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Engineering AG T g~ Sarvizio svizzaro ol taratura
Zoughausstrnase 43, B004 Zurich, Switzerland iquﬁ:@? Bwiss Calibration Service
Aotredted by the Swins Accreditation Sanvice [(SAS) Accraditation No: SCS 0108

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

cient  HCT (Dymstec) Cortificate No: EX3-3968_Juni5
|CALIBRATION CERTIFICATE |
| Object EX30DV4 - SN:3068
Calibeation procedure(s) QA CAL-01.v8, CA CAL-12v3, QA CAL-14.v4, QA CAL-23.15,
QA CAL-26.v6

Calibration procedura for dosimetric E-field probes
Cabbration date June 18, 2015

This caléwation cenficats documenis tha raceability to national standands, which reallse the physical units of measurements (51
The maessurements and the uncarininties with confidence probabifty are given on the foowing pages and am part of the cerificate

All calibrations have been conchucted in the dosed laboratony faclity: emironment tamperaiuse (22 + 31'C and humidity < T0%

Calibration Equigsment usod (MATE critical for calibration)

Primary Stancarts D Cal Date [Conficate Mo} | Schoduled Calibration

Prrwesr imatsr E44108 GB41FIET4 01-Apr-15 (N, 217-02128) Mar-16

Powar sensor 44124 MY 41408057 -Apr+15 {No. 217-02128) Mar- 15

Redarence 3 dB Atenuator SN 85054 [3e) O1-Ape-15 (Mo, 217-02128) Mar-18

Rufaronce 20 o8 Aftoniater BM: S5FTT (3] 0rf-Ape-15 (Mo, 217-02132) Mar-18

Relerence 30 o5 Aflenuator SN 55129 [0 | O1-Apr-18 (No. 217-02133) Mae-16

FRmisrence Probe ESI0VE SN 3013 | 30-Dec-14 (Ho. ES3-3013_Dectd) Dwc-15

DAE4 SH- B8O | 14-Jan-15 (No. DAE4-660_Jan15) Jan-18

Secontary Standards [e] Chock Date (in house) Schichiled Chock

HF g tot P BA4HC USIBL 01 100 d-Aig-30 {in houss chick Apr-11) In howese chisck: Ape-18

Netweak Analyzer HP B7TS3E | USIT350585 18-Oct-01 in house check Oct-14) | In housa chack: Oct-15
Hama

Calibrated by ntain Kasttali L.b-my'rmm f—r—,—- [5111
Approved by Kaatj Pokavic Tinchncal Manajer /LZ-‘ ;f

tssued: June 16, 3015

This calnalion cortificate shall not be reprocuced except in full without weitten approval of The laboratory.
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Calibration Laboratory of AN, §  Schweizerischer Kasibrierdienst
Schmid & Partner e G Service suisse dtalonnage
Enginearing AG % s Servitio svizzens i taratura
Zoughausstrasss 43, 8004 Zurich, Switrortand W:“?ﬁ; Swiss Calibration Service
Accradited by the Swiss Accreditation Serdca [SAS) Accreditation Ho.: SCS 0108
Tha Swiss Accroditation Service is cne of the signatories 1o the EA
Multitatoral Agresmant for the recognition of calibration certificates
Glossary:
TSL tissue simulating hquid
NORMx.y.z sensitivity in free space
ComvF sensitivity in TSL / NORMx,y.z
DCcP diode compression point
CF crest factor {1/duty_cycke) of the RF signal
A B C.D modulation dependent linearization parameters
Polarization ¢ @ rotation around probe ams
Polarization % 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),
e, & =0 is nomal to probe axis
Connector Angle information used in DASY systemn to align probe sensor X 1o the robol coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC B2208-1, “Procedurs 1o measure the Specific Absorption Rale (SAR) for hand-held devices used in close
proximity o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

«  NORMx .z Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; { > 1800 MHz: R22 waveguida).
NORMx.y,z are only intermediate vaiues, |.e., the unceriainties of NORMx,y.z does nol affect the E*-field
uncertainty inside TSL (see balow CanvF).

=  NORM{TIxy.z = NORM v,z * frequency_response (sea Frequency Responsa Chart). This linearization s
implemented in DASY4 soltwara versions later than 4.2, The uncertainty of the frequency response s included
in the stated uncertainty of ConvF,

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

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

«  Axyz Bryz Ceyz Deyz VRxyz A, B, C, D are numerical linearization parametess assessed based on
the data of power sweep for specific modulation signal, The parameters do not depend on frequancy nar
maedia. VR is the maximum callbration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flal phantom using E-field {or Temperature Transfer
Standard for < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for { > B00 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramatars ang
used in DASYS software fo improve probe accuracy close to the boundary. The sensiivity in TSL comesponds
to NORMy.y.z * ConvF whereby the uncertainty cormesponds to that given for ConvF. A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows extending the validity from £ 50 MMz to £ 100
MHz.

« Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a paich antenna

» Sensor Offset; The sansor offset comesponds 1o the offset of virual measurement center from the probe tip
(on probe axis), No tolarance required.

« Conneclor Angle: The angle |s assessed using the information gained by determining the NORMx (no

uncertainty requined)
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Manufactured:  September 30, 2013
Calibrated: June 18, 2015

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 systaml)
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EXI0V4— SNI068 June 18, 2015
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968
Basic Calibration Parameters
| Sensor X Sansor Y | Bensor £ UMEL‘
Norm (aMi{VimP)" 0.36 0.35 .42 101 %
| DCP [mv}" | 103.1 102.8 | 96.8
Modulation Calibration Parameters
Ui Communication System Name A B [ [+ VR Unc™
ds dBv v | 9B | m¥ (=2}
b CW x| oo | oo 10 | 000 | 1303 | +30%
Y 00 | o0 | 10 | 1298
| 2 oo | oo 10 [ 14z3 —

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

probability of approximately 95%,

* T uincetaintes of Normaly,Z do not affect the E"-Feld uncertainty maide T5SL [see Pages 5 and 8)

¥ Mumerical Eneanzation panamster: uncetainty nol requined
¥ Lincarnninty is determined uaing the mas. devsation from linsar response applying reclangular dasribulion and is expreased for the sguare of the

fiald valusa
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EX30V4- SN3068 June 18, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth® Unct. |
1{MHz)® | Permittivity (Sim)" ConvFX | ConvFY | ConwFZ | Alpha® |  [mm) (=2}
150 52.3 0.76 13.09 13.08 13.08 0.00 100 | +123%
300 453 0.87 12.28 12.28 12.28 010 120 | £133%
450 435 0.87 10.61 10.61 10,81 018 | 120 | £133%
750 418 0.89 .92 8.82 9.92 0.18 I 1.57 +120%
B35 415 0.90 .60 .60 9.60 0.21 1.64 +120%
900 415 0.97 8.45 9.45 9.45 0.22 126 | £120%
1450 40.5 1.20 8.28 B.28 828 0.26 102 | £120%
1750 40.1 137 823 8.23 B.23 0.3 080 | £120%
1900 40.0 1.40 7.85 7.95 7.95 0.30 080 | £120%
1850 40.0 140 | 786 7.66 7.68 0.38 0.80 £120%
2300 30.5 1,67 7.51 7.51 7.51 0.37 0.80 +12.0 %
2450 39.2 1,80 7.24 7.2 7.2 0.38 080 | £120%
2604 38.0 1.96 7.06 7.06 7.08 0.39 ops | £12.0%
3500 3re M 6.82 6.82 6.82 0.29 133 | 131 %
5200 36.0 4.66 5.26 5.26 5.26 0.30 80 | £13.1%
5300 35.9 478 5.09 5.00 5.09 0.35 1,80 £13.1 %
5500 3586 456 4.86 4.88 4,86 0.40 1.80 £13.1%
56800 35.5 5.07 4.59 | 455 4.59 0.40 1.80 +131 %
5800 353 527 488 | 468 468 0.40 1.80 £13.1%

© Froguency validity abowe 300 MHz of £ 100 MHz only applies for DASY w4 4 and highat (ses Page 2], else & & restricled 1o = 50 MH2, The
uncostainty is the RSS of the ConwF uncerainty st callbraticn frequency and the uncenainty for the indcated frequancy band. Freguency waidity
below 300 MHE is + 10, 25. 40, 50 and 70 MH= for ConvF assessments at 30. 64, 128, 150 and 220 MHz respectivedy. Abave 5 GHz freguncy
validity can be exended 1o 2 110 MHz,

¥ At frepuancies bolow 3 GHz, the validity of Bsaue pammatens (e mnd o) can be relased 1o £ 10% |f Bquid compenaation formuts is sppled to
messuwed SAR values, Al frequancies above 3 GHz, the validity of tssue paramelers (cand o) i restrictad 1o + 5%. The uncertainty i the RSS of
tha CormvF uncerfainty for indicoted target tissue parsmalsns.

% AlphaDepth ano determined during caliiralion. SPEAD warranis thal the memaining deviafion due to the boundary sffect shar compansabon 5
always less than + 1% for kequencees balow 3 GHz and balow £ 2% for frequancies between 3-6 GHz a1 any distance karger than half the probe tip

diameder from the boundary
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EX30Vd- SN;3068 June 18, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) Penﬂ:lmy' mmm ConwFX | ConvFY | ConvFZ | Alpha® "l'..;".ﬁ}“ 'flkrfé
150 1.8 0.80 1240 | 1240 | 1240 | 000 | 100 | £133%
300 56.2 .92 1134 | 11.34 113 | 005 | 110 | +£133%
450 56.7 0.94 1085 | 1085 | 1085 | 012 120 | £133%
750 55.5 0.96 8.49 5485 9.49 0.34 103 | +120%
835 552 0,97 955 955 9.55 050 | 080 | +120% |
800 55.0 1.05 9.34 8.34 9.34 D42 | 083 | +120%
1750 53.4 1.49 7.87 7.87 7.87 D42 | 0BD | 2120%
1800 53.3 1.62 7.60 7.60 7.680 D33 | 085 | +12.0%
2450 527 195 | 735 7.25 7.25 036 | 080 | +£12.0%
2600 52.5 216 7.10 7.10 7.10 024 | 080 | £120%
5200 49.0 5.30 4.71 471 4.71 040 | 180 | £131%
5300 48.0 5.42 4.44 444 444 D40 | 180 | +131%
5500 488 565 4.14 414 | 414 D45 | 190 | +131%
5600 485 5.77 3.93 3.83 393 DA5 | 150 | #1341 %
5800 48.2 £.00 4.27 4.27 4.27 D45 | 180 | 2131%

© Frequarncy valicty abowe 200 MHE of £ 100 Mz only apples for DASY vi 4 and highey {see Page 2), else il s restricted 1o & 50 MHz. The
urcariainty i the RSS of the ConvF uncertainty at calibration frequency and fhe uncertamty for (he indicated frequency band. Frequency validity
e 300 MiHz b £ 10, 25, 40, 50 and 70 MH2 for ConvF ssseasmants o 30, 64, 128, 150 and 220 Mz respectively. Abova 5 GHz frequency
wvalidity can te sxtended io 2 110 MHz

" A1 frequencies. below 3 Giz, the validey of lissue parameters (¢ and o can be rolawed fo & 10% if ligusd compensation formula = applied 1o
mnasurod SAR values. At fiequancies sbove 3 GHz. the valdiy of tissue paramatars (c and o] is reatrichod 8 = 5%, The uncanairty is the RSS of
1he Convf uncartainty for indcaled targe] lissue parameters.

% plphaTiegih ore determined during calibration. SPEAG warrants thal the remsning deviation due 1o the boundary offect after companaation s
abways loss than £ 1% for irequencies beiow 3 GHz and below £ 2% for frequencies between 3-6 GHz at any distance larger than half the probe o
damatar from ihe boundany
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARpead)
(TEM cell , fouu= 1900 MHz)
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Uncartainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
f= B35 MHz WGLS R8 (H_comF) f= 1800 MHz, WGELS R22 (H_comF)
E, s . - {
L. 1
i §
;ql; 1 = = -l t ) -ﬂ 4 ] b = : 1 H [
ajer] i frerd
Deviation from Isotropy in Liquid
Error (6, 8), f =900 MHz
40 -08 08 04 02 00 02 04 08 08 1.0
Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters

Sensar Arrangement Trmngullélr
Connecter Angle () GER

Mechanical Surface Detection Mode . | enabled
| Dptical Surface Detection Mode disabled
“Frobe Overall Langth ~ 337 mm |
“Frobe Body Diameter | 10 mm
"I"'ip i.-atngﬂ'u : 9 mm
| Tip Diameter 25mm |

Probe Tip to Sensor X Calibration Point 1 mm

Probe Tip 1o Sensor ¥ Calibration Paint 1 mm

Probe Tip to Sensor Z Calibration Point 1 mm

Recommended Measuremen! Distance from Surlace 14mm
Cerificats No: EX3-3588_Jun15 Page 11 of 11
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Schmid & Partner A= g Sarvice woinss dilonmge
Engineering AG g H g Servitio sviziero di taratura
Zoughausstrasse £3, D004 Zurich, Switzerland ﬁ}? Swiss Calibration Service
Aceredited ty ihe Swiss Accreditalion Senvce (SAS) Azcreditation No.: SCS 0108

Tha Swiss Accreditation Service is one of the signatories to the EA
Mublilateral Agreament far the recognition of calibration cenificates

ciert HCT (Dymstec) Curiicnts o: ET3-1605_ Apr15
|CALIBRATION CERTIFICATE

Calibrafion date: April 27, 2015

Thia calibyation cerlificabe documents (e racnabilty o national stendards, which realize (he physical unils of massunsmenis (51)
Th maasursmants and the uncertanlies wih confidance probabilty are gheon on the folowing pages and are par of (he ceificale,

All calibrations have been conductsd in the cosed laborbory facility. environmend temperature (22 = 31°C and humidiy < T0%

Calibmtion Equpment used (MATE ¢l for caiibration)

Primary Standands ] Cal Date [Cerificaio Mo ) Scheduled Calbiulon

Power meter E44106 G4 1 FAIETA O1-Ape-15 (Mo, 217-02126) Mar- 18

Pomwnr sensor E44 1248 WY TAOS05T Qi=Ape-15 (Mo, 217-03138) Mar-16

w_!.dﬂ Atfenuaton SM: 35054 [3c) 01-Ape-15 TM&Z_I?'_-EE'IEj Mar-16

Rederence 20 8 Aneniaion 5N 552?1‘_1_21_}3-:! O1-Ape-15 (Mo 217-02132) Mas-16

Raderence 30 o8 Aflenusior SN 55120 (30b) H-Ape-15 [No. 217-02133) Mar-18

Reference Probe ESI0VE SN: 3013 30-Diac-14 (Na, ES3-3013_Dectd) Dec-15

DAE4 SN: 560 14-Jan-15 (No. DAES-660_Jan15) Jan-18

Secordary Standands 0 Chack Dune [in houas) Scheduled Check

RF gensmios HP BE46C LS54 21001 TO0 d-Ang-09 [ houss chack Apr-13] In house check: Agr-18

ephwork Anah MP ATSIE LIS3T 00585 TE-0c1-01 (im honse chisch Ot 14) in houme check: Ocl-15 ]
Hama Furstian Sagnaiae

Calibenind ty: Jeten Kaosirati " Labormtory Te L’E

Apgitviad by Katia Pokovic Tochtical Manager ﬁg 77

Issued: Aprl 28, 2015
Thits calibration cerlilicate shall not be neproducsd excopl in Tull withow! weitten approval of the laboralory.
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Calibration Laboratory of A Schwairnrischer Kalibrisrdionst
Schmid & Partner % g Service suisse d'étalonnage
Engineering AG g = g Servisiosvizzero di taratura
Zoughaussirasse 43, 5004 Zurich, Switseriand '-.f.:lf:“?-ﬁ}* Swiss Calibration Sorvice
Atcrucdited by tha Swiss Accreditation Sanice [SAS) Accroditation No.: SCS 0108
Tha Swiss Accredfitation Service s one of the signatories fo the EA
Mullilateral Agreamant for tha recognition of calibration cerificates
Glossary:
TSL tissue simulating liquid
NORMx.y.2 sensilivity in free space
ConvF sensitivity in TSL | NORMx.y.z
DCP diode compresshan point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependant linsarization parameters
Polarization @ @ rotation around probe axis
Polarization & 8 rotation around an axis that is in the plane normal to probe axis (at measuremeant center),
i.e., 8 = 0is normal to probe axis
Connector Angle infarmation used in DASY system to align probe sensor X 1o (he robol coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 62209-1, "Procedure o measue the Specific Absorplion 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:
= NORMyy,z Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide)
NORMzx,y.z are only Intermediate values, L., the uncertainties of NORMzx,y,z does not affect the E*-field
uncertainty inside TSL (see below CanvF).
s NORM{Tx v,z = NORMEy, 2 " frequency_response (see Frequency Response Chart). This linearzabion is
implemented in DASY4 software varsions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

«  DCPxy.z: DCP are numerical linearization parameters assessed basad on the data of power sweep with cw
signal (o uncartainty required). DCP does nol depend en frequency nor media.

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

o Avyz Beyz Coyz Dxy.z: VRxy.z A B, C. D are numerical linearization paramolers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on fregquency nar
madia, VR is the maximum calibration range expressed in RMS voltage across the diode,

«  ConvF and Boundary Effect Parameters: Assessed In fial phantom using E-field (or Temperature Transfer
Standard for f < 500 MHz) and inside waveguide using analylical field distributions based on power
measurements for | > B30 MHz The same selups sre usad for assassmant of the paramelers applied for
boundary campansation (alpha, depth) of which typical uncertainty values are given. These paramelars are
used in DASYS software to improve probe accuracy close to the boundary. The sensitivity in TSL cormesponds
to NORMzx,y,z * ConvF whereby the uncertainty cormesponds to thal given for ConvF, A frequency dependent
ConvF is used In DASY version 4.4 and higher which allows extending the validity from 50 MHz to £ 100
MHz

« Sphercal isolropy (30 deviation from isotropy): in a field of low gradients realized using a flal phantom
exposed by a patch antenna.

s  Sansor Offset: The sensor offset comesponds 1o the offset of vifual measuremant center from the probe tip
(on probe axis). No tolerance requined

+ Connoclor Angle: The angle s assessed using the information gained by determining the NORMz (no
umcertainty required),
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Basic Calibration Parameters

Sensor X | Sensor Y I Sensor 2 Unc [kﬂﬂ
[ Nerm (uvivimyy” 1.49 | 1.0 | 1.61 +101 % |
| DCP (mV)" 100.4 | a8.7 100.3
Modulation Calibration Parameters _
Ui Communication System Name T A | 8 c | b VR Unc"
dB dBvv | dB8 my [k=2}
o W x| o0 0D | 10 | OO0 | 1886 | $30%
I ¥y | oo 0o | 10 | 1847 5
3 0.0 0.0 | T

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

* The uncermintiss of NomX, ¥ Z oo not affect ihe E°-fex] uncentainty imade TSL (see Pages 5 and )
* Mumarical linenrsation parametar uncestainty not reguined
® Uncertainty s determined Laing the man. deviation from linear response applying rectanguias disinbusion ond is expressed for the sguace of the

fimie] vidlue
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Head Tissue Simulating Media

F Refative | Conductivity | o | Depth® Unet.

1{MHz}® | Permittivity {Sim) ConvF X | ConvF¥ | ConvFZ | Alpha {mm] (k=2
750 419 088 6.64 664 | e84 | 026 | 300 | £120%
835 415 080 633 633 533 | 028 | 300 | +120%
800 415 0.97 614 614 | 614 | 031 | 2300 | +120%
1450 | 405 1.20 537 5.37 537 | 045 | 284 | +120%
1750 40.1 137 | 520 5.20 520 | 073 | 215 | +120%
1900 400 140 | 501 5.01 so1 | oso | 212 | s120%
1950 40,0 140 | 494 494 4.04 080 | 205 | £120%
2300 395 167 ar | am 477 | ogo | 188 | £120%
__g-_‘ﬁﬂ 392 1.80 4.57 4.57 457 0.85 1.7T5 +120%

© Froquancy validity above 300 MHE of 2 100 MHz cnoly applies tor DASY w4 and higher (see Page Z). ise # & reatichid 1o 2 50 MHZ The
uncertainty is ihe RSS af the ConF uncerlainty 8 caibration Irequency and the uncertainty for the indicated Irequency band. Frequency valdiy
Below 300 MHz is = 10, 25, 40, 50 and 70 MHz for ComF assessmants al 30, 84, 128, 150 and 220 MHz reapecively, Above 5 GHz lrequency
walidity cain be extanded 10 = 110 MHZ

¥ Al requencies betow 3 GHz, the validity of Bssue parseneters (£ and a) can be reaned 1o 2 10% # bquid comparnsation formuts is appéed to
maEsured SAR values, A frequencies abowe 3 GHe, the validity of imsue parameters (c and a) is resiricied D = 5% The uncertainty & the RSS of
they ConvF uncerainty jor indicaled ngel lssus parsmeies

4 Alpha/Depth are determined durirg calibration. SPEAG warmants that the remaining deviation due o the boundary effect after compaensation is
ahways bass than = 1% for Eequencies below 3 GHz and below = % for frequencies between 3-8 GHz al any distance langer than hall the probe tip
dimmaier from tha bowundary
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity | Depth™ Unet.
f(MHZ)® | Pormittivity” | (Sim)" ConvFX | ConvF¥ | CenvFZ | Alpha® | mm) | (e=2) |
750 55.5 0.96 621 | 621 | 621 | 030 | 27 | s+120%
835 55.2 0.97 6.1 611 | 611 | 030 | 300 | £120%
750 | saa 1.49 466 4,66 e | 080 | 25 | s120%
| 1800 533 152 | 454 4.54 4.54 peo | 232 | £120%
| 2480 2.7 195 | 418 4.18 4.8 079 | 180 | +120%

© Fraquency validity sbove 300 MHz of £ 100 MHz only applies for DASY w4 and highar (see Page Z), sise 1l is resyicted to + 50 MHz. The
uncararty is te RSS ol the Cord uncartainty s calibration frequency and the uncertainty for the indicated frequency band. Frequency valiily
adow 300 Mz is + 10, 25, 40, 50 and 70 MHz for ComF aasessments al 30, 64, 128. 150 and Z20 M-z respectvely, Above 5 GHz Irequancy
walidity can ba sxbended bo = 110 MHz

¥ A1 requancies balow 3 GHz, the validity of tssue parameten (e and o) can be retaxed to £ 10% If liguid compersalion formaula s appled io
mpasured SAR values. Al equencies. sbove 3 GHz, the validity of tasse paeamalen (¢ and a) is restricted to £ 5% The uncenainty is the RSS of
it ConvF uncaitainty fof indicated tagol ks peamabors

% AsnhaDupth ary detormined during calibration. SPEAG wasTants. that the remaining deviation due 1o the boundary effoct sfler compensation is
abaays lasa than = 1% for fmguancies below 3 GHz and below = 2% for requancies betwaen 3.6 GHE at any distance larger than hatf th probe o
dameter from (hi boundary,
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncortainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial [sotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARpeaq)
(TEM cell , fouw= 1900 MHz)
10°% =
0% .
1 - .
; "
R e o
TLrI' | . i e i 5 0 B L . e g g 2 i
=] | b
i |
3‘ 4
= a4 ar {
i I
1074 FErH |
: Bl -
= t iy o emf
i0? 104 10! 1 1o 10¢
SAR [mWWicm3] :
] -]
not compensated compensated
i
ﬂ L == - : - a e
B 0 - AR o . . = et ot e
5 L
‘.Il'.'l" 102 10 0% 1o 102
SAR [mWem3]
» LB
ot COMarEaTed compansstes
Uncerainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
7= B35 MHz, WGLS RY (H_convF) t = 1600 MHz WGLS R22 [H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz
40 -08 -08 -04 -02 DO 02 04 0B 08 10
Uncertainty of Spherical Isotropy Assessmaent: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Other Probe Parameters

| Sensor Arrangament Triangular
Connector Angle (7) 58.7
Mechanical Suriace Detection Mode | enabled
Opiical Surface Detection Mode I disabled
| Probe Overall Length 33T mm
Probe Body Diameter 10 mm
i Tlp- LEI'I-gTh —— 10 mm
Tip Diameter 6.8 mm
| Probe Tip to Sensor X Calibration Poini ' 27 mm
"Probe Tip 1o Sensar Y Callbration Point 2.7 mm
Probe Tip to Sansor Z Calibration Point | 2.7 mm
Recommended Measurement Distance from Surface 4 mm
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Glossary:

TSL tissue simulating fiquid

NORMx.y.z sensitivity in free space

ComvF sengitivity in TSL [ NORMxy,z

DCP diode compression point

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

ABCD modulation dependent inearization paramelers

Polarization o u rotation around probe axis

Palarization 5 % rotation around an axis that is in the plane normal lo probe axis (at measurement center),

i.e.. & = 0 is normal 1o probe axis
Conneclor Angle infarmation used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

by IEC 622081, “Procedura o measure the Specific Absorption Rate (SAR) for hand-held devices used in closa
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

«  NORMyy.z Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; { = 18040 MHz: R22 waveguide),
MORMx, ¥,z are only intermediate values, Le., the uncertainties of NORMx,y,z does not affect the E™-field
uncertainty inside T5SL (ses below ConvF),

o  NORMDxy.z = NORMyy,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncerainty of the frequency response is included
in the stated uncertainty of ConvE,

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

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

s Axyz Bryxz Cry.z Dryz VRxyz A, B, C, D are numerical linearization parameters assassed based an
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media, VR is the masimum calibration range expressed in RMS vollage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-fiald (or Temperature Transfer
Standard for { < BOD MHz) and inside waveguide using analytical fizld distributions based on power
measurements for | > B0D MHz. The same selups are used for assessment of the parameters applied for
boundary compansation (alpha, depth) of which typical uncenainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
o NORMzx,y.z * ConvF whereby the uncertainty comespands to thal given for ConvF. A frequency depandeant
ConvF is usad in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

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

s Sensor Offset The sensor offset comesponds to the offset of virtual measurement center from the probe tip
{on probe axis). No lolerance required.

« Connector Angle: The angle is assessed wsing the informaticn gained by dotermining the NORMx (no

uncartainty required).
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Basic Calibration Parameters

Sensor X | Sansor Y Sansar Z | Une(k=2) |
[ Norm (aViivim)y" 2.00 1.80 1.82 101 % |
| DCP (mv}" | 100.6 100.4 101.2 —
Modulation Calibration Parameters
[1]1s] | Communication System Name | A B c o | VR Unc-
| - d8 | BV 68 | mv | (k=2)
0 | CW | ¥ | 00 2.0 1.0 000 | 2661 | 335%
[ ¥ oo 0.0 10 724 |
I | [z 1 oo | oo | 10 2688 | i

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 comesponds (o a coverage
probability of approximately 95%.

* Tha uncorisntics ol NomiLY .2 do not affect the E'-feld uncertanty inside TSL {ses Pages 5 and §)

* Mumarical lineanzation parampter; uncertainty nol requined

¥ Uincertainty & determined using the maxz. devation from fingar responss sppéying rectanguss dislribusion and s expressed for the souars of Tha
Tkl valum
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Head Tissue Simulating Media

Rulative Conductivity Depth ™ Unct.
f(MHz} " | Parmittivity" {Sim) " ConvFX | ConvFY | ComvFZ | Alpha® I {mm) f=2 |
B35 41.5 0.90 6.45 £.45 6.45 028 | 3.00 £120%
500 415 | o087 6.32 6.32 6.32 0.32 3.00 | £12.0%
1450 405 1.20 5.68 5.68 5.68 0.78 1.88 £120%
1750 40.1 1,37 5.38 5.38 538 | 073 210 | +120%
1800 40.0 1.40 518 5.18 518 0.75 217 | +12.0%
1850 40.0 1.40 5.00 5.00 5.00 0.78 222 | +120%
2450 39.2 1.60 457 | 457 | as7 | oso | 173 | s120% |

© Fraquency valdly above 300 MHz of £ 100 MHz anly appies for DASY w4 and higher (see Page 7). sisa 1t i restrictod 1o £ 50 MHZ The
uricertainty i tha RSS of the ConvF uncertainty al calibration frequancy and the uncedainty jof the indcaled frequancy tand, Freguency valdity
bolow 300 MHz i+ 10, 25, 40, 50 and 70 MHz for ConvF asssssmants ol 30, 64, 128, 150 and 220 MHz respectively, Above 5 GHz frequency
valickty can be axlended 1o = 110 MHE

¥ Al frpquencies balow 3 GHz, the vaicity of tissue parameters (c and o) can be rebed 1 £ 10% if iguid compensation lonmula & apphed 1o
measured SAR values. Al frogusncies abave 3 GHe, the valitly of tssus paramelers (= and o) & restricted fo + 5%, The uncerainty is the RE3 of
the Conn uncarimnty for imScated tanged fiase paramators

¥ pupha/Depih are determined during calibrafion. SPEAG wamamts that tha remiainng desdason due o (he boundary efieci afier compenaatian &
shways lesa than = 1% for froquencies below 3 Gz and balcw = 2% for frequoncies botewssn 3-8 GHr ab ory dstances larger than hall the probs bp
diampber from e boundasy
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Body Tissue Simulating Media

Rolative | Conductivity | | Depth™ Unct.

fiMHz)® | Pormittivity” |  {Sim)" ConvF X _| ConvF Y | ComvFZ Alpha® | {mmj) (k=2
835 | 55.2 0.87 £.35 6.35 £.35 | 047 2.05 +12.0 %
1750 534 148 | 485 4.85 4.95 : 0.80 240 | +120%
1900 53.3 152 | 474 4,74 474 | D8O 234 | +120%
2450 52.7 1.95 | 433 | 433 4.33 0.80 1.29 +12.0 %

© Frequancy validty above 300 MHz of = 100 MHz only applles for DASY w4 4 and higher (see Page 2, eise Il is restricted io 2 50 MHZ Tha
urscertanty ks the RSS of the Corm uncertainty sl calbiation froquency and the uncertsnty for the ndicated [requancy band. Frequancy saldity
bakow 300 MHz i + 10, 25, 40, 50 ard 70 MHz for CorvF assestrnants at 30, 64, 128, 150 ard 220 MHE respectively, Above § GHe frequency
walidity con be exdended i £ 110 MHz

" A frequencass tslow 3 GHz, the validity of fissue parametsrs (xand o) can be relaxed to = 10% if ligad compansabon formula s applied to
mnasured SAR values. Al fequencios abowe 3 Gz, the validity of Bssus parsenelers (£ and o) ia restrictad to = 5%, Thi uncertainty i 1he RSS of
tha ConvF underainty for inccated farged tissue paramatens

5 AlshaDoepih any determined during calibration. SPEAG warrants that the remaining devisticn dua 10 the boundary efect afier compensation i
wmqm:'I‘irnrhummmbeluw3'EH.I'.ar-dbelmh'tmiufrnqmmnsHHIHHGMHEWWUWTMWNﬁDH"D

diameder from the boundarny
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
1.5 T
E
1.4
i
— 13-
E E
" 12t
E
2 1
2
5 10 = - - -
F b
'é 09
% &l - -
= o7 |
06|
: |
ﬂ 5 .,_ | | | . - - H i_ ! A A |
o 500 1000 1500 2000 2500 3000
1 [MHz]
e oz
Uncertalnty of Frequency Response of E-field: £ 6.3% (k=2)
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ET30VE- SN:1600

Receiving Pattern (¢), 9 = 0°
f=1800 MHz,R22

=600 MHz, TEM
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Uncertainty of Axial isotropy Assessment:  0.5% (k=2)
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Dynamic Range f(SARcaq)

(TEM cell , foua= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.8% (k=2)
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Conversion Factor Assessment

= B35 MHz. WGELS RS (H_coms) f= 1750 MHz WGLS R22 (H_com)
ﬂ|
14 !
[ !
TH Bl
. |
2 [ =t
E“' g.,_‘
3 | i
E w
R |
e
1%
T " PP IR T ey .
L] [ w0 x a k- [ -] b L] L) = = kL] -
# ] B =i
5l &) ¥ &)
s — et —wEr

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

10 -08 -06 04 02 00 ©02 04 0B 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

Sensor Arrangement | Triangular
Connector Angle (7) 057 |
Mecharical Surface Delection Mode [ enabled
“Optical Surface Detaction Mode disabled
| Probe Overall Length ~ 337 mm
| Probe Bad-y Diameter 10 mm
Tip L-l;;glh F 10 mm
Tip Ciameter T 5.8 mm
Probe Tip to Sensor X Calibration Paint 2.7 mim
Probe Tip to Sensor ¥ Calibration Point 2.7 mm
Probe Tip to Sensor £ Calibration Paoint 2.7 mm
i Recommended Measurement Distance from Surface 4mm |
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Calibration Laboratory of § Schweizorischer Kallbriardionst
Schmid & Partner ¢ Senvice suisse d'italonnage
Engineering AG

Zovghaussirasse 43, 5004 Turich, Switterand Swiss Cafibration Service

Accracted by Ihe Swiss Accredilabon Servcs (SAS)
The Swiss Accreditalion Service is one of the signalories to the EA
Multilatoral Agresment for the recognition of calibration centificales

Accreditation No.: SCS 108

s Servizio svizzero di taratura

Obgoct

Calibeatian procsduns(s)

mmr.-m. 9 QA CAL-12.v9, QA CAL-14.v4. QA CAL-23.45,
;mhmhm pﬁsnﬁ:lurﬁﬁ' dosimetric E-field probes

Cakbration date. MNovember 19, 2014

This calbration certificals doormerts the taceabiliy i national standards, which reafize the physical uniis of measunemanis (51}
This Measuements and {he uncemtaintes with confidence probubiity an given on the following pages and ane parl of the cenlificate.

Al cafibrations have bean conducied in the closed isbomatory Eacilty: environment lemparatune (22 = 3)°C and humidity < TO%

Caiibratsan Equipmani used (MATE oniicad for calibration)

Primary Standads o Cal Date (Cerificate No.) Schedued Calbration

Power meter EA4193 GBA 1203674 D3-Apr.14 [Na. 217.01811) Apr-15

Power sensor E4412A MY41498087 D3-Ape-14 [Na, 217-01811) Apr-15

Roforonce 3 08 Aeruasr | SA: S5054 (3] Ba-Apr 14 (No. 217-01815) Agr-15

Raference 20 db Ato SH: 55277 (20) D3-Ape-14 [fio, 217-01918) Ape-15

Rufarance 30 0B Alenuaror | 5. 55129 (306] O3-Ape- 14 (o, 217-01820) Apr it

Raferarce Prabs ES3V? SH 2013 30-Dec-13 (Mo ES3-3013 Dectd) | Dec14

DAE4 == SN 880 13-Dec-13 (Mo DAE4-650_Doc?3) | Dec-1d

Secondary Sndsds D Check Dals (in housa) Scheduled Check

AF ganarator HF 80460 USIBAZI700 4-Aug-89 [ house check Apr-13) In hotssa check: Ape-16

Network Analyzer 1P 67506 | US7300505 18-0ct-01 [in house check Oct-14) In house chock: Ocl-15
Name

Calibrated by Jeteen Kastrnt

Anproved by Katga Prikaic

Thits calibeaton certiicate shall not be reproduced except in full withoid witten approval of the laboratary,

tssued: November 20, 2014
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Calibration Laboratory of 2 Sehwaizerisehor Kalibrivedsonst

Schmid & Partner % Service suisse détalonnage
Engineering AG T Servizio sviczers o thratur

Zeughaussirasse 43, 8004 Zusich, Switzarand *%ﬁmﬁ Ewiss Calibration Service

Accrediled by ihe Swess Accrodantion Service (345 Acceeditation No.; SCS 108

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

Multilateral Ag ont for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMxy,z sensitivity in free space

ConvF sensitivity in TSL/ NORMx,y.z

DCP diode comprassion paint

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

ABCD modulation dependant linearization paramelers

Potarization o o rodation around probe axis

Polarization 3 B rotation around an axis that is in the plane normal o probe axis (8t measurament canler),

j.e., 8 =0 s normal to probe axis
Caonneclor Angle information used in DASY system io align proba sansor X fo the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b} IEC 622081, “Procedure fo measure the Specific Absorption Rala (SAR) for hand-held devices used in close
prosamity to the ear (frequency range of 300 MHz to 3 GHz)". February 2005

Methods Applied and Interpretation of Parameters:

o«  NORMx,yz Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; > 1800 MHz: R22 waveguide).
MORMx.y.z are only intermediate values, i.e., the uncertainties of NORM,y,z does not affect the B fiedd
unceriainty inside T5L (see below ConvF).

o NORM{Dxy.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 unceriainty of ConvF.

s« [DCPxy.z DCP are numerical inearization parameatars assessed based on the data of power sweep with W
signal {no uncertainty required). DCP does not depend on frequency nor media.

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

«  Axy.z Bry.z; Cxy.z Day.z; VRxy.z. A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nos
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

+ ConvF and Boundary Effect Parameters: Assessed in flal phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analylical field distributions based on power
measurements for f > 800 MHz. The same selups are used for assessment of the paramelers applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramelers are
used In DASY4 software io improve probe accuracy close 1o the boundary. The sensilivity in TSL comesponds
o NORMx.y.z * ConvF whereby the uncertainty cormasponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz

«  Sphencal isofropy (30 deviation from isotropy): in a field of low gradients realized using a fial phaniom
exposed by a patch antenna.

s  Sensor Offset: The sensor offset comesponds 1o the offset of virtual measurement canter from the probe tip
{on probe axis). Mo lolerance required.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no

uncerainty nequined)
Centificale No: EX3-3787_Navid Page 2 of 11
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Calibrated: November 19, 2014
Calibrated for DASY/EASY Systems
(Hole: non-compatible with DASY2 systaml)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Basic Calibration Parameters

Senzor X Sensor 'Y Sensor Z Une [k=2)
Norm [uVitim) ) 0.63 0.58 0.57 +10.1 %
OCP (mv)" a7.9 a7.3 5.4

Modulation Calibration Parameters

uiD Communication System Name A B [ o VR | unc'
| dB | dBvV dB my | (k=2)

(] oW X 0.0 0.0 1.0 000 | 1544 | 30% |
¥ 0.0 00| 10 168.7

L Z 0.0 00 | 10 1714

The reported uncertainly 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 uncenainiies of Mom Y2 do not affect the E*-fisld uncortninty inside TSL {see Pages 5 and 6]
* Numencal insanzalion parmmeior; uncedtainty nol roguinpd
' Uncrimmty is determined using the mas. devialion from linger response spphying ectanguiar distritiuton Snd S exphesyed T theer guimre of the

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

Calibration Parameter Determined in Head Tissue Simulating Media

Movember 19, 2014

Relative Conductivity I Depth ™ Unct.

f{MHz)® | Parmittivity” (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | [mm) (=2}
150 523 0.76 11.03 11.03 11.03 | 0.00 100 | £133%
835 415 0.90 9.22 9.22 922 | 051 | o078 | +120%
800 41.5 0.97 B.96 .96 B.96 g6 | oss | s2120%
1750 40.1 137 7.71 7.7 7.7 064 | 083 | +120%
1900 40.0 1.40 7.58 7.58 7.58 046 | 074 | +120%
1850 40.0 140 7.33 7.33 7.33 045 | o768 | +120%
2300 395 1.87 7.23 723 723 0sz | oee | +120%
2450 30.2 1.80 6.86 6.86 6.86 0.51 oo | +120%
2600 38.0 1.96 6.70 B.70 6.70 43 | o079 | 2120%
5200 36.0 4,66 4,86 4.86 4.86 0.35 180 | £131%
5300 359 4.76 4.7 471 4.7 0385 180 | £134%
5500 356 4.96 462 | 482 482 | oo | 180 | 2131%
5600 355 5.07 4.50 4,50 4.50 0.40 180 | #1341 %
5800 35.3 5.27 4.42 4.42 4.42 0.40 180 | £134%

" Frequency validity abave 300 MHz ol £ 100 MHz cnly appliies for DASY wi 4 and higher (see Page 2}, slss it & resincted 1o & 50 MHz. The
uncerninty is the RSS of the Corm uncananty at calbrabion frequency and the uncemaingy for the indcaled frequancy band. Frequency vakdity
below 300 Mz is 2 10, 26, 40, 50 and TO MHE for Comd assessments ol 30, B4, 128, 150 and 230 MHz respoctively. Above 5 GHz Fequency

walidily can ba extanded bo 2 110 Mz,

A Trequencies betow 3 GHz, tha validity of issus paremetens (c and o) can be relaxed 1o ¢ 10% if iguid compensasion formula i applied 1o
mosured SAR viliees. Al frequances gbove 3 GHE, the validity of tssue parsmaters (& and a) i restricted 1o+ 5%. Thi uncénaindy i the RSS of
the ConvF uncedtainty fof indicated laiget tssue paramalers
5 Alpha/Dupth are determined during calibration. SPEAG wairants that the remaining deviation dus 10 Tha boundary effect afler compensation is
abways bess tan £ 1% for frequoncies bolow 3 GHz and bolow £ 7% for frequencies batween 3-6 GHz at any distance larger than haff (he probe to
dinetieter bom the Boundary

Cerfificate No: EX3-3787_Novid
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EX3I0Wa- SN:-3797 Movember 19, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

Ralative Conductivity Dopth ™ Unct.
1(MHz)° | Permistivity” {Sim) " ConvF % | ConvFY | ComvFZ | Alpha® | (mm) | (k=2) |
150 61.9 D:80 10.65 10.65 1065 | 0.0 100 | £133%
835 552 0.97 015 | 915 9.15 065 | 072 | +120%
1750 53.4 1.49 7.54 7.54 7.54 037 | 085 | s120%
1900 533 1.52 123 7.23 7.23 073 | 061 | +120%
2450 52.7 1.95 6.56 6.86 B.86 080 | 050 | +120%
2600 525 2.16 £.68 .68 6.68 D80 | 050 | £120%
5200 48.0 530 | 438 4.36 4.36 0.45 190 | +131%
5300 48.9 5.42 417 417 4.17 0.45 190 | £13.1% |
B500 48.6 565 188 3.89 3.88 0.50 190 | #131%
5600 48,5 5.77 373 | 373 3.73 0.50 190 | £131%
5800 482 £.00 412 | 412 4.12 050 | 180 | £131%

¥ Frequancy validity above 300 MHz of 2 100 MHz only applies for DASY w4 and hgher (see Page 2), else it s resinicted fo £ 50 MHz. The
uncerainty is the RSS of the Com# uncartaénty st calibration frequency and he uncestainty for the indcated fmquency band. Frequency validity
elow 300 MHz is £ 10, 25, 40, 50 and 70 MHE for Cony¥ assessmants at 30, 84, 128, 150 and 220 MHE respectively. Above 5 GHz frequency
walidily can be extonded to 2 110 MHz.
" Ab frequencies below 3 GH2, the validity of issus persmoien (e snd a) can be relased (o 2 10% If ligusd compensaton formuls & appliod 1o
ristuned SAR values, Al frequenches above 3 Gz, the validity of besue paramedacn (o and o) s restricted 0 + 5%, The uncerainty is the RSS of
the: ConvF uncarainty for indicated taaget tissue parmmalen.

Alpha/Depth am determined during calibmbion. SPEAG wamanis that the remasning deviabion due 1o fue boundary effect aher compansation
always loss than & 1% for equonches below 3 GHz and bblow + 2% for Trequencies betwoen 3-8 Gz al any distance larger ihan hal tha probe o
digemasing brom the boundary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM
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Uncertainty of Axial lsotropy Assessment: £0.5% (k=2)
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Dynamic Range f(SAR}ead)
(TEM cell , fua= 1900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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Conversion Factor Assessment
f= 835 MHz WGLS RS (H_com#F) = 1900 MHz, WGLS R22 (H_com#)
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Deviation from Isotropy in Liquid
Error (&, 8), f =900 MHz
-0 -08 08 04 02 00 02 04 06 OB 1.0
Uncertainty of Spherical Isotropy Assessmaent: £ 2.6% (k=2)
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EXADV4- SN3TTT MNovember 19, 2014

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

Other Probe Parameters

Sensor Arrangement Triangular
Connacior Angle (7) 4195 |
| Mechanical Surface Detection Made anabled
Optical Surface Detection Mode I disabled
Probe Overall Length o 337 mm
‘Probe Body Diameter 10 mm
W 9 mm
Tip Diamaler 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm |
Probe Tip to Sensor Z Calibration Point 1 mm
| Recommended Measurement Distance fram Surface | 1.4 mm
Cearlificale Moz EX3-3787_Novid Page 11 of 11
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Attachment 4. — Dipole Calibration Data
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Calibration Laboratory of oL Sehwalariacher Kalibrisrdienst
Schmid & Partner = g Service sufsse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland g ﬁﬂ}f S Swiss Calibration Servico
Accredied by the Swise Accreditafion Sorvice [BAS) Accraditation No: SCS 0108

The Swias Accreditation Service is ane of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: DT50V3-1014_Jul15
CALIBRATION CERTIFICATE

Objoct D750V3 - SN: 1014

Calibrabon procedurs(s) QA CAL-05.va
Calibration procedure for dipole validation kits above 700 MHz

Calbention daie July 23, 2015

This calibrafion cortilicata documents the Iraceability 10 naticnal ssandards, which realize the physical unils of measurements (1),
The measuremants and the umcarainties with confidence probability are ghwen on the following pages and am pan of the carificate

All calibrations have besn conducted in the clossd labarstory faclity: emvirenment temparaium (22 = 3)'C and emidity < 70%

Calibration Equipmant wsed (MATE cntical lor calibraticon)

Pyirmanry Standasds _|ID# Cal Dato (Corlifcals No.) Scheduled ﬂa{rrﬂlml

Powar mintor EPM-4424 GBITABITD OF-0ct-14 (Mo, 21 7-02080) Oet-15

Fower sensor HP BIB1A US3IT202TEG O7-0ct-14 (Mo, 217-02020) Oct-15

Powar sonsor HP BLB1A MY41092317 O7-0eci-14 (Mo, 217-020:21) Oct-15

Raterence 20 dB Atlenuatar | SN: 5058 [20k) 01-Age-15 (Mo, 217-02131) Mas-16

Typa-N mismatch combinaton SN: B04T 2 [ DE3ZT O1-Apr15 (Mo, 217-02134) Mar-16

Relemnce Probe ES30NA SM 3305 30-Dec-14 (Mo, E53-2205 Dectd) Dec-15

DAES Sht: BOY 18-Aug-14 (No, DAE4-601_Aug14) Aug-15

Secondary Slandards De Check Date (in house) Schethuled Chick

AF genarator RAS SMT-06 V0000 04-Aug-89 (in house check Oct-13) In house check: Oct-18

Matwork Anatyzar HP BT53E LISIT 300585 54206 18-0x1-01 (0 house check Oct-14) In housa chack: Od-15

Hama Funciion Signgium

Caltitated by Michasl Wabar Laboratory Technician 7%

Approved by, Katia Pokiovic Tochnical Managet = s
= f—-t—- ;'-'”1.{-.‘_?'

Issud: July 23, 2015

This calibration certificate shall not be reproducod except in 1ull withosit writhen approval of ths laborsony
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Engineering AG
Zeughausstrasse 43, BIM Zurich, Switzeriand

g Schweizerischer Kalibrierdienst

c Sarvice suisse d'étalonnage
Sorvizio svizeero di laralure

S  Sswiss Calibration Service

Accradited by the Swiss Accreditntion Sarvice (SAS) Aceraditation Mo: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories to the EA
Multilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.z
MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 Systermn Handbook

Methods Applied and Interpretation of Parameters:

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

= 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.

s 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. Mo uncertainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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
connectar.

» SAR for nominal TSL parameters: The measured TSL parameters are used lo calculate the
nominal SAR result.

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

Cortificate No; D7S0V3I-1014_Jullb Page 2 of B
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Measurement Conditions
DASY system configuratian, as lar as not given on paga 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Freguancy 750 MHz = 1 MHz
Head TSL parameters
Tha following paramelars and calzulations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL paramelers 22.0°C 419 0,88 mho/m
Measured Head TSL parameters (22.0=0.2)°C 425£6% 0.80 mho/m £ 6 %
Head TSL temperature change during test <0.5°C s —
SAR result with Head TSL
SAR averaged over 1 em? (1 g of Head TSL Condition
SAR measured 250 mW input pawer 2.05 Wikg

SAR for nominal Head TSL paramatars normalized 1o 1W B8.15 Wikg = 17.0 % (k=2)

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

SAR measured

250 mW inpul powar
normalized 1o 1W

1.34 Wikg
5.33 Wikg = 16.5 % (k=2)

SAR for nominal Head TSL paramatars

Body TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 555 0.96 mho/m
Measured Body TSL parameters {22.0 +0.2) "C 551xB% 0.98 mho/m = & %
Body TSL temperature change during test <05°C -ee
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAF measured 250 mW input power 216 Wikg

SAR for nominal Body TSL parametoers

normalized 1o 1W

8.49 Wikg £ 17.0 % (k=2)

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

condifion

SAR measured

250 mW imput powar

1.42 Wikg

SAR for nominal Body TSL paramaters

nomalized to 1W

5.60 Wikg = 16.5 % (k=2)

Certificate Mo: DVS0V3I-1014_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to fead point 5300+ 1.7
Relum Loss -27.8dB

Antenna Parameters with Body TSL

Impedancea, transtormed 1o feed point 810-1310
Astum Loss -36.0 dB

General Antenna Parameters and Design

| Blectrical Delay (one direction) | 1,036 ns

After long term usa with 100W radiated power, only a slight warming of the dipale near the feedpoint can be measurad,

The dipole is made of standard semirigid coaxial cable. The canter conducior of the feading line ks directly connected fo the
sacond arm of the dipote. The antenna |s therslom shor-circuited for DC-signals. On some of the dipoles, small end caps
ane added to the dipole ams in order 1o improve matching when loaded according to the position as explained in the
*Measuremeant Conditions” paragraph. The SAR dala are not atfected by this change, The overall dipole length is still
according to the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manufaciured on March 22, 2010
Certificate Mo: D750V3-1014_Jul15 Page 4 ol B
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DASYS Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipale 750 MHz: Type: D750V 3; Serial: D750V3 - SN: 1014

Communication System: ULD 0 - CW; Frequeney: 750 MHz

Medium parameters used: =750 MHz: o = 0.9 5/m; &= 42.5; p = 1000 kg/m )
Phantom section: Flat Section

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

DASYS52 Configuration:
«  Probe: ES3IDV3I - SN3205: ConvFi6.44, 6.44, 6.44); Calibrated: 30,12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08,2014
«  Phantom: Flat Phantom 4.9L; Type: QDOODP49AA; Serial: 1001

« DASYS2 52.8.8(1222); SEMCAD X 14.6.1(0(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan {7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 53.32 Vim; Power Drift =-0.00 dB

Peak SAR (extrapolated) = 205 Wikg

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

Maximum value of SAR (measured) = 2.40 Wikg

dB
1]
-2.00
-4,00
-6.00
-8.00
-10.00
0dB = 240 Wikeg = 3.830 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Dite: 23.07.2015

Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D7S0V3 - SN: 1014
Communication Systemn: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: £ =750 MHz: o= 0.98 S/m; & =355.1; p= 1000 kg/ow’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEENEC/ANSI C63.19-2011)
DASYS2 Configuration:
« Probe: ES3DV3 - SN3205:; ConvF(6.21, 6,21, 6.21); Calibrated: 30.12.2014;
s Sensor-Surfice: 3mm (Mechanical Surface Detection)
s Electronics; DAE4 Sn601; Calibrated: 18.08.2014

« Phantom: Flat Phantom 4.9L; Type: QDODOP49AA; Senal: 1001

« DASYS2528.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 52.42 Vim; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.15 Wikg

SAR(] g) = 2.16 Wikg; SAR(10 g} = 1.42 Wikg

Maximum value of SAR (measured) = 2.51 Wikg

dB
o
-2.00
-4.00
-6.00
-8.00
-10.00
0dB =2.51 Wikg=4.00 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accroditation No.: SCS 0108

Certificate No: DB35V2-441 Jani5

|CALIEHJ\TION CERTIFICATE
Object DB35V2 - SN 441
Calation procedura(s) QA CAL-05v8
Calibration procedure for dipole validation kits above 700 MHz
Calibration date: January 23, 2015

Calibration Equipmant used (MATE critical lor calibration)

This calibealion canifcals documants e traceability o national standards, which realize tha physical unils of measuremants (S1),
The measuraments and 1he uncertainties with confidence probability ane given on Ihe lollesing pages and ae pan of the carificate.
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Tiypa-M mismalch combination SN: 50472 § DEIET Q3-Apr-14 (No, 21T-01821) Ap-15
Aslarence Probe ES30V3 SH: 2205 A0-Dec-14 (Mo, ES3-3205_Dec14) Dec-15
DAE4 SH: 601 16-Aug-14 (Mo, DAES-B01_Aug 1) Kug-15
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Calibration Laboratory of

S Schweizerischer Kalibrierdienst
Schmid & Partner g Servies suisse détalonnage
Enginearing AG Servizio svizzero di taraturn
Zeughausstrasse 43, 80048 Zurich, Switzerland S SBwiss Calibration Service
Accrodited by the Swiss Accroditation Senvice (SA5) Accraditation No.: SCS 0108

The Swiss Accroditation Service is one of the signatories to the EA
Multilaternl Agreement for the recognition of calibration certificates

Glossary:

TEL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy.z
N/A not applicable or nat measured

Calibration is Performed According to the Following Standards:

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

b} IEC 62209-1, "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 & 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 cedificate 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 criented
parallel to the body axis.

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

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

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

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

DASY system configuration, as far as not given on page 1
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculalions were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 4.5 0.90 mho/m
Measured Head TSL parameters {220+ 02)"C d15+8% 0.93 mho/m = 6 %
Head TSL temperature change during test <05"'C = —
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Caondition
SAR measured 250 mW input power 2.38 Wikg
SAR for nominal Head TSL parametars normalized o 1W 9.21 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” {10 g) of Head TSL condition
SAR measured 250 mW input pawer 1.54 Wikg
SAR for nominal Head TSL parameaters nosmatized 1o 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 (220=02)"C 558+6% 1.01 mho/m 6%
Body TSL temperature change during test <0.5°C o —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measuned 250 mW input power 2.40 Wikg
SAA for nominal Body TSL parameters normalized 1o 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 nommalized to 1W 6.14 Wikg £ 16.5 % (k=2)
Certificate No; DB35V2-441_Jan15s Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impedance, transformed fo feed point 5ya-10i0
Return Loss - 34.0 dB

Antenna Parameters with Body TSL

Impedance, transformed to leed point 47.20-27i0

Return Loss -27.9dB

General Antenna Parameters and Design

| Electrical Delay {one direction) 1.369 ns J

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feeding line s directly connected 1o the
second arm of the dipole. The antenna is therefore shorn-circulted for DC-signals, On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching whean loaded according o 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.

Mo excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the
leadpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manulactured on March 08, 2001
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DASYS Validation Report for Head TSL
Date: 22.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DS35V2 - SN: 441
Communication System: UID 0 - CW; Frequency: 835 MHz )
Medium parameters used: [ = 835 MHz; o =0.93 5/m; &, =41.5; p = 1000 kg/m

Phantom section: Flat Section
Measurement Standard: DASY S (IEEEMEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: ES3IDV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
«  Sensor-Surface: 3Imm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Senial: 1001

« DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 56.43 ¥/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 3.49 W/kg

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

Maximum value of SAR (measured) = 2.76 Wikg

dB

]

-2.40

-4.80

-1.20

-9.60

-12.00

0dB =276 W.-’kg =441 dBWikg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 23.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB35V2; Serial: DE35V2 - SN: 441

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

Medium parameters used: f = 835 MHz; o = 1.01 5/m; & = 55.8; p = 1000 kgfm’
Phantom section: Flat Section

Measurement Standard: DASY'S (IEEE/IEC/ANSI C63.19-2011)

DASY 32 Confliguration:
« Probe: ES3DV3 - SN3205; ConvF(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: QDOO0P49AA; Serial: 1001

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

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

Reference Value = 34.59 Vim; Power Drifi = -(L02 dB

Peak SAR (extrapolated) = 3.53 W/ikg

SAR(1 g) = 2.4 Wikg: SAR(10 g) = 1L.57 Wikg

Maximum value of SAR (measured) = 2.80 W/kg

dB
1]
-2.40
-4.80
-1.20
-9.60
-12.00
0dB =280 W.I’kg =4.47 dBW/ikg
Certificate No: DB35V2-441_Jan15 Page 7 of 8
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of 165 of 201
KOREA

HCT-A-1509-F010 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTY

FCC ID: ZNFH650 Issue Date: 09. 21, 2015

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of A Schweizerischor Kalibrierdienst
Schmid & Partner s%’i . Service mm:‘«.mw

Engineering AG b C  servizio avizzero & taraturs
Zeughousstrasse 43, B0 Zurich, Switzerland ?{{mﬁw‘? S swiss Callbration Service
Accradiied by (he Swiss Accraditation Senvice (SAS) Accreditation Ne: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttllateral Agroamant for the recognition of calibration certificates
cient  HCT (Dymstec) Certificate Na: D1800V2-2d007_Feb15
CALIBRATION CERTIFICATE

T —

Otject D1800OVZ - SN: 2d007
Casbiration peocodure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits.above 700 MHz

Casbration date February 19, 2015

Thes cafibration cerificals docirments Me taceability 1o nalional standards., which reaiize the physical units of maasuramants [51)
The measursments and the uncertainties with confidance probability are given on ihe folowing pages and are part of the cerificats

Al casbrations have been conducted In the closad laborniory Tacility: emanonment tempembure (22 = 3)°C and humidty < T0%.

Casbration Equiprmant used (MATE critscal lor calibration)

Primary Standards |10 # Cal Dats [Cenificain No.) Sehaeduled Calibration

Pawer mater EPM-2424 GHITABOTOL O7-Oci-14 (Mo, 21T-02030) Oeat-15

Power sansor HP B4S1A | USaT2aeTEY O7-Oct-14 (Mo, 217-02020) Oct15

Powar sensor HP BAB1A 5w41nm11 O7-0ct-14 (Mo, 217-02021) Oct-15

Relerence 20 dB Attanuabor | SN: 5058 (20K) 0G-Apr-14 (Mo, 21T-01518) Apr-15

Type-M mismakch combinaton | SN: 50472 7 0BI27 O3-Ape-14 (Mo, 217-01821) Apr-15

Ralerenca Probe ES30VA i SN: 3205 30-Dac-14 (Mo, ES3-3205_Dec14) Dec-15

DAES | BN; 801 18-Aug-14 (Mo, DAE4-B0T_Augi4) Alsg15

Socondary Standurds [iD# Check Date (in house) Schedulod Chwck
AF ganemtor RAS SMT-06 100005 04-Aug-89 {in house check Cct-13) In housa check: Oct-16
Metwork Analyzer HP 8753E | US37380585 54206 18-0ai-01 (in house check Oct-14) In housa check: Oct-15

Mame Function ] fire

Calibrated by: Michael Webar Laborntory Technician %
Approved by Katjn Pokovic Technical Manager /ﬁw

|sswed; Februarny 20, 2015

This caloraiion ceriilicate shall not be reproduced except in full without written approewal of the laboratary,
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Calibration Laboratory of Faaur Schwaizerischer Kalibriordienst
Schmid & Partner %}E S Service sulsse d'#alonnage
Engineering AG T © Stk i o St
Zeughausstrasse 43, 8004 Zurich, Switzerland TN S Swiss Calibration Service
Accrodind by 1he Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories 1o the EA
Multilnteral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.2
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

¢} 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 cerificate. All figures stated in the cerfificate are valid at the frequency indicated.

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

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

s Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
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 syslem configuration, as far as nol given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Moduiar Fial Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequancy 1800 MHz = 1 MHz
Head TSL parameters
Tha following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha'm
Measured Head TSL parameters (22.0+02)"C 3T 26% 1.44 mho/m £ 6 %
Head TSL temperature change during test =0.5°C - e
SAR result with Head TSL
SAR averaged over 1 em” (1 g of Head TSL Condition
SAR measured 250 mW input power .82 Wikg
SAR for nominal Head TSL parameters narmalized o 1W 3B8.3 Wikg £ 17.0 % (k=2)
Sﬁﬂumnmdum‘lﬂl:m’ {10 g} of Head TSL condition
SAR measured 250 mW input power 5.12 Wikg
SAR for nominal Head TSL parameters normalized o 1W 20.2 Wikg = 16,5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were applied.
Temperature Parmittivity Conductivity
MNominal Body TSL parameters 22.0°C 533 1,52 mho/m
Measured Body TSL parameters (220202)"C 517 +6% 1.53 mho/m £ 6%
Body TSL temperature change during test <0.5°C — —
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.67 Wig
SAR for nominal Body TSL parameters narmalized to 1W 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g} of Body TSL condition
SAR measured 250 mW input power 5.10 Wikg
SAR for nominal Body TSL parameters normalized 1o 1V 20.3 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS0108)

Antenna Parameters with Head TSL

Impedance, ransformyed o teed point 47.301-6.9 K1
Retum Loss -22.4 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4394-71)0Q
Return Loss -20.0dB

General Antenna Parameters and Design

Elactrical Delay (one direction) | 1204 ns

Aftar long term use wilh 100W radiated power, only a slight warming ol the dipoie near the feadpaint can be measured.

The dipcle is made of standard semitighd coaxial cable. The center conducior of the feeding line is directly connected 1o the
sacond arm of the dipale, The antenna is therefore shor-gircuited for DC-signals. On some of the dipoles, small end caps
are addad 1o the dipele arms in order to improve matching when loaded according 1o the position as explained in the
“Measurement Conditions® paragraph, The SAR data are not affected by this change. The overall dipale length s still
scconding 1o the Standard,

Na excessive force must be applied 1o the dipole arms, bacause they might band or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 23, 2001
Cartificate No: D1800V2-2d007_Feb15 Page 4 of B
HCT CO,, LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of 170 of 20
KOREA of 201

HCT-A-1509-F010 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTY

FCC ID: ZNFH650 Issue Date: 09. 21, 2015

DASYS5 Validation Report for Head TSL
Date: 19.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI300V2; Serial: DIS00V2 - SN: 24007
Communication System: ULD 0 - CW; Frequency: 1800 MHz .
Medium parameters used: f= 1800 MHz; o= 144 S/m; & = 38.7. p = 1000 kg/m

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

DASYS52 Configuration:
+« Probe: ES3DV3 - SN3205: ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2014;
* Sensor-Surface: 3mm (Mechanical Surface Delection)
+ Electronics: DAE4 Sn601; Calibrated: |18.08.2014
«  Phantom: Flat Phantom 5.0 {(front); Type: QDODOPS0AA; Serial; 1001

« DASYS52 52.8.8(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 Yalue = 9545 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.2 Wikg

SAR(1 g) =9.82 Wikg; SAR(10 g) = 5.12 Wikg

Maximum value of SAR (measured) = 12.4 Wikg

-4.00
-8,00
-12.00

-16.00

20,00

0 dB = 12.4 Wikg = 10.93 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.02.2015
Test Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DIS00V2 - SN: 2d007

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

Medium parameters used: f= 1800 MHz; o= 1.53 S/fm; £, =517, p= 1000 kf:tfll'll
Phantom section: Flat Section

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

DASYS2 Configuration:
+« Probe: ES3DV3 - SN3205: ConvF(4.77, 4.77, 4.77); Calibrated: 30.12.2014:
» Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
»  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

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

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=53mm

Reference Value = 93.07 Vim; Power Drifi = (.01 dB

Peak SAR (extrapolated) = 16.9 Wikg

SAR(1 g) =9.67 W/kg; SAR(10 g) = 5.1 W/kg

Maximum value of SAR (measured) = 12.1 Wikg

dB
0
-3.80
-1.60
-11.40
-15.20
-19.00
0dB=12.1 W/kg = 10.83 dHWﬂ:g
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Impedance Measurement Plot for Body TSL
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HCT (Dymstec)

Accreditation Mo: SCS 0108

Cilent

Cortificate No: D1900V2-5d032_May15

CALIBRATION CERTIFICATE

Otiject D1900V2 - SN: 5d032

| Calibeation procedurs(s) QA CAL-05:v

Calibration procedure for dipole validation kits above 700 MHz

CaSration dale May 20, 2015

This calitrtion carificat documents fhe traceabilty 1o national standards, which reaies the physical unins of maasuremants (ST}
Tha measurements and the uncerainies with confidence probabilty are givan on the lollowing pages and an pan of the cenliicate.

All calitrations have been conducted in the closed laboratory facility. smdnnment tempanature (22 = 3°C and humidily < 70%.

Calibraion Equipment used (MATE critical Tor calibmton)

Primary Standards IDs Cal Dale (Canilicate No.} Seheduled Calibration

Piowar mator EPW-4424 GB3TA80704 O7-Oct-14 [MNo, 247-02020) Oct-15

Powar sonsar HP BAB1A | USarasarel 07-0ct-14 (Mo, 217020200 Oct-15

Powor senaar HP 84814 M4 100231T 07-0ci-14 (No. 317-02021) Det-15

Fefersnce 20 B Allenuaicd SM: SO58 (20k) 01 -Ape-15 (Mo, 217-02131) Mar-16

Type-M mismalch combination SN 5047 2 / 06327 Di-Ape-15 [No. 217-02134) Mar-16

Referance Probe ES30V3 M 3205 30-Dec-14 (Mo, ES3-3205_Decia) Doc-15

DAE4 SN 801 1B-Aug-14 (Ko, DAES-E01_Augid) Aug-15

Secondary Standands i0® Chock Date (in housa) Scheduled Check

AF genertor RAS SMT-06 100005 04 Aug-59 (in house check Oct-13) In house check: Oct-16

Matwork Anatyrar HF BTS3E US3rI00585 54208 18-0et-01 (in housa ohock Oct-14) In house check: Oc-15
Namis Function Signature

Calbeaied by: Linit Khymranit Labossion Techncian W ¢

Approved by Fidjn Pokevic Tachnical Mansger

P o

ssued: May 20, 2015

This calibration cerilicate shall not bo repreduced sxcegt in full without wiiflsn approval of the laboratary
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Zeughaussirasse 43, BI04 Zurich, Switzarisnd

5 Schweizerischer Kalibriendiens
Service suisss délalonnage

c Servizlo svizzoro di tarptura

S gwiss Calibration Service

Acorodied by the Swiss Acoreditation Service (SAS) Accreditation No.; SCS 0108
The Swiss Accredilation Service |s one of the signatories 1o the EA
Multilnteral Agreement for the recognition of callbration certificalzs

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.z
MNIA 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 Technigues”, June 2013

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

c) KDBE 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,

s 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 Retum Loss ensures low
reflected power. No uncertainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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 reporied uncertainty of measurement is stated as the standard unceriainty 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 systermn configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flai Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The foliowing parameters and ealculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 40.0 1.40 mha'm
Measured Head TSL parameters (220=02)"C 3Mo9+6% 1.37 mha/m = & %
Head TSL temperature change during test <05C e —
SAR result with Head TSL
SAR averaged over 1cm’ (1 g) of Head TSL Caondition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Haad TSL parametars normalized o 1W 41.1 Wikg = 17.0 % (k=2)
SAR averaged ever 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW inpul power 5.33 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 21.4 Wikg = 16.5 % (k=2)
Body TSL parameters
The fallowing parameters and calculations were applied.
Tamperature Permittivity Conductivity
Hominal Body TSL parameters 220°C 533 1.52 mha'm
Measured Body TSL parameters (220202 °C 52Tx6% 1.51 mha'm £ 6 %
Body TSL temperature change during test <05"C e s
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 nomingl Body TSL parametors narmalized 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 Wikg
SAR for nominal Body TSL parametors nomalized to 1W 21.7 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedanca, transfommed 1o feed paint |I 5130+ 52
Return Loss - 25.5dB

Antenna Parameters with Body TSL

Impedance, Iransformed to feed point ATA40+550
Reaturn Loss -242dB

General Antenna Parameters and Design

Electrical Dalay (one diraction) 1.195 na

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

The dipole is made of standard semirigid coaxial cable. The center conductor of tha feeding line |s directly connected to the
sgcond arm of the dipols, The antenna is therefore short-circuited for DC-signals. On somea of the dipoles, small end caps
are added 1o the dipole ams in order 1o improve matching when loaded according to the position as explained in tha
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according 1o the Standard,

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

Additional EUT Data

Manutactured by SPEAG
Manuiactured on March 17, 2003
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DASYS Validation Report for Head TSL
Date: 20,05.2015
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2; Serial: D1900Y2 - SN: 54032
Communication System: ULD 0 - CW; Frequency: 1900 MHz .
Medium parameters used: = 1900 MHz: = 1.37 S/m; &= 38.9; p= 1000 kg/m”

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

DASYS2 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(5, 5, 5}, Calibrated: 30.12.2014;
« Sensor-Surface: Imm {Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014

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

DASYS52 52.8.8(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/m; Power Drifi = 0.04 dB

Peak SAR (extrapolated) = 18.6 Wikg

SARI(I g) = 10.2 Wikg; SAR(10 g) = 5.33 Wikg

Maximum value of SAR (measured) = 12.7 Wikg

dB
1]
-3.60
-1.20
-10.80
-14.40
-18.00
QdB= 12T Whg=11.04 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 20005.2015

Test Labaratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 54032
Communication System: UID 0 - CW: Frequency: 1900 MHz )
Medium parameters used: { = 1900 MHz: o = 1.51 S/m; g = 52.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)
DASYS2 Configuration:

« Probe: ES3DV3 - SN3205; ConvF(4.65, 4,63, 4.65); Colibrated: 30.12.2014;

»  Sensor-Surface: 3Imm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 18.08.2014

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

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

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

Reference Value = 96.54 Vim; Power Driflt = 0,01 dB

Peak SAR (extropolated) = 17.3 Wikg

SAR(1 g)=10.2 Wikg; SAR(10 g) = 541 Wikg

Maximum value of SAR (measured) = 12.8 Wikg

dB

o

-3.80

-71.60

-11.40

-15.20

-19.00

0dB =128 Wikg= 1107 dBW/ikg
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Impedance Measurement Plot for Body TSL

28 May 2019 11343347
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢} KDB 865664, “SAR Measurement Requirements for 100 MHz to & 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 delay between the SMA connector and the antenna feed paint.
Mo uncerainty required.

s«  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
connectar,

« 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 o a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Exirapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head T5L parameters 220%C 3.2 1.80 mho/m
Measured Head TSL parametors (22.0=0.2) *C TO:E% 1.84 mho/fm + 6 %
Head TSL temperature change during test =05%C e e
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Canditian
SAR measured 250 mW input power 13.6 Wikg
SAA for nominal Head TSL parametars normalized to 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em? (10 g) of Head TSL condition
SAR measured 250 mW inpul power 6.32 Wikg
SAR for nominal Head TSL paramalers nomaiized (o 1W 25.0 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameaters and calculations were applied.
Temperature Parmittivity Conductivity
Hominal Body TSL parameters 220°C s2.7 1.85 mho/m
Measured Body TSL parameters (220x02)"C 50.7 = 6% 2.03 mho/m £ 6 %
Body TSL temperature change during lest < (.5°C - —_—
SAR result with Body TSL
SAR averaged over 1 em? (1 g) of Body TSL Condition
SAR measurad 250 mW input power 13.4 Wikg

SAR lor nominal Body TSL parameiors

nomalized 10 1W

52.1 Wikg = 17.0 % (k=2)

SAR averaged over 10 em? (10 g) of Body TSL

condition

SAR measured

250 mW input power

6.20 Wikg

SAR for nominal Body TSL paramaters

nomalized to 1W

24.4 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed paint B4z +440
Return Loss - 246 dB

Antenna Parameters with Body TSL

Impedance, transformed o leed point 5140+6.1)0
Raturm Loss -242 dB

General Antenna Parameters and Design

Elecirical Delay (one direciion) | 1.160 ns

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

The dipale s made of standard semirigid coaxial cable, The center conductor of the feeding line is direclly connected to the
second arm of the dipole. The antenna is thersfore shor-circuiled for DC-signats, On some of the dipoles. small end caps
are added to the dipole arms in order to improve matching when loaded according 1o the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipale langlh is st
according to the Standard,

Mo excessive force must be applied 1o the dipole amms, 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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DASYS Validation Report for Head TSL

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

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

Medium parameters used: f = 2450 MHz; o = 1.84 8/m; £ = 37.9; p= 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuration:
«  Probe: ES3DV3 - 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; Serial: 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 0:
Measurement grid: dx=5mm, dy=5mm, dz=3mm

Reference Value = 101.4 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.0 Wikg

SAR(1 p) = 13.6 Wikg; SAR(10 g) = 6.32 Wikg

Maximum value of SAR (measured) = 17.7 Wikg

dB
0
-4.80
-9.60
-14.40
-19.20
-24.00
0dB=17.7Wikg = 12.48 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 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 0 - CW; Frequency: 2450 MHz

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

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

DASYS2 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(4.32, 4,32, 4.32); Calibrated: 30.12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDO0OPS0AA; Serial: 1002

« DASYS252.8.8(1222); SEMCAD X 14.6.10{7331})

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

Reference Value = 96.12 V/my; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(1 g) = 13.4 Wikg; SAR(10 g) = 6.2 Wikg

Maximum value of SAR (measured) = 17.7 Wikg

0dB = 17.7 W/kg = 12.48 dBW/kg
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iImpedance Measurement Plot for Body TSL
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Schmid & Partner %% Servico sulsse détalonnage
Engineering AG 2 3 Bervizio svizzoro di tarstura
Ermy
Zeughaussirasse 43, B0 Turich, Switzerland af,u:_ rr;". 2 Swiss Calibration Service
Accraditd by the Swiss Accrotiiation Sarvice (SAS) Accreditation He.: SCS 0108
The Swiss Accreditation Service is one of the signatorios o the EA
Multilateral Agreemen for the recognition of calibration certificatea
Cllent HCT (Dymstec) Certificate Ho: D2600V2-1015_Mari5
Objoct D2e00V2 - SN: 1015
Calibration procodua|s) QA CAL-05v9
Calibration procedure for dipole validation kits above 700 MHz
Cabbrmtion dals: March 25, 2015
This calitvation ceriificais documants the tmosabdity to national standands. which realize the physical units of measurements (31}
Tha wrnanin and fha unoar with conisance probabidly ara ghven on the follcwing pages and an pan of the cedificate,
All calibrations have been conductod i ihe cosed sbomtory facility: emvionmant lemparatum (22 = 3°C and humidity < 7%
Calibration Equipmen used (MATE crtical for calibration)
Primary Standards ICr # Cal Dabe {Cenfizale No.) Scheduled Calbratian
Povear mater EPM=4424 GEITABOTTY O7-Oct-14 (Mo, 21 7-02020) Oci-15
Pownd senaor HP B481A LIS3THRTEY OT-0ca-14 (Mo 217-02020 Oci-15
Powor sensor HF BAE1A | MY 41002317 OF-0ct-14 (Mo 217-024021) Ooi-15
Aelsmnce 20 dB ARenuntor SM: BOSE (20k) 03-Ape-14 (No. 217-01918) Ape-15
Type-N mismaich combinaton GN; 5047 2 [ DEI2T 03-Ape-14 (Mo 217-01821) Ape-15
Ralmrence Probe ES30V3 SN 3205 Ao-Dec-14 (No. ES3-3205_Deci4) Dpc-15
DAES SN 601 1B-Aug-14 (No. DAEL-801_Augid) Aug-15
Secohdary Standamds o & Cheack Dt [in hosisay Schedulad Chck
AF genermior RAS SMT-06 100005 04 Aug-i (in house check Ocl-13) In house chack: Oct-16
atwork Analyzer HP 8753E USITAROEAE S48 18-0ci-01 (in house chack Oct-14) In house eheck: Ocl-15
Narna Funciion Shraiung
Cakbrated by Joton Kastrall Labomiory Tll:fl'-ql-ﬂ_ _
Approved by: Kaljy Pokovic Tachnical Manags: M
|ssaisdt March 25, 2015
Thin calibration coerificabe atall nol be roproduced excepl in hull withou! writhisn appeowal of the lsbombory.
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Engineering AG e Servizio svizzern di taratura
Zeughaussirasse 43, BO04 Zurich, Switzoriand 'ﬁ:,,_ﬁ,pﬁ S gwiss Colibration Service
Accredied by the Swiss Accredilation Senvica (SAS) Accreditation Mot SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agresmant for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy,z
MIA, not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE 5td 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”®, June 2013

b) |EC 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 Bequirements for 100 MHz to 6 GHz"

Additional Documentation:
d} DASY4/s 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,

* [eed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance staled is transformed from the
measurement al the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncartainty required.

s FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncerainty 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 35%.

HCT CO., LTD.
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Measurement Conditions
DASY systemn configuration, as lar as nof given on page 1.
DASY Version DASYS VE2BE8
Extrapolation Advanced Extrapolation
Phantom Modular Flai Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The lollowing pasameters and calculations were applied.
Temperature Permittivity Conductivity
Neminal Head TSL parameters 220'C 39.0 1.98 mhao/m
Measured Head TSL parameters (220202 °C 372+6% 2.00 mho/m = 6 %
Head T5L temperature change during test =05"C — -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Cordition
SAR measured 250 mW input power 14.4 Wikg
SAR for nominal Head TSL parameters nomalized fo 1W 56.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g} of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg
SAR for nominal Head TSL paramelers nomalized 1o 1W 25.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following paramaters and calcudations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 525 2.16 mho/m
Measured Body TSL parameters (22.0 20.2)"C 50.3+6% 2.20 mhoim £ 6 %
Body TSL temperature change during test =05°C -
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW input power 14,1 Wikg
SAR for nominal Body TSL parametars normalized to 1W 55.4 Wikg = 17.0 3% (k=2)
SAR averaged over 10 em® (10 gj of Body TSL condition
SAR maeasured 250 mW input power B.27 Wikg
SAR for nominal Bedy TSL paramaters narmalized to 1W 24.8 Wikg = 16.5 % (k=2)
HCT CcO,, LTD.
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed pont 50064 -21 0
Raturn Loss -33.5dB

Antenna Parameters with Body TSL

Impedancs, transfommed to feed point 4660 -18i0
Hetum Loss - 27.8 d8

General Antenna Parameters and Design

Electrical Delay (one direction) ]_ 1.150 ns

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

Thea dipabe is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 1o the
second arm of the dipole. The antenna is therofose short-circulled for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in ordar to imprave matching whan loaded according o the position as axplaned in tha
*Measurement Conditions® parmagraph, The SAR dala are not affected by this change. The overall dipole langlh is still
according 1o the Standard.

No excessive force mus! be applied 10 the dipole arms, bacausa thay mighl bend or the soldersd connaclions near tha
feadpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG
Manufactured on October 30, 2007
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of 194 of 201
KOREA

HCT-A-1509-F010 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTY

FCC ID: ZNFH650 Issue Date: 09. 21, 2015

DASYS Validation Report for Head TSL

Date: 20,03.2015
Test Laboratory: SPEAG. Zunch, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

Communication System: UID 00 - CW; Frequency: 2600 MHz

Medium parameters used: [ = 2600 MHz; a=2 5/m; . =37.2; p = 1000 icy’::n1
Phantom section: Flat Section

Measurement Standard: DASYS ([EEEAEC/ANS] C63.19-2011)

DASY 52 Configuration:
« Probe: ES3DVI - SN3205; ConvFi4.49, 4.49, 4.49); Calibrated: 30.12.2014;
« Sensor-Surface; Imm {Mechanmical Surface Detection)
« Electronics: DAES Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Tyvpe: QDOOOPS0AA; Serial: 1001
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 102.2 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 g) = 14.4 W/kg: SAR(10 g) = 6.4 Wikg

Maximum value of SAR (measured) = 18.9 Wikg

"
|
e
10.4m
L%
o=
R
0dB = 189 W!kg = 1276 -JBW.n'Icg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 25.03.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600Y2; Serial: D2600V2 - SN: 1015
Communication System: UID 0 - CW; Frequency: 2600 MHz :
Medium parameters used: = 2600 MHz: o = 2.2 S/m; g, = 50.3; p = 1000 kg/m"
Phantom section: Flat Section
Measurement Standard: DASYS (IEEETEC/ANSI C63.19-2011)
DASY52 Configuration:

+ Probe: ES3DV3 - SN3205; ConvF(4.13, 4.13, 4.13); Calibrated: 30.12.2014;

+ Sensor-Surfuce: 3mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 18.08.2014

« Phantom: Flat Phantom 5.0 (back); Type: QDO00PS0AA; Serial: 1002

o DASYS2 52.8.8(1222); SEMCAD X 14.6.10{7331)

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

Reference Value = 96.03 Vim: Power Drift = (L03 dB

Peak SAR (extrapolated) = 29.2 W/kg

SARI(L g) = 14.1 W/ke: SAR(10 g) = 6.27 W/ikg

Maximum vitlue of SAR (measured) = 15.6 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

0 dB = 18.6 Wikg = 12.70 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 2450-2700 5200 - 5800
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 - - - R - - 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

HCT CO,, LTD.
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Attachment 6. — SAR SYSTEM VALIDATION

Per FCC KCB 865664 DO02v01r01, 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

Probe

EES Calibration | Dipole Date

Type Measured Measured Probe | Probe | MOD. | Duty

ol Permittivity Conductivity S Linearitylsotropy, Type |Factor AR
9 | 3968 EX3DV4 |Head | 750 | 1014 | 2015.6.29 42.3 0.91 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 ET3DV6 |Head | 750 | 1014 | 2015.5.11 421 0.9 PASS | PASS | PASS | N/A | N/A | N/A
9 | 3968 EX3DV4 |Head | 835 | 441 2015.6.29 41.4 0.9 PASS | PASS | PASS [GMSK|PASS| N/A
9 | 3968 EX3DV4 | Body | 835 | 441 2015.7.01 55.1 0.98 PASS | PASS | PASS [GMSK|PASS| N/A
2 1609 [ET3DV6 | Head |1800| 2d007 | 2015.3.2 40.2 1.41 PASS | PASS | PASS |GMSK|PASS | N/A
9 | 3968 EX3DV4 | Body |1800| 2d007 | 2015.7.01 53.1 1.5 PASS | PASS | PASS |GMSK|PASS | N/A
2 1609 [ET3DV6 | Head |1800| 2d007 | 2015.3.2 40.2 1.41 PASS | PASS | PASS | N/A | N/A | N/A
9 | 3968 EX3DV4 | Body |1800| 2d007 | 2015.7.01 53.1 1.5 PASS | PASS | PASS | N/A | N/A | N/A
2 1609 [ET3DV6 | Head |{1900| 5d032 | 2015.05.28 40.1 1.39 PASS | PASS | PASS |GMSK|PASS | N/A
9 | 3968 EX3DV4 | Body |1900| 5d032 | 2015.7.01 52.8 1.53 PASS | PASS | PASS |GMSK|PASS | N/A
3 | 3797 EX3DV4 | Head |2450| 743 | 2015.06.2 38.5 1.81 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 EX3DV4 | Body |2450| 743 |2015.06.03 53.5 1.92 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Head |2600| 1015 | 2015.3.24 38.8 1.97 PASS | PASS | PASS | N/A | N/A | N/A
3 | 3797 |EX3DV4| Body |2600| 1015 | 2015.3.24 52.9 213 PASS | PASS | PASS | N/A | N/A | N/A

SAR System Validation Summary 1g

Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table above
represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r03. 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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