (S/m) ConvF X | ConvFY | ConvFZ | Alpha® |__{mm) (k=2)
750 55.5 0.96 9.39 9.39 9.39 0.29 116 | +120%
835 55.2 0.97 9.17 8.17 9.17 0.32 1.08 | £120%
1750 53.4 1.49 752 752 | 752 0.42 080 | £120%
1900 533 1.52 7.32 732 | 732 | 031 | o097 | s120%
2450 52.7 185 | 891 .91 8.91 0.34 085 | +£120%
2600 525 216 | 675 675 6.75 0.18 000 | +120%
5200 49.0 5.30 4.24 4.24 4.24 0.50 100 | £131%
5300 489 542 4.07 4.07 4.07 0.50 190 | £131%
| 5500 | 4B6 585 3.80 380 3.80 0.55 190 | £131%
5600 485 5.17 3.54 3.54 3.54 0.60 190 | £131%
5800 48.2 6,00 384 384 3s4 | 080 180 | 2131%

rmmmmmmmuu~muumnuurmmsvwamnqnelmmzleuumwmm S0 MHZ The
uncertakity is the RSS of me Conyf™ uncartanty st caliboation g y et tha ur for the frequancy band. Frequency validity
Bedow 300 MHz s = 10 25, &0, 50 and 70 MMz for ConvF assessmants &t 30, 84, 123 |5ommummp-cm¢, Above 5 GMz fregquency
viiddy can be extended to £ 110 Mz

M Irequencies Delow 3 GHz. the valiiity of tssus paramaiers {= and o) can be relixad 1o 2 10% I bgued compensaton fomula is appsed 1o
measured SAR values. At froquencies sbove 3 Ghiz, the validty of tissue parseneten (c and o) = restricied (0 £ 5%. The uncertainty is the RSS of
the ComvF uncertainty for indicated farget tissue parameten

“ Alpha/Depsh are during calb \. SPEAG warmanty that (e remaining devialion dus 10 the boundury sftect after Compansation s
ahenyn less than = 1% 10r froguancies befow 3 Gz and below £ 2% for fraguencins between 3-6 GHz at any dstance lnrgor than had the probe tp
Sametar from the boundary
Certificats No: EX3-3797 Novis Page 6 of 11
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FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1

EX3DV4- SN 3797

Frequency response (normalized)

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

05 M TN S T )

November 24, 2015

0 500 1000 1500 2000 2500 3000
f [MHz]

Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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Report No: HCT-A-1607-F002-1

EXIDVa 178 November 24, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
) o . . 2 . ? .
g
-‘_;- :z-“:;. L S 83t $-4.52 Tt g 20
Rol (1]

e o T

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

Cartificate No: EX3-3797_Nov15§
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

Certificale No: E

EX3DV4- SN3T797
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

EX30VA- SN.3797

November 24, 2015

Conversion Factor Assessment

= 835 MHZ WGLS RS (H_comf)

= 1900 MHz WGLS R22 (H_convF)

£ =
8 i
3
<
»
|
= = - & w = ') i Y. T . .
el =
. 3 £ 2]
e i - Rl

Deviation from Isotropy in Liquid

Error (¢, 8), f =900 MHz

-1.0

08 -08
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

04 02 00 02 04

06 08 10
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EXIDV4- SN3797 Novernber 24, 2015

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

Other Probe Parameters

Sansor Arrangement Trisngubar
{ Connector Angle (") o 1T 675
T Mechanical Surface Detection Mode enabled |
[ Optical Surface Detection Mode disabled |
[ Probe OveraFLengm 337 mm
‘ Prohe Body Diameter 10 mm |
Tip Length Gmm |
| Tip Diameter 25mm
[Probe Tip 1o Sensor X Calibration Point 1 mm
[ Probe Tip to Sensor Y Calibration Pomt 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
i’ Recommended Measurement Distance from Surface 1.4 mm
Cartificate No: EX3-3787 _Nov15 Page 110l 11
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Attachment 4. — Dipole Calibration Data
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FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1
HCTCO,LTD
Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner % 2 Service sulsse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand YT S Swiss Calibration Service

Accradied by the Swiss Accredaation Senico (SAS)
The Swiss Accreditation Secvice is one of the signatories 1o the EA
Muitilateral Agr t for the gnition of calibration certiticates

HCT (Dymstec)
|CALIBRATION CERTIFICATE
i

Accreditation No,: SCS 0108

Ctlont Certificate No: D750V3-1014_Jul15

| Objoct D750V3 - SN: 1014
Calfraton gocedursas) QA CAL-05.v8
Calibraticn procedure for dipole validation kits above 700 MHz
| Calibration date: July 23, 2015

This calibeation cemticate documents ihe receability to national stardueds, which resiza the physical units ol measarements (SI).
Tha measuammoents and the uncanainties with contidence probiabiity are given on tha following pages and ate part of the cartificate

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

Calration Equipment used (MSTE entical for calibration)

Primary Standards |D% Cal Dato (Cortibicate No.) Sehedued Calbraton
| Power meder EPM-4424 | GBI74BOTO4 07-Oct-14 (No. 217-02020) Oct-15
| Power sensor HP 8481A | US3T202783 07-Oct-14 (No. 217402020) Oct15
Puwer sansue HP B281A | MY410682317 07-Oct-14 (No. 217-02021) O 1S
Reterence 20 6 Attlenualon { SN 5058 (20K) 01-Ape-15 (No. 21 702137) Mar-16
Tygo-N mismateh combination SN SIMT2/ 06327 01-Apr-15 {No. 217-02134) Mar-16
Refarerce Proba ESIOV3 SN:-3205 A0-Dec-14 (No. ES3-3205_Destd) Dac-15
DAE4 SN 501 18-Aug-14 (No. DAEA-E0T_Aug14) Aug-15
| Secondary Standards Lo Ghosk Date {in houss) Sanheduled Check
AF generator A&S SMT-08 | 100005 D4-A1-93 (in hiuzse check Oct-13) 0 bouse Gheck: Oct-16
Network Anatyzer HP 8753E | US37300584 542006 38-Oct-01 (in nouse chack Oct-14) I house chack: Oct-15
Name Function S )
Caliveatod by Michas! Websr Laboratory Tochnician %
Approved by Katja Pakowic Tochnical Managsr

/cth{—’

Issaed: Juy 23, 2015

This calibration cediticate shall not be reproduced axcept In full without writter apacoval of 1 labioratory

Centidicate No: D750V3-1014_Jul1§
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Calibration Labor: atory of :q“'gl"'/__ s Schweizerischer Xalibrierdienst

Schmid & Partner S Service suisse d'étalonnage
Engineering AG % C  gorvizio avizzero di taratura

Zeughsusstrasse 83, B0D4 Zurich, Switzeriand "4,,'@‘\_‘\} S  Swiss Calibration Service

Accranited by the Swiss Accrediation Senvice (SAS) Accreditation No.: SCS 0108

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

Muttilateral Ag t tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.2

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Cerificate No: D750V3-1014_Jul15 Page2 ol B
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

HCTCO,LTD
Measurement Conditions
DASY system contiguration, as far as not given on page 1.
DASY Version DASYS v5z288
Extrapolation Advanced Extrapofation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 419 0.89 mho/m
Measured Head TSL paramelers (220£02)°C 425268% 0.90 mhoim =6 %
Head TSL temperature change during test <05'C e -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2,05 Wikg
SAR for nominal Head TSL parameters normalized to 1W B.15 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.34 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.33 W/kg = 16,5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 555 0.96 mha/m
Measured Body TSL parameters (22.0+0.2)°C 551 +6% 098 mho/m £ 8 %
Body TSL temperature change during test <05°C e e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 216 Wikg
SAR tor nominal Body TSL parameters normalized to 1W 8.49 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAA measured 250 mW Input power 1.42 Whikg
SAR lor nominal Body TSL parameters normalized 1o 1W 5.60 Wikg = 16.5 % (k=2)

Centificate No. D750V3-1014_Jul1s

Page3ofd

F-TP22-03 (Rev.00)

150 /202

HCT CO., LTD



-~
h’C'- FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1

HCTCO,LLTD

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

Impedance, transformed 10 feed point 5390+ 1710
Returm Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to leed point 48.12-1.3[Q
Aetumn Loss «36.0d8

General Antenna Parameters and Design

[ Elactrical Delay (one diraction) I 1.036 ns ]

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

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

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

Additional EUT Data
Manutactured by SPEAG
Manufaciured on March 22, 2010
Cendicate No: D750V3-1014_Julis Page 401 8
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DASYS5 Validation Report for Head TSL

Date: 14.07.2015

Test Laboratory: SPEAG, Zurich, Switzeriand

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

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

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

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

DASYS2 Configeration:

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Probe: ES3DV3 - SN3205: ConvF(6.44, 6.44, 6,44); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electrones: DAEA Sn601: Calibrated: 18.08.2014

Phantom: Flat Phantom 4.9L: Type: QDOODP4YAA: Serial: 1001

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

Measurement grid: dx=5mm. dy=5mm, dz=5mm
Reference Value = 53.32 V/m; Power Drift = -0.00 dB
Peak SAR (extrapolated) = 3.05 Wrkg

SAR(1 g) = 2.05 W/kg: SAR(10 g) = 1.34 W/kg
Maximum value of SAR (measured) = 2.40 Wikg

diB

0

-2.00
-4.00
-6.00
-8.00

-10.00

0 dB = 240 W/kg = 3.80 dBW/kg

Cernficate No: B750V3-1014_Jul1s Page 501 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 23.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1014

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

Medium parameters used: £ = 750 MHz: 6 = 0.98 S/m; & = 55.1; p = 1000 kg/m*
Phantom secuon: Flat Secuion

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

DASYS52 Configuration;
« Probe: ES3DV3 - SN3205: ConvF(6.21, 6,21, 6.21); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

o DASY5252:8.8(1222); SEMCAD X 14.6.10(7331)

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

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

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

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

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

dB
0

-2.00
-4.00
-6.00
-8.00

-10.00

0 dB =251 W/kg =4.00 dBW/kg

Cortficute No: D750V3-1014_Jul1s Page 7ol 8
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

a1y,
S0 Schweizerischer Kaliberordinnst
Schmid & Partner %’i (S: Service suisse d'éslonnage
Engineering AG e Servizio svizzero di taratura

Zeughausstrasse &3, B004 Zurich, Switzertand % ,_ﬁ_\@? S  Swiss Calibration Service
Actrediied by the Swiss Accredation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Sorvice is one of the signatories to the EA

Muttilateral Ags for the recognition of calibration certificates

ciiem  HCT (Dymstec) Cortificate No: D835V2-4d165_Nov15
[CALIBRATION CERTIFICATE o)
]

| Oject DB35V2 - SN: 4d165

Caltiration procedure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz
Cuttation dasw: November 24, 2015

| This calibewtion conificate documents the tracsability to natonal standards, which realize the physical units of measwuremernts (S1)
The messurements and the uncenainties with confidence probabilty are given on the following pages and are pant of the canlicate

AR calibrations have been conductod in the clased |aboratory tacilily: emironmant temparature (22 1 3)°C ang humiditly < 70%.

Caltibon Equipmant Lsed (MATE criteal for calibration)

Primairy Standards 0" Cal Date (Certificate No ) Scheduled Calbration
Powar motor EPM-442A GE37480704 07-Oct-15 (No. 217-02222) Oct-16

Power sansor HP B481A USS7292783 07-0ct-15 (N0, 217.-02222) Oct-18

Poware sensor HP 8451A | Myayoo31? 07-Oal-15 (No. 217-02224) Oct-16

Aeterance 20 dB Atlenualor SN 5088 (20K) 01-Apr-15 (No. 217-02131) Mar-10

Type-N mismatch combination SN: 50472 /06327 O1-Apr-15 (No. 217-02134) Mas16

Relerance Probe EX30V4 SN: 7349 30-Dec-14 (Mo EX3-7349 Doc14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-G01_Aug1s) Aug-16

Secandary Standards LD » Chocic Date (in houss} Schaduled Check

AF ganemior HAS SMT-06 100072 15-Jun-15 (In house check Jun-15) In housa check: Jun-18
Network Analyzvic HP 8753E US37300665 S4208 1800101 (in house check Oct-15) In house check: Oct-16

Syraturs
Caliteated by Michaat Wabar Laboratory Tochrician l Khr
Approved by: Katj Pokovic Technical Manager % %

lssued: Novombaer 24, 2015

Thia calimbon cedificate shall not be reproduced sxcept in ful withoul witten approval of the laboratory.
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Calibration Laboratory of L8, Schwalzerischer Kalibrierdienst
Schmid & Partner % g Sarvice sulsse d'étalonnage

Engineering AG o = Seevizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland %, 'r?.\\\-"‘\? S swiss Calibration Service
Accredited by the Swiss Accraditation Sarvicn {SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agr for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NOBM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The r ed uncertainty of measurement is stated as the standard uncertainty of measurement
muttiplied 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 DASY5 V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency B35 MiHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Head TSL parameters 220"C 1.5 0.90 mho/m
Measured Hoad TSL parametars (220+£02)°C 426x6% 0.82 mha/m £ 6 %
Head TSL temperature change during test <05°C o e
SAR result with Head TSL
SAR averaged over 1 cny’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.29 Wikg
SAR for nomenal Head TSL parameters nomalized to 1W 9,06 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW nput power 1.40 Wikg
SAR for nominal Head TSL parameters nomalized to TW 5.90 W/kg = 16.5 % (k=2)
Body TSL parameters
The lollowing parameters and calculations were apphied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 55.2 0.97 mho/m
Measured Body TSL parameters (220=02)°C 556:6% 0.99 mho/m £6 %
Body TSL temperature change during test <05°C — -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.40 Wikg
SAR lor nominal Body TSL parameters normalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.58 Wikg
SAR far nomina!l Body TSL parameters normalized 10 1W 6.25 Wikg = 16,5 % (k=2)

Cunificate No: DB35V2-4d165_Nov15s
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiormed to feed point 5210-47 12
Retum Loss « 26008

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780Q-88102
Aetum Loss -22.7d8B

General Antenna Parameters and Design

I Electrical Delay (one diraction) ] 1440 ns ]

After fong term use with 100W radiated power, only a shght warming of the dipole near the leedpoint can be measured

The dipole is made of standard semingid coaxial cable. The caentar conductor of the feading line 15 directly connected to the
second amm of the dipole. The antenna is therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipose arms in order 1o improve matching whan loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not afiected by this change. The overall dipole length is st
according to the Standard

No excessive foroe 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
Manudfacturad on December 28, 2012
Ceriificate No: D835V2.4d165_Novi5 Paged ol 8
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DASYS Validation Report for Head TSL

Daste: 24.11.2015

Fest Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN: 4d165

Communication System: UID 00 - CW; Frequency: 835 MHz

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

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349: ConvF(9.77, 9.77. 9.77). Calibrated: 30.12.2014;
Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Culibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 60.39 V/im; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.40 Wikg

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

Mauximum value of SAR (measured) = 3.03 W/kg

06

-tamn

0dB =3.03 Whkg =481 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

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

Medium parumeters used: =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)

DASYS2 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72): Calibrated: 30.12.2014;
o Sensor-Surface; | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
e Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

o DASY5252.8.8(1222). SEMCAD X 14.6,1((7331)

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

Reference Value = 61.95 V/m: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(] g) = 2.4 W/kg: SAR(10 g) = 1.58 W/kg

Maximum value of SAR (measured) = 3,17 Wikg

mn

0dB =3.17 W/kg = 5.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

Calibration Laboratory of

Schmid & Partner
Engineering AG
Zeughausstrasse

43, 8004 Zurich, Switzerland

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

cient  HCT (Dymstec)

r,///:\\\\_.\-'

el

Certificate No: D1800V2-2d006_Jan16

uwow

Swiss Calibration Service

Accraditation No. SCS 0108

Schwolzerischer Kalibrierdienst
Service suisse d'étalonnage
Secvizio svizzero di taratura

|CALIBHAT|0N CERTIFICATE
Ouject D1800V2 - SN: 24006

Calibration procedureis)

Calibvation date:

QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

January 22, 2016

Caliteation Equipmant used (MATE craical for casbration)

This calibration centificate documents the taceabiliny to national standards, which reslize the plyysical units of measurements (S1)
The measuremants and the uncertainies with confidence probalility are given on the following pages and aro part of the certificate

All callirations have been conducted in the citsad laboratory (aclity: environment lemparates (22 + 3)°C and humidity < 70%.

Primary Standarns o Cal Date (Cerificate No.) Schoculed Calibraion
Powor meter EPM-342A GB37480704 07-0c-15 (No. 217-02222) Oat-18
Power sansor HP 84814 US372a2783 07-Oct15 (No, 217-02222) Oct-16
Pawer sansor HP 8481A MY41092317 07-0Oct-15 (No. 217-02223) Oct-18
HAnternnce 20 dB Attarustor SN: 5058 (20x) 01-Apr-15 (Na. 217-02131) Mar-16
Typa-N mismateh combination SN 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-18
RAsterance Probe EX30V4 SN 7340 31-Dec-15 (No. EX3-7349_Dects) Dec-16
DAE4 SN 601 30.0ec-15 (No. DAE4-E01_Dec15) Dec-16
Secondary Standarts 10 # Check Date (in house) Scheduled Chack
RF generator &S SMT-06 100972 15-Jur-15 (In house chack Jn-15) In house chacke Jun-18
Network Anatyrar HP 8753E USI7I00585 54206 18-0ct-01 (in house check Oct-15) In housa check. Oct-18
Name Function Signature
Cmibratad by Mchaal Wabee Laboratory Technecean ] “é !
.
Approved by Katje Pokovic Technical Manager

gl

Issued January 25, 2016

This caltration centilicate shall nol be reproduced except in full without wailten apprival of the Bbaratory

Cedificate No: 01800V2-28006_Jan16
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Calibration Laboratory of S, Schweizerischer Kalibt
Schmid & Partner % — Service sulsse d'étalonnage
Engineering AG 57N Servizio svizzero di taratur
Zeughaussirasse 43, 8004 Zurich, Switzerland ‘v.,,ff\\\_.\? Swias Callbration Service
Wbt
Accrodiled by the Swiss Accreditition Saraca (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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) tor 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:

* 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
paralle! 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 transiormed from the
measurement al 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 nomalized: 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%.

Certficate No: D1800V2-2d006_Jant1é Page20l8
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Measurement Conditions
DASY system configuration, as lar as not givan on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modutar 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 parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)°C 40126% 1.38 mho/m =+ 6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL
SAR averaged aver 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input powar 9.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 ecm® (10 g) of Head TSL condition
SAH measured 250 mW input power 5,03 Wikg
SAR for nominai Head TSL parameters normalized to 1W 20.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 537 6% 1.52 mho/m +6 %
Body TSL temperature change during test <05"C o
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input pawer 8.57 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 38.3 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.05 Wiy
SAR for nominal Body TSL parameters normalized to TW 20.2 Wikg = 16,5 % (k=2)
Centilicate No: D1800V2-20006_Jan16 Page3of8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4ae50-68)0
Retum Loss -221d8
Antenna Parameters with Body TSL
Impedance, transformed to leed point “4T7Q-6212
Return Loss -21.3d8
General Antenna Parameters and Design
I Electrical Delay (one direction) I 1.208 ns ]

After jong term use with 100W mdated power, only a shight warming of the dipol@ near the feedpoint can be measured

The dipole is made of standard seminigid coaxinl cable. Tha center conductor of the feading line is directly connected fo the
second arm of the dipole. The antenna |s therelore short-ciroulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurament Conditions” paragraph. The SAR data are not affected by this change. The ovarall dipole length is still

according to the Standard

No excessive force must be applied 10 the dipole arms, because they might bend or the soldered connections near the

feadpoint may be damaged

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 23, 2001

Cartficate No: D1800V2-2d006_Jan1s
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DASYS5 Validation Report for Head TSL

Date: 22.01.2016
l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI800V2; Serial: DIS0O0OV2 - SN: 2d006

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

Medium parameters used: = 1800 MHz; 6 = 1.39 S/m; 2 = 40.1; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF{8.26, 8.26, 8.26); Calibrated: 31.12,2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

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

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

Reference Value = 106.1 Vim: Power Dnift = 0.04 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.57 W/kg: SAR(10 g) = 5.03 W/kg

Maximum value of SAR (measured) = 14,5 W/kg

-3.60
-7.20
-10.80

14.40

-18.00

0dB = 14.5 Wikg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DIS00OV2 - SN: 2d006

Communication System: UID () - CW; Frequency: 1800 MHz

Medium parameters used: = [800 MHz; o = 1.52 S/m; & = 53.7; p = 1000 kg/m’
Phantom section: Flat Scction

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

DASYS52 Configuration

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

Sensor-Surface: | .4mm (Mechanical Surface Detection)
Electronics: DAEA Sn601; Calibrated: 30,12.2015
Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Seral: 1002

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

Date: 22.01.2016

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5Smm, dy=5Smm, dz=5mm
Reference Value = 102.4 V/m; Power Drift = -0.0]1 dB
Peak SAR (extrupolated) = 16.8 W/kg

SAR(I g) =9.57 W/kg; SAR(10 g) = 5.05 W/kg
Mauximum value of SAR (measured) = 14.4 W/kg

-3.60

-7.20

-10.80

-14.40

0dB = 14.4 W/kg = 1 1.58 dBWrkg
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Impedance Measurement Plot for Body TSL

Cortfficate No: D1800V2-2d006_Jan18
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HCTCO,LTD
Calibration Laboratory of S, Schwaizerischer Kalibrierdienst
Schmid & Partner g B s gk ianegh
Engineering AG % C  servizio svizzero ol tarsturs

Zoughausstrasse 43, 8004 Zurich, Switzeriand %Y ‘ﬁ.\y’ S swiss Catibration Service
Accredited by the Swiss Accredeatian Sarvice (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Mustilatoral Agr for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: D1900V2-5d061_Apr16
CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d061

Calibeation procedureds) QA CAL-05,v8

Catbration date: April 25, 2016

Calitbeation Equipment used (MBTE ariscal for cabration)

Calibration procedure for dipole validation kits-above 700 MHz

This callbration centificale documants the irncesbilty 1o nationad standards, which regfize tha physical unils of measuremants (51)
The s and the unc with confidence probability are given on the tollowing pages and are part of the cerificate

All calltirations havs bean conucted i the cicsed laboratory faciity: environment lempentire (22 + 3)°C and humidity < 70%

This calibeation cerificate shall not be reproduced except In full without written approvad of the labaratory

Primary Standards 0 Cal Date (Cectificate No.) Scheduied Cal

Powsre meter NRP SN: 104778 06-Ape-16 (No. 21702288/02289) Apr17

Power sensor NRP-Z91 | SN 103244 05-Apr-18 (No. 217 02288) Ap17

Power sensoc NRP-Z81 SN 103245 05-Apr-16 (No. 217-0225%) Ape1T

Rl 0 20 dB Abenuatol SN 5058 {20k) 05-Apr-18 (No. 21702292) Ape17

Type N mismatch cambination SN 5047 2 / 06327 05-Apr-16 (No. 217.02295) Ape-17

Refarmnce Probe EX30DV4 SN 78 51-Dec-15 (No. EX3-7340_Doc15) Dec-18

DAEA SN: 601 30-Dec-15 (No. DAE4-601_Deci5) Dec-10

Seconcary Standands D& Check Date (n houss) Scheduled Check

Power meter EPM-242A SN: GBEI7480704 O7-Oct-15 (No, 217.02222) In houss check: Oct-16

Powar sensor HP 8481A SN: US37292783 07-Oct-15 (No. 217.02222) In howse cheok: Oct-16

Power sensor HP 8481A SN MYA1092517 07-Oct-15 (No, 29702223) In house check: Ocl-16

RF genertor R&G SMT-04 SN 100872 15-Jun-15 {in house check Jun-15) In house check: Oct-18

Network Anwtyzer HP 8753E | 8N US37390585 18-Oct-01 (0 house chack Oct-15) in house check: Oct-10
N Function Sigrasture

Catbrated by Mchasl Weber Laboratory Technician

Hlelgs

Approved by; Katja Pokovic Technical Managor %4

tssued: Apdl 26, 2016
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Calibration Laboratory of
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Schm{d & Partner c Service suisse d étalonnage
Engineering AG Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzeriand S  Swiss Calibration Service
Accredited by the Swiss Accreditation Senice (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 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 valid at the frequency indicated.

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

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

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

SAR measured: SAR measured al 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 resuit.

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 1800 MMz = 1 MMz
Head TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)°C 4W0+£6% 1.37 mho/m £ 6 %
Head TSL temperature change during test <057C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.53 Wig
SAR for 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 nomingl Head TSL parameters normualized to 1W 20.2 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appiied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mha/m
Measured Body TSL paramotors (220+02)'C 529+6% 148 mho/m =8 %
Body TSL temperature change during test <05°C - eee
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input powes 9.82 Wig
SAR for nominal Body TSL paramatars normalized o 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measuted 250 mW Input power 520 Whg
SAR for nominal Body TSL parameters normalized to TW 20.9 Wikg = 16.5 % (k=2)

Centiicate No: D1900V2-53061_Apr16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed point 5250+77iQ
Retum Loss -221dB

Antenna Parameters with Body TSL

Impedance, transiormed to feed point 47890+85jQ
Retumn Loss -210dB

General Antenna Parameters and Design

| Electrical Delay (0ne direction) [ 1192 ns |

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

The dipote is made of standard semirigid coaxial cable. The center conductor of the feading line is directly connecied 1o the
second arm of the dipole. The antenna is therefore shon-circulted for DC-signals. On some of the dipoles, small end caps
aro added to the dipole arms in order 1o improve matching when lnaded according to the position as explained in the
"Measurament Conditions” paragraph. The SAR data are not affectad by this change, The ovarall dipole length is still
according 10 the Standard,

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 10, 2004
Certificate No: D18G0V2-53061_Apr16 Pagedof B
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DASYS Validation Report for Head TSL

Date: 25.04.2016

I'est Laboratory: SPEAG, Zunch, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5do061

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

Medium parameters used: = 1900 MHz: o = 1.37 $/m: g = 40; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated: 31.12.2015;
Sensor-Surface: | 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0OAA; Serial: 1001

DASYS52 52.8.8(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=Smm, dy=5Smm, dz=5mm

Reference Value = 107.4 Vim; Power Drift =0.03 dB

Peak SAR (extrapolated) = 17.2 Wikg

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

Maximum value of SAR (measured) = [4.5 W/ikg

dB
0

-3.80

-71.60

-11.40

-15.20

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: 25.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI1900V2; Serial: D1900V2 - SN: 5d061

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

Medium parameters used: = 1900 MHz; o = 1.49 S/m; & = 52.9; p= 1000 kg/m*
Phantom section: Flat Section

Meusurement Standurd: DASYS (IEEE/TEC/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: 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=5Smm, dy=5mm, dz=5mm

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

Peak SAR (extrapolated) = 17.3 W/kg

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

Maximum value of SAR (measured) = 14.9 W/kg

dB
0
-3.80
-7.60
-11.40
-15.20
-19.00

0dB =149 Wikg= 1173 dBW/kg
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

HCT CO,LTD
Calibration Laboratory of S8, Schweizerischer Kalibrierdienst
Schmid & Partner = S Service sulsse d'étalonnage
Engineering AG =N C servisio avizsero ol teraturs
Zoughausstrasse 43, 8004 Zurich, Switzertand % oy > S  swiss Calibration Service

Acceedited by the Swiss Accreditubon Serdce (SAS)

Tl

The Swiss Accreditation Secvice is one of the signatories to the EA
Muttilateral Agresment for the recognition of callbration certificates

cient  HCT (Dymstec)

Accreditation No.: SCS 0108

Cartificats No: D2450V2-965_Apr16

CALIBRATION CERTIFICATE

Otyect

Cakbration procedureis)

QA CAL-05.v8

Caltration date April 19, 2016

D2450V2 - SN: 965

Calibration procedure for dipole validation kits above 700 MHz

This calibmtion cendficate doouments the traceatiity 50 natlonal standards, which roakze the physical units of measuraments {SI).
The messuremonts and 1he uncenainties with confidence probablity are geven an the following papes and are pan of the camiicate

Al calitvations have baan conducied in the dosod lab y tacility: anviconment temperature (22 » 3)°C ana humidity < 70%

Caltiration Equipment used (MSTE critcal for calitvation)

Primary Standards D& Cal Dats (Cortificats No. | Scheduled Calbration

Power meler NRP SN: 104778 06-Ape-16 (No. 217-022B8/02206) Apr-1T

Power sarsor NRP-281 SN 103244 06-Ape-16 (No. 217 02288) Apra?

Powar sensor NRP-Z21 | SN 105245 LG-Ape-16 (No, 217-02289) Apr7

Flstarance 20 dB Attenuator BN: 5058 (20x) 05-Ape-16 (No. 217.02282) Apra?

Type-N migmasch combination SN: 5047.2 f 06327 D5-Apr-16 (No. 217-02285) Ape T

Aealmeance Proba EX30V4 SN 7349 31-Deoc-15 (No. EX3.7349_Dec15) Dec-18

DAE4 SN 601 30-Dec-15 INo. DAE4-601_Dectf) Dec-16

Secondary Standards D # Check Date (i house) Scheouled Chack

Powar mater EPM-442A SN: GB3T4AB07T04 07-0c2-15 (No. 217-02222) In housa check: Ot 18

Power sansor HP 8481A BN, USazaaz7ed 07-061:15 (No. 21 7-02222) In housa check: Oct-16

Powar sansor HP 84814 SN MY41092317 07015 (No. 21702223) In howse check: Oct 16

AF generator HAS SMT-00 SN: 100072 15-Jun-15 (In houso chock Jun-15) In housa check: Oct: 18

Network Anatyzar HP §755E SN US373905685 18-Oc1-01 (n house check Oct-15) In howse chack: Oct-16
Nama Function Sgnature

Calbrutad by: Michanl Webet Latoratory Technician ”“ ’

Approved by: Kalia Fokovic Techrcal Managsr

s

tssued: Apnil 20, 2018

This caliteration cericate shal not be reproduced except n full without written appeoval of the laborstory
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Calibration Laboratory of

e

W
oS Schweizerischer Kakibr

Schmid & Partner %’i S smae-nm.fm:::“

Engineering AG g C  Servisio svizaero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand % 4@\\@? S Swiss Calibration Service
Accrestad by tha Swss Accreditabion Seniceo (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Ag: 1 for the gnition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

« 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 unceriainty 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%.

Canificato No: D2450V2-965_Apris Page2o0l8
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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 = 5mm
Frequency 2450 MHz & + MHz
Head TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Nominal Head TSL parametlers 220°C 3|2 1.80 mho/m
Measured Head TSL parametars (220:02)°C 400=26% 1.83 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
SAR measured 250 mW input power 127 Wig
SAR for nominai Head TSL parameters normalized 10 1W 50.6 Wikg = 17.0 % (k=2)
SAR avernged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 5.89 Wikg
SAR for nominal Head TSL paramaeters normalized 1o TW 23.5 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.95 mho/m
Measured Body TSL parameters (220+02)°C 527=26% 1.88 mho/m %6 %
Body TSL temperature change during test <B5°C .- -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measurod 250 mW input power 124 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAH measured 250 mW input powar 5.78 WAy
SAR for nominal Body TSL parameters normalized to 1W 23.0 Wikg = 16.5 % (k=2)

Cerificate No: D2450V2-965_Aprié
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5460 +38iQ
Aeturn Loss -2484d8B

Antenna Parameters with Body TSL

Impedance, transformed to feed paint 510Q+59]Q
Retum Loss -245dB

General Antenna Parameters and Design

[Eiocincal Delay (one direction) [ 1.162 ns I

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 connectad 1o the
second amm of the dipole, The antenna is therefore short-circulted for DC-signals. On same of the dipoles, small end caps
are added 1o the dipole arms in order 10 improve matching when loaded according to the position as explained in the
*Measurement Conditions® paragraph. The SAR data are not affected by this change. Tha overall dipole langth is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might band or the soidered connections near the
fondpoint may be damaged

Additional EUT Data

Manutactuced by SPEAG
Manulactured on November 19, 2014
Cortificate No: D2450V2-865_Apr18 Page d ol B
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DASYS5 Validation Report for Head TSL

Test 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)

DASYS52 Configuration:

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

Sensor-Surface: | 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated; 30.12.2015
Phantom; Flat Phantom 5.0 (front); Type: QDOOOPSOAA; 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:
Measurement grid: dx=5mm, dy=5mm, dz=5Smm
Reference Value = 112.4 V/im; Power Dnft = 0.02 dB
Peak SAR (extrupolated) = 25,6 Wikg

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

.00

-15.00

-20.00

-25.00

0dB =207 Wrkg=13.16 IBW/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 parameters used: = 2450 MHz; a = 1,98 S/m; g = 52.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)
DASYS2 Configuration:

o Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79, 7.79). Calibrated: 31.12.2015,

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

« Electronics: DAE4 Sn601; Calibruted: 30,12.2015

«  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA: Serial: 1002

o DASYS2528.8(1258); SEMCAD X 14.6.1(67372)

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

Reference Value = 104.7 V/m; Power Dnft = 0,01 dB

Peak SAR (extrapolated) = 24.7 W/kg

SAR(1 g) = 12.4 W/kg: SAR(10 g) = 5.78 W/ikg

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

dB
0

-5.00

-10.00
-15.00
-20.00

-25.00

0 dB = 20.0 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schwelzerischer Kalibrierdie
Schmid & Partner % 3 Service suisse d'étalonnage =
Engineering AG v C sevtriosvizmro & taratura
Zoughousstrasse 43, BO04 Zurich, Switzeriand ’»,,,,'ﬁ‘\\.\? S swiss Calibration Service

Accredited by the Swiss Accreditation Sarvice (SAS)
mmmmt-mummwwwn
Multilateral Agreement for the recognition of calibration centificates

Client HCT (Dymstec)

Accraditation No.: SCS 0108

Certificate No: DSGHzV2-1107 _Jan16

CALIBRATION CERTIFICATE

Otyect D5GHzV2 - SN: 1107

Caltirabon proceureis) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

Calitration date:

January 29, 2016

This caltration certificate documents the traceabiity 10 naticnal standards, which realize the physical unis of measuremants (S1)
The measwrements #nd the uncertanties wih confidenca peobabilty are given on 1he foliowing pages end are pan of the cerificals

AN calitemtions haye been canducted (n the closed luboratory facity: anvironment tempenatare (22 + 2)'C and burtidity < 70%

| Caliteation Equipment used (MATE ¢ritical for calibration)

Primary Stsndards 0w Cal Oaite (Conificate Mo ) Scheduled Calibeation
Power meter EPM-4424 GEI7480704 07-Oct-15 (No. 217:02022) Oct-18

Powear sensor HF BAA1A usareezres 07-0ct-15 (No. 247-02222) Oct16

Power songor HP B481A MY41092317 07-0ct-15 (No. 21702223) Oct-18

Retatence 20 98 Attenuator SN: 5088 (20k) D1-Apr-15 (Na. 21702131) Mar-16

Type-N mismatch combination SN 60472/ 06327  01-Ape 158 (No, 217-02134) Mar-16

Rateronce Probe EXIDVA SN 3504 31-Dec-1% (No. EX3.3503_Dects) Dec16

DAE4 SN: 601 30-Oec-15 (No. DAE4-801_Dect5) Dwc-16

Secondary Standards [1Dw Check Data {in house) Scheduled Check

AF generaior AAS SMT-06 100972 15-Jun-15 (in house check Jun-15) In house check: Jun-18
Network Anadyzer HP B753E US37390685 54206 18-0ct-01 (in housa check Oct-15) n houne check Oct-18

Name Function ure
Calibentod by Michaal Waber Laboratory Technician ?“ ‘
Approved by: Katia Pokovic Technical Manager /%
issusd January 28, 2016
This caltration certificate shail nat be repeoduced except in full without weitten approval of the b Y
Cartificate No: DSGHzV2-1107_Jan16 Page 1ol 13
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Schmid & Partner e Service suisse d'étalonnage
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Zoughausstrasse 43, 8004 Zurich, Switzerland RN S swiss Catibration Service
Accredtied by tha Swiss Accredtation Servico (SAS) Accreditation No.: SCS 0108

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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%.

Certficate No: DSGHzV2-1107_Jan16 Page2ol 13

F-TP22-03 (Rev.00) 189 /202 HCT Co., LTD



IaCT

FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

HCTCO,LTD
Measurement Conditions
DASY system configuration, as far as not given oa page 1

DASY Version DASYS V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

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

Frequency 5600 MHz + 1 MHz
5750 MMz = 1 MH2

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 358 471 mho'm
Measured Head TSL parameters (220+02)'C B2:6% 4.55 mho/m = 8 %
Head TSL temperature change during lest <05°C - —
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
SAR for nominal Head TSL parameters normalized to 1W 77.8 Wikg = 19,9 % (k=2)
SAR averaged over 10 cm? (10 g) of Mead TSL condition
SAR 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 parameters (220=02)"C MT726% 4.90 mhao/m = 6 %
Head TSL temperature change during test <05°C e P
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input powar 810 Wikg
SAR for nominal Head TSL parameters normalized to 1W B0.5 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 100 mW input powar 2.33 Wikg

SAH for nominal Head TSL parameters

normalized 1o 1W

23.1 Wikg £ 19.5 % (k=2)

Head TSL parameters at 5750 MHz

Tha following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mhao/m
Measured Head TSL parameters (220:02)°C 345+6% 505 mho/m =6 %
Hoad TSL temperature change during test <05"C - -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 773 Wihg
SAR for nominal Head TSL parameters normalized 1o 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 221 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.9 Wikg = 19.5 % (k=2)
Cortificato No: DSGHzV2-1107_Jan18 Page 4 of 13
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Body TSL parameters at 5250 MHz

The following parametsrs and calculations were applied

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 488 5.38 mho/m
Measured Body TSL parameters (220+02)"C 47026% 544 mho/m ¢ 6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Candition
SAR measured 100 mW input power 7.46 Wikg
SAR for nominal Body TSL parameters normalized to tW 74.0 Wikg = 19.8 % (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 1o 1W 20.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz
Tha following parameters and calculations wers applied.
Tomperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 485 5.77 mho/m
Measured Body TSL parameters (220202)°C 464 26% 5.9t mho/m+ 6 %
Body TSL temperature change during test <05'C S -
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 em’ (1 g) of Body TSL Condition

SAH measurad 100 mW input power 7.95 Wikg

SAR for nominal Body TSL parameters narmalized 1o 1W 78.9 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 100 mW input power 224 Wikg

SAR for nominal Body TSL parameters nommalized 10 1W 222 Wikg = 18.5 % (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 mho/m
Measured Body TSL parameters (220:02)°C 46.1:=6% 6.12 mho/m £ 6 %
Body TSL temperature change during test <05"C - -

SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SARA measured 100 mW input powar 7.55 Wikg
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 212 Wihg

SAH for nominal Body TSL parameters

normalized to tW

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 552GQ-732

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

Impedance, transformed to feed point 5580-0211

Retum Loss -251d8B
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed 1o feed point 5680 +07jQ

Retun Loss -238d8
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 4850-73/0

Retum Loss -2244d8
Antenna Parameters with Body TSL at 5600 MHz

Impadance, transformed 10 faed point 5530-39)0

Retum Loss 2417 dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed polm 5520-440

Retumn Loss -238dB
General Antenna Parameters and Design

lEloclncal 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 semirigid coaxial cable. The center canductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles. small end caps
are ndded 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according 1o the Standard.

No excessive force must be applied 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
Certificate No: DSGHzV2-1107_Jan16 Page 7 of 13
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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: 5750 MHz
Medium parameters used: { = 5250 MHz; 0 = 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 Standard: DASYS (IEEE/IEC/ANSI C63,19-2011)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.53, 5.53, 5.53); Calibrated: 31.12.2015, ConvF(4.99, 4,99,
4.99), Calibrated: 31.12.2015, ConvF(4.95, 4.95, 4.95); Calibrated: 31.12.2015:

* Sensor-Surface: | 4mm (Mechanical Surfuce Detection)

» Electronics: DAE4 Sn601; Calibruted: 30.12.2015

»  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Seral: 1001
* DASYS52 52.8.8(1258), SEMCAD X 14.6.1(§7372)

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

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

Peak SAR (extrapolated) = 28.7 Wikg

SAR(T 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, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

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

Peak SAR (extrapolated) = 31.8 W/kg

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

Maximum value of SAR (measured) = 194 W/kg

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

Reference Value = 69.35 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 31.7 W/kg

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

Maximum value of SAR (measured) = 19.0 Wikg

Cantificate No: D5GHzV2-1107_Jan16 PageBot 13
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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: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: { = 5250 MHz; 6 = 5,44 S/m; &, =47; p = 1000 kg/m' , Medium parameters used:
= 5600 MHZz; o =591 S/m; &= 46.4; p = 1000 kg/m" , Medium parumeters used: f = 5750 MHz: o = 6,12
Sim; & =46.1; p= 1000 kg/m’

Phantom section; Flat Section

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

DASYS52 Configuration:

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

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

» Electronics: DAE4 Sn601; Calibrated: 30.12.2015

» Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002
» DASYS5252.8.8(1258); SEMCAD X 14.6.1((7372)

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

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

Peak SAR (extrapolated) = 27.9 W/kg

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

Maximuam value of SAR (measured) = 17.0 W/kg

Dipole Calibration for Body 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 = 67.15 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32.5 Wikg

SAR(1 g) = 7,95 W/kg: SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.8 W/kg

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=!.4mm

Reference Value = 64.88 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.2 W/kg

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

Maximum valve of SAR (measured) = 18.1 W/kg

Centificate No: DSGHzV2-1107 _Jan18 Page 11 of 13
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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

(% by weight)

Frequency (MHz)

245

0-2700

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
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.

Dielectric Parameters CW Validation Modulation Validation
uipe C;irgrt;?ion Dipole Date | niaaerad | Maseean g
Type Point Iyeerr?'lsl'ttilr\ﬁ? CMegsutr'e('jt Sensitivity L_Prob.et IPrtobe MI_OD. FDuty PAR
y Conductivity inearity/lsotropy Type |Factor

1 3863 [EX3DV4|Head | 750 | 1014 |2015.09.14 41.8 0.92 PASS | PASS | PASS | N/A | NA | N/A
1 3863 |EX3DV4 | Body | 750 | 1014 |2015.09.15 55.2 0.96 PASS | PASS | PASS | N/A | NA | N/A
1 3863 |EX3DV4 | Head | 835 | 4d165 | 2015.12.01 40.8 0.89 PASS | PASS | PASS | N/A | NA | N/A
1 3863 |EX3DV4 | Head | 835 | 4d165 | 2015.12.01 40.8 0.89 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 |EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS | N/A | NA | N/A
1 3863 |EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS [GMSK|PASS| N/A
1 3863 |EX3DV4 | Head |1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS | N/A | NA | N/A
1 3863 |EX3DV4 | Head |1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 |EX3DV4 | Body |1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 |EX3DV4 | Body |1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS | N/A | NA | N/A
1 3863 |EX3DV4 | Head |1900| 5d061 | 2016.05.09 39.9 1.41 PASS | PASS | PASS | N/A | NA | N/A
1 3863 |EX3DV4 | Head |1900| 5d061 | 2016.05.09 39.9 1.41 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 |EX3DV4 | Body |1900| 5d061 | 2016.05.10 53.1 1.51 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 |EX3DV4 | Body |1900| 5d061 | 2016.05.10 53.1 1.51 PASS | PASS | PASS | N/A | NA | N/A
1 3863 |EX3DV4 | Head |2450| 965 |2016.05.02 39.1 1.78 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 [EX3DV4 | Body |2450| 965 |2016.05.03 52.4 1.96 PASS | PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Head [5250| 1107 |2016.02.10 36.2 4.77 PASS PASS | PASS [OFDM| N/A |PASS
1 3863 [EX3DV4 | Body [5250| 1107 |2016.02.11 48.3 5.4 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4 | Head |5600| 1107 |2016.02.10 35.7 5.02 PASS | PASS | PASS |OFDM| N/A |PASS
1 3863 [EX3DV4 | Body [5600| 1107 |2016.02.11 47.9 5.83 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Head |5750| 1107 |2016.02.10 35.1 5.18 PASS | PASS | PASS |OFDM| N/A |PASS
1 3863 |[EX3DV4| Body (5750 1107 |2016.02.11 48.1 5.99 PASS | PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary 1g

Note;

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