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Multilateral Agreamant for the racognition of calibration cectificates
Glossary:
TSL tissue simulating iquid
NORMxy,z sensilivity in free space
CoavF sensitivity in TSL /| NORMx,y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization paramelers
Polarization ¢ ¢ rotation around probe axis
Polarization § 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),
L., § = 0 is nomal to probe axis
Connector Angle information used in DASY system to align probe sensar X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 622091, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in Close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
»  NORMXx.y.z: Assessed for E-field polarization 8 = D {f < 900 MHz in TEM-cell; T > 1800 MHz: R22 waveguide).
NORMx.y,z are only infermediate values, i e., the uncertainties of NORMx,y,z does not affect the E*-fieid
uncertainty inskie TSL (see below ConvF),

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

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

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

o Axy.z Bry.z Cxyz Dxyz VReyz A B, C, O are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signat. The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the diode,

¢ ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f <800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software 10 improve probe accuracy Glose to the boundary, The sensitivity in TSL corresponds
to NORMz,y,z * Convi~ whereby the uncertainty corresponds to that given for ConvF. A fraquency dependent
ConvE 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 isolropy): in-a field of low gradients realized using a fiat phantom
expased by a patch antenna.

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

« Connector Angle: The angle is-assessed using the information gained by determining the NORMx (no
uncertainty required),
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Calibrated for DASY/EASY Systems
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
EX3DV4- SN:3568 June 18, 2015
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968
Basic Calibration Parameters
R = Sensor X Sonsor Y [ Sensor Z [ Unc (k=2) |
Norm (pV/AVIm)')" 0.36 0.35 J 0.42 +101 %
DCP (mV)" 103.1 102.8 96.8
Modulation Calibration Parameters
UiD [ Communication System Name 1T a 8
! | | e |deviv|
[&___lew x| 00 0.0 0.3
| Y| 00 00 1.0 129.8““_ N
7 z 0.0 0.0 1.0 1423 | |

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

A Tria wncertalalios of NormX,Y,Z do not affect the £ -Netd uncertainty inside TSL {see Pages 5§ and 6.

* Numerical ineanzation pacameter uncenainty nol regured

" Uncertainty is determined using tha max. deviation from Inesr respanse applying rectanguiar distibulion and 5 exprssed for the square of the
fetd value
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EX3DV4- SN:3968 June 18, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

£ (MHz) © p.m';y' c«(:g::l i ConvF X | ConvF Y [ ConvFZ | Alpha® mv g‘ng)
150 52.3 0.76 13.08 13.09 13.09 0,00 100 | =133%
300 453 087 12.28 12,28 12,28 0.10 120 | £133%
450 435 0.87 10.61 10.61 10.61 | o018 120 | +133%
750 418 0.89 992 992 9.92 0.18 157 | #120%
835 M5 0,90 9.60 9.60 960 0.21 1.64 | +120%
900 415 0.97 945 8.45 9.45 0.22 125 | *120%
1450 405 1.20 828 B.28 8.28 0.28 1.02 | £120%
1750 40.1 1.37 823 B8.23 8.23 0.31 080 | $120%
1500 40.0 1.40, 7.85 7.95 7.95 0.30 080 | £120%
1950 40.0 1.40 7.66 7.86 7.66 0.38 080 | £120%
2300 395 1.67 7.51 7.51 7.51 0.37 080 | +120%
2450 382 1.80 7.21 7.21 7.21 0.36 080 | £120% |
2600 39.0 1.96 7.06 7.06 7.06 0.39 089 | £120%
3500 37.9 281 6.82 6.82 6.82 0.28 133 | 2131%
5200 36.0 4.66 5.26 5.26 5.26 0.30 180 | 2131 %
5300 359 4.78 5.09 5.09 509 | 035 1.80 | #13.4%
5500 356 4.96 4.86 4.86 4.86 0.40 180 | +13.1%
5600 355 5.07 459 4.59 4.59 040 180 | £13.1%
5800 35.3 527 468 1 468 4.68 040 180 | *+131%

© Fraquency vuhdltyabovemmxo'tioomzwiynpp'mwaASleardmrel'eoerz; also it Is restricled 10 + 55 Mz The
urmstqulthome cafibration frey ¥ and the y for the band. Fraquency valdty
beiow 300 MHZ t5 = 10, 25, 40, 50 and 70MHz$uCamFammaI30 &4, 928, 150mdmmmwmy Above 5 GHz frequency
valkdty can be exiended to ¢ 110 MMz

* Al requencias below 3 GHz, the validity of fssue parametess (= A o) can b refaued fo ¢ 10% & hiquid scompensalion foamula ts appived 30
meosured SAR values. At frequancies abova 3 GHz, mwlulydmmm(cmc)smnbts'& The urncectanty & the RSS of

9 plpraDepth wre d during calts . SPEAG 1% that e ng ¢ due to the boundary effect after compansation i
dwwelesnhonz1%mmw36&mdmwznfubmmwﬁmmwdaimmwmmnﬂwmw
diametar from the boundary.
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DV4- SN:3968 June 18, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | T Depth” Unct,

FiMnz)® | Permittivity” {Sim) " __ConvFX | ConvFY | ConvFZ Alpha® | (mm) (k=2)
150 61.9 0.80 12,40 12.40 12.40 0.00 1.00 | £133%
300 58.2 0.92 11.34 11.34 11.34 0.05 110 | +133%
450 56.7 0.94 10.86 10.86 10.86 0.12 1.20 | £133%
750 58.5 0.96 9,49 8.49 9.49 0.34 103 | +120%
836 55.2 0.97 9.55 9.55 9.55 0,50 080 | £120%
900 55.0 1.05 934 9.34 9.34 0.42 0.83 £12.0%
1750 53.4 149 | 787 7.87 7.87 0.42 080 | £120%
1900 533 1.52 7.60 7.50 7.60 0.33 095 | £120%
2450 52.7 1.95 7.25 7.25 7.25 0.36 080 | +120%
2600 52.5 216 7.10 7.10 7.10 0.24 080 | £120%
5200 49.0 5.30 a7 471 471 040 190 | *131%
5300 48.9 542 4.44 4.44 4.44 0.40 1.90 131 %
5500 486 5.65 4.14 4.14 4,14 0.45 190 | £13.1%
5600 485 577 3.93 3.93 3.93 0.45 1.90 +131%
5800 482 6.00 4,27 427 427 | 045 1.90 2131 %

© Frequency validay above 300 MHz of + 100 MHz only sppies for DASY w4 and higher (soe Page 2), ehe 33 resticted %o 1 50 MHz. The
unceriainty is the RSS of the Coevi® uncenainty st cakaration frequency and the uncertainty for the indicaied fraquency band. Fraguarcy validity
belaw 3060 MiHz s ¢ 10, 25, 40, S0 and 70 MHz for Corf assessments at 30, 64, 128, 150 ond 220 MHz respecively. Above 5 GHz frequency
valicity can be extended 10 £ 110 MRz

" At frequencies below 3 GHz, the valdity of tissue parameters (c-and o) can be relaxed 1o = 0% if bquid cor ton formulo is appkad to
measured SAR vales, At fraquencies above 3 GH2. the valdity of fissus paramaters (c and o) & restricied to £ 5% The uncentainty is the RSS of
the CornE uncartainty for mdicated farget tissue paramieters,

© Ripha'Depth are determined during calibration. SPEAG warrants that the remaining deviation due o the lary effect sfter compansstion &
always less than + 1% for frequencies below 3 GHZ and Beiow = 2% for frequancies betwean 3.8 GHz at any dstance largée than hall the prabe 1ip
diameter from the boundary
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EX3DV4- SN:3g62 June 18, 2015

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

1.5 - —

Frequency response (normalized)
(=]
]

05— L G I S I - Al ! - R
0 500 1000 1500 2000 2500 3000
f [MHz]

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

Certificate No: EX3-3968_Jun15 Page 7 of 11

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 104 of 217
HCT-A-1512-F005-1 TEL: +82 31 6456300 FAX: +82 31 645 6401

Report No.



aCT
HCTCOOLTD

FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
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Receiving Pattern (¢), 9 = 0°

=600 MHz. TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SARpeaq)
(TEM cell , foeu= 1900 MHZ)
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Uncertainty of Linoarity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

{ = 835 MHz, WGLS RS (H_convF) = 1900 MHz, WGLS R22 (H_comf)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters

Sensor Arrangement . Triangular |

Conneclor Angle (7) I ‘ 7{7

Mechanical Surface Detection Mode - S “anabled |
{ Oplicai Surface Detection Mode = = = Il ~— disabled |
| Probe Overall Length | 337 mm |
| Probe Body Diameter —— 10 mm |
Tip tength o amm
“Tip Diameter o B 1 — 25mm
mSeﬁsor X Cakbration Point i Tmm
[Probe Tip to Sensor Y. Calibration Point - | T 1mm |
["Probe Tip to Sensor Z Calioration Point T mm |
Recommendad Measurement Dislance from Surface Tdmm |
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Calibration Laboratory of S8 §  Schweaerischer Kalibrierd
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Engineering AG P g Sevmemiien B lraes
Zoughausstrasse 43, 8004 Zurich, Switzerland o Swiss Calibration Service
Accredited by the Swiss Accrecitation Sacyice (SAS) Accrediation No.: SCS 0108
The Swiss Accreditation Service is one of the signataries 1o the EA
Muttitateral Agreamant for the recognition of callbration cartificates
cliem  HCT (Dymstec) Cartificate No: EX3-3903_Sep15
[CALIBRATION CERTIFICATE
‘ Otat EX3DV4 - SNi3903
Caibration procodarels) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Caliaration dale September 28, 2015

Then calibeotion cartificale dogumants the i y to natonal wiich reafize the phrysicsl units of measurements (S1)
The measurements and the uncedanties with confidence probebdlty sen given on the aliowing pages and amn part of the cetificale

A% cafibrabons have been conductod in tho closed abaratory facilty: anvionment temperature (22 ¢ 3)°C and humidiy < 70%

| Cofibration Egupment used (MATE critcal tor calibraton)

Primary Stantares |0 | Cal Date (Canficate No. ) Scnaduted Calbraton
Pawet motot E44198 | GB41203874 0%-Apr-15 (No. 247-02128) Mar-10

Power sensor BA412A | MY41458087 | 01-Ape15 (Ne 217-02128) Mar-16

Refatence 3 4B Atisnusior SN 55053 (dc) 01-Apr-15 (No. 217-02129) Mar-16

Redorence 20 dB Attenuasor 5N: SE2TT (200) 01-Ape-15 (N0, 217-02132) Mar- 16

Rederance 30 db A SN 55126 (30n) 01-Apr-15 (Na. 217-02133) Mar 16

Retersrce Probe ES30V2 SN 3013 30-Dec-14 (No. £53-3013 Decid) Doc-15

DAEA SN: 860 14-Jan-15 (No. DAEL-S50_Jan15) Jon-18

Seconcary Standards 0 Check Date (0 hovas) Schoduled Chack

RF geosrator HP B648C US364U01 700 4-Aug-99 (n housa check Agr-13) I houss check: Ap-16
Network Analyzer HP 87538 | USS7300485 18-0ct-01 ( nouse chack Oct-14) n houss check: Oct-15

( Name Function |

Cabrated by Is-me Einoougy Labaratory Technician

Apsroved by Katga Pokon Focheicat Minager %4—

tesiod September 30, 2018
Thia cafitration cantficate shall not He reproduced except i il without wiitton approval of Bhe laborsony

Cenificate No: EX3-3003_Sep15 Page 1of 11

Report No. HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 109 of 217
HCT-A-1512-F005-1 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTCOLTD

FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of AT iooeaitiahir Kalthiteis
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The Swiss Accreditation Service Is one of the signatories to the EA
Muttitateral Agreement for the recognition of calitiration cartificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

DCcP diode compression point

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

ABCD modulation dependent finearizalion parametars

Polarization ¢ i rotation around probe axis

Polarization 8 $ rotation around an axis that is in the plane normal 1o probe axis (at measuremant center),
Le., B =0 is normal to probe axis

Connector Angle infarmation used in DASY system to align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

h) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MHz to 3 GHz)", February 2006

¢) IEC 62209-2, "Procedure 1o detemmine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHZz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

o NORMx,y.z: Assessed for E-field polarization 8 = 0 (1 < 800 MHz in TEM-cell. { > 1800 MHz: R22 waveguide).
NORMXx.y,z are only intermediate values, i.0., the unceriainties of NORMx.y.z does not affect the E“fiold
uncertainty inside TSL (see below ConvF).

o NORM(fIx.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 s included
in the stated uncertainty of ConvF

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

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

e Axy.z: Bryz Cryz Dxyz VRxyz A B, C, D are numerical linearization parameters assessed based on
ihe data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Paramelers: Assessed in flat phantom using E-fiekd (or Temperature Transfer
Standard for { < 800 MHz2) and Inside waveguide using analytical field distributions based on power
measuramants for f > BOO MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
to NORMx.y.z * ConvF whereby the uncertainty corresponds 1o that given for ConvF. A frequency depandent
ConvF 5 used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHZ

« Spherical isotropy (3D deviation from isotropy): in & field of low gradients reafized using a flat phantom
exposed by a patch antanna.

e Sensor Offset: The sensor offsat corresponds o the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

« Connector Angle: The angle Is assessad using the information gained by determining the NORMx (no
uncertainty roquired)
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EX3DVA- SN:3003 Saptember 28, 2015

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

Basic Calibration Palan?ct,orsr

Sensor [ Sensor Y “Sensor Z [ Une (k=2) |

Noem (WVAVim)'T" 041 1 0.36 ' 0.56 [£10.1% |

OCP (mV) ¢ 103.7 | 108.6 994 E

Modulation Calibration Parameters

[UiD | Communication System Name T ] A B8 c [ o ‘ VR Unc-
dB dBvVuv d8 mV (k=2)

[0 oW X 00 | o0 | 1o | 000 | 1452 | £27% |

= -} —_— 'y oo 0.0 10| e ||

L ' z 1 oo 0.0 10| [ 436 |

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

A Ths uncenainties of Narm XY 2 do not alfect 1he £ field uncentainty inukde TSL (see Pages 5 and B)
" Numexical Inearization parsmesss unceniainty not regured
Uncertninty s determined using the max, deviabion from inear response spphing reciinguiar asriouhion ardd n exprossed for the squorn of the

flokd virlue
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX30V4- SN 3903 September 28, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Dopth ® Unc
f(MHz)® | Permittivity” (8im)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 415 0.90 9.84 9.84 9.84 020 | 158 | £120%
900 415 0.97 9.68 9.68 968 | 022 | 140 | £120%
1450 405 1.20 825 | 825 826 | 017 | 185 | $+120%
| 1750 401 1.37 8.29 8.29 820 | 037 | 080 | £120%
1900 40.0 1.40 8.03 8.03 803 | 037 | 080 | £120%
1950 40.0 140 7.84 7.84 784 | 033 | o088 | 2120%
2300 30.5 1.67 7.69 7.69 769 | 035 | 083 | +120%
2450 39.2 1,80 7.35 7.35 735 | 042 | 080 | +120%
2600 39.0 1.96 7.09 7.09 709 | 026 | 113 | s120% |
5200 36.0 456 | 528 5.28 528 | 040 | 180 | £131%
5300 359 476 5.08 5.08 508 | 040 | 180 | £131% |
5500 356 496 4o | a9 491 | 040 | 180 | 2131% |
5600 355 5.07 470 | 470 470 | 045 | 180 | 2131%
5800 13 | sz a0 | 480 | 460 | 04s | 180 | £131%

'quuencyvnldtynbooo‘.‘!wm-lzuh'GDMHzoMylmerAsvwlmm(uuPuge?).dnnuwncledlozsounz The
uncerarty i the RSS of the ConvF uncortainty it caltiraton frequency and the uncertainty for the indcated reguuncy band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for Comn® assessments at 30, 84, 126 150 and 220 MHz respectively. Above 5 GHz requency
vakdity Can bo extended 10 £ 110 MHL

" Al froquencies betow 3 Giz, the validty of busue parametnrs |« and o) can o ralaxed to £ 10% I kquxi compensaton formula is applied o
measured SAR valuos. Al froquencas obove 3 GHz, the valdity of tissus pasametees (v and o) & restncted to + 5% The uncentarty & the RSS of
the Convf uncedanty for indicated target lissue parmmoters

& NphaDepth sre Gatermined duing calbration. SPEAG wanenty that the remaining doviation due 10 the boundary effuct afior compensation i
mmmmmgtxmmsmammm:nlahmmm}emunawomummwmmmw

diamesar froem ihe boundary
Certificate No: EX3-3003_Sept5 PageSof 11
Report No. HCT CO., LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 113 of 217
HCT-A-1512-F005-1 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTCOLTD

FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3IDV4- SN:3B03 Septamber 28, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

A Relative | Conductivity [ 3 Depth * Unc |
1 (MHz) Permittivity (Sim) ConvFX | ConvFY | ConvFZ | Alpha (mm) (k=2) |
835 55.2 0487 10.05 10.05 10.05 023 1.29 +120%
1750 534 1.49 794 794 7.94 0.38 0.85 £12.0%
1900 53.3 1.52 7.72 7.72 7.72 0.34 0.87 £120%
2300 | 529 1.81 7.57 757 757 042 080 +120%
2450 [ 52.7 1.95 7.38 7.38 7.38 0.31 0.95 +120%
2600 | 52.5 2.16 7.22 7.22 7.22 0.22 0.95 £120%
5200 49.0 530 457 4.57 457 | 050 1.90 £13.1 %
5300 48.9 §42 4.42 4.42 442 | 050 1.90 +13.1 %
5500 486 565 388 3.88 88 | 060 | 100 | +131% |

5600 485 5.77 374 3.74 3.74 0.60 1.50 +13.1%
5800 482 6.00 | 405 | 405 4.05 0.60 190 | £131%

" Frequency vasaly above 300 Mz of £ 100 MHz onfly appiles for DASY vd 4 and higher (sue Page 2). else & s resinciac to ¢+ 50 MHz. Tha
uncentainty is the RSS of the Com® wnocartunty at calibration frequency and the uncertamty for the Indicaied frequency band. Freguency valdiy
below 300 MHz i 4 10. 25, 40. 50 and 70 MMz for ConvF sssessnants at 30, 64, 128, 150 and 220 MHz respectively Above § GHz frequsncy
vty can be oxtended to £ 110 MHz

" At requencies bolow 3 Gz the vaiidity of tissuw paramaeters (¢ and ) can be ielaund 1o + 10% If e compensation fommuls i sapled 10
measured SAR values. At hequuncins above 3 GH2. the validity of bssue paramesers [ and o) Ik resicied 1o = 5% The uncertainty in the RSS of
the ConvF uncestanty for ndicated target tesue porsmetens.

“ Alpha'Depih are determined dunng calforation SPEADG weanrants that the remaining deviaton due (o the boundary effect after compensation i
a!uy.mumn:|\hrmmsboww36mandmkmLZK&Mtwmbﬂm36mmwdmmol-wnnnhmlmommm

dameter from the bouncary,
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EXADV4- SN-3903 September 28, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°
=600 MHz, TEM f=1800 MHz, R22
g 5 - ¢ . ::’;E'V;r;'.e-!.‘"?-i—:'-‘5—.’.;.
Rot [ ;
5o e ¥z T T
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARead)
(TEM cell , fouu= 1900 MHZz)
10 =
r
o 10 )
z '
':fﬁ 10°+4 { 4
10 2
10 5
10 10 10 10 10 10
SAR [mW/em3]
‘| o]
not -:'(n-"'jnselﬁ-.' compensates
1
g e , ,
§ e iy prptgre * ‘e e -
i
w* ; " SAR [mW/em3] )
.| 3
not compenanstec compensatod
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30V4- SN-3903 September 28, 2015

Conversion Factor Assessment

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

£ =
2 =~
{. §
= 2 ¢+
3 : "
'
L
n-
x x . e - L = o 2 - .
i — I
. 2 £ 7 .
v rewsTr

et rweaed

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

ation

10 -08 08 04 02 00 02 O04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

[ Sensor Arrangement == Triangular
| Connector Angle () o S | 332
| Mechanical Surface Detection Moda o “enabled |
| Optical Surface Detsction Mode o ] disabled |
[Probe Overall Length T _ 337 mm
[ Probéms_or-:y“b-uunulu =S 10 mm
TipLength o [ — amm |
Tip Dameter 2.5 mm 1
Probe Tip to Sensar X Calibration Point S D “imm |
[ Probe Tip to Sensor Y Calibrabon Point 1Tmm |
[ Probe Tip 10 Sensor Z Calibration Poinl ' T Tmm |
"Recommended Measurement Distance from Surface | o 1.4 mm |

Cearndicate No; EX3-3803_Sep15 Page 11 ol 11

Report No. HCT CO., LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 119 of 217
HCT-A-1512-F005-1 TEL: +82 31 6456300 FAX: +82 31 645 6401



HCTCOLTD

FCC ID:

A3LSMA510FD

Issue Date: 12. 23, 2015
Calibration Laboratory of Ky
Schmid & Partner z
e A A
u&nhgnmm&&m.m va’@.;\e S

Accredied by the Swiss Accedtation Senice (SAS)
The Swiss Accreditation Servies is one of the signatories 10 the EA
Multilateral Agroement for the recognition of calibration certificates

Calbration date:

Thes calibration cartificate o

nis the

bikty to
mmmmmmmmnwmmmpqnmnmdnm

Caliration Equipment used (METE critical for caitraton)

dards, which reaize the physical unds of measucerments (51)

nmmwmnmmwmmwmuﬂmmcm.

Priary St ) Cat Date (Canficate No.) Scheduied Calioraton
Power malor E44198 5B41203874 Wjdj@a 2917.0191Y) Ape-15
Pawer sangor E4412A MY41408087 03-Age-14 (No. 217.01811) Ape-15
Refecance 3 68 Ateruator 5N: 58054 {3¢) O3-Apr-14 {No. 217.01815) Apt-15
Refecence 20 dB Attenustor | SN: 85277 {20x) 03-Ap-14 (No. 21701918} Api-15
Refersace 30 dB Aenusior SN: 55129 (30b) -14 (No. 217-01920) Apr-15
Refevence Probe ESIDNVZ SN 3013 30-Dec-13 (No. ES3-3013_Dectd) Dec-14
DAEA SN 789 30-Ape-14 (No. DAEA-789_Aprid) Apr-15
Seconcary Standards 0 Chack Date (in houss) Schaduled Check
RF generator HP 8643C US3542001 700 4-Rug 9% (in house check Apr-13) In house chedk: Ape-16
Anadyzer HP 87536 US373005685 03-99;01 (i houss check Oct-14) In house check. Oct-15
Caltrated by:
Appraved by

mmmmmuwmnumﬂmwauw,

Certificale No: EX3-3967_Dec1d

Report No.
HCT-A-1512-F005-1

Page 1 of 11

HCT CO.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA

TEL: +82 31 645 6300

, LTD.

FAX: +82 31 645 6401

120 of 217



HCTCOLTD

FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

Calibration Laboratory of

i ischor Kalibrierds
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Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accrediied by he Swiss Accreditation Servica (SAS) Accraditation No.: SCS 108

The Swiss Accreditation Service is 0no of the signatories 10 the EA

Multiateral Agreement for the recognition of calibration cortificates

Glossary:

TSL tissue simutating fquid

NORMx,y.2 sensitivity In free space

ConvF sansitivity in TSL / NORMx,y.2

DCP diode compression point

CF crest factor { 1/duty_cycle) of thé RF signal

A B C.D modulation dependent linearization parameters

Polarization ¢ @ rotation around probe exis

Polarization & 9 rotation around an axis that is in the plane normal to probe axis (st measurement canter),

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 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, "Procedura to measure the Specific Absorption Rate (SAR) for hand-held devices used in closa
proximily fo the ear (frequency range of 300 MHz ta 3 GHz)", Febouary 2005

Methods Applied and Interpretation of Parameters:

*  NORMx,y.2; Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavequide)
NORMx. v,z are anly intermediate vaiues, i.e., the unceriainties of NORMx,y.z does not affect the E%-fiald
uncenainty inside TSL (see below CanvF).

«  NORM(NX.y.z = NORMx,y,z * froquency_response (see Frequency Response Chart). This linearization 1s
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency rasponse s included
in the stated uncertainty of ConvF,

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

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

o Az Bry.z Cxyz Dxyz VRxy.z A B, C, D arenumercal linearization parameters assessed based on
the data of power sweep for specific modulation signal, The parameters do nat depend on frequency nor
media. VR is the maximurn calibration range expressed in RMS voitage across the ode,

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for < 800 MHz) and inside waveguida using analytical fleld distibutions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMzx,y,z * ConvF whereby the uncertainty correspands to that given for ConvF. A frequency dependent
ConvE is used In DASY version 4.4 and higher which allows extending the valigity from £ 50 MHz to £ 100
MHz,

o Spherical isotropy (3D devigtion from isotropy): in 2 field of low gradients reafized using a fiat phantom
exposed by a patch antenna

« Sensor Offsst: The sensor offset corresponds to the offset of virtual measuremen! center from the probe tp
(on probe axis). No tolerance required,

o Connector Angle: The angle &8 assessed using the information gained by determining the NORMx (no
uncertainty required)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX30V4- SN3967 December 22, 2014

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

Basic Calibration Parameters .

Sensor X | Sonsor Y | Sensor Z Unc (k=2)
Norm (pV/(Vim)'y- | 0.53 i 044 | 0.49 +101 %
DCP {mV}~ 93.9 | 96.2 ] 102.2
Modulation Calibration Parameters
utd [ Communication System Name [ A B c | b VR Unc-
48 | dBVjuv dB8 mV (k=2)
0 oW X |_00 00 | 10 | 000 | 1480 | #30%
= Y | 00 00 | 10 40 |
| Z| oo 00 10 1383 |

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

“ The uncenainties of NoamX,¥,Z do not affect the £7-fieid uncertainty inside TSL (see Pages S and 6)
' Numesical ineanzation parameter. uncertanty nol rogured
¥ Uncertainly is cetormined using the max. coviason from inear response applying rectangular distnbution &nd 1S expressed for the squae of Iha

fiekd value
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EXIDV4- SN:3967 Decembar 22, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

[ f (MHz) p.mﬁy' °f"§a‘.’3'"’"” ConvF X | ConvFY | ConvFZ | Aipha® mr m
750 419 0.89 1048 | 1048 | 1048 | o080 | 081 | £120% |
835 415 0.90 975 | o978 | e7s | oso | oe1 | £120%
900 415 0.97 956 | 956 | 956 | 039 | 089 | 2120%
1450 405 120 840 | 840 gao | 032 | 091 | 2120%
1750 40.1 1.37 850 | 850 | 880 | 084 | 070 | $120%
1900 400 1.40 843 | 813 | 813 | 069 | 068 | +120%
1960 400 1.40 7.84 7.81 781 | o6s | oso | s120% |
2300 395 167 757 | 187 757 | 051 | 078 | £120%

| 2450 39.2 1.80 746 | 746 | 716 | 080 | 077 | +120%
2600 39.0 1.96 686 | 686 | 688 | 040 | 082 | 2120%
2500 379 2.01 740 | 710 710 | 04t | 095 | £131%
5200 36.0 466 507 | s07 so7 | 035 | 180 | £131%
5300 359 4.78 s88 | 488 | 488 | 035 | 180 | #131%
5500 356 496 44 | 484 | 48 | 040 | 180 | £131%
5600 35.5 5.07 470 | 470 | a70 | 040 | 180 | £131%
5800 353 527 ses | ase | ass | oao | 1s0 | 312a% |

‘meywmymmmazwommymmww&vu.ammw(uo"mnmuvwrmmz50Mm.m.-
UMSMRSSMWWumeWWMWWNwmﬁwm Froquency validay
belo 300 MHz i3+ 10, 25, 40, 50 5nd 70 MHz for ComvF assassmants af 30, 64, 126, 150 and 220 MHz respactvely. Above 5 G frequency
vnkﬂycmbaum@dtoxﬂouﬂz.
¥ At frequencies below 3 Ghz, the validity of tssue paramsters (¢ 8 o) can be refaxed 10 = $0% if liquid comp % = mopbed 0
mu-amm.nmmsouz.mvamryowssuemm«mq.uvmm:sw.munmnsmsmassa
?cwmmyhvmnmmm&

are determaned duding caRraion. SPEAG warrants thal the remaming Gowaton dos 1o T bouodary effect alter compensation &5

Shacgys less than < :&tawmacmwm:nmwmucmammﬂnmmmnnwmmup
dipmater from the boundary
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DV4-~ SN3967 Decemiber 22, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity [ Depth ® Unet.
_1(MHz)® | Permittivity" {sim)" ConvEX | ConvFY | ConvFZ | Alpha® | {mm) (k=2)
750 55.5 0.96 868 9.68 9.68 0.58 0.71 $120%
835 55.2 0.97 9.55 9.55 9.55 0.80 058 | +120% |
1750 53.4 149 | 790 7.90 7.90 0.78 063 | +120%
1900 53.3 152 | 1758 7.58 758 | 049 082 | £12.0%
2300 52.9 1.81 737 | 731 7.37 080 | 063 | +120%
2450 52.7 1.95 7.10 7.10 7.10 0.73 066 | +120%
2600 525 2.18 6.97 6.97 5.97 0.80 057 | $120%
5200 49.0 5.30 4.59 4.59 459 0.45 190 | $131%
5300 489 5.42 443 | 443 4.43 0.45 1.90 £13.1%
5500 48.6 565 402 | 402 | 402 | os0 | 180 | #131%
5600 485 577 3.85 3.85 3.85 0.50 190 | £131%
5800 482 600 | 412 4.12 412 0.50 180 | £131%

"FremyvamnyoeowmMde11mmcot\‘qapplaslorDASYMAmmgher(mPagoZLmcsrutrmcbo:f)omﬂTm
unceetainly i the RSS of the ComwF uncertanty at colibration frequency and the uncertainty for ths ind frag y band. Freq y vakdey
below 300 MHz i £ 10. 25, 40, 50 #nd 10 MMz for Convi- sssessmants at 30, (4, 128, 150 and 220 MHz respeciivaly Abuva 5 GHz frequency
validity can be extended to = 110 MHz,
'Aurwb-mvscmhemwumwmlqumn)wuommmo:1cmnluwdmmumn¢muasmplww

measured SAR values. Mfummm3Glﬁ.myaldtydussuewuem(an)lsmed!os 5%, The unceriainty is the RSS of

S Ajpha/Degen are determined during SPEAG shat the g deviatiar due to the Boondary effect Bar CoMpPensaLon &
ahwitys Inss than & 15 for frequencins baiow 3 GHz and beiow 2% for froquencies between 3-6 Gz at any distance karger than hall the pecbe lip

diameter fram the boundary
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EXIOV4- SNi3967 December 22, 2014

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

rmalized)
TTrFrT

f
\

Frequency response

alield i - -} ri— - A t bk d -4
0 500 1000 1500 2000 2500
f (MH2)

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX30V4- SN:3957 Decamber 22, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
O, ~ ) .,' L os C
L o * e - ° £l
Tt X Y 4 T x Y <
g i P
% 00 i pe PGS e Yig 2 oapig-a—g Attt Pt Rgsipn
A j
L —r— ] SRR e L ..‘_.L, el : |
- . : Bol [
! "-%’L; S‘TS!G]-“ -,~'.T‘_\J\‘~.: .'"‘*"'!WI»:

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARpead)
(TEM cell , fo o= 1900 MHz2)
’~ ........ SU—— - vy =
s Mg 1
! &
r d - !
LM 1585 S e = ) o s A 2 S
§ s |
” 1|
: { th |
i
S 10°+ i i
= o %
=
w 4
‘é g : Pt
£ W i {3 aridne PARTY :
e, & T e e TR 131 i
H .v ‘
101 4 1 1 \
Sl |
|} _," i
10 . 10 10 10 10 10 10
SAR [mWicm3)
*] ]
not compensated compensated
|
5 0 e e T A S 2 S
i
7 *'r: 2 170 ' vz'r; 7 16 102 100
SAR {(mW/cm3)
LA (9]
not compensated compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f = 835 MHz WGLS RS (H_comF) = 1900 MHz WGLS R22 (H_convF)
.
04
"
'o--.'\ >
gln x
. i
3
i | 5|
1. }
-
‘D '
LYY (
e a = e 2w = T e R T N R R R
& e} v
, oy %) 4.
saves Teensn oo v

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

10 -08 -08 04 02 00 02 04 05 08 10
Uncertainty of Spherical isotropy Assessment: * 2.8% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

Sensor Arrangement - Trianguiar |
Conneclor Angle () 1 ~ -164 |
{ ‘Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode = T disabled
“Probe Overall Length - : 337 mm
Probe Body Diameter ' e = o mm |
Tip Length T amm |
[Tip Diameter =T 25mm
Probe Tip 1o Sensor X Galibration Point 1 mm
Probe Tip 1o Sensor ¥ Calibration Point ' 1 mm
[ Probe Tip to Sensor Z Calibration Point . ) 1 mm

Recommended Measurement Distance from Surace | 1.4 mm
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of ¥, \ S Schwelrerischer Kalibriardianst
Schmid & Partner S G Service uisse détatonnsge
Engineering AG % g Servisio sviczero o tarstura
Zeughausstrasse 43, 8004 Zurich, Switzeriand R Swiss Calitration Service

Accrecited by e Swess Accroditaton Service (BAS)
The Swisa Accroditation Service i one of the signatories to the EA
Multilateral Agreemant for the recognition of calibration certificates

At have teen

This calitraton certificate Gocuments the traceabliity fo national standards. which realze the phy

units of

=

The measursments and the uncertainties with confidence probiabiity ane given on the following pages and are part of the cedcate.

Calibration Equipment ysed (MATE critical for catibeabion)

I Ihe closad laborasory facity. sendianment Semparature (22 = 3)°C and hamidity < 70%

Standards (8] Ca Date (Carntificam No ) Scheduled Calbraton
Fower metor E44108 GB41263874 01-Age-19 (Ko, 297-02128) Mar-18
| Power sarsor E4412A MY 1498087 01-Apr-15 (No. 217-02128) Mar-18
Roteronce 3 ab A SN: S5054 {3¢) 01-Ape-15 (No. 217-02129) Mas-18
Raof 20 dD) Asenuat BN: SS277 (20x) O1-Apr-18 [No. 217.02132) Mae-18
Roterence 30 6B A al SN S5128 (30b) 01-Apt-15 (No. 217-02133) Mae-18
Probe ESIOV2 SN: 3013 30-Dec-14 (No. ES3.3013 Decid) Dec-15
DAES SN. 660 14-Jan-15 (No DAE4-800_Jen 15) Jan-18
e —
Secondary Standards D Check Date (in house) Schuduled Chack
RF ge HP BsanC US3642001700 4-Aug-99 (i houss check Apr-13) I house check: Apr- 18
| Network Analyzor HF 5753 USI7380585 18.0ct.01 (in houss check Oct-14) In house check: Oct- 1§
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of AN Senweasrischer Kalibriordien
Schmid & Partner A (s: mm::'rm "
Engineering AG % s Servizio svizzero di taratura
Zeughausstrasse 43, 5004 Zurich, Switzerland ‘Vﬁ.\f Swies Calibration Sarvice
Accredited by the Swiss Accredtation Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service ts one of the signatories to the EA
Multilateral Agreemant for the recognition of calibeation certificates

Glossary:

TSL tissue simulating bquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y 2

pCcP diode compression point

CF crest factor (1iduty_cycie) of the RF signal

A B CD modulation dependent linsarization parameters

Polarization ¢ o rotation around probe axis

Polarzation % 4 rotation around an axis that i3 in the plane normal 1o peobe axis (8l measurement center),
2., B =0 s normal to probe axis

Connector Angle Information used in DASY system to align probe sensor X 1o the robol coordinate system

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: Measurament
Techniques®, June 2013

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

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

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

Methods Applied and Interpretation of Parameters:

«  NORMx.y.z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide)
NORMs.y.z are only intarmediate values, i.e., the uncenainties of NORMx,y,z does not affect the E”-field
unceriainty inside TSL (see bélow ConvF).

«  NORM(Nx.y.z = NORMx.y.z * Irequency_response (see Frequency Response Chart). This inearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response i included
in the stated uncertainty of ComvF

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

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

e  Axyz Bryz Cxy.z Dxyz VRxyz A B, C.Dare numerical linearization parameters assessed based on
the data of pawer sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressad in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parametars applied for
boundary compensation (alpha, depth) of which lypical uncertainty values are given These parameters are
used in DASYA4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMzx,y.z * ConvF wheraby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which aiows extending the validity from £ 50 MHz to £ 100
MHz.

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

« Sensor Offset The sensor offset corresponds to the offset of virual measurement canter from he prodbe tp
(on probe axis), No tolerance required.

« Commector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Probe EX3DV4

SN:3863

Manufactured:  February 2, 2012
Calibrated: August 27, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX30V4- SN 3863

Issue Date:

12. 23, 2015

August Z7_ 2015

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

Basic Calibration Parameters

Sensor X Sansor Y Sansor Z Unc (k=2

Norm (uWVIVim))" T 0ar 0.35 0.45 101 %

[ DCP (mV)" 101.9 1039 ] a8d

Modulation Calibration Parameters -

| UID Communication System Name A 8 c o VR Une

\ dB dBVuv dB8 mV (k=2)
[ oW X 0.0 0.0 10 | 000 | 1318 | 27% |

[ Y 0.0 0.0 10 | | 1299

| 2| oo 00 | 10 1264

probability of approximately 95%.

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

* The uncertainties of Norm XY .2 do not affect the £™-fink urcertaity insde TSL (sew Pagen 5 and 6)
" Numerical insarization parameter. uncertainty ot requined.
" Uncemuitity is detetminad using the max. deviation Srom lnear response appéying rectangular distnbuson and m expressed for the squarn of tha

feid value
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EX30VA- SN:3863 Augusl 27, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc
t(MH2)© | Permittivity” | (Sim)* | ConvFX | ComvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 1189 | 1189 11.89 | 000 1.00 | £133%
450 435 0.87 10.31 10.31 10.31 0.17 130 | £133%
750 | a19 0.89 9.83 9.83 983 024 | 121 | £120%
835 415 0.90 946 9.46 9.46 021 | 130 | £120%
900 415 0.97 9.28 9.28 9.28 0.26 111 | £120%
1450 405 120 | 831 8.31 831 015 | 181 | +120%
1750 40.1 137 | B18 8.18 8.18 036 | 090 | 2120% |
1900 40.0 1.40 7.84 7.84 7.84 0.21 1.07 | £120% |
1950 400 140 | 7860 7.60 7.60 031 | 080 | £120% |
2450 392 1.80 7.04 7.04 7.04 027 | 098 | £120%
2600 39.0 1.96 6.84 .84 6.84 0.27 1.4 | £120%
3500 379 291 6.77 6.77 6.77 0.38 1.08 | 2131%
5250 359 4.71 494 | 454 4.94 0.35 180 | £131%
5600 355 | 507 444 | 444 444 0.45 180 | £131%
5750 | 35.4 | 522 4.65 4.65 4.65 0.45 180 | =131%

fmncyvl!dtyabonmmuolz100Mmonly¢wm1avm8vvAAnndmgnu(wePaqczp mamammam: 50 MHz. Trw
uncantanty i the RSS of the ComvF uncenainty m caltvation froquency and ihe y banvl. Frequency valaty
bekow 300 Mz is & 10, 25, 40, 50 and 70 MHz for CorwF pasessmerns at 30, 54, 128 lSOordZZOMmooc!mh, Abou.':Gthmm:y
valiity can be extended 10 = 110 Mz
" Al frequences below 3 GHZ. the vality of tissus parameters {c and o) can be relared (0 £ 10% If lguid cormpensation fomiula is appled 1o
measured SAR values. Al Yequencies sbove 3 GHZ. the vikdity of tssue parmeners (¢ and ) is resiricted 10 ¢ 5% Thie uncertainty i the RSS of
the Convi® uncertanty for mmwmoulm
“ AlphaDapth are d dunng ¢ SPEAG warrnnts thot She remaning Seviason due 10 1he boundary effec after
unysmnﬁm:mlmlnmm.bcmlmumdnemxﬂmhwmenumuuwdmncolmmhumemew
diarneder kom the boundary
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EX3DV4.-- SN:3863 August 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

p Relative | Conductivity ‘ L | Dopth® Unc
1(MHz)S | Permittivity {Sim) ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 619 0.80 1168 | 1188 | 1168 | 000 | 100 | s133%
450 | 67 0.4 1067 | 1067 | 1067 | 010 | 120 | +133%
750 | 555 0.96 9.76 9.76 9.76 025 | 116 | £120%
835 55.2 087 | 940 9.40 '. 9.40 023 | 144 | +£120%
1750 53.4 1.49 7.73 7.73 7.73 024 | 101 | £120%
1900 533 152 7.48 748 7.48 039 | 080 | +120%
2450 52.7 1.95 711 7.11 711 | 031 | o080 | £120% |
2600 525 218 8.97 6.97 8.97 033 | 080 | £120%
5250 88 | 538 444 | 444 | 444 | 040 | 190 | £131%
5800 485 577 377 3.77 3.77 050 | 190 | £131%
5750 83 | 594 4.08 4,08 4.08 050 | 190 | £131%

" Froquency validay above 300 MHz of + 100 MMz anly appies for DASY vd 4 and higher (see Fage 2). ehe & s resiricted 1o = 50 MMz The
uncertainty is the RSS of the Comd uncertainty st calteation frequency and the uncentainty for the indicated frequency band. Frequency valdiy
balow 300 MMz is = 10, 25, 40, 50 and 70 MHz for ConvF assesaments at 30, 64, 128, 150 and 220 MMz respectively Above § Ghz frequency
vahdity can be extended to = 110 Mz

Al requoncies below 3 Gz, the vaidity of tissue parametem (c snd 1) can be tetaced 10 £ 10% It iguid compensation formuta i appled 1o
mensures SAR vlues, Al roquoncies above 3 GHz, the validity of tssue parameters (v and o) is feslricied 10 £ 5% The uncertanty s the RSS of
ihe Convi® uncertainty lor edicated targot Sasue paramediers

“ Alpha’Depih ane 100 Suring « SPEAG warrants thal the remanng devielion dus 10 e be y effect after compersiatan 18
alwarys less than ¢ 1% for frequancies below 3 GH2 and below £ 2% for fragquencies between 3.0 GHz af any datance larger than hat the probe o
dlametor from the boundary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

cy response (normakzed
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX30V4- SN.3863

August 27, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}caq)
(TEM cell , foyu= 1900 MH2z)
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Uncertainty of Linearity Assessmant: £ 0.6% (k=2)
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Conversion Factor Assessment

= B35 MHz. WGLS RS (H_convF) = 1900 MHz WGLS R22 (H_comfF)

f P
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1 “» x = - w < ] . w ™ o N w ~ .«

- et
2 o) . i 3

i —— — wewser

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

-0 08 08 04 D2 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30Va- SN.3B63 August 27, 2015

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

Other Probe Parameters

Sensor Arrangement | “Triangular |
| Connector Angle (*) | 105.3 |

Mechanical Surface Detection Mode | enabled |
| Optical Surface Detection Mode disabled
| Probe Overall Length | 337 mm |
| Probe Body Diameter —_— i 10 mm
‘ Tip Lenq-fhi | amm ‘
[ Tip Diameter o 25mm |
[Probe Tip 1o Sensor X Calibration Point | " mm |
[ Probe Tip 1o Sensor Y Calibration Point 1T mm |

Probe Tip to Sensor Z Calibration Point . ‘ o 1 mm |
i’ Recommended Measurement Distance from Surface [ 1.4 mm
Certficate No: EX3-3863_Aug15s Page 110l 11
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of o S Schweizerischar Kalitrierdianst
Schmid & Partner — G Service suisse d ealonnage
Engineering AG 4 3 Sorvizio svizzero di taratura
Mmm.mmm W S gwiss Catibration Service

Primary Standards 0 Cal Date (Ceriificate No | Schedalet Catration
Power moter E44168 GB41Z83074 01-Ap115 (No. 217,02128) Mas-18

Power sensor E44124 MY41438087 01-Ar-15 (No. 21702128} Mar.10

Reterence 3 dB Atenvator | SN: 5054 (3c) 01.A0115 {No. 217-02129) Mat-10

Reference 20 68 Atlenualor | SN 88277 (20x) 01-Aur-15 (N 217-02132) Mar- 10
Reference X 08 Atlenoaioe | SN 55129 308) 01-Ap-15 [(No. 217-02133)_ Mar. 10

Reference Probe ESIONG SN 2013 30-Dec-14 {Na_ ES3-3013_Dectd) Dec-16

DAES SN 860 14.Jan15 (No. DAE-860_Jan15) Jan 18

Standards ) Check Data (in howsa) Schediied Chack

RF HP B6ABC US3042001700 £-Aug-99 {in house check Apr-13] in house chack: Apr-18
Network Analyzer HP 87538 | US37350585 180001 (i house check Oct-14) In house ehack: Ot-15
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of A Sehwelzeri bclerdiod
Schmid & Partner S D Sl ooy
Engineering AG % g Servisio eviztero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzertand "%ﬁ_‘f Swiss Calibration Service
Accreditad by Ihe Swiss Accraditation Servios [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories 10 the EA
Multitateral 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

pcp diode compression paint

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

ABCD modutation dependent lingarization parameters

Polarization ¢ p rotation around probe axis

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

Connector Angle Information used in DASY system to align probe sensor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

n) |EEE Sta 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatal-Averaged Specific
Absorption Rate {SAR) in the Human Head from Wireless Communications Devices: Measuremeant
Techniques®, June 2013

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

c) IEC 82209-2, "Procedurs to determine the Specific Abscrption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requiremants for 100 MMz to 6 GHz"

Methods Applied and Interpretation of Parameters:

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

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

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

* PAR:PAR s the Peak 1o Average Ratio that is not callbrated but determined based on the signal
characteristics

o Axy.z Bxyz Cxy.z Dxyz 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 nat depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Paramelers: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measuramants for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
o NORMx,y.z * ConvF whereby the uncerainty coresponds to that given for ConvF. A frequency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz 1o £ 100
MHz

* Sphencal isolropy (3D deviation from isotropy): in a feld of low gradients realized using a fiat phantom
exposed by a patch antenna.

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

e Cannecfor Angie’ The angle |s assessed using the information gained by determining the NORMx (no
uncertainty required)

Gartiticate No: EX3-7370_Sep15 Page 2 of 11
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EX3DV4 - SN:7370 Saptemnbac 1, 2015

Probe EX3DV4

SN:7370

Manufactured: March 17, 2015
Calibrated: September 1, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DV4A-SNTIT0 Septombeor 1, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Basic Calibration Parameters

Sensor X . Scnn.or Y = Sensor Z Unc (k=2) |
Norm g;.Vl{V!’m)'_l‘_ 047 0.51 043 £10.1%
DCP (mV) | 99.0 105.3 898 |

Modulation Calibration Parameters

uiD | Communication System Name ‘ A | B8 | ¢ o VR | Unc
| . | e8| dBViv | | @8 | mv | (k=2) |
L x 0.0 0.0 10 0.00 1623 | 233%
Y] 00 | 00 | 0 | [eae | |
2| 00 | 0.0 10 | 167.7 |

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

* The uncertaintes of Norm XY 2 8o not afect the E” fimid uncertainty inside TSL (see Pages 4 and 0)
* Numaircal linsarization parametar: uncetiainty not regured
' Uncedtairty & determined uaing the max, deviatian from linear response apphying rectangular datribution and @ expressed far he square of the

il valus
Ceonlificate No- EX3-7370_Sep1s Page 4 of 11
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DV4- SN.7370 September 1, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined In Head Tissue Simulating Media

3 Relative | Conductivity = Depth * Unc
1(MHz)S | Permittivity” (8m)’ | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
450 435 087 10.67 1067 10.67 016 1.70 +133%
750 419 0.89 9.81 9.81 981 | 026 | 124 | +120%
835 15 | o090 957 | ss7 e57 | 0z7 | 117 | +120%
900 a5 | o 920 | 920 929 | 020 | 112 | 2120%
1450 s | 120 808 | 808 B8 | 026 | 108 | +120%
1750 40.1 137 805 | 805 BOo5 | 034 | 080 | :+120%
1900 40.0 1.40 780 | 780 | 780 | 034 | 080 | s120%
1950 400 1.40 157 | 757 757 | 040 | 080 | s120%
2300 305 167 743 | 743 | 743 | 033 | o083 | £120%
2450 392 1.80 694 | 694 694 | 032 | 092 | +120%
200 | 300 1.96 8.61 6.81 681 | 043 | 080 | £120%
3500 7.9 291 692 | 692 692 | 020 | 1239 | s131%
5200 36.0 4.66 513 | 513 | s13 | 035 | 180 | £131%
5300 359 a76 | 495 | 495 | a5 | 038 | 180 | 2131%
5500 358 4.96 453 | 453 | 453 | 040 | 180 | s139%
5800 355 5,07 435 | 435 | 435 | 040 | 180 | s+134% |
5800 353 527 453 | 453 | as3 | o40 | 180 | £131% |

“ Fraquency valdity sbove 300 Mz of ¢ 100 Mz cely applies for DASY vd 4 and higher (see Page 2), else It is restiicted 10 + 50 MHz. The
uncertainty s the RSS of the ConvF uncartanty al calibration feguency sexd the uncemtainty for the mdcated frequency band. Frequency valdity
belaw 300 Mz s £ 10. 2540, 50 and 70 MHZ for ConvF assesamants #t 30, 64 128 150 and 220 MMz respectively, Above 5 Gz frequency
validity can be exsanded 1o £ 110 MHz

" Al frequancies beiow 3 GHE. the validity of fusus peramatuns (= and o) cian be relaved 0 ¢ 10% i iqud compensation formaks s applied
measured SAR vlues. At freguencies above 3 Gz, the valcdy of fissue parameters (s 00d o) 8 realncied 10 2 5% The uncortanty 6 the RSS of
MWWWMMIJWIMW

" NphaiDopth ace deleemingd dusing caltvation. SFEAG Ihadt tha g deviaton due 1 the boundary effect alter compensation »
adwoys less than & 1% for frequoncies below 3 GHz and below & nfw!mqwnc-nunnm:onnlmmmbwmmmmw
dinmessr om e Soundaty
Certficats No. EX3-7370_Sep1s Page Sof 11
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FCC ID: A3LSMA510FD Issue Date: 12.

EXI0V4A.- SN.7370 September 1, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Body Tissue Simulating Media

. Relative | -(:onductl'vmy o Depth " Unc
f (MHz) Permittivity {S/m) ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
450 | 56,7 0.94 11.08 11.08 11.08 0.11 160 | £133%
750 §65 096 | 982 982 | 982 0.24 127 | £120%
835 56.2 097 | 966 866 9.66 0.29 125 | £120%
1750 53.4 1.49 1.76 7.76 7.76 0.47 0.81 £12.0%
1900 53.3 1.52 7.48 740 | 749 0.41 080 | +£120%
2450 52.7 1.95 7.16 716 | 7.6 0.35 080 | £120%
2600 52.5 216 701 | 707 7.07 0.29 080 | £120%
5200 49.0 5.30 4.64 4,64 4.64 0.45 190 | 2131 %
5300 489 5.42 446 | 446 | 448 | 045 | 190 | +131%
5500 486 5.65 4.03 4.03 403 | 050 180 | =13.1%
5600 485 577 3.85 3.85 385 0.50 1.90 | 2131%
5800 482 | 6.00 403 4.03 4.03 0.50 | 180 | £131%

© Frequoncy validity above 300 MHz of 2 100 MMz anly appiles for DASY v 4 and highw isee Page 2). eise It is restricied ta » 50 MMz Tha
uncantwety s the RSS of the ConvF unceriainty ot calbrston froguency and the uncertainty for the indicated frequency band. Frequency validity
Dedow 300 MH2 is £ 10, 25, 40, 50 and 70 MMz kr CoonF assesaments at 30, 64, 124 150 and 220 Mz respectively. Above 5 GH frequency
validity can be exdended 1o = 110 MHz

" Al frequencies below 3 GHz, the ity of tissus parametans it and ») can be rekaed 1o + 10% It gud compansation fonmubs s appled 1o
measured SAR volues, Al froquonces above 3 GMz_ the vialididy of fzsue parametsns (1 and o) is restncted 1o £ 5%, The uncerdainty is the ASS of
the Conl uncertanty for indicated target 15a00 paramatens

“ pipha/Dapth are delemined durng caiibention. SPEAG warranss that the remaining deviabon tus 10 the bouncaly offect after compensanion &
abwoys less than & 1% far frequencios below 3 GHZ and bolow £ 2% for equencies batween 3-8 GHr o ary datance lwger than half the probe 3o
dhameter from the bouncary
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EXIDVa- SN, 7370

Soptomber 1, 201§

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

‘normalized
N

response

Frequency

0.5+ O I VA T I A S S e ST
0 500 1000 1800 2000 2500 3000
f [MHz)

Uncertainty of Froquency Response of E-field: £ 6.3% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DVa- SN:7370

September 1, 2016
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
% '.‘.7":l;'.f\.»(A.‘;__’V‘:..-;_V‘R:;’.g‘ -+ %
Rot[]

Uncertainty of Axial Isotropy Assessmant: £ 0.5% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
EX30V4-SN.7370 September 1, 2015
Dynamic Range f(SAR}¢aq)
(TEM cell , foyu= 1900 MH2)
~ '
= o'
= o L)
2 .
S »
’ i
10 0 10 s 10 0 0
SAR [mW/iema]
X3 3
not compenuated compensated
-

€ .

s 0 T e A1 Sttt d Pt e

@

1 109 10 "':‘- "1“ 7 107 108
SAR [mW/emd)
A | o
rot compensated compensMed
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX30DVA- SN.73T0 September 1, 2015

Conversion Factor Assessment

= 835 MHz WGLS RS (H_convF) f= 1900 MMz WGLS RZ22 (H_comf)
» |
1 ."\ ~
EN
i H
= » - - w ~ ‘l’lr l w ; A x V.'l“l”n' -
i el
X3 21 21 2l
LAl et Y. e
Deviation from Isotropy in Liquid
Error (¢, 8), T =900 MHz
10 -0D8 06 04 02 00 02 D4 085 O2 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Centficate No: EX3-T370_Sep15 Page 10 of 11
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EXI0V4a~ SNT3T0 Seplomber 1, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Other Probe Parameters

Sersor Arrangement Trianguilar
| Connector Angle (") 94.7
| Mechanical Surface Datection Mode | enabled
Optical Surface Detection Mode o disabled |
| Probe Overall Length l 337 mm |
| Probe Body Diameter | 10 mm |
' Tip Length | gmm |
Tip Diameter | —Z—SW‘
mﬁsﬁo«x Calibration Point | 1mm "
[ Probe Tip to Sensor Y Galibration Point | 1 mm
[ Probe Tip to Sensor Z Calibration Pomnt - | o 1 mm |
Fﬁv’ﬁa‘\a&‘h@asuréﬁmm Distance from Surface j 14 mm |
Contificate No: EX3.7370_Sep1is Page 11 of 11
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Cafibration Egupment used (MATE critical for cal2xation)
Primasy Standards 1D Cal Doty (Certificste No ) Sehedulsd Calration
Power mater E44168 GBH41283874 D1-Apr-15 (No. 217-02128) Mae-15
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FCC ID:

Report No.

A3LSMA510FD

Calibration Laboratory of AT,

Schmid & Partner =
Engineering AG > &

Zuughausstrasse 43, 8008 Zusich, Switzerand N

Accrodied by e Swiss Accreditation Service [SAS)

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresment for the recognition of callbration certificates
Glossary:
TSL tissue simukating liquid
NORMx.y,z sensitivity in free space
ConvF sensilivity in TSL / NORMx.y.2
pce diode compression point

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

e

AB.C.D modulation dependaent linearization parameters

Polarzation ¢ i rotation around probe axis

Issue Date: 12. 23, 2015

Service suisse d'etalonnage
Sarvizio avizzero ¢ taratura
Swiiss Calitwation Service

Accroditation No.: SCS 0108

Polarization % & rotation around an axis that is in the plane normal 1o probe sxi (ot measurement center),

Le., 8 =0 s nomal 1o probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2013, "|EEE Recommended Practice for Determining tho Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wiroless Communications Devices: Measurament

Teachniques”, June 2013

b) 1EC 62208-1, "Procedura to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequenay range of 300 MHz to 3 GHz)", February 2005
¢) |EC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wiraless communication devices
used in closa proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

d) KDB 885664, "SAR Meaasurement Requirements for 100 MHz lo 6 GHz"
Mcthods Applied and Interpretation of Parameters:

NORMx.y.x: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cel; f > 1800 MHz: R22 waveguide)
NORMx.y,z are only intarmediate valuas, Le., the uncertainties of NORMx,y,z does not affect the E*-field

unceriainty inside TSL (see below ConvF).

o NORM(Nx.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
Impiemented in DASY4 softwara versions iater than 4 2. The uncertainty of the frequency response s included

In the stated uncertainty of Conv¥,

e DCPxy.z: DCP are numernical linearizabon paramelers assessed based on the data of power sweep with CW
signal {no uncertanty required). DCP does not depand on frequency nor maedia.
* PAR:PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal

characteristics

o Axy2 Bxyz Cuyz Dxyz VRx.y.r A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage across the diode.

o ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfer

Standard for { < 800 MHz2) and Inside waveguide using analytical field distributions based on power
meaasurements for f > 800 MHz. The same setups are used for assesament of the parameters applled for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These parameters are
usad in DASY4 software 1o improve probe acouracy close 1o the boundary. The sensitivity in TSL corresponds
10 NORMy,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent

ConvF is used in DASY version 4 4 and higher which allows extending the validity from = 50 MHz 1o + 100

MHz,

« Sphencal isotropy {30 deviation from isotropy): in a field of low gradients realized using a flat phantom

exposed by a patch antenna.

« Sensor Offset. The sensor offsel corresponds to the offsat of virtual measurement canter from the probe tip

(on probe axis). No lolerance required

e Connsector Angle: The angle s assessed using the information gained by determining the NORMx (no

uncernainty required)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
EX30DV4- SN:3T0T Novembar 24, 2015
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797
Basic Calibration Parameters —— i
B T Sensor X I Sensor Y | Sensor Z Unc (k=2)
Norm f_.._ylgy(mf;‘ f— 0.62 0.58 0.56 £101%
DCP (mV) ; 995 | 97.0 | 98 4
Modulation Calibration Parameters o
uiD c ication System Name A 8 c o VR Unc"
d8 dBVuv _dB mv (=2)
0 | cw | X | 00 00 10 | 000 | V775 | +28%
| LY 0.0 0.0 1.0 1760
| | 2 0.0 0.0 1.0 1718
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 10 a coverage
probability of approximately 85%.
* The uncertainties of Nom X Y.Z do not afect the £-field uncentainty inoide TSL (see Pagea 5 and 6)
* Numuoncal linearizaton parametar: unceranty net mgueed
' Uncestainty & determined using She max. devation from Snear mesponss apphing rectangadar distribution and & exgmessad fof the sguare of the
held valun
Canificats No: EX3-3797_Novis Page 4 of 11
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DV4- SN:3787 November 24, 2015

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

Calibration Parameter Determined in Head Tissue Simulatlng Media

Relative | Conductivity Depth © Une

f{MHz}® | Pormittivity " (sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 9.38 9.38 9.38 032 | 096 | +120%
835 415 0.90 8.98 898 8.98 0.16 1.78 | £120%
900 41.5 0.97 8.86 8.86 8.686 0.21 1.53 | +120%
1450 405 1.20 773 7.73 773 0.15 1.77 | £12.0%
1750 401 1.37 7.85 7.85 785 | 035 | 080 | £120% |
1900 40.0 1.40 781 7.81 761 | 034 | o080 | s120%
1950 400 | 140 732 | 732 732 | 039 | 083 | £120%
2300 s | e 7.27 1.27 727 | 039 | 085 | £120%
2450 392 1.80 6.90 6.90 £.90 040 | 080 | 2120%
2600 39.0 196 6.68 6.68 6.68 046 | 080 | +120%
3600 | 379 291 6.61 6.61 661 | 039 | 099 | s131%
5200 36.0 466 480 4.80 4.80 040 | 180 | £131%
5300 359 4.76 459 459 459 D40 | 180 | £131%
5500 356 496 | 452 452 452 045 | 180 | £13.1%
5600 355 5.07 4.21 4.21 a1 0.50 1.80 | #13.1%
5800 353 5.27 4.20 4,20 4.20 0so | 180 | s134% |

" Fraquency valdzy atiove 300 MH2 of £ 100 M2 caty spplies for DASY vd 4 and higher (ses Page 2), siss &t s resticted 1o = 50 MMz, The
uncertainty is the RSS of the Com® uncertamty at calibration frequency and ths uncenainty foc the iIndicatad eguency band, Fraquency valaly
bolow 300 MMz & 4 10, 26 40 50 and 70 NHz for CanvF assaswmants at 30, 64, 128 150 ang 220 MHz mspectvely Above § GHz frequency
valdty con be exdended to = 110 MH2

" Al lesquencies telow 3 GHz. the valldity of tnnve paramaters (x 0nd o) can be retaxed 10 3 10% # g compensaton fonmaa is appbed %
measured SAR valuss Al froquancies above 3 GHE, the valiaty of lissoe parametess (c and o) & restrcted 10 = 5% The uncentainty o the RSS of
MQWMmbmmmmwmm

* ApraiDegth e axing 1. SPEAG warrants (hat the remaining devialion due 10 the boundary effect afier compansalion is
Alwiarys less o £ 1% for frequencies beiow 3 Gz and below & 2% for freguencies betesen 3-8 GHz of any distarcs Wiger than half v probe tp
diamver from the bourdary
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
EX30V4- SN3797 Novernbar 24, 2015
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797
Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | | Depth Unc |
f(MH2)® | Permittivity’ |  (Sim)’ | ConvFX | ConvFY | ConvFZ  Alpha® | (mm) | (k=2) |
|
750 555 0.96 9.39 9.39 \ 9.39 0.29 1.16 £120%
835 55.2 0.97 9.17 9.17 817 0.32 1.09 +12.0%
1750 534 149 7,52 752 752 042 080 £120%
1900 53.3 1.52 7.32 7.32 7.32 0.31 0.97 £120%
2450 52.7 1.95 6.91 6.91 681 0.34 0.85 +120%
2600 52.5 216 B6.75 675 6.75 0.16 0.99 +£120%
5200 49.0 530 424 424 424 0.50 1.90 £131%
5300 489 542 4.07 4.07 407 0.50 1.90 £131%
1
| 5500 48.6 5.65 3.80 3.80 3.80 0.55 1.90 +£131 %
5600 48.5 577 3.54 3.54 354 0.60 1.90 +131%
5800 482 6.00 384 3.84 3B4 ! 0.60 1.90 131 %
 Fruquency vilidity ubove 300 Mz of £ 100 Mz only apples for DASY w4 4 and higher (see Page 2). else It is restricted 10 £ 50 M4z The
unoerainty s the RSS of the ConvF uncertainty &t caldraton frequency and the uncedmnty for the indicaled frequency band Freguency validity
befow 300 MHz in ¢ 10, 25, 40, 50 and 70 MHz for Com saseassrments at 30, 64 128, 150 and 220 Mz respectively. Above 5 GHr frequaency
validity can be estinded 1o 2 110 MHz
" Al froquoncies balow 2 Gz, the vabdty of fiesoe parametens (r and @) Gan be resared 10 4 10% I hgud compansstion lomids o appbed 1o
muasured SAR values. A Sequences above 3 GHz, the valdity of Sssue parametons (v and o) s tesyicted to £ 8% The uncortainty i the RSS of
tha ConvF uncartanty for indicated target $5su0 parametons
* Alpha/Doptn are detormined durng calibraton. SPEAG warrants that the remainng deviaton due o e boundary efiec! after compensation =
alwaryn less than = 1% for frequencees below 3 GHE and below £ 2% for frequencies between 3-8 GHz ot ony dstance larger than hall the probe o
daametat from the boundary
Certificale No. EX3-3797_Nov1s Page 6ol 11
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
EX3DV4a- SN'3797 November 24, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX30V4- SN:3787 November 24, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
a . L . < -
; w{:;;;ag.‘.--.;!'!?’.1-3._43&-2173.3~—.:.._.:;5-
5 [

Rol ["]

X 00 ML 2500 =

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
EXIDV4- SNATYST Novamber 24, 2015
Dynamic Range f(SARcaq)
(TEM cell , foua= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DV4- SN.3787T November 24, 2015

Conversion Factor Assessment

=835 MH2 WGLS R9 (H_com) = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DV4~ SN-3797 November 24, 2015

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

Other Probe Parameters

Sensor Arrangement | ~Triangular |
| Connector Angln ) | 67.5 |
Mechanical Surface Detection Mode enabled

' Optical Surface Detection Mode | disabled

| Probe Overall Length 337 mm |
Probe Body Diameter | 10 mm |

' T'u'i'l.‘e;l(';'m 9 mm

[ Tip Diameter | 25 mm |

[ Probe Tip 1o Sensor X Calibeation Point 1 mm |

[ ﬁ;gégT.p 1o Sensor Y Calibration Point | 1T mm |

| Probe Tip 1o Sensor Z Calibration Point 1 mm

[ Recommended Measurement Distance from Surface | 14 mm |
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of S, St Habeiardiomat
Schmid & Partner PN = g Setvice n:m détatonnage
Engineering AG % Servizio svizzoro di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand i bﬁ_\f S’ Swiss Calibration Service
Accredited by the Swiss Accradiaton Service [SAS) Actroditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Muititateral Agreement for the recognition of caiibration cortificates

Giossary:

TSL tissue simutating liquid

NORMx,y.2 sensitivity In frea space

ConvF sensitivity in TSL / NORMx.y.2

DCP dioda compression point

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

ABCD modulation dependent finearization parameters

Polarization » ¢ rotation around probe axis

Polarization 3 # rotation arcund an axis that is in the plane normal 1o probe axis (st measurement center),
ig., & = 0 is normal 1o probe axis

Connector Angle information used i DASY system 1o align probe sensor X to the robot coordimate sysiem

Calibration is Performed According to the Following Standards:

8) 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-heid devices used in close
praximity to the ear (frequency range of 300 MHz 1o 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
s  NORMx.y,z Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-celi; > 1800 MHz: R22 waveguide).
NORMx.y.z are anly intermediate values, i.¢., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

«  NORM(f)xy.z = NORMx.y,z * frequency._response (see Frequency Respanse Chart), This nearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Convi

»  DCPx.y.z: OCP are numerical linearization parameters assessed based on ihe data of power sweep with cwW
signal {no uncertainty required). DCP does not depend on frequency nor meda,

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

o Axy.z Bxy.z Cxyz Dryz VRxy.z A B, C. D are numerncal linearzation parameters assessed basad on
the data of power sweep for specific moduiation signal. The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the diode,

o ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for [ < 800 MHz) and inside waveguide using analytical field distributions based on power
moasuraments for f > 800 MHz. Thea same setups are used for assessment of the parameters applied for
boundary compeasation (aipha, depth) of which typical unceriainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close lo the boundary. The sensitivity in TSL comesponds
to NORMzx.y,2 * ConvF whireby the uncartaintly corresponds to that given for ConvF, A frequency
ConvE is used in DASY version 4.4 and higher which allows extending the validity from = 50 MHz to = 100
MHz.

o Sphencal isotropy {3D deviation from isotropy): in a field of ow gradients realized using 8 flat phantom
exposed by & patch antenna.

s Sensor Offset The sensor olfset corresponds to the offset of virual measurement center from the probe tip
{on probe axss), No tolerance required.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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FCC ID:

A3LSMA510FD

Issue Date: 12. 23, 2015
ETAOVE~ SN 1605 Apeil 27, 2015
DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605
Basic Calibration Parameters B R
e ~ SensorX Sensor Y Sensor Z [ Unc (k=2)
Norm (uV/(Vim)')" 149 191 161 [ 2101 %
OGP (mV)" 100.4 99.7 100.3 ]
Modulation Calibration Parameters
oo | Communication System Name : T A 8 ¢ D VR Unc'
| | | o8 |aByv| | d8 | &V | (2)
o |ocw [ X 00 [ o0 | 10 | 000 | 1895 | 230% |
' Y00 | ob | 10 1842
| B z| 00 0.0 10 LA

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 caverage
prabability of approximately 95%.

A The uncanamties of NormX,Y .2 do not attect the E*-field urcatanty nside TSL (soe Pages 5 and )
" Numerical Seanzation parametes: uncertainty (ol Fquined,
* Uncenainty s determingd using the max. deviation from lineas respore 3pplying rectangutsr Bistnbution and o expreszed for the scudie of e

Baid value
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

ETIOVH- SNI1605 April 27,2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth® Unct.

F{MHz}© | Permittivity” | _(sim)” ConvF X | ConvEY | ConvFZ Alpha® | (mm) k=2) |
750 419 ]L 0.89 6.64 6,64 .84 0.26 300 | $£120%

835 415 | 0,30 633 633 £.32 ’ 028 | 300 | 2120%
900 415 0.97 6.14 .14 6.14 031 | 300 | +120%
1450 405 L a2 537 5.37 5.37 045 | 284 | +120%
| as0 | 401 | 1a7 5.20 520 | 520 073 | 215 | £120%
1900 40.0 1.40 | 5o 501 | 501 | 080 212 | £120%
1950 40.0 140 | 494 494 | 494 0.80 205 | £120%
2300 395 1.67 a7 a7 4.77 0.80 188 | £120%

2450 392 180 4.57 4.57 4.57 ‘L 085 | 175 | £120% |

® Frequency validity above 300 Midz of 3 100 MiHz anly applies for DASY v4 4 and twghtr (see Page 2), else 1 in reatricted to + 50 Miz, The
uncirrtainty is the RSS of the Comvi uncardsirty al calibration fraguency and tha uncedainty % the indcated frequency bernd. Frequency vaicity
beiow 300 MH2 i = 10, 25, 40, 50 and 70 Mz for ConvF assessmonts 31 30. 84, 128, 150 and 220 MHz respectvely, Above 5 GHZ trequency
validity can be extended to + 110 Mz

¥ A frequencies below 3 GHZ, the validiy of tissue parameters (& and a) can be rolaxed o £ 10% f fiquid compensaton fomwis © spphed to
meastred SAR values. A froquencies above 3 Giz, the valdty of {sson paramaters (c 890 o) 5 rostncted 1o = 5% The uncertarty & the RSS of
the ConvF uncartainty for indicated large! tissue

Y AphaiDepth are determined during caitration. SPEAG warmants that the semaining deviation due to the boundary effect afer compensation is
whways bess hen & 15 foe frequencios helow 3 GHz and helow £ 2% for frequencies between 38 GHz at any distance Sarger than hall tha pobs tip
dameter trom the boundary
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

ET3DV6- SN, 1605 Aprid 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 R——

Relative Conductivity Depth®™ |  Unct
f(MHz) © Petmilﬂvify'_‘y‘i (8rm)" ConvEX | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
750 | 555 | 096 621 | 621 621 | 030 | 271 | +120%
835 | 652 | 097 | &1 | 611 .11 0.30 3.00 | £120%
1750 534 149 | 466 466 4.66 080 | 262 | £120% |
1900 533 1.62 454 4.54 4.54 080 | 232 | £3120% |
| 240 | 527 1.95 4.18 4.18 4,18 0.79 180 | £120%

< Frequency vaioity above 300 MHz of = 100 MHz coly aoplias Tor DASY va,4 and higher (see Pags 2), #ie € is resincted to & S0 Mz The
uncartainty 15 the RS3 of the Convi® unceainty at calibration frequancy aad the uncetainty for the indicated frequenty band. Frequency valicity
below 300 MHz is ¢ 10, 25, 40, 50 andt 70 Mz for ConvFF assessments at 30, 64. 125, 150 ana 220 MHz respoctively. Above 5 GHz requancy
validity can be axtanced 10 = 110 MHz

" A1 fraquancies below 3 Gz, e validity of $330e paramaters (£ and «) can be relexed 16 = 10% If iquid compensation formula is appied 10
measured SAR values. At freguencies above 3 GHZ. the validty of fissus parametars (c and o) is reairicled to £ 5%, Tha uncenamnty is the 7SS of
the Com# uncertainty for indicated target bissue parametarns.

* AlphaiDecth are deloeminad during calbrasion, SPEAG warrants trat the remasng destalion due 10 1hs boungary effect after compersstion i
ahways 055 than + 1% for Feguencies batow 3 GHz and balow 2 2% lor frequencies betwesn 3-6 GHz st any dstance larger than half the probe to
damater from she boundary
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Frequency response (normalized)
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Certificate No: ET3-1805_Apr15

Report No.
HCT-A-1512-F005-1

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

Issue Date:

12. 23, 2015

April 27, 2015

(=)
@
[

9
n

1800
f [MHz]

Uncertainty of Frequency Response of E-field; £ 6.3% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

ET3DVE- SN1605 Apal 27, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
e L) . L] “ °

ooy -
‘% LR B S S B S B S S P Sl e
g f
| A L -+ A PR WU W WS .- | { F— i i
' Rok [
".ﬂ"— q '-.WJ ""f{ { SO0 W
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ET3DVG- SN:1605 Apnil 27, 2016
Dynamic Range f(SARpeaa)
(TEM cell , fova= 1900 MH2)
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10 $ ".
— .'
S
2 104 i =
r |
|~
(=]
()
s 7 A IR BRI . O B 211
g |
T 100 1 A i
| 2l |
10 i {
16 107 10 107 10 109
SAR [mW/icm3}
] o]
not compensated compensated
&
2 sl - A i ot e
5 < RS A oz =~ 0 TV AW R 44 L ) e
£
i
oo 102 ETEE 101
SAR [mW/em3]
+) o]
ned compansated cCompensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ET3DVE- SN 1605 April 27, 215

Conversion Factor Assessment

f= 835 MHz WGLS R8 (H_convF) = 1800 MMz WGLS R22 (H_convF)
13- V'.
39 » 1
4 ]
3 i
g 0 g,
=i
3 3
ns
004 LY e e 1 v
o o = ‘;)'-I .- »0 ~ L 1 w 5 ‘|§,-| 2 A kS .
M'l!' -vosv‘-n n-h-"' t resuet

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

10 08 06 04 02 00 02 04 O6 D8 1O
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

ET30VE- SN 1805 April 27, 2015

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

Other Probe Parameters

Sensor Arrangement . - “Tnangular
Connector Angle (%) o o | 587
Mechanical Surface Detection Mode I l enabled
[ Optical Surface Detaction Mode T disabled |
[ Probe Gverall Length ‘ 337 mm |
Probe Body Diameter S —— | — 10mm |
| Tip Length o S———— 10 mm |
“Tip Orameter [ T B3mm |
| Probe Tip (o Sensor X Calibration Point 1 27mm E
{ Probe Tip to Sensor Y Cahbration Point | — 27mm |
["Probe Tip to Sensor Z Calibration Point | T 27 mm |
i Recommendad Measurement Distance from Surace & mm
Certificale No: ET3-1605_Apr1S Page 11 of 11
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HCTCOLTD
FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of S G Schweizerischer Kalibrierdienst
Schmid & Partner i : G Service suisse ddtslonnsge
Engineering AG i%k Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zutich, Switzetland R S swiss Calibration Service

Accreditad by the Swiss Accreditation Servica (SAS)
Tho Swiss Accreditation Service i one of the signatories to the EA

Accreditation No.: SCS 0108

Multilatersl Ag for the recognition of calibeation cartificates
ciient  HCT (Dymstec) Certificate No: D835V2-441_Jan15
CALIBRATION CERTIFICATE |
Otyect D835V2 - SN: 441 |
Calibeation procedure(s) QA CAL-05.v8 ,

Calibration procedure for dipole validation kits above 700 MHz:
Calibration date January 23, 2015

This calityation cenificale gocuments tha traceabifity to nallonal standards, which ealize the physical unas of moasurements (SI),
The measurements and the urcedainties with condidence peobablity are pivan on the following pages and are part of the cenificate.

Al cafibrations have been conducted in the closed laboratory Facility: ermronment temparature {22 = 3)°C and humidity < 70%,

Cafration Equipment used (METE critical for calibention|

|08

Primary Standards Cal Date (Caniticate No.). Schoduled Calibration
Power mater EPM-$424 | GB37480704 07-0ct-14 (No: 217-02020) Oct15
Power sensor HP BASTA US37222783 07-0ct-14 (No. 217-02020) Oct-15
Power sensor HP 84814 MY 41002317 07-Ced-14 (No, 217-02021) Oct-16
Roterence 20 d8 Attenuator SN 5058 (20K} 03-Apr-14 (No. 217-01918) Apt-15
Typa-N mismatch combination SN: 5047.2 / 08327 03-Apr-14 (No. 217-01921) Apr-15
Roference Probe ES20VE SN 3206 30-Dec-14 (No. ESZ-3205_Dects) Dec-15
DAE4 SN: 601 18-Aug-14 (No. DAES-BOT_Augl4) Aug-15
Sacondary Standards D2 Cheéek Dale (in house) Scheduled Check
RF generator R&S SMT-08 100005 04-Aug-98 (in house check Oct-13) In house check: Oct-16
Network Anatyzar 4P 87536 US37300585 S4206 18-0c1-01 (n house check Oct-14) In house eheck: Oct-15
Narra Function ure
Catbrated by: Michael Weber Laboratory Tachnician 7%]_.
r ‘ ’
Approved by Katja Pokowe Technical Managar

e

fssued: January 26, 2015

Certificate No: D835V2-441_Jan15
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HCTCOLTD
FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner % 5 Service suisse & étalonnage
Engineering AG T C  servisio svizzoro di taratura
Zoughausutrasse 43, 8004 Zurich, Switzertand % ,’ﬁ\\.\? S Swiss Calibration Service
Accredited by the Swas Accreditation Sorvice (SAS) Accreditation No,; SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Ag nt tor the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate No: DB35V2-441_jan15 Page 2of8
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Measurement Conditions
DASY system configuration, as far as not given on pags 1.

DASY Version DASYS V5288

Extrapolation Advanced Extrapolation

Phantom Modular Fiat Phantom

Distance Dipole Center - TSL 15 mm vith Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz = 1 MH2
Head TSL parameters

The following parameters and calculations were apphed.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 415 090 mho/m

Measured Head TSL parameters (220£02)°C 41526% .93 mha/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 measused 250 mW input power 2.36 Wrkg

SAR for nominal Head TSL parameters normalized to 1W 9.21 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 1.54 Wikg

SAR for nominal Head TSU parameters nomalized to 1W 6.04 Wikg + 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)"C 558+6% 1.01 mho/m £ 6%
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condgition
SAR measured 250 mW Input power 240 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.34 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm” {10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.14 W/kg = 16.5 % (k=2)
Certificato No; D835V2-441_jan15 Page3ofd
Report No. HCT CO., LTD.
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51760-1.02
Retum Loss -340d8

Antenna Parameters with Body TSL

Impedance, transiormed 1o feed point 4720Q-27KK2
Returmn Loss -27.9d8

General Antenna Parameters and Design

l Electrical Delay {one direction) I 1.369ns

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 semirgid coaxial cable, The center conducior of the feeding line is directly connected to the
sacond arm of the dipole. The antanna is therelore shon-circuited lor DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve maiching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change, The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufacturad by SPEAG
Manufactured on March 08, 2001
Certificate No: D835V2-441_Jan15 Pagedof8
HCT CO., LTD.
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DASYS5 Validation Report for Head TSL

Date: 22.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2: Serial: D835V2 - SN: 441

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

Medium parameters used: = 835 MHz; 6 =0.93 S/m; &, =41.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-201 1)

DASYS2 Configuration
« Probe; ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12,2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
» Phantom: Flat Phantom 4,9L; Type: QDDOOP49AA; Serial: 1001

o« DASYS2528.8(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=3mm

Reference Value = 56.43 V/im: Power Drift =-0.04 dB

Peak SAR (extrapolated) = 3.49 Wikg

SAR(1 g) = 2.36 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 2.76 Wikg

-2,40
-4.80

-7.20

9.60

-12.00 .
0dB =276 W/kg =4.41 dBW/kg
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Impedance Measurement Plot for Head TSL

22 Jan 2015 14133153
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DASYS5 Validation Report for Body TSL

Date: 23.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35V2 - SN: 441

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

Medium parameters used: =835 MHz; o= .01 S/m; & = 55.8; p= 1000 kg/m:‘
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvE(6.17, 6.17, 6.17): Calibrated: 30.12.2014.
» Sensor-Surface: 3mm {Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
» Phantom: Flat Phantom 4.9L; Type: QDUOOP49AA; Serial: 1001

» DASYS252.8.8(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=3mm, dy=5mm, dz=3mm

Reference Value = 54.59 V/m:; Power Drift = -0.02 dB

Peak SAR (extrapoiated) = 3,53 Wikg

SAR(] g) = 2.4 W/kg; SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 2,80 W/kg

dB
0

-2.40
-4.80
-1.20

‘9.60

-12.00

0 dB =280 Wikg =447 dBW/kg
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Impedance Measurement Plot for Body TSL
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of A, Schweizerisches Kalibrierdienst
Schmid & Partner % (s: Servico sulsse d'étalonnage
Engineering AG Tt Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzorland KN S swiss Catibration Service
Accredited by the Swiss Accreditation Secvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is ane of the signatories to the EA
Multitateral Agr for the recognition of calibration cortificates
ciont  HCT (Dymstec) Certiticate No: D1900V2-5d032_May15
CALIBRATION CERTIFICATE
OCbjoct D1900V2 - SN: 5d032
| Caibration procedure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
| Galibration date: May 20, 2015

This calibeabion cedificata documants the tracaabily 1o raticnal standards, which realize the physical units of maasurements {S1)
Tha measuremonts and the uncenalntias with confidence probability ara given on the folowing pages and are pant of the certificate.

AZ ealibeations have been canducted In the clased iabariary tacity: emdrcomant temparature (22:= 3)°C and humidity < 70%

Callorabion Equipenent used (M&TE crtical for caiibestion)

Primary Standards [ 104 Cal Date (Cortficato N6.) Scheduled Calitration _J
Powar meter EPM-4424 | GBa7aBOTO4 07-Ock-14 {No. 217-02020) Oct-15

Pawer sensor HP 84814 | US37292783 07-0ct-14 (No, 117.02020) Oct-15

Power sansor HP B4B1A | MY21082317 07-Oct-14 (Na. 217-02021) Oct-15

Feterence 20 dB Atlenuaton | SN: 5058 (20k) 01-Apr15 (No, 217-02131) Mas-16

Tyse-N mismaich combination | SN: 50472/ 06327 01-Apr-35 (No. 217-02134) Mar-16

Refarence Probs ESIOV3 | SN: 3206 30-Dec-14 (No, ES3-4206_Dec14) Dec-15

DAE4 | SN 801 1B-Aug-14 (No. DAEG-801_Augt4) Ausg15

Secondary Stendards liow Check Date {in house) Schieduled Check J
RF generator RS SMT-06 | 100008 04-ALg-98 (im house check Oct-13) I houss check; Oct-16 '
Notwork Analyzor HP 8753E | USa7980595 54208 18-O5t-01 (in hiouse chack Oct-14) 1n house check: Oct-15

Name Function

S@ walure
Calibrated by: Let Klysnor Laburatory Technician W 4"
Approved by Kalfa Pokovic TFechnical Manisgor Wf‘

Issund: My 20, 2015
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of g Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Servieesulsse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland S swiss Calibration Service
Accrediiod by the Swiss Accrediation Senvice (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liguid

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as nol given on page 1
DASY Version DASYsS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ax, dy, d2 = 5mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mha/m
Measured Head TSL parameters {(220202)°C 389286% 1,37 mho/m £ 6%
Head TSL temperature change during test <05°C ——ee —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Head TSL parameters normalized to 1W 41.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 5.33 Wikg
SAR for nominal Head TSL paramalers normalized 1 1W 21.4 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following paramaeters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters {220+02)*C 527 26% 1.51 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 10.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 541 Wha
SAR for nominal Body TSL parameters notmalized to 1W 21.7 Wikg £ 16.5 % (k=2)

Certificate No: D1900V2-5d032_May15

Report No.

Page 3018

HCT CO,, LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA
TEL: +82 31 645 6300

186 of 217

FAX: +82 31 645 6401



HCTCOLTD

FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

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

Impedance, transiomed to feed point 51304+521Q
Return Loss -255dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47444+ 551Q
Retumn Loss -242d8

General Antenna Parameters and Design

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

Alter long term use with 100W radiated powar, only a sfight warming of the dipcle near the feadpoint can be maasured.

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

No excessive force must be applied 1o the dipole arms, because thay meght bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manutaciured by SPEAG
Manufactured on March 17, 2003
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DASYS Validation Report for Head TSL

Date: 20,05.2015
Test Laboratory; SPEAG, Zurich. Switzeriand
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54032

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

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

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(5, 5, 5); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Snol)1; Calibrated: 18.08.2014
» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA: Senal: 1001

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

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

Reference Value = 99.00 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.6 Wikg

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

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

-3.60
-1.20
-10.80
-14.40

-18.00

0dB =127 W/kg = 11.04 dBW/kg
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impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 20.05.2015
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2: Serial: D1900V2 - SN: 5d032

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

Medium parameters used: { = 1900 MHz: 6 = 1.51 S/m; &, = 52.7; p = 10 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuration;
« Probe; ES3IDV3 - SN3205: ConvF(4.65, 4.65, 4.65); Calibrated; 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back}); Type: QDOOOPSOAA; Seriak: 1002

» DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 96.54 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolaied) = 17.3 W/kg

SAR(I g) = 10.2 W/kg; SAR(10 g) = 5.41 W/kg

Maximum value of SAR (measured) = 12,8 Wikg

a8
1]
-3.80
-1.60
-11.40
-15.20
-18.00
0dB =12.8 W/kg = 11.07 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agi t for the goition of calibration certificates
cient  HCT (Dymstec) Certificate No: D2450V2-743_May15
CALIBRATION CERTIFICATE 1l
Object D2450V2 - SN: 743
Calibestion procedurels) QA CAL-05.49 =

Calibration procedure for dipole validation kits above 700 MHz
Caloration date: May 19, 2015

Caliteation Equipmeant used (MATE uritical for calibration)

LD #

This caibration cantificato documeents tha traceability 10 national standards, which reakza the physical units of measuremants 1S
The measurements and 1ha uncerainfies with contidence probabiity ace giver on the loflowing pages and ane part of the cerificate.

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

| Primasry Standards Cal Date (Certficate No.) Scheduledt Catbration N
Powes mater EPM-442A GB3I7480704 ©7-Oct-14 (No. 247-02020) Oct15
Power sansce HP B481A | usarzee78) 07-Oct-14 (No. 247-02020) Oct-15
Power sensor HP B481A MY41092317 07-Oct-14 (No. 237-02021) Oct15
Relerence 20 4B Attenisior l SN: 5058 (20k) 01-Apr-16 (No. 217-02131) Mar-16
Typa-N mismalch combination | SN. 5047.2 /05327 01-Apr-15 (Ne. 217-02134) Mar-16
Reference Probe ES30V3 | SN: 3205 30-Dec-14 {No. ES3-3205_Dectd) Dec+15
DAE4 l SN: 601 18-Aug-14 {No. DAE4-E01_Aug14) AUg-15
Secondary Standards lin# Check Data (in house) Scheduled Check
AF ganerator H&S SMT-06 100005 04-Awg-82 (in houss check Oct+13) In house check: Oct-18
Natweek Analyzer HP 8753E ‘ US37390685 54206  18-Oct-01 (in house chack Oat-t4) In house check: Oct-15
Name Function Sigriatyre
Calibrated by: Michaei Waber  Labaratory Tochrician / %_
.
Approved by, Katja Pokevic Technical Manager

P

Issued: May 20, 2015

This calibratico ceniticate shall not be reproducad axcept In Ul without written aporoval of the laboratory

Certficate No: D2450V2-743_May15

Report No.
HCT-A-1512-F005-1

Page 1 of 8

HCT CO,, LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA
TEL: +82 31 645 6300

FAX: +82 31 645 6401

192 of 217



HCTCOLTD

FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Calibration Laboratory of S Schweizerischer Kalibriordienst
Schmid & Partner SN Secvice suissa d'élalonnage

Engineering AG s Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland o ,'ﬁ\‘s* Swiss Calibration Service
Accredited by the Swiss Accreditation Senvica (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signetories to the EA
Muttilateral Ag t for the recognition of callbration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,2
N/A riot applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE 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) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate No: D2450V2-743_May15 Page20f8
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Measurement Conditions
DASY system configuration, 8s far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modutar Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 382 1.80 mho/m
Measured Head TSL parameters {2206202)°C 37.9+6% 1.84 mho/m £6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.6 W/kg
SAR for nominal Head TSL parametars normalized to 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.32 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were spplied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1,95 mhofm
Measured Body TSL parameters (22.0+£02)°C 507 +6% 2,03 mho'm+6 %
Body TSL temperature change during test <05°C —— e
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.4 Wikg
SAR for nominal Body TSL parameters notmalized o 1W 52.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 6.20 Wikg
SAR for nominal Body TSL parameters normatized to 1W 24.4 Wikg 2 16,5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

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

Antenna Parameters with Body TSL

Impadance, translormed to feed point 51.40+6.1|Q
Return Loss -242d8

General Antenna Parameters and Design

[ Electrical Detay (one direction) I 1.160 ns

After lang 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 fine is directly connecied 1o the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipcles, stall end caps
are added 1o the dipole arms in order to improve matching when lcaded according to the position as explainad in the
*Measurement Conditions' paragraph, The SAR data are not affected by this change. The overall dipole length is stil
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 01, 2003
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DASY5 Validation Report for Head TSL

Date: 19.05.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743
Communication System: UID 0 - CW; Frequency: 2450 MHz
Mcdium parameters used: f = 2450 MHz; o = 1.84 S/m; & = 37.9; p = 1000 kg/m ?
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2011)
DASYS52 Configuration:

« Probe: ES3ADV3 - SN3205; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;

= Sensor-Surface: 3mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 18.08.2014

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Senal: 1001

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

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

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

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) = 13.6 W/kg: SAR(10 g) = 6.32 W/kg

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

dB
0

-4.80
-9.60
-14.40
-19.28
-24.00

0dB = 17,7 W/kg = 12.48 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

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

Medium parameters used: f= 2450 MH2; 6 = 2.03 S/m; & =50.7. p = 1000 kg/m*
Phantom se¢ction: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANST C63.19-2011)

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

« DASYS252.8.8(1222); SEMCAD X 14.6,1((7331)

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

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

Peak SAR (extrapolated) = 27.9 Wikg

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

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

dB

-4.80
-3.60
-14.40
-19,20
-24.00

0dB = 17.7 Wikg = 12.48 dBW/kg
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Impedance Measurement Plot for Body TSL
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Qtject D5GHzV2 - SN:1107
Calbration precadire(s) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz
Calbration date

Primary Standards

January 28, 2015

Caltration Equipment usad (MATE crtical for calibmation)

This calivration certificate documents the tracsabilty 1o national standards, which realizs the physical units of measurements (S1)
The measurements and the uncertainties with confidence probability are given on the folowing pages and are part of the certificate.

All calibrations hiave bean conduciod in the Sosed laboratory faciity: environment lemporaiure (22 + 2)°C and humidity < 70%.

; Ths cadbration certificale shad not be reproducad excent 0 fall wihout wrilten approval of the laboratary.
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Calibration Laboratory of Sehwei

Schmid & Partner . mmmm
Engineering AG C' Servisio swtzzero di tarstura

Zeughausstrasse 43, 8004 Zurich, Swifzertand S swiss Calibration Service

Accrediled by the Swiss Accriditation Sarvice (SAS) Accreditation No.: SCS 0108

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

Muttilatoral Agr for the recognition of calibration certificates

Glossary:

TSL tissue simuiating 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) |IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

c) |EEE Std 1528-2018, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireiess
Communications Devices: Measurement Techniques”, June 2013

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

e Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the fead 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
muitiplied 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 Fiat Phantom V5.0
Distance Dipole Center - TSL 10mm with Spacer
Zoom Scan Resolution dx, dy 2 4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)

5200 MHz & 1 MMz
5300 MHz & 1 MHz
Frequency 5500 MRz £ 1 MRz
5600 MHz + | MHz
5800 MHz + 1 Mz

Head TSL parameters at 5200 MHz
The following parameters and calculations were appiied

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220%C 35.0 4.66 mho/m

Measured Head TSL parameters (220+02)°C 36326% 4,56 mha'm + 6 %

Head TSL temperature change during test <05°C S
SAR result with Head TSL at 5200 MHz

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

SAR measured 100 mW input power 7.89 Wikg

SAR for nominal Head TSL parameters normaiized to 1W 79.0 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.26 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.6 Wikg + 12,5 % (k=2)
Certificate No: DSGHzV2-1107_Janis Page 30of 16
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Head TSL parameters at 5300 MHz
The following parameterss and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.76 mho/m
Measured Head TSL parameters (220+02)°C 3B1:£68% 4.66 mho/m £ 6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 ecm® (1 g) of Head TSL Candtion
SAR measured 100 mW input power 8.08 Wikg
SAR for nominal Head TSL parameters nomalized to TW 80.8 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input pawer 2.32 Wikg
SAR for nominal Head TSL parameters nommalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz
The following parameters and calcuiations were apphed
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 356 4.96 mho/m
Measured Head TSL parameters {220£02)°C 350+6% 4.86 mho/m + 6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.16 Wikg
SAR for nominal Head TSL parameters normalized to 1W 81.6 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.32 Wikg
SAR for nominal Head TSL parametars normalized to 1W 23.2 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 {220402)°C 357:6% 4,97 mho/m 6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.15Whkg
SAR for nominal Head TSL parametars normalized to TW 81.5 Wikg = 15.9 % (k=2)
SAR averaged over 10 cm”® (10 g) of Head TSL condition
SAR measurad 100 mW inpul power 2.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz
The foliowing parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 353 5.27 mho/m
Measured Head TSL parameters {220202)°C 35426% 518 mhoim 26 %
Head TSL temperature change during test <05°C sone —
SAR resuit with Head TSL at 5800 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.78 Wikg
SAR for nominal Head TSL parameters normalized to {W 77.8 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 22.1 Wikg = 19.5 % (k=2)
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Report No. HCT CO., LTD.

HCT-A-1512-F005-1

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA

TEL: +82 31 645 6300

FAX: +82 31 645 6401

204 of 217



HCTCOLTD

FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
Body TSL parameters at 5200 MHz
The icflowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 43,0 5.30 mho/m
Measured Body TSL parameters {(22.0+£0.2) °C 494 +6% 542 mho/m 2 6 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.36 Wikg
SAR for nominal Body TSL parameters normalized to 1W 73.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 2.05 Wikg
SAR for nominal Body TSL parameters nomatized to 1W 20.6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz
The {ollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.42 mho/m
Measured Body TSL parameters (22.0£0.2)“C 492+6% 5.55 mho/m + 6 %
Body TSL temperature change during test <05°C o
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.34 Wikg
SAR for nominal Body TSL parameters normalized to 1W 73.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW Input power 2.05 Wikg
SAR for nominal Body TSL parameters normalized to TW 20.6 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 486 5.65 mho'm
Measured Body TSL parameters (220+02)°C 48926% 5,82 mho/m £+ 8 %
Body TSL temperature change during test <Q5°C - —-—
SAR result with Body TSL at 5500 MHz
SAR aversged over 1 cm’ {1 g) of Body TSL Condition
SAR measured 100 mW input power 7.87 Wikg
SAR for nominal Body TSL parameters normalized to 1W 78.2 Wikg + 19.2 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condifion
SAR measured 100 mW input power 218 Wikg

SAR for nominal Body TSL paramelrs

normalized to 1W

21.9 Wikg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 48,5 5.77 mhoim

Measured Body TSL parameters (22.0+0.2)"C 48.7+6% 5.96 mho'm £ 6 %

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

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

SAR measured 100 mW input power 7.75Whkg

SAR tor nominal Body TSL parameters normalized to TW 77.7 Wikg = 19.8 % (k=2)

SAR averaged over 10 cm” {10 g) of Body TSL condition

SAR measured 100 mW Input power 215 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.6 Wikg = 19.5 % (k=2)

The following parameters and calculations were applied.
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Body TSL parameters at 5800 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 482 6.00 mho/m
Measured Body TSL parameters {220 +0.2)°C 484 £6% 8.25mhoam8%
Body TSL temperature change during test <05°C - e
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.51 Wikg
SAR for nominal Body TSL parameters normaltized to 1W 75.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 2.07 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 20.7 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, Iransformed to feed point 477Q-94Q
Retum Loss -20.1dB

Antenna Parameters with Head TSL at 5300 MHz

Impedance, ransiormed to feed point 491 0-69K2
Return Loss -231d8

Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed 10 feed point 504Q-45iQ
Return Loss -26.2d8

Antenna Parameters with Head TSL at 5600 MHz

impedance, transformed to feed point 536Q-580
Retum Loss -237 4B

Antenna Parameters with Head TSL at 5800 MHz

Impadance, fransformed to feed point 5430Q-540
Return Loss - 23648

Antenna Parameters with Body TSL at 5200 MHz

Impadance, tanstormed to feed point 4730-82K0
Retum Loss -20.2d8

Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 496Q-651
Return Loss -237dB

Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed 1o feed point 5070-381K2
Retumn Loss -28.3d8
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed 1o feed point 5410Q2-54 K2
AReturmn Loss -238d8

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed 10 feed point 5480-43Q
Return Loss -242d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1105 ns |

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

The dipole is made ot s1andard semingid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shost-clrcuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to Improve maitching 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
leedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on March 11, 2011
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DASYS5 Validation Report for Head TSL

Date: 28.01.2015
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1107

Communication System: UID 0 - CW: Frequency: 5200 MHz, Frequency: 33(0f) MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz; o = 4,56 S/m; &, = 36.3; p = 1000 kg/m" , Medium parameters
used: = 5300 MHz; & = 4.66 S/m; & = 36.1; p= 1000 kg/m” , Medium parameters used: f = 5500 MHz; ¢ =
4.86 S/m; & = 35.9; p = 1000 kg/m’ , Medium parameters used: f = 5600 MHz: o =4.97 S/m; &, =35.7: p=
1000 kg/m’ , Medium parameters used: f = 5800 MHz; ¢ = 5.18 S/m; € = 35.4; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51); Cahibrated: 30.12.2014, ConvF(5.21, 5.21,
5.21); Calibrated: 30,12.2014, ConvF(5.12, 5.12, 5,12): Calibrated: 30.12.2014, ConvF(4.92, 4.92,
4.92); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014;

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

« Electronics: DAE4 Sn601; Calibrated: 18,08.2014

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA. Seral: 1001
o DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.92 V/m; Power Drift = (.04 dB

Peak SAR {extrapolated) = 28.3 Wikg

SAR(1 g) = 7.89 W/kg: SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=dmm, dy=4mm, dz=1.4mm

Reference Value = 65.41 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.3 Wikg

SAR(1 g) = 8,08 W/kg; SAR(10 g) = 2,32 W/kg

Maximum value of SAR (measured) = 18.6 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.51 V/im: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32,2 Wikg

SAR(1 g) = 8,16 W/kg; SAR(10 g) = 2,32 Wikg

Maximum value of SAR (measured) = 18.9 Wikg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64,39 Vim; Power Drift =0.04 dB

Peak SAR (extrapolaied) = 32.2 W/kg

SAR(] g) = 8.15 W/kg; SAR(10 g) = 2.32 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 61.53 V/m; Power Drift =0.07 dB

Peak SAR (extrapolated) = 32.0 W/kg

SAR({1 g) = 7.78 W/kg: SAR(10 g) = 2.21 W/kg
Maximum value of SAR (measured) = 18.5 W/kg

-6.00
-12.00
-18.00

-24.00

-30.00

0dB =178 Wikg = 12.50 dBW/kg
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Impedance Measurement Plot for Head TSL

28 Jan 2015 17:29:54
EHI] su1 iU Fs 1:47.746 0 944320 2237 pF T 208,090 0O@ MH2

CH1 Narkers

245053 ¢
\ 6,899 (¢

Cor v =~ 30098 GHz
L —T’ e = 39443 0
{ 558080 GHz
y 453,574 o
: -5.7891
e U 7.68008 GH>
St $4,346 o
--5.?%84 @
5.A00GD GH2
Wi
CHZ $14 106 5 dE/REF 28 @@ g 220,895 4B 5 200,000 080 Mz
|
1 1 T T 1 1 1 1 2 1 £ CHZ Markers
- { 1 1 1 1 1 1 1 1 1 - 21-22.679 dB
Cor 5.30009 GHx
 —— -y : { " 4 4 " 4
B S ‘ | _—4 2616108
i | ! S.5e00@ GHx
—— -~ e
| 1 SR RIS B {‘/ LT | a-23.662.08
e |- } 1 1 £ t | | =.60008 GHz
| 1 { 1 i | i — T L 5-22.962 dB
%.88008 SHx
Hl d . - - . - - - - + —
il : | | | | ). = | s =
START S BRE.000 808 Mtz STOP & 082990 008 MMz
Centificate No: D5GHzVZ-1107_Janis Page 13 0f 16

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 212 of 217
HCT-A-1512-F005-1 TEL: +82 31 6456300 FAX: +82 31 645 6401

Report No.



HCTCOLTD

FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

DASY5 Validation Report for Body TSL

Date: 20.01,2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: D5GHzV2 - SN:1107

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 580 MHz

Medium parameters used: f = 5200 MHz: o = 5.42 S/m; &, = 49.4; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz: o = 5.55 S/m; g = 49.2; p = 1000 kg/m’ , Medium parameters used: = 5500 MHz; 6 =
5.82 S/m; g =48.9; p= 1000 kg/m’ , Medium parameters used: f = 5600 MHz; o = 5.96 S/m: ¢, = 48.7: p=
1000 kg/m” , Medium parameters used: = 5800 MHz; o = 6.25 S/m; &, = 48.4; p = 1000 kg/m"

Phantom section! Flat Section

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

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.95, 4,95, 4.95); Calibrated: 30.12.2014, ConvF(4.78, 4.78,
4.78); Calibrated: 30.12.2014, ConvF(4.45, 445, 4.45); Calibrated: 30.12.2014, ConvF(4.35, 4.35,
4.35); Calibrated: 30.12.2014, ConvF(4.32, 4.32, 4.32): Calibrated: 30.12.2014;

= Sensor-Surface: [.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 18.08.2014

=  Phantom: Flat Phantom 5.0 (back); Type: QDOGOPSOAA; Serial: 1002
« DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube (: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.76 Vim, Power Drift = -0.00 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 7.36 W/kg; SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 16.9 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.01 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 29.4 W/ikg

SAR(1 g) = 7.34 W/kg: SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 17.1 Wikg

Dipole Calibration for Bedy Tissue/Pin=100mW, dist=10mm, {=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement gnd: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.02 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 33.5 W/ikg

SAR(1 g) = 7.87 Wikg; SAR(10 g} = 2.18 W/kg

Maximum value of SAR (measured) = 18.8 Wikg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.52 V/m: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 34.1 W/ikg

SAR(1 g) = 7.75 W/kg; SAR(10 2) = 2.15 W/kg

Maximum value of SAR (mcasured) = 18.7 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Valoe = 55.60 V/m; Power Drift =-0.01 (B

Peak SAR (extrapolated) = 34.8 Wikg

SAR(1 g) = 7.51 W/kg: SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 18.5 W/kg

4B
—0

-10.00
-20.00
-30.00

-40.00

-50.00

0dB =169 W/kg = 1228 dBW/kg
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Impedance Measurement Plot for Body TSL
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Attachment 5. — SAR Tissue Characterization

The brain and muscle mixtures consist of a viscous gel using hydrox-ethyl cellulose (HEC) gelling agent and
saline solution (see Table 3.1). Preservation with a bacteriacide is added and visual inspection is made to
make sure air bubbles are not trapped during the mixing process. The mixture is calibrated to obtain proper
dielectric constant (permittivity) and conductivity of the desired tissue. The mixture characterizations used for
the brain and muscle tissue simulating liquids are according to the data by C. Gabriel and G. Hartsgrove.

Ingredients Frequency (MHz)
(% by weight) 1900 2450 -2 700 5200 - 5 800
Tissue Type Head Body Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 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 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Diethylene glycol hexyl ether - _ _ _ ; ; 17.24 10.67
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 1528-2003 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
SR Probe Probe
Probe  Type Callijb(attion Dipole | Date Measured Measured o ... | Probe Probe MOD. PAR
. ol Permittivity Conductivity Y LinearityIsotropy Type Factor
441 9

9 | 3968 [EX3DV4 | Head | 835 2015.06.29 41.4 0 PASS | PASS | PASS |GMSK|PASS| N/A
9 | 3968 EX3DV4 | Head | 835 | 441 |2015.06.29 41.4 0.9 PASS | PASS | PASS | N/A | NA | N/A
5 | 3903 |[EX3DV4| Body | 835 | 441 |2015.10.08 55.4 0.97 PASS | PASS | PASS |GMSK|PASS| N/A
5 | 3903 |EX3DV4| Body | 835 | 441 |2015.10.08 55.4 0.97 PASS | PASS | PASS | N/A | N/A | N/A
8 | 3967 [EX3DV4 | Head |1900| 5d032 | 2015.06.04 40.1 1.39 PASS | PASS | PASS |GMSK|PASS| N/A
8 | 3967 [EX3DV4 | Body |1900| 5d032 | 2015.06.04 52.4 1.51 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 [EX3DV4 | Body [1900| 5d032 | 2015.09.15 52.6 1.54 PASS | PASS | PASS |GMSK|PASS| N/A
12 | 7370 |[EX3DV4 | Head (2450 743 |2015.09.14 38.6 1.83 PASS | PASS | PASS |OFDM| N/A |PASS
1 3863 [EX3DV4 | Body (2450 743 |2015.09.15 53.2 1.91 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Head |5300| 1107 | 2015.2.16 35.7 4.75 PASS | PASS | PASS |OFDM| N/A |PASS
12 | 7370 |[EX3DV4| Body (5300 1107 |2015.09.15 49.3 5.36 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Head |5800( 1107 | 2015.2.16 35.1 5.29 PASS | PASS | PASS |OFDM| N/A |PASS
12 | 7370 |[EX3DV4| Body (5800| 1107 |2015.09.15 47.6 6.2 PASS | PASS | PASS |OFDM| N/A |PASS

Dielectric Parameters CW Validation Modulation Validation

Probe

Calibration

Measured Measured Probe @ Probe MOD. | Duty

Point Permittivity Conductivity Sensitivity LinearityIsotropy Type |Factor AR
4 1605 [ET3DV6 | Body | 835 | 441 |2015.05.11 55.4 0.97 PASS | PASS | PASS |[GMSK|PASS| N/A
4 1605 [ET3DV6 | Body | 835 | 441 |2015.05.11 55.4 0.97 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body [1900| 5d032 | 2015.06.04 52.4 1.51 PASS | PASS | PASS |[GMSK|PASS| N/A
12 | 7370 |EX3DV4| Body (2450 743 |2015.09.15 53.6 1.93 PASS PASS | PASS |OFDM| N/A |PASS
12 | 7370 |EX3DV4| Body (5300 1107 |2015.09.15 49.3 5.36 PASS PASS | PASS |OFDM| N/A |PASS
12 | 7370 |EX3DV4 | Body (5800 1107 |2015.09.15 47.6 6.2 PASS | PASS | PASS [OFDM| N/A |PASS

SAR System Validation Summary

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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