APPENDIX C: PROBE CALIBRATION

© 2014 PCTEST Engineering Laboratory, Inc.



Calibration Laboratory of S,
Schmid & Partner

S Schweizerischer Kalibrierdienat

e . . V-
A LS Service suisse d'étalonnage
Engmeering AG 1,[?@—‘,_:\. < C garvirio sutzrars diaratara
Zeughausstrasse 43, 3004 Zurich, Switzerland ":.;: F:\\:':\:“ S  Swiss Calibration Service
‘ gl let )
Accradited by the Swiss Accraditatlon Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service 13 one of the signateries to the EA
Muitilateral Agreement for ihe recognilion of calibratton certificetes

Client PC Test Cerliticate No: D750V3-1003_.Jani4

[CALIBRATION CERTIFICATE

Ohject D750V3 - SN: 1003

Calibration procudureis) QA CAL-05.49
Calibration procedure for dipole validation kits above 700 MHz

&G ;«f

et

Calibiation dule: January 20, 2014

Thiz calbraticn certifivate documants he fracealility lo nulional slandards, which sealize Ihe physical units of measurermenls (3.
The measuraments and tha uncadainias with nonfidanca polbabifity are glven on e (ollowing pages @nd are part of the certificale.

All culibrations have baen canducted in ihe cloged laboratory facility: snviranmant lamparaliiia (22 + 3)°C and Rumidity < /0%,

Calibratlon Equipment usod (MATE critical for calibration)

Primary Standards 1D # Cal Date {Cartilicala Na.y Behadulad Calibratian
Powar meler CPM-4428 GDA7480704 09-0ct-13 (No, 217-01827) Oct-14
Power sensm HP B483A 4537292783 08-Oct- 13 No. 2i7.01027) Oci- 14
Powar sensor HP BABIA MYA1002317 08-Cct-13 (No. 217-01828) Cet-14
Rcforence 20 dB Atlenuator SN 5058 (20K} M-Apr-13 {No. 217-01738) Anr-14
Type-N mismateh conbination SN: 5047 .3/ 08327 O -Apr- 13 {No. 217-01738) Apr-td
Ra&taranca Praba £E330VA SN 3205 20-Dac-13 (Mo, ES3-3206_Uac 3) [wec-14
DAE4 SN: 601 25-Apr-13 {No. DAE4-501 Azr1d) Apr-14
Secondary Slandards D¢ Chaek Data (In houlgs) e Schedulad Chank
AF generaior H&S SMT-06 100005 4 -Aurg-99 (in hause check Ocl-13) i1 house chieck: Cel-18
MNetwork Analyzar HP B753F LIS37300585 54206 18-0Cet-01 gn housa check Ock-13) In houss check: Ocl-14
Mame Function Signature
Calibrated by: tsian El-Maoug Laboratory Techmician
e E0Krnrag
T e
Approved by ¥atja Pokavic Tachnleal Manager £, F ﬂﬁi"f'
{}'-"" i i

lasuad: January 21, 2014

This caltbration nenificala shall no! he rapraducad axcept In full without wrilten approval of the laboratory.

Coarificata No: D750M3-1003_Jan 14 Faga | i H

Pc’[ 4 50200




Calibration Laboratory of P,
Schmid & Partner

T :E
Engineering AG m

Zeughausstrasse 483, 8004 Zuyich, Switzerland

:“‘:x\w_/’/'?, S Schweizarischer Kallbrlerdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

—‘: g
NN S Swiss Calibratlon Servica

NS
’/"‘"u | u\“\\

L
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Glossary:

TSL tissue simulating fiquid

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

Calibration is Performed According to the Following Standards:
a) |IEEE Std 1528-2013, “|IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held

devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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 otiented
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 Defay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Cerlificate No: D750V3-1003_Jan14 Page 2 of 8




Measurement Conditions

NASY systermn configuration, as far as not given on page 1.

DASY Version

DASYS

V52.8.7

Extrapolation

Advanced Extrapolation

Phantom

Modular Flat Phamtom

Distance Dipole Cenler - TSL

15 11wm

wilh Spizcer

Zoam Scan Reaalution

dx, dy, dz =5 mm

Frequency

TH0MHz £ 1 MHz

Head TSL parameters

The following paramaiers and calculations wers applied.

Temperatuie Permittivity Conductivily
Nominal Head TSL parameters 22.0°C 11.9 0.89 mho/m
Measured Head TSL parametets {22.0+£025°C 408 £ 6 % 0.92 mho/m £ 6 %
Head TSL temperaturs change during test <05 °C - e
SAR result with Head TSL
SAR averaged over 1em’ (1 g) of Head TSL Condition
SAR measurad 250 mW inpul power 2.16 Wikg

SAR for neminal Head TSL parameters

normadized o TwW

8,37 Wikg £ 17.0 % (k=2}

SAR averaged over 10 e’ (10 g} of Head TSL

sondition

540 measured

250 mW input powsr

1.40 W/kg

SAR for nominal Head TSL pararmeters

normalized to 1W

5.46 Wikg + 16.5 % (k=2)

Body TSL parameters

The foliowing parametess and catculations were applied.

Temperalure Fermittivity Conduyctivity

Nominal Bordy TSL parameters 22.0"0 55.5 (.96 mho/m

Measured Body TSL parameters (220 £02)°C 540+G% 090 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 Coandition

SAR measurad 250 mW input power 2.24 Wlkg

SAIY tor nominal Dody TSL parameters normalized lo 1W 8.77 Wikg = 17.0 % (k=2)

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

SAR measured 250 mVW input powsr 1 47 Witky

SAR lor nominal Bedy TSL parameters normialized to 1W 5.78 W/kg + 16.5 % (k=2)

Certifivate No; D750V3-1003_Jani4
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Appendix

Antenna Parameters with Head TSL

Impedance, transformead o feed point 547 Q-0.2(0

Return Loss -27.0dB

Antenna Parameters with Body TSL

Impedance, transformad to feed point 495 (2 - 280
Return Loss -31.4dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.043 ns

After long term use with 100W radiated power, only a slight wanming of the dipele near the faedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding Ene is directly connected to the
second arm of the dipole. The antenna is therefore shorl-circuited for DC-signals. On some of the dipoles, smali end caps
arse added o the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard,

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

Additional EUT Data

Manufactured by SPEAG
Manutfactured on January 21, 2009

Certificate No: D750V3-1003 Jani4 Page4oi8




DASYS Validation Report for Head TSL

Daie: 20.01.2014
Test Laboralory: SPEAG, Zurich, Switzerland
DUT; Dipole 750 MHz; Type: D750V3; Serial;: D750V3 - SN: 1003

Communication System: UTD 0 - CW, Frequency: 750 MHz.

Medium parameters used: f = 750 MHz; a = 0.92 S/in; ¢, = 40.8; p = 1000 kg:’m3
Phantom section: Flat Section

Measurement Standard; DASY 5 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:

e Probc: ES3DV3 - SN3205; ConvE{(6.37, 6,37, 6.37); Calibrated: 30,12,2013;

Sensor-Surface: 3num {(Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 25,04,2013

Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001

DASYS52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cubc¢ 0:
Mecasurcment grid: d<=5mun, dy=5mm, dz=51mm

Reference Valuc = 53,711 ¥/m; Power Dritt = 0.02 dB

Peak SAR (extrapolated) = 3.27 W/kg

SAR({1 g) =2.16 W/kg; SAR(10 g) = 1.4 W/kg

Maximum value of SAR (imeasured) = 2,51 W/kg

0 dB =2.5! W/kg =4.00 dBW/kg

Cenlificate No: D750V3-1003_Jani4 Page 508




Impedance Measurement Plot for Head TSL

20 Jan 20L4  A6:3E1EE
CHT 510 1 4 % 1546784 -156.25 ma L3581 oF 7E0.800 080 Mz

DOe 1

Ca

v \"1 - \\ . ;

16 , . a—

;
L

Hld

CH2 §34  LDG

;5 di RIEF' -28 e 126,992 d0 FTSB.E?(!B B MH =
: i i : : : :

H i
H . . -

+
JORUPY N

e L S
' I i i i ; : i i

STHRT =Sa.@es adawH=z T STOR 950.0UE UMY MHz

JRo-—

Centificate No: D750VY3-1003_Jan14 Fage 6 ol 8




DASYS Validation Report for Body TSL

Dute: 20.01.2014
Test 1. aboratory: SPEAG, Zurich, Switzerland
DUT: Dipnle 750 MHz; Type: D750V 3; Serial: D750V 3 - SN: 1003

Communicution Systerm: U 0 CW,; Trequency: 750 MHz

Medium parameters used: [ =750 MHz; ¢ = 0.98 §/m; ¢, = 54; p = 1000 kg/m’
Phantom scetion: Flat Scelion

Measurement Standard; DASY3S (IEEE/IEC/ANSI C63.19-2007)

DASY 52 Configuration:

Probe: ER3DVE - SNEA205; ConvH(6.13, 6,13, 6.13); Calibsated: 30,12,2013;

+ Sensor Surface: 3mm (Mechanical Surfoce Detection)
« Blectronics: DAE4 Sn601; Calibrated: 25.04.2013
» Phantom; Flat Phantom 4.9L1; Type: QDOO0OP49AA; Serial: 1001

« DASYS2528.7(1137); SEBMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissuc/T'in=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube {:
Measurement grid: dx=5nun, dy=5mum, dz=5mm

Reference Valuc = 53.082 V/m; Pawer Dritt = .03 dH

Peak SAR (extrapolated} = 3.31 Wrkg

SAR(1 ) = 2.24 W/kg; SAR(10 g) = 1.47 Wkg

Maximum value of SAR (measored) = 2.58 W/kp

2.40

RN

1200

0

JdB —2.58 Wik =4.1

Genlificale No: D7ROVA1003_)ani4 Page 7 of 8




Impadance Measurement Plot for Body TSL
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Cenificate No: D835V2-4d119_Apri4 Page 2 of 8




Measurement Conditions
DASY system confliguration, as tar gs not g

ivon on page 1.

DASY Version DASYS v528.7
Extrapolation Advanced Extrapolation

Phantom Modular Fial Phantorm

Distance Dipole Center - TSL 15 rmm with Spacar

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

B35 MHz + 1 MHz

Head TSL parameters

The follewing paramaters and calculations wers applied.

Temperature Permittivity Conductivity
Naminal Head TSL parameters 220G 41.5 0.90 mho/m
Measured Head TSL paramaters (P20 +0.2)°C 4166 % 0.94 mho/m + G %
Head TSL temperature change during test 206"C u
SAR result with Head TSL
SAR averaged aver 1 em” (1 g} of Head TSL Condition
EAR measured 250 mW input power .36 W/kg

SAR for ngmingl Head TSL parameters

normalized to 1W

9.22 Wikg +17.0 % (k=2)

SAR averaged over 10 cm® (10 g of Head TSL

condition

SAR measurad

250 mW input power

1.53 Wikg

SAR for nominal Head TSL parameters

nermalized to 1W

5.97 W/ka = 16.5 % (k=2)

Body TSL parameters
The following parametors and calculations

were applied.

Temperature Permittivity Conductivity
Naminal Body TSL parametars 20.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (2r.0+02)°C 53.6+6% 1.02 mho/fm £ € %
Body T5L temperature change during test <05"C
SAR result with Body TSL
SAR averagad over 1 cm? {1 g) of Body TSL Condlition
SAR measured 250 mW input power 2.44 Wikq

SAR for nominal Body TSL parameters

normalized 10 1W

9.34 W/kg £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Bady T5L

condilion

S5AR measured

250 mW input power

1.59 Wikg

SAR for neminal Bady TSL parameters

normalized to 1W

B.15 W/Kg 16,5 % (k=2)

Cerlificate No: DB3sV2-4d119_Apri4
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.2Q-16jQ

Return Loss -34.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.3Q-45jQ

Return Loss -24.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.386 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on June 29, 2010

Genlificate No: D835V2-4d119_Apri4 Page 4 of 8
















Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 44, 8004 Zurich, Switzerland

[ Schweizeriecher Kalibrlardienst
Setvice suigse d'étalonnage

c Seyvizin rvizrrero di taratura

S swiss Calibration Setvics

Accradilad by the Swiss Accredilaiion Service (SAE) Accraditation No.: SC3 108
The Swiss Accradiation Service (s one of the signatories lo the EA

Multiloternl Agecement for khe recagnition of calibration certificates

CHant PC Test Certificate No: D835V2-4d132_Julid

CALIBRATION CERTIFICATE

Object D835V2 - SN 4d132

QA CAL-05.v9
Calibration procedure for dipale validation kits above 700 MHz

Calibration procedura(s)

Calitrotion date:

July 10, 2014

\/ ‘l” \')\
G

This nalibration cortificale documents the traceahbiflity to natiaral stendards, which ralize the physicat units of measurements (51).
Thn measurements and tha uneertaintios with confidence probability are given on the fallowing payes and are parl of the carificata.

Al crlibrations have been sonducted in the closed laboratory taciliy: environment lemperatute (22 + 3)°C and humidity < 70%.

Calibration Tauipmend used (METE gritical (or calibration)

FRafarenca 20 dR Atlenustor
Typc N micmateh combination

SN; EDBA (20K}
SN 5047.2 / 06327

Primary Standards N ¥ Cal Date (Uortificale Mo.}

Power meler EPM-d4424 (837480704 09-Oct-13 {No. 217-01027)
Powoer sensor HP B481A US37292783 09-00%-13 {No. 217-01827)
Powiar sensor HP B4BTA My¥410D2317 09-0ct-13 (No. 21/-01828)

03-Apr-14 {No. 217-01218)
03-Apr-14 {No. 21701821}

Calibralad by:

Approved by:

Moelwork Anulyzer HP §/b3E

LISA7380585 54206

MNama
Michael Wabor

Kudja Pokovic

Refsrence Probe ES3DVD SH. 8205 A0-Dac-13 {No. £53-3208_Dect3)
DAE4 Shy. g0t a0-Apr-14 {Mp, DAC4-501 Apri4)
Secondary Standuards 10 # Chack Uale {in houga)

RF genarator R&S SMT-06 108005 (4-Aug-89 {in hause check Oot-10}

18-0ct-01 {in housa chack Oet-13)

Funclionh
| ahinratary Tachnician

l'echnical Managor

Schaduled Celtaralion

Ocl 14
Cot-14
Cot-14
Apr-15
Apr-15
Dec- | 4
Api-15

) Schedulad Check

This calibration cestilicate stall nof be teprodtucad axcapt in tull vathoul wiitten approval of the laboratnry.

Cenificate No; D835V2-4d132 Jul14

In house check: Oct-16
In housa check: Oct-14

Signature
10 .
i hebscss

et T e
e e

T
W T A e

lesuad: July 11, 2014

Page 10t 8




Calibration Laboratory of S,

\\\3__// %, S Schweizerischer Kallbriardienst
H ol )
Schmid & Partner _il* \_-—J//J;: c Service guisse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland "44/,-?‘\‘:&“ S Swiss Calibration Service
’flrlu\ 3
Accreditod by the Swiss Accredltation Service (SAS) Accreditation No.: SCS 108

The Swiss Acereditation Service ie ona of the signataries to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

o 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 resuli.

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

Certificate Mo: D835V2-4d132_Jul14 Page 2 of 8




Measurement Conditions

DASY systern configusatlon, as far as not given on pags 1.

DASY Version DASYS V5208
Extrapolation Advanced Extrapolation
Phantom Modular Flal Phantom
Distance Dipole Centar - TSL 15 mm with Spacer
Zoom Scan Hé;'.olutlc.;ﬁ dx, dy, dz =5 mm
_Frequency A5 MH7 + 1 MHz
Head TSL parameters
The following parameters and ealoulations were applisd.
Temperature Parmittivity Conductivity
Meminal Head TSL parameters 22..0 "C | 41.3 0.90 mhoin
Measured Head TSL parameters {22.040.2)"°C MHAiz6% 0,84 mhodm + 8 %
Head TSL termperature change during test | =205 - —uan
SAR result with Head TSL
SAR averaged over 1 cm® {1 g} of Hcad TSL Condition
SAR measured 250 mWw input powar 2.40 Wiy

SAH for neminal Hoad TSL parametsrs

normalized (o 1W

.97 Wikg = 17.0 % (k=2)

SAR svaraged over 10 cm’ {10 g) of Head T5L

condition

SAR measured

250 mW input power

1.55 Wiky

SAR for nominal Head TSL parametess

normalized 1 TW

6.03 Wrkg = 16.5 % (k=2)

Body TSL parameters

The following parameters and caloulations wers applied.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 862 0.97 mno/m
IMeesured Body TSL paramelers {(22.0+02)°C 53.8+6% 1.02 mho/m & 6 %
Body TSL temperature change during test < D5°C -—--
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Bady TSL Condition
SAR measured 250 mWY inpul powetr 260 W/kg

SAR for nominal Aody TSL paramelers

normatized o TW

9.58 Wikg x 17.0 % (k=2)

SAR averaged over 10 cm® (10 g} of Bady TSL

condition

SAR moasurcd

250 mW input power

1.63 Wikg

SAR for nominal Bedy TSL parameters

normafized to W

6.30 W/kg = 1E.5 % (k=2)

Carlificate Mo: D8324V2-43132_Jul14
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL

Impedanca, transformed to feed point

52.0 Q- 1.6 <2

Return Loss -31.9dB
Antenna Parameters with Body TSL

Impedance, transformed to feed paint 47.7 €2 -3.4 i}

Return Loss -27.5dB
General Antenna Parameters and Design

Elactrical Delay {one direction) 1.386 ns

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

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

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 22, 2011

Cenificate No: D835V2-4d132 Juli4
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DASY5 Validation Report for Head TSL

Date: 10.07.2014

Test Labaratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d132

Commubnication System: UID 0 - CW, Frequency: 835 MHz

Medium parameters used: = 835 MHz; ¢ = 0.94 §/m; £, = 41.1; p = 1000 kg/m®
Phantom section: Flal Scction

Measurement Standard; DASYS (ITREF/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvE(6.22, 6,22, 6.22); Calibrated: 30.12.2013,
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.04.2014

Phantom: Flat Phantom 4.9L; ‘Uype: QDOOOP49AA; Serial: 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)/Cubc 0:
Measurement grid: dx=3mm, dy=5mm, dz=5mm

Reference Value = 56.43 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.62 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 1.55 W/kg

Maximum valuc of SAR (measured) = 2.83 W/kg

-2.40

i -7.20

i 9.50

12.00 -

0dB =2.83 W/kg =4.52 dBW/k

Certificate No: D835V2-4d132_Jull4 Page 50 8




impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 06.07.2014

Test Laboratory: SPLAG, Zurich, Switzorland
IUIT: Dipele 835 MHz; Type: D835V2; Scrinl: IP835V2 - SN: 44132

Cotnnunication System: UTD (0 - CW; Trequency: 835 MBz

Medium parameters used; = 835 Mliz; o = 102 Sfy; 5, = 53.8, p = 1000 kg}m
Phantom section: Flat Section

Measurement Standard: DASY 3 (IEEE/ABEC/ANSEC03.18-204 1)

DASY 52 Configuralion:
o Twohc: ES3DV3 - SN3205; ConvE(6.09, 6.09, §,09); Calibratcd; 30.12.2013;

s  Scnsar-Surface: 3mm {(Mechanical Surface Detection)

L]

Electronics; DAE4 Sns0 1, Calibrated: 30.04.2014

Pliantom: Flat Phantoin 4.9L; Type: QDOOOP49AA; Scrial; 1001

« DASYS52 52 8801222y SEMCAD X 14.6.10(7331)

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

Reference Yalue = 53.33 Vim; Power Dirift = 0.00 B

Peak SAR (cxtrapolated) = 3.72 Wikg

SAR(1 g) = 2.5 Wikg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (mecasured} = 2.91 W/kg

0 dB =291 Wrkg = 4.64 dBW/Kg

Certificatc No. DBIAVZ-4¢132_1ul4 FPage 7 ol B8




Impedance Measurement Plat far Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughausstrasse 43, 6004 Zurlch, Svrifzesiand

Accredited by the Swiss Accredilation Sevice {SAS)
The Swiss Accreditation Servics Is one of the signatorfes to the EA
Multllateral Agraement for the recegnition of calibralion certificates

Giient PC Test

Schweizerischer Kadibrierdienst
Service suisse d'élalonnage
Servizia avizzere di taratura
Swigs Calitwation Service

foccreditation No.: SCS 108

Certificate No: D1765V2-1008_May14

CALIBRATION CERTIFICATE

Objact D1765V2 - SN: 1008

Callbration procadurals)

Callbration dats:

QA CAL-05.v4

Calibration procedure for dipole validation kifs above 700 MHz

May 07, 2014

Calthration Equlpment nsad {MATE critical §or calibrathon)

This calibration coilicate documents the traceability to national stanaards, which realize the phyeical units of measuwramants (51}
The measuremants and the uncertainlies with cenfidence probability are given on the following pages and ore part of 1ho cortilicato.

All calibrations have been condicted in the closed laboratory Facility: environment tempesature {22 + 3)°C and humidity < 70%.
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Calibration Laboratory of AN,

i SN g Schweizerischer Kalibrierdienst
Schmid & Partner il}“‘\-‘—“"/ ;——-/MEE?: C Service suisse d'éalonnage
Engineering AG 2;//;‘\'—“‘*3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Swiltzerland ’-',‘,,ﬁ\g-‘” S  Swiss Calibration Service
LTI T
Aceredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

¢} KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: D1765V2-1008 May14 Page 2 of B




Measurement Conditions
ALY systemn contiquration, as far as not given on page 1.

DASY Version NASYS V5288
Extrapolatian Advanced Extrapalation
Phantom Madular Flat Phantom
Diatance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Aesolution dx, dy, dz =5 mm
Frequency 1750 MHz + 1 MHz
Head TSL paramcters
The following parameters and caiculations were applied.
Temperaiure Permiltivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 [.37 mha/m
Measured Head TSL parameters [22.0 0.2} °C V0x6% 1.36 mhod/m = 6 %
Head TSL temperature change during test = 0.5°C =
SAR result with Head TSL
SAR averagad over 1 em® {1 g) of Head TSL Condition
SAR measured 250 mW input power 9.23 Wiy
SAR for nominal Head TSL parameters normalized to 1W 38.9 W/kg = 17.0 % {k=2)
SAR averaged over 10 ¢m® {10 g) of Head TSL condition
EAR measured 250 mYY input power 4.87 Wikg
SAR for nominal Head TSL parameters normalized to 1W 19,5 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 514 1.49 mho/m
Measured Body TSL parameters (220 0.2)°C 522x6% 1.48 mhofm + € %
Boady TSL temperature change during teat «05°C -
SAR result with Body TSL
SAR averaged over 1 ecm® (1 g) of Bady TSL Condition
5AR measured 250 myy input power 8.41 Wikg
SAR for nominal Body TSL paramelers normalized to 1W 37.6 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 W input power 5.02 Whg
SAR for nominal Body TSL parameters normalized to 1W 201 Wikg = 16.5 % (k=2}

Cerificate No: D17685V2-1008_Mayi4 Pags 3 al &




Appendix

Antenna Parameters with Head TSL

Impedance, fransformed to feed point 47.702-6.100
Return Loss -236dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 43.7 £} - 6.4 j
Return Loss -20.4dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.211 ne

After long term use with T00W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipele is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore sheri-circuited for DC-signals. On some of the dipoles, smalt end caps
are added to the dipola arms in order o improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on Qctober 06, 2005

Cerificate No: D1768V2-1008_May14 Page 4 of 8




DASYS Validation Report for Head TSL

Date: 7052014
Test Laboratory: SPEAG, Zurich, Swilzerland
DL Dipoie 1765 MHz; Type: D1765V2; Serial: DI765V2 - SN: 1008

Communication System: U 0 - CW; Frequency: 1750 MHe
Medium paramcters used: f = 1750 MHz; o = 1.36 8/m; = = 39; p = 1000 kg/m®
Phanlom saction: Tlat Section
Measuremnen! Standard: DASYS (IECIVTECYANST CR3, 19-2007)
DASYS52 Conliguration:
+  Probe: ES3DV3 - SN3205; ConvF(5.23, 5.23, 5.23): Calibrated: 30.12,2013;
o Nensor-Surface: Inmun (Mechanical Surface Detection)
» Elcctronics: DAE4 Sp601: Calibrated: 30.04.2014
» Phantom: Flat Phantom 5.0 (front); Type: QDO0OPS0AA; Serial: 1001

» DASYS2 528 8(1222); SEMCAD X 14.6.10(7331)

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

Relerence Value = 96,00 Vin; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 16,7 W/ikp

SAR(1 g) = 9.23 W/kg; SAR(10 g) = 4.87 W/kg

Maximun: value of SAR {measured) = 1.7 Wikg

0dB = 11.7 W/kg = 10.68 dBW/kp

Garfiticate No: D1760V2-1000 Mayid Page 5of0




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

Date: 07.05.2014
Test Laboratory, SPEAG, Zurich, Switzerland
DT: Dipole 1765 MILz; Type: D1765V2; Serial: D1765V2 « SN: 1008

Communication System: ULD 0 - CW; Frequcncy: (750 MITx.

Medium parameters used: f = 1750 MHz; o = L.48 8/m; &, = 52.2; p = 1000 kg/m®
Phantom section: IFlat Section

Mcasurernient Standard: DASYS (JEEE/IEC/ANST CG3.19-2007)

DASYS52 Conliguration:
+ Probe: ES3IDV] - SN3205; ConvE(4.89, 4.89, 4.89); Calibrated: 30.12.2013;
+ Scnsor-Suorface: 3mum (Mechanical Surlace Delection)
» Electronics: DAEA Sn601,; Calibrated: 30.04.2014
+«  Pbanton: Flat Phantom 5.0 (back); T'ype; QDOOURPSOAA: Scrial: 1002

DASYSZ 52.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=25( mW, d=10mm/Zoom Scan (7x7x7)/Cube (:
Mcasurement grid: dx=5mm, dy=5nm, dz=5mm

Reterence Valie = 93.01 V/m; Power Drift = 0.00 dB

Peak SAIL (extrapolated) = 16.3 W/ke

SAR(1 g) = 9.41 Wikg: SAR(10 g) = 5.02 W/kg

Maxitum viduc of SAR (measured) = [ £.8 Wikg

-4 0

i 12.00

Y -15.00

-720.0n

0 dB - 118 Wik - 10,72 dBW/kg

Cenificate No: D1/765V2-10U8_ Mayt4 Paga fof B




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'élalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditalion Service {SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "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:

o Measurement Conditions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

o [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.

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

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

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

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the

nominal SAR result.

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

Certificate No: D1900v2-5d141_Apri4 Page 2 0of 8




Measurement Conditions
DASY syslam configuration, as far ag not

ivan oh paga 1.

DASY Version DASYS V52.8.7
Extrapolation Advancad Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mim with Spacer

Zoom Scan Resolutlon

dx, dy,dz =5 mm

Freguency

1300 MHz + 1 MHz

Head TSL parameters

The following paramelars and calculations ware applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 400 1.40 mho/im
Maasured Head TSL parameters {22.0£02)°C 391 26 % 1.36 mho/m + 6 %
Head TSL temperature change during test = 05°C --
SAR result with Head TSL
SAR averaged aver 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.91 W/kg

SAR for pominal Haad T3L parameaters

normalizad o 1W

40.1 Wikg £ 17.0 % (k=2)

SAR averaged aver 10 cm® (10 g) of Head TSL

condition

SAR measured

250 mYY inpul power

5.17 Wikg

SAR lor nominal Head TSL paramelers

normalized to 1WY

20.8 W/kg = 16.5 % (K=2)

Body TSL parameters

The following parameters and calcutations ware applied.

Temperature Permittivity Conductivity
Mominal Body T5L parameters 22.0°C 53.3 1.52 mhe/m
Measured Body TSL paramaters (22.0£0.2)"C 246 % 1.52 mho/im x 6 %
Body T5L temperature change during test < 0.57°C
SAR result with Body TSL
SAR averaged over 1 cm? (1 g) of Body TSL Condition

SAR measurad

250 mW input powaer

10.2 Wikg

SAR for nominal Body TSL parameters

hormalized to 1W

40.6 Wikg £ 17.0 % (k=2)

SAR averaged aver 10 cm® (10 g) of Bady T5L

condition

SAR meazured

250 mW inpul power

5.41 Wikg

SAR for nominal Body TSL parameters

nomalized to 1W

21.6 W/kg # 16.5 % (k=2)

Carlificate No: D1900V2-5d141 Aprid
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5280 +5.5j|Q

Return Loss -245dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.8 Q +6.3iQ

Return Loss -23.7dB

General Antenna Parameters and Design

Electrical Pelay (one direction) 1.199 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on March 11, 2011

Certificate No: D1900V2-5d141_Apri4 Page 4 of 8















Calibration Laboratory of
Schmid & Partner
Engineering AG

Teoghauvssirasse 43, 8004 Zwich, Swilzeriand

g Schwelzerfscher Kallbrierdfenst

C Bervice suissc d'ctalonnage
Servizio svizzera i taratura

S Swigs Callbrallon Servica

acrraditad by the Swiss Ancradltalion Sarvics (SAS) Accreditation Na.: SC5 108
The Swigs Accreditation Service is ane of the signatories to the EA
Multilateral Agreement for the recagnition of calibration cerlificates

Cliont PC Test Cortificate No: D1900V2-5d148_Feb14
CALIBRATION CERTIFICATE

Ghbicct D1900V2 - SN: 5148 wf
o
LN
i
Calibration procedure(s) QA GAL-05.v9

Calibration procedure for dipole validation kiis above 700 MHz

Calibration date: February 27, 2014

| hig calibralien certiicale documents the traceability to national standards, winch seahza the physical units of mansuromants (S1).
The maastremants and the unceraintes with confidance probability ace given on the following pages and ere pad af the cerdificate.

All calibrations bave basn conductud inihy closed Paborabory lscitily: ervironmeend feropemduee {22 £ 39°C and humidity < 70%.

Calioration Equipmant used (MATF erilical for califiraiion)

Prirnary Slandards 1D # Cal Uate {Cenlifivule No) Scheduled Calibuation

Power moicr EPM-4424 GB37480704 09-01-13 {Meo, 317-01B27} Qct-11

Power sensor HI B4B1A US37292783 09-Tt-13 (Ne. 217-01827) Oct-14

Power sencor HP B4B14 MY 1082317 DReOcte £3 (Mo, 217.01828) Ool-14

Referenge 20 9B Atlenuatar SN BOSS [20k) 04-Apr-13 {No. 217-01736) Apr-14

Typa-N mismatch combinafion SN c047.3 /7 06327 04-Apr-13 {No, 217-01739) Agr-14

Reference Probe ES3Mv3 . 1 5H: 3205 an-Dac-13 {Nu. ES3-3205_Dec13) De-14

DAE4 SN: 501 25-Apr-13 (Mo, DATA-G0T_Apris) Apr-14

Secondary Standards D# Check Dule (in house) Scheduled Check

[F ganerator R&S SMT-08 100005 04-Aug-00 {in housc chack Ocl-13) In heuss check: Oot-i6

Network Analyrer HE 8753E USR73906506 54206 18-Chet-01 (in house chievk Gel-13) In house check: Cei-14
Mame Functlan Signature
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Accredited by the Swiss Accradliatlon Service {SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are vaiid 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 fiat phantomn section, with the arms oriented
paraliel to the body axis.

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

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

» S5AR measured: SAR measured at the stated antenna input power.

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

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

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

Certificate No: D1900V2-5d148_Feb14 Page 2 of 8




Measurement Conditions
DABSY system configuration, as tar as not given on page 1.

DASY Version DASYS V52.8.7
Extrapolalion Advanced Extrapolation
Phantom Modular Flat F“i:llamom
Distance Dipole Center - TSL {O mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
l Frequency 1800 MHz + | MHz
Head TSL parameters
The followingy paramstars and calculatichs were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22,0 £ 0.2) *C 380:6% | 1.95mho/m =6 %
Head T5L temperaiure change during test <05°C
SAR result with Head TSL
SAR avefﬁged over 1 o’ {1 4) of Head TSL Condition

SAR mezsured

260 MW input power

10.2 Wrkg

SAR fur nominal Head TSL paramsters

normalized to 1W

40,7 Wikg  17.0 % (k=2)

SAR averaged over 10 em® {10 g) of Head TSL

condition

SAR maasured

250 mW input powear

5.51 Wrkg

SAR fot nominal Hoad TSL parameters

noemalized to W

21.2 Wikg = 16.5 % (k=2)

Body TSL parameters

The tollowing parameters and calcutations were appliec.

Parmlttivity

Temperature Conductivity
Nominal Body TSL parameters 22.0°C 53.% 1.52 mho/m
Measured Body TSL parameters {(220x+02)°C 528£8% 1.43 mhofrm + 6 %
Body TSL temperature change during test <05 -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAHR measured 760 m¥ inptt power 5.72 W/kyg

BAH far nominel Bedy TSL paramaters

normalized to W

39.3 Wikg + 17.0 % (k=2)

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

condltion

S5AR rmeasured

250 mW input power

5.15 Wikg

SAR far neminal Body T3L parameters

ononnalised lo 1W

20.7 Wikg = 16.5 % (k=2)

Certilicate No: D¥900V2-6d148_Febid
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 525Q+5.5iQ
Return Loss -24.6 dB

Antenna Parameters with Body TSL

Impedance, transformed 10 feed point 48.082 + 6.7 jQ

Return Loss -23.0d8

General Antenna Parameters and Design

Electrical Delay {one direction) 1.197 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the teeding line is ditecily connected to the
second arm of the dipole. The antenna is therefore short-circuited fos DC-signals. On some of the dipotes, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manutactured on ' March 11, 2011

Certificate No: D900V2-5d148_Febi4 Page 4 of 8




DASYS5 validation Repart for Head TSL

Date: 27.02.2014
lest Laboratory, SPEAG, Zurich, Switzerland
DUIT: Dipole 1900 Mllz; Type: DI200V2; Serial; D1900V2 - SN: 5d148

Communication System: UID 0 - CW; [requency: 1900 MHz

Medium parameters used: f = [900 MITz; o« 1.39 S/ny; g, = 38.9; p = 1000 k/m'
Phattom section: Flat Section

Measurement Standard: DASY5 ([EEE/IEC/ANST C63.19-2007)

DASYS5?2 Conliguration:
» Probe: ES3DVI - SN3205; ConvE(5.006, 5.06, 5.06); Calibrated: 30.12.2013:;
» Scnsor-Surface: Imm (Mechanical Surface Detectivn)
« Electronics: DAE4 Sn601; Calihraterd: 25,04, 20 3
«  Phaniomm; Flat Phantom 5.0 (front); Type: QDOUNPSDAA; Serial: 100
« DIASYS252.8.7(1137) SEMCAD X 14.6.40(7164)

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

Reference Valuc = 98.796 V/m; Power Drift — 0.02 dB

Peak SAR (extrapolated) = 18,9 Wikg

SAR(L g) =10.2 Wikg; SAR(10 g) = 5.31 Wiky

Maximumn vatuc of SAR (measured) = 12,8 W/kg

B -15.00

-20.00

0dB =128 Wikg=11.07 dDW/kg

Certificats No: D1800V2-54148 Fobi4 Page 5 of 8




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

Datc: 27,02.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUL; Dipole 1900 MHz; Type: D1900V2; Serial: D1900Y2 - SN: 54148

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

Medium parameters used: f— 1900 MH7; 0 = 1,49 §/ur; ¢, = 52.8; p= 1000 kgf1113
Phuntom section: Flat Scction

Meusurement Standard: DASY S (IRELY/IEC/ANST C63.19-20073

DASYS52 Confipuration:

Probe: ES3DV3 - SN3205; ConvF(1,76, 4.76, 4.76}; Calibrated: 30.12.2013;
sensor-Sutface: 3mm {Mechanical Surlace Detection}

Electronics: DAE4 SnaD 1 Calibrated: 25.04.2013

Phantom: Flal Phuntom 5.0 (back); Type: QDOOOPSOAA: Serial: 1002

DASYS52 52,8 7(1137); SEMCAD X (4.6.10¢(7164)

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

Refercnce Value = 94.520 V/n; Power Drill = -0.02 dB

Peak SAR (cxirapolated) = [7.0 Wikg

SAR(1 g) = 9.73 Wrkg; SAR(10 g) = 5.15 Wike

Maximum value of SAR (mcasured) = 12.2 Wik

- 2.00

N -16.00

-20.00

0dB = 12.2 W/kg = 10.86 (BWrkp

Cartificale No: U1800V2-6d148 Fcbi4 Mage 7 ol B




Impedance Measurement Plot for Body TSL
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Callbratlon Laboratory of Sy,
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Aocredited by the Swiss Accraditation Sorvice (SAS) Accroditation No.: SCS 108

The Swias Accreditation Service ia one of the signatories to the CA
Multl ateral Agresment for tha recognition af callbration certificates

client  PC Teat Certificate No: D2450V2-797_Jani4
|CALIBRATION CERTIFICATE I
Objact D2450V2 - SN: 797
Catlbration pracadurels) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: January 21, 2014
ol o

Ao

This calibralion certfficale documants the raceability lo nalional slandards, which realize the physical units ol measuremensts (S5,
The measurements and the uncertainties with confidence probabilily are given on the following panes and are part of the ceniflcata.

All ealiorations hawve besn conducied in tha cloged laboratory tacllity: enviranmont tamparattira (22 4 3°C and humidity «< 70%.

Calibralion equipmenl wsed (MY | E critical [o1 celibration)

Frimary Sfandards D # Cal Date {Cattificate Ma.) Schedulad Cadibration

Fower meter CP-4424 GB3T480704 09-0ct-13 {Nao. 217-01827) Cc-14

Fower gensor HF 84814 US37202703 09-0ct-13 {No, 217-01A27) Cek1d

Fower gengor HF 84814 MY41082317 09-0ct-93 {No. 217-01823) =14

Refarence 20 dB Attenuator SN; 5058 (20k) C4-Apr-13 {No. 217-01736) Apr-14

Type-N mismatch camblnation SN: 5047 .3 ) 06327 Od-Apr- 13 {No. 217-01739) Apr-14

Rcfereree Probe ES30VE SN: 3206 20-Dog-13 (Mo, ES3-3306. DaclE) D14

DAE4 SN 60 25-Apr-13 {No, DAE4-601 Aprid) Apr-14

Socondary Stondards 1o Chech Dale fin houge) ~ Schadular Chack

RAFE genaralar RAS SMT-06 14000s {4=Aug-539 {in house chack Qcl-13) Im house check: Ocl-16

Networl Analyzer HP £753E US37390685 S4205  16-001-01 {In house check Ocl-$3) In house check: Oul-14
Mame Funchon Signature

Calbratad by: Israe El-Maouy Labovatory Tachiician

Aoproved by Kalja Pokovie Technical Manager "‘r’/’;-z g

Issued: Jamsary 21, 2014

I his ealibration codificate shall not e roproducod axeepl in Ul without written approval of the labaratory.
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Calibration Laboratory of SN Schweizerischer Kalibrierdienst

. NS
) £
Schmid & Partner i ——— = Service suisse d'étalonnage
Engineering AG 2;//;\’_“‘\\‘3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland e f/—,—‘\‘\\‘\* Swiss Callbration Service
"*fnlu\\‘\
Accredited by the Swiss Accraditalion Service {SAS) Accreditatlon No,; SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE Sid 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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

+ Antenna Parameters with TSL: The dipole is mounted with the spacer o 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 tiquid 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.

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

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

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

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

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

Certificate No: D2450YV2-797_Jan14 Page 2of 8




Measurement Conditions

DASY systermn configuration, as far as not given on page 1.

DASY Version DASY5S vb2.8.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters {22.0x0.2)°C 387+86% 1.86 mho/m £ 6 %

Head TSL temperature change during test <0.5°C
SAR result with Head TSL

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

SAR measured 250 mW input power 13.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

51.8 Wikg + 17.0 % (k=2)

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

condition

5AR measured

250 mW input power

6.13 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

24.3 Wikg = 18.5 % (k=2)

Body TSL parameters

The following parameters and calculations wete applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 62.7 1.95 mho/m
Measured Body TSL parameters (22.0£0.2)°C 513x6% 2.04 mho/m+6 %
Boady TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® {1 g} of Body TSL Condition

SAR measured

250 mW input power

12.7 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

49.4 W/kg = 17.0 % (k=2)

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

S5AR measured

250 mwW input power

5.86 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

23.1 Wikg 1 16.5 % (k=2)

Certificate No: D2450V2-797_Jan14
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Appendix

Antenna Parameters with Head TSL

Impedanca, transtormed to feed point B3.5Q+32iC
Heturn Loss - 26.7 dB

Antenna Parameters with Body TSL

Impedance, transtormed to feed point 5000 +49j8
Return Loss - 26.2dB

General Antenna Parameters and Design

Elactrical Delay {one direction) 1.151 ns

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

The dipole is made of standard semirigid coaxiat cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited 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 to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overail dipole length is still
according ta the Standard.

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

Additional EUT Data

Manufactured by SPEAG

Manufactured on January 24, 2006

Certificatc No:; D2450V2-797_Jan14 Page 4 of 8




DASYS5 Validation Report for Head TSL

Dale: 21.01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN;: 797

Communication System: UM 0 - CW; Trequency: 2450 MHz

Medinm paramcters uscd: £= 2450 MI[z; o = 1.86 5hm; & = 318.7; p = 1000 kg/m®
FPhantom section: Flat Scction

Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)

DASY52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;
e Sensor-Surfaces: 3mm {Mechanical Surface Detection)
« FElectronics: DAE4 Sn601; Calibrated: 25.04.2013
s Phantony: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
» DASY52528.7(1137), SEMCAD X 14,6,10(7164)

Dipole Calibration lor Head Tissue/Pin=25¢ mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz~5mm

Reforence Vatlue = 99,151 V/m; Power Drift = 0.05 JdB

I'eak SAR (cxtrapolated) = 27.5 Wikg

SAR(1 g) =13.2 Wikg; SAR(10 g) = 6.13 W/kg

Mauximum value of SAR (measured) = 16.9 Wikg

& -a.6n
Y- 14.4n

W -19.20

-2

0dB = 16.9 Wikg = 12.28 dBW/kg

Canifieate No: D2450V2-797 Jan14 Pagc Dot B




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

Date: 21.01.2014
‘Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipote 2450 Ml lz; T'ypes D2450V2; Serial: D2450V2 - SN: 797

Communication System: UTD O - CW; Frequency: 2450 MHz

Medium purameters used: f = 2450 MH7; o = 2,04 S/t €, = 51.3; p = 1000 kpfin”
Phantom section: Flat Section

Measurement Stanclard: DASYS (TEEE/IEC/ANSI C63.19-2007)

DASYSZ Configuration:
o Probe: ES3DV3 - SN3205; ConvEF(4.35, 4 35, 4 35); Calibrated: 30.12.2013;
« Sensor-Swface: 3imm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: T'lat Phantom 5.0 (back}; Type: QIDOOOPS0AA; Serial; 1002

+ DASYS2528.7(L137); SEMCAD X 14.6.10(7104)

ipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/( ube 0:
Measwrement grid: dx=5nmn, dy=5nun, dz=5mm

Reference Valne = 43.709 V/m: Power Drift = 0.01 JdB

I'eak SAR (cxtrapolated) = 26.4 Wikg

SAR(I gy = 12,7 W/iky; SAR{10 g) = 5.86 W/kg

Maximum vatue of SAR {ineasured) = 16.8 Wrkg

-a,f)
1.50
k14,40

1900

-24.08 By
0dB =168 W/kg = [2.25 dBW/kg

Carlificate No: D2450V2-797_Jan14 Page 7 of 8




Impedance Measuremant Plot for Body TSL
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Swisa Galibration Service

Accreditation No: SCS 108

Accredited by the Swisa Accreditation Service (SAS}
The Swiss Accreditation Service is ane of the signataries to the EA
Muitilateral Agreement for the recognition of galibration certiticates

cllent PC Test Certlficate No: DEGHZV2-1057_Jani4

CALIBRATION CERTIFICATE I

Objact DEGHzZV2 - SN: 1057

Catibration procadure(s)

QA CAL-22.y2
Calibration procedure for dipole validation kits between 3-6 GHz

Catibration date;

January 27, 2014

ce/

i

I

This calibration certificate documents the fraceabifity o rational standards, which maliza the physical units of measurements (31).
The measuresnents and Ine uncenainties with confldence probability are given on the following pages and are par of the certificale.

All calibrations have been canducled inthe closed laboratory facity, anvironment temperature {22 + 3)°C and humidity < 70%.

Calibrafion Equipmenl used (METL crificat tar calibration)

Callbrated by:

Approved by

Is1ae El-faoug

Kelin PoKoVig

Frimaory Standacds 101 Cal Bato {Conlificats No.) __ Schaduted Calibration

Poawer meter FPM-447A GR37T4A0704 0%-0ct-13 {No. 217-01627) Ocl-14

Fower sonsor HP 84814 US37202783 09-Oct-13 {No, 217-01827) Qct-14

Power senaor HP 84814 M¥410022{7 09 Ot 13 (No, 247 01B28) Ocl-14

RAnfarance =0 dB Allenuaior Sz 5058 (20k) 04-Apr-13 (Mo. 217-01736) Apr-14

Typo-N mismarch combination Sh; B0d 7.5/ 06a%Y 04-Apr-13 {No. 217-01738) Apre 14

Reference Prabe EX20YA SN 3505 40 Doc 13 {Mo. EXZ3-3503 Dectd} Ooa-14

DAED SN: 604 Z25-Apr-13 (No. DAE4-G01_Apr1d) Api-14

Socondary Slundards IcH Check Date {in hiousc) Schaduiad Chack

RF generatar R&S SMT-06 00006 04-Aug-89 {n hotlse check Odl-13) In house check: Oct-16

Matwork Analyzer HP &/3E US37300585 S4206 18-0c1-01 (in house eheck Oal-13) In house check: Oot-14
Mame Funchon Sigrature

Labosulory Techiician

Technival Manager

This calibration cesilivaly shal nod be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of S,

. DAL S Schwelzarischer Kallbrierdienst
Schmid & Partner ﬁ@% c Service suisse d'étalonnage
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Accrediled by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one af the signataries to the EA
Multilaterat Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld

b)

and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure o determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

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

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

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

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

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

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

DASY system configuration, as far as not

iven on pags 1.

DASY Version

DASYS

Va2.B8.7

Extrapolation

Advanced Extrapolation

Phanicm

Modular Fiat Phantom V5.0

Oistance Dipote Center - TSI,

Zoom Scan Resolution

10 mm

with Spacer

gx, dr=4,0mm, dz = 1.4 mm

Graded Retio = 1.4 (£ direction)

Frequency

5200 MHz £ 1 MHz
5300 MHz + 1 MH.
5500 MHz =+ 1 MHz
£600 MHz £ 1 MHz

5800 Mz + 1 MH~

Head TSL parameters at 5200 MHz

The following parameters and caiculations were applied.

Temperature Permitiivity Conductivity
Nominal Head TSl parameters 22.0°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0+0.2)°C 3B.0L6% 4.45 mho/m 2 B 4%
Head TSL temperature change during test <05 -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cin® (1 g) of Head TSL Condition

SAR measured

100 mW input power

7.85 Wiy

SAR for nominal Head TSL paramaters

normalized to 1V

78.0 Wy = 19.9 % {k=2)

SAR everaged ovar 10 cm® {10 g} of Haad TSL

condition

SAR maasured

100 mW input power

2,25 Wikg

SAR for nominal Head TSL paramatars

normalized to 1¥V

22.3 Wikg + 19.5 % {k=2)
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Head TSL parameters at 5300 MHz

The [ullowing paramelers and cafculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 364 4,76 mhadm
Weasured Head TSL parameters {(z2.0=02)°C MY +6E% 4,54 mho/m = 6 %
Head TSL tempsrature change during test < 0.5 °C ---
SAR result with Head TSL at 5300 MHz
S5AR averaged over 1 em® {1 g) of Head TSL Condition
8AR mae_z_g_r_ad 100 mW input power 8.36 W/kg

SAR far nominal Head TSL parametars

normalized 1o tW

83.0 W/ kg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g} of Head TSL

condilion

SAR measured

100 mW input power

2.40 Wikg

SAH tar nominal Head TSL parameters

normalized 1o 1W

23.8 Wikg =195 % (k=2)

Hoad TSL parameters at 5500 MHz

The following parameters and calculations wera apphied.

Temperalure Permiltivity Conductivity
Nominal Head TSL parameters 22.0°CG 35.8 4.96 mho/m
Measurad Head TSL parameters (220£02)°C IME6x0% 4.74 mho/m + B8 %
Head TSL temperature change during test c0.5°C
SAH result with Head TSL at 5500 MHz
SAR everaged over 3 om® (1 g) of Head TSL Condition
SAR measurad 108 mW input power 8.50 Wrkg

SAR for nominal Head TSL parameters

notmalized 1o 1W

84.3 Wk =12.9 % (k=2)

SAR averaged over 10 cm® {10 g} of Head TSL

conditian

SAR measurad

100 mW input power

SAR for neminal Head TSL parameters

2.12 Wikg

normalized to 1W

24,0 Wikg = 15.5 % {k=2)
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Head TSL parameters at 5600 MHz

Tha following parameters and caloulations wera applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0 70 Ja.8 5.07 mho/m
Measured Head TSL parameters (22,0 L0.2)°C 345 L 8% 4,86 mho/m 26 %
Head YSL temperature change during Lest < .5YC —-
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em® {1 g) of Head TSL Condition
38N measured TA0 MW mput power 0.42 W/ky
5AR for nominal Head TSL parameters normalized o 1W 83.5 Vilkg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR meagured 100 mW input power 2.40 Wrky

5AR for nominal Head T5L parameters

normalized to W

23.8 Wikg + 19.5 % {k=2}

Head TSL parameters at 5800 MHz

Tha following parametsre and calculations wete applied.

Temperature Permittivity Conductivity
Ncminal Head TSL parameters 22.0°C 35.3 £.27 mho/m
Measured Head TSL parameters (22.0£02)°C M12+6% 5.07 mho/m + 8 %
Head TSL temperature changs during test =056°C — -
SAR resuit with Head TSL at 5800 MHz
SAR averaged over 1 ¢m’ {1 g) of Head TSL Candition
S8R measured 100 mW input power 8.00 Wrkg

SAR for nominal Head TSL parametors

nomalized 1o W

79.3 Wikg = 19.9 % (k=2)

SAR averaged over 10 ¢cm® (10 g) of Head TSL

condifion

S5AH measurad

100 mW input power

2.28 Wikg

SAH or nominal Head TSL parameters

normalized to 1W

22.6 Wikg = 18.5 % (k=2)

Cenriificate Mo: DEGH2VZ-1957 Jani

Pags 5ot |6




Body TSL parameters at 5200 MHz

1 he following paramcters and saloutations wore applicd.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 2205 48.0 5,30 mhofm
Measured Body TSL parameters (22.000.2)°C 47326% G.44 mhefm 6 %
Body TSL temperature change during tost < 0.6"C ---- -
SAR result with Body TSL. at 5200 MHz
SAR averaged over 1 em® {1 g) of Bady TSL Condilion
SAH measured 100 mW input power 7.58 Wkyg
SAR for nominal Body TSL parameters normalized to 1W 75.3 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAH maasuren 100 MWW input pawsr 212 Wikyg

SAR for nominal Body T5L paramelers

normalizad o 1W

21.0 W/kg = 19.5 % {k=2)

Body TSL parameters at 5300 MHz

The following paramsters and caloulations wara applied.

Temperature Permittivity Conductivity
Mominal Bady TSL parameters 220°C 48.4 5,42 mho/m
NMeasurcd Baody TSL parameters (22.0+£02)°C AT2+26% 5.57 mho/m + 6 %
Body TSL temperature change during test < 0.6°C o .-
SAR rvesult with Body TSL at 5300 MHz
SAH averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 100 mW input power 7.79 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

TT.4 Wikg = 16.9 % (k=2)

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

condition

S5AH measured

100 mVV input powar

217 Wikg

SAR kor nominal Body TSL parameters

normalized to 1YY

21.5 Wikg £ 19.5 % {k=2)
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Body TSL parameters at 5500 MHz

The following parameters and caleulations were applicd.

Temperature Fermittivity Conductivity
Mominal Body TSL parameters 220 °C 40.6 : 5.65 mho/m
Measured Body TSL parameters 22.0x202)°C 46.8 L86% 5.84 mho/m £ 6%
Body TSL temperature change during test < 0.5%C e -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
2AR measured 160 mW inpul power 7.96 Wikg

8AR for nominal Body TSL parameters

rormalized to W

79.1 Wikg +19.9 % (k=2)

SAR measured

SAR averaged over 10 om (10 g) of Body TSL

condition

100 mW input powar

222 Wiy

SAR for nominal Body TSL parameters

nermalized to 1W

22.0 Wikg = 18.5 % (k=2)

Body TSL parameters at 5600 MHz

The following paramstees and celeulstions wene applied,

Temperature Parmittivity Conduetivily
Nominal Bady TSL parameotars 220°C 48.5 5.77 mho/m
Measured Body TSL paramaters (220x02)°C 4866 % 5.98 mho/m + 6 %
Body TSL temperature change during test <05 -—-
SAR result with Body TSL at 5600 MHz
SAR averaget over 1 em® (1 g) of Body TSL Condition
SAR measured 100 mW inpul puwsi B.07 Wikg

SAR for nominal Body TSL parameters

normalized to W

B0.2 Wkg = 18.8 % {k=2}

SAHR averaged over 10 em® {10 g) of Body TSL

condition

SAH measured

100 mW input power

224 Wikg

SAR for nominal Body THL parametere

normalized to 1W

222 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and caleulations were applied.

Temperature Pormittivity Conductivity
Mominal Body TSL parameters 220G 4i8.2 £.00 mho/m
Measured Body TSL perameters (220+0.2~C 16.3+6% E23 mhofm €%
Body TSL temperature change during test <058 °"C
SAR result with Body TSL at 5800 MHz
SAR averaged over t cm® {1 g} of Bady TSL Conditicn
SAR measred 100 myY input powet 7.48 Wikq

SAR for nominal Body TSL parameters

normatized to 1W

74.3 Wig = 19.9 % (k=2)

SAR averaged ovar 10 em® (10 g) of Body TSL cundition
SAR messured 100 W input pewer 2.00 Wikg
SAR for naminal Body T3L parameters nommalized o 1W 20.4 Wikg £ 19.5 % {k=2)
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point

43.1 - 4.6 )02

Return Loss -21.0dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 46.6 € - 1.3 jQ

Reiurn Loss -28.1dB
Antenna Parameters with Head TSL at 5500 MHz

Impedancs, transformed to feed point 48,2Q-25jQ

Return Loss -26.4 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedanca, transformed to feed point 48.9 (2 - 5.7 i

Return Loss -246dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transfotmed to feed point 4870-3.1iQ

Retum Loss -29.5d8

Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point

484 O -7.7 0

Return Loss

-22.2dB

Antenna Parameters with Body TSL at 5300 MHz

Impedance, transtormed to feed point

49.6 Q- 3.0 Q2

Return Loss

-30.3 dB

Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point

50.8 € - 3.9 2

Return Loss

-2804dB
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5540 -28j0

Return Loss -25.0dB

Antenna Parameters with Body TSL at 5800 MHz

impedance, transtormed tc feed point 5230-07jQ

Retumn Loss -32.5dB

General Antenna Parameters and Design

Elactrical Delay {cne direction) 1.188 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is direcily connected to the
sacond arm of the dipole. The antenna is therefore shart-circuited for DC-signals. On some of the dipoles, small end caps
are added fo the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not atfected by this change. The overall dipole length is stilf
according to the Standard.

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on Novamber 27, 2006
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DASY5 Validation Report for Head TSL

Date: 27.01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1057

Communication System: UTD 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 Milz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; o = 4.45 b;’m g, =35; p=1000 kg/m’ , Medium purameters used:
= 5300 Mllz; o = 4.54 S/, ar =34.9; p = 1000 kghn Medium parameters used: [ = 5500 MHz; o = 4.74
S/n; &= 34.6; p = 1000 kg/m® , Medium parameters uqed f = 5600 MHz; o = 4.86 5/m; gr =34.5, p= 1000
kg/m® , Medinm parameters used: f = 5800 MHz; 6 = 5.07 S/m; & = 34.2; p = 1000 kg/m?

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvE(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvE(5.2, 5.2, 5.2},
Calibrated: 30.12.2013, ConvE(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.56, 4.86, 4.86);
Calibrated: 30.12.2013, ConvF(4.91, 4.91, 4.91); Calibrated: 30.12.2013;

o Sensor-Surface: 1.4mm (Mechanical Surface Deteclion)

+ Flectronics: DALE4 Sn601; Calibrated: 25.04,2013

» Phantom: Fat Phantom 5.0 {[ront); Typc: QDOOOPS0AA; Serial: 1001
+ DASYS52528.7(1137), SEMCAD X 14.6.10(7164)

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

Reference Yalue = 63.497 V/m; Power Drilt = 0.04 dB

Peak SAR (extrapolated) = 28.2 W/kg

SAR(1 g) = 7.85 W/kg; SAR(10 g} = 2.25 W/kg

Maximum value of SAR {measured) = [8.6 W/kg

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

Reference Value = 64.444 V/m; Power Drill = 0.07 dB

Peak SAR {extrapolated) = 31.2 Wrkg

SAR( g) = 8.36 W/kg; SAR(10 g) = 2.4 W/kg

Maximum value of SAR (measured) = 20.1 W/kg

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

Reference Value = 63.807 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 33.0 W/kg

SAR(1 g) = 8.5 W/kg: SAR(10 g) =2.42 W/kg

Maximum value of SAR {measured) = 20.8 Wrkp
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, t=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4nmum, dz=1.4mm

Reference Value = 63,194 V/ni; Power Drift = 0.06 B

Peak SAR (extrapolated) = 33.2 W/kg

SAR(1 g) = 8.42 W/kg; SAR(10 g) = 2.4 W/kg

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

Reference Value = 60,646 V/m; Power Drift = .08 dB

Peak SAR {extrapolated) = 32.9 W/kg

SAR( g) = 8 W/kg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19,9 W/kgp

B -10.00

B -24.00

-30.00

0dB =199 W/kg = 12.99 dBW/kg
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Impedance Meaasurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 24.01.2014
Test Laboralory: SPEAG, Zurich, Switzerland
DUT; Dipole SGHz; Type; DSGHzV2; Serial: DSGHzV2 - SN: 1057

Communication System: UID 0 - CW; Trequency: 5200 MIIz, Frequency: 5300 MHz, Frequency: 5500
Mllz, [Frequency: 5600 MIIz, Frequency: 5800 MHz

Mediunt parameters used: [ = 5200 MHz; o = 5.44 5/m; g, = 47.3; p = 1000 }cg!m3 , Medium parameters
uscd: '=5300 MHy; o = 5.57 S/my; g, = 47.2; p= 1000 kg/m3 , Medium parameters nsed: = 5500 MHz; o =
5.84 S/m; &, =46.8; p=1000 kgfm3 , Medium parameters used: f = 5600 MHz; a = 5.98 8/m; 6, =46.6;p =
1000 kg/m® , Medium parameters nsed: f = 5800 MHz; o = 6.23 S/m; &, = 46.3; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF{4.76, 4.76,
4.76); Calibrated: 30.12.2013, ConvFH(4.52, 4.52, 4.52); Calibrated: 30.12.2013, ConvF{4.3, 4.3, 4.3},
Calibrated: 30.12.2013, ConvF{4.47, 4,47, 447, Calibrated: 30.12.20(3;

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

« Flectronics: DAL4 Sn601; Calibrated: 25.04.2013

¢ Phantom: Flal Phantom 3.0 {back); Type: QDOOOPS0AA; Scrial: 1002
o DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 58.809 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 30.1 Wikg

SAR(1 g) = 7.58 W/kg; SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 18.2 W/kg

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

Reflerence Value = 58.585 V/m; Power Drilt = -0.00 dB

Pcak SAR (cxirapolated) = 32,2 Wikyg

SAR(1 g} = 7.79 W/kg; SAR(10 g) = 2.17 Wikg

Maximum value of SAR (measured) = 19.1 W/kg

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

Rcference Vialue = 58,364 V/im; Power Drilt = -0.01 dB

Peak SAR {extrapolated) = 34.4 W/kg

SAR(1 g) = 7.96 W/kg; SAR(10 g) = 2.22 W/kg

Maximum value of SAR {measured} = 19.4 Wrkg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)}/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.864 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 35.8 W/kg

SAR(1 g) = 8.07 W/kg; SAR(10 g) = 2.24 W/kg

Maximum valuc of SAR {(mcasured) = 19.8 Wrkp

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

Reference Value = 54.817 V/m; Power Drift =-0.01 dD

Peak SAR {extrapoluted) = 35.1 W/kg

SAR(1 g) =7.48 W/kg; SAR0 g) = 2.06 W/kg

Maximum valuc of SAR (mcasurcd) = 18.8 Wrkg

i -12.00
& 15.00

B -22.00

-30.00

0dB = 18.8 W/kg =12.74 dBW/kg
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Impedance Measurement Flot for Body TSL

Zd Jdam Z@ad 13:3RA0 47

CFD =41 1 U b 1143804 6 -//188 0 29852 pF S 2AC.BA0 G@A Mz
[
CHA Mark ers
Pel ] ' : 2t 49,559 &
; o —Ba PR
Lo . . : % L3000 GHz
: 1 - _ Y25, 4
i Rl —EY1ER o
; . - . 5.500an BH2
, . ‘ 41 55,393 &
fry ' | : 5.5068 ¢ o1z
. - .5 Hz
187 : : . -
51 SRATA o
e ma
S.50ABA 6Hz
H14
FHZ S LOG 5 dB/REF -20 dE . 152,196 dB 5 2ZBE.600 BRY MH2
: - | | | : s ; |
: / . | H . i
: i : ; ! ' : tH2 Hark ers
i ; : ; 1 ; : i : Z
i j ; : - ' ! i . Em-50,277 dE
Lor ; ; : ! 1 i L '5,308D8 BHz
e 4 : : : j : o m-2R039dE
: ] ; : . T SS90 BHz
: ; : i . . : ; :
: : g : i T ! / : 2
; . : L - : : f 4-24.0960 40
Fivgy : \ ﬁ,/‘_ ! -HT-; : \\ ; ff : L S.ERPeR GHz
ik i : nie K ; : 3 : _
: i 5 : i { : ™ . 5:-32.4B1 dE
, : = : i i . S.EAEAH GHz
H1d . . i i
ATART B G0R,8066 300 1z ' ' ' 5TOP & GAS.608 BEO MHz

Ceartificair No: DAGHAA2-1057 _lantd Pzgs 16 of 18




Callbration Laboratory of

o \f_f/ Schweizerischer Halibrierdiurst
Schmid & Partner 3 S i_ Service suisse d'étalonnage
Engineering AG T e Senvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Swikedand "'f,;;'?:{:-\‘\;@' Swisa Calibration Service
gt
Accradited by the Swiss Acoroclilalion Sorvioe [SAS) Accraditation No.: SCS 108

The Swiss Accreditatlon Servica Is ane of the =ignatories to the EA
Multilateral Agreement For the recognilion of calibralion cerlificates

cient  PG-Tost Lo L Certificate No: ES3-3022_Aug14

CALIBRATION CERTIFICATE.

Objeck ES3NVZ - 8N:3022:

Calibration procedursts) QA CAL—D 1.v8, QA CAL~12.v9, QA CAL-23.v5, QA CAL- 25, VB
Cahbratmn pracedura for dosimetric E-ﬂe]d probes’

Calibration date: August 18, 2014

This calibration cerilicato documents the traceability to national standards, which realize the physical units of measuremenls (31} / *
The measurements and the uncertainties wilh confidence prebubilily are yiven on the fotiowing pages and are part of the certificate. "11 \\

All calibrations have bean condusted in the closad labaratory facilily: crvironment temperature (22 £ 3)°C and humidiy < /0%

Calibration Equipment used (M&TE crilicel for calibralion}

Primary Slandards o Gal Dete (Cerlifice No) | Sohedutsd Caltration
Pawear matar E4410B GB41233874 Ud-Apr-14 [Mo. 217-01911} ) Apr 15 ~
Power sensor E4412A4 hY414806087 D3-Apr-14 {Me. 217-01911) Apr-i%
reforence & df Allsnuals EN: 85054 (30) o M3-Aar-1d (No 247-01315) Agr-13
Reterence 20 db Allenuator BN SH2A T {ddn) U3-Apr-14 (Mo, Z17-019718} Apr-15
fefaranca 30 40 Atenuator SN 85120 {30k) 03-Apr-14 [Mo. 21¥ D100} Agr-1h
Reference Probe FSANV | BN:a3 30-Dec-13 (o, ES3-3012 Pesid) Lec-14 _
DaE4 S 66D 13-Dac-13 (Mo. DAEL-EE0_Decd) Dec-14
Secondary Siandards 8] Check Deate (in housc) Scheduled Chack
_RFE ganeratar HP 8648C US3642001700 4-Aug-98 {jiin bouse clek Apr-13) In house chack: Ag-16
Notwoik Analyzor HP 8763E US373a0685 ) 18001 (in house check Oct-13) In house cheek: Dol-14
Narﬁi_e _ _ Funntinn . Stgnature .
Galibrated by: Jelon Mastesli . ¢ | -+ Laboratory Techhician . q_’_(,_,__..:, L{{‘,ﬂ'—'f""
] . ) . . QT -~
Approved by Katja Pokovic- © . . Technical Manzger . : :{_/"’gr/“ ,.jf/#;f_
Issued: Augusl 213, 2014
This caliration certificate shafl net be reproduoed creep! in full without witlen approval of the laboralany.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

S Schweizerischer Kalibrierdienst
cC Service suisse d'étalonnage
Servizio svizzerc di teratura

Zeughaussirasse 43, 8004 Zurich, Swilzertand S Swiss Catibration Service

Accredited by lhe Swiss Accreditation Service {SAS} Accreditation No.:. SCS 108

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

Multilateral Agrecrent for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y.z . sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A B C,D modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization § 9 rotation around an axis that is in the plane normal fo probe axis {at measurement center),
i.e., 8 = 0is normai t¢ probe axis

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

Calibration is Performed According to the Following Standards:

a) EEE Std 1528-2013, "IEEE Recommended Practice for Detcrmining the Peak Spatial-Averaged Specific
Absorption Rafe (SARY) in the Human Head from Wireless Communications Devicss: 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

Methods Applied and Interpretation of Parameters:
s  NORMx,y,z: Assessed for E-field poiarlzatlon 8 =0 {f <900 MHz in TEM-cell; f > 1800 MHz: R22 wavegmde)
NORMX,y,z are only intermediate valuas, i.e., the uncertainties of NORMz,y,z does not affect the E°-field
uncerlainty inside TSL {see below ConvF)

s NORM(Dx,y,z = NORMx,y,z * frequency_response {see Frequency Response Chart). This linearization is
implemented in DASY4 software versions fater than 4.2. The uncartainty of the frequency response is included
in tha stated uncertainty of ConvF.

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

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

o Axyz Bx.yz; Cxy.7; Dx,y,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 nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

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

«  Spherical isotropy (3D deviatior from isotropy}: in a field of fow gradients realized using a flat phantorn
exposed by a patch antenna.

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

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

Cerlificate No: ES3-3022_Aug14 Page 2 of 14
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ES3DVZ— SN:30Z2

Sugust 19, 2014

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Basic Calibration Parameters

Sensar X Sensor ¥ Sensor 2 Une (k=2)
Norm (uViA(Vim)')* 1.00 1.04 0.95 +10.1 %
DCP (mV)” 144.0 08.3 101.6
Modulation Calibration Parameters _
D Cammunication System Name A B C D VIR Unc”
dB dB+/ n dB mY {k=2}
0 lLw X [ 00 0.0 1.0 | 6o0 | 1818 | 27%
B ¥ 0.0 0.0 1.0 183.0
Z 0.0 0.0 1.0 to2.3
10010- | SAR validation {Sguare, 100ms, 10ms} X 251 | 3.1 12,7 100G | 42.6 119 %
CAA
Y 262 631 12.9 427
Z a2 657 13.6 40.4 ]
10011+ UMTS-FDD [WCDMA) ¥ 3.33 67.8 1g.2 2.91 1459 | 209%
[GAB. — »
Y 3.3 54,9 16.9 147 4
Z 2.20 664 18,2 139.6
10012- | IEFF 802 11b WiFi 2.4 (3H7 {D5SS, 1 X | 205 | 7o 19.8 187 | 1472 | 209%
CAA Mbpsh o i
Y 262 65.1 16.2 147.4
z 2,65 682 15.4 141.7 .
100713- IEEE 802.11g ¥¥iFi 2.4 GHz (DS53- * | 1110 70.9 93.6 946 1438 | 230%
CARA QOFD, 8 Miyps)
Yo 1104 702 22.9 144.2
7| err | 702 | 231 194.7
10021- | GSN-FDD [TOMA, GMSK] % | 10.66 99.7 206 03% | 1260 | tia%
baB
Y | 11.04 8.6 25.5 JEEECE
] 2 | 1048 £8.8 24.0 137.5
100253 | GPRS-FDD {TDMA, GMSIK TN 0) X | ros 99.6 28.5 ubr | 1420 | #25%
DAB
Y | 1053 83.4 Zb.0 1455
pid 15.62 96.5 27.8 147.G
10024- | GPRS-FRD (TNMA, GMSK, TN 0-1) x [ 3193 998 257 | 656 | 1495 | #19%
oAD
¥ | 12,79 §7.5 2.7 148.0
z 2700 4938 20,7 13b.4
0027 GPRS-FDD {TOMA, SMSK, TN 0-1-2) X 3932 99.8 23.8 4 Bl 148.1 2.2 %
AR
Y | aa0 f3.7 18.3 136 H
Z | 3196 69.9 24.2 126.9
10028- GPRS FDD (TOMA, GMSK, THO-1-2-3) | x | 4003 05 298 3.55 12065 t £2.2 %
DaB
v | 4ozr 90.8 73.0 148.1
Z | 43.09 9a.f 228 140.1
10032- ICCC 802 15,1 Blustooth (GFEK, DHB) X | aeon | 984 °0.4 196 | 1867 | *1.9%
CAA
L y | 3283 92,5 17.8 1367
Z | 2194 98,5 20,8 133.1
10038 | COMAZ000 (1xRTT, RGY) X { 4.66 8.8 19.3 457 | 1445 | £1.2%
CAB _
¥ 4,58 65,3 17.9 137.2
s 4.52 661 A7 131.7
Certificate Mo: ES53-3022_sugld Page 4 of 14
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10081- | COMAZO00 (1xRTT, RC3} K| se2 66.0 197 397 | 14003 | 03 %
CAR
| v | ar fig 5 17 5 1336
FAR NN 5.7 15.4 128.2 ]
10080- UMTS-FDD {HSUPA, Subtest 2) X 440 EG.2 18.5 308 | 1309 | $1.2%
CAB
v | 438 | 850 174 1314
B 2 | 447 66.3 18.4 140.0
Hitoo- | LTE-FDD (3G-FDMA, 100% RB. 20 X | B30 67.2 198 | 667 | 1374 | 17 %
CAB MHz, QPSK)
¥ | 625 6.3 18.9 1356.9 ]
z | ean AT4 197 1475
10%08- LTE-FDD (SC-FOMA, 100% RB, 10 X 614 | 668 9.6 BBC 1 1M6 | 17 %
CAB Mz, QPSK) .
y | 647 B6.1 18.9 1339
_ 1z 1 &2 67.0 | 197 144.5
10110 LTE-FDD (SC-FDMA, 100% RE, bMHz, | X | 582 663 | 184 575 | 1312 | 7%
CAB gese} 0000000000000 1 . ]
. vy | 582 66 4 186 1306.3
Z| 59 665 19.4 140.4
10144- | IEEE 802.1n (HT Greenficld, 13.5 x | 10 £8.5 21.2 B | 143 | 425%
CAA Mbps, BPSK) .
¥ ] 2.89 67.9 208 124.0
N z in.na 686 21.2 133.2
10117 | IEEE 802.11n {HT Mixed, 135 Mbps, X | 10.01 686 212 | 807 | 1258 | 42E%
CAA BPSK) o i
v | 991 67.9 20.7 126.8
z 10.09 6B 8 2%.3 124.7
T0151- | LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X | 969 165 | 264 97A | 1447 | +33%
cAB CPSK)
Y | 900 727 24.6 143.2
o £ 8.4 72,0 24.5 124.8 )
10164- | LTE-FDD (SCFDMA, 80% RB, 10MHz, | X | 582 66.2 19.4 575 | 1213 | zi9%
| CAB | GPSK) _
Y | 808 66,3 19.1 1482 ]
e 591 66.5 1.4 140.7
10960~ | I.TE-FDD (SC-FDMA, 50% RB, 151Hz, | X | 627 #6.9 in7 582 | 1365 | +i4%
CAB Qrsk) o
Y £.19 65.8 18.7 128.4
. Z | 6233 67.0 19.6 145.4
10169 LTE-FDD {SG-FDMA, 1 RS, 20 MHz, X 4.81 GE.4 19.7 5.73 134.8 L7 %
CAB QPSK) |
B Y | 487 66.1 194 1499
Z | 4718 66.4 18.6 141.2
10172 | LFE-TDD (3C-FDMA, 1 RB, 20 MHZ. X | 783 | 766 27.2 a2t | 1314 | +35 %
CAB QOPSK)
Y | 7.54 74.5 25 R 1478 |
Z 7. I6.0 27.4 1453
#0175 | LTLFDD {GC-FDMA, 1 RB, 10 MHx, X | 4.00 66.0 20.0 572 | 1476 | %i4%
CAB Q5K
vy | a8 66.0 191 148.0
- Z | 478 £6.4 19.6 1416
10181~ | LTE-EDD (BCFDMA, 1 RO, 16 M Iz, X | 440 B6.9 200 | 572 | 1481 | £1.4%
| GAB | GPSK)_ _ -
¥ 4.8 8.0 18.0 146.9
. 7 | 4nn fi6.5 19.7 1421
10193- |[EEE 802.11n {HT Graanfield, 6.9 Miyps, IS 39.80 " 5R7 24 4 a.0% 135.1 2 7%
CAA BPSK) S
Y | a7 a2 | 208 1355
Z | 970 68.5 212 130.2
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10106- IEEE SU2.11n (MT Mixed, 6.5 Mbps, % 0.79 687 w14 | 8.10 136 4 27 %
CAA BP3K) o
Y 9.81 68.3 | 209 138.0
i 9.72 68.6 1.3 132.8
10219- 1EEE 862.11n (1T Mixed, 7.2 Mbps, X 9.68 68.6 21.3 B.03 1360 | 27 %
ChA BESK)
______ . Y 0.4 683 21.0 1374
Fl 9.62 88.5 21.2 1326 ]
10222+ IEEE 802110 {HT Mixed, 15 Mbps, x| 1020 89.1 215 B.08 1434 | 225%
GAA BPSK) _
Y 9.9 8.0 20.7 125.8
e Z | 1027 | ess | 218 1484
10225- UM [S-FDD (HEPL+) X BAT BBy 196 597 | 1385 | +1.9%
CAB
Y 7.04 66,9 19.3 142.3
Z 6.69 470 10.5 143.5
10237- LTE-TDD (SC-FOMA, 1 RB, 10 hMHz, X 766 75.9 26.9 9.21 126, #30%
CAB GPSKY
Y r¢ 731 25.1 132.1
z 7.18 74.6 25,3 128.0
10252- LTE-TDD (3C-FNMA, §0% RB, 10 MHz, | X 858 73,4 253 g.24 1276 | 3.3%
CAD QPSR L )
v | 822 710 | 227 126.9
z 8.83 74.5 26.0 14,8
10267- LTE-TDD {SC-FDMA, 100% RB, 10 X 9.65 75.5 I6.5 .30 143.3 +3.3 %
CAB MH. GPSK}
) Yy | aas 720 247 135.2
d 8.83 72.9 25.1 131.3
10274- UMTS FDD (HSUPA, Subtest 5, 3GPP X 587 &7.0 19.2 4.87 1492 1 1.4 %
CAB Rels.10) N
o Y 577§ 658 18.1 136.0
_ Z 571 B6.3 12,8 132.7 o
10275- | UMTS-FDE {HSUPA, Subtest 5, 3GPP X 4.49 67.2 5.2 3.98 147.3 | 209 %
CAB Ralg.4)
Y | 4w 653 | 148 189.2
z 4. 66.3 18.5 135.8
10291- CRMAZONG, RCA, 30565, Fuil Rata x 5,50 &7.1 151 546 137.8 .7 %
AAR
Y 3.44 64.5 17.2 129.8 B
z 3.4R 887 18.4 180.5
10292- CDMAZDON, RC3, S032, Full Rate X 3,60 GG6.9 18.9 3.39 1885 | 0.7 %
AAB
¥ 338 64 A 17.2 132.0
Z | 348 66.5 18.5 ) 1331 ]
10297- LTE DD (SC FDMA, 50% RB, 20 MHz, | X £.12 687 10,6 581 1333 | #1.9%
AdD, QPSK) ~
Y .35 66.7 19.2 149.3
z| 617 | 668 | 1956 17
10311- LTE-FDD (SC-TDWA, 100% NB, 15 X 6.72 67.4 20.0 €08 1387 | #1.7%
AAA MHz, LPSK)
o Y .63 GE.3 9.1 1314 ]
z 6.72 67.3 19,4 138.7
10515- IEEE 8021 1b WiFi 2.4 GHz (D833, 1 | x 2.90 69.8 198 774 1464 | 05%
AAA Mbps, 98pc duty cvela) _
Y 2.54 €652 16.5 138.3
R Z 275 684 8.5 146.4
10318- |[EEE 202.11g WIFi 2.4 GHz [ERP- X | 1012 60.3 21.9 836 | 1420 | £2.0%
ALB OFNM, 6 Mbips, 8810 duly cycle)
i ¥ | 10.01 885 213 136.2
Z 10,11 59,3 21.9 141.7

Ceriflcabe No: ES3-3022_Augig
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0403 - CLMAZOO0 (TEV-DO, Rav. 0 X 454 68.2 19.0 A7h 1967 | 0.7 %
AAR

Y | 459 a7.2 18.0 1424

z 464 H.o 19.0 143.0 ]
10404- | CDMA2000 (14CV-DO, Rav. &) X | 444 688 19.3 A77 | 47| 09 %
AMB

¥ 4.47 67 17.9 1398

2 4.54 684 1B.9 147.2
10415- | IEEE 802.11b WiFi 2.4 GHz (D358, 1 X | 266 89.0 194 | 154 | 1468 | 05%
ALA Mbps, 39pc duly cycle)

Y 240 84.8 16.2 140.0

z 2 62 £7 A 18.4 141.2
10416- | VEEE B30Z.11g WiFi 2.4 GH7 (ERP- x 9,97 9.1 217 823 | 420 | 13.0%
PATATAY OFDM, 6 Mhps, 98pc duty cyds) b

Y | i0.08 68.8 21.4 115.8

z 10.01 9.2 1.8 143.3

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied 1y the coverage facior k=2, which for a normal distribution corresponds to a coverage

probability of approximately 95%.

A The uaccrairtics of NormX, ¥, Z do net afiect he E-figld uncanginty inside TSL {s¢0 Pagos 8 .and 93

® Numencal Freaizalion parameter; uncadainty not required.

€ Unmestainty is datormined using the max. deviation from linsar respanse applying rectangular distibulion snd is expressed for 1ha square af ihe

field value.

Cenlificate No: ES3-3022 Augld Page 7 of 14
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DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Head Tissue Simulating Nedia

Auglst 18, 2014

N Ralative Conductivity Depth © Uncl.
FiMHZ)® | Permittivity© {&m) " ConwFX | ConvFY | ConvEZ | Alpha® | (mm) {k=2) |
750 41.8 0.89 6,29 6.39 6.39 | 0.20 224 | £120%
835 41,5 0.90 6.18 6.18 6.8 0.23 108 | £12.0%
1750 40.1 1.37 5.04 5.04 5.04 051 | 135 | +12.0%
1900 40.0 1.40 4.85 4.85 4.85 0.38 166 | 2120%
2450 aa.p 1.80 4.34 431 4.31 (.68 1.28 £120%
2600 A8.0 1.946 413 4.13 4.13 3.76 1.28 +12.0%

" Frequency validity above 300 MHz of ¢ 100 MHz only applies for DASY v4 4 and highor {see Fage 2, elee if is 1esiriclad 1o + bUMHz. The
uncerlaialy ie the RSS ol he Convi uncertalnty at calibration frequency and the uacarlalnty for the: indicaled frequency band. Frequency validity
below 300 M| 1z is 2 10, 25, 40, 50 and 70 MHz for Corwk essesamends ol 30, 64, 178, 150 and 220 MIz raspeclively. Above 5 GH: requancy

validily can ba axtended to £ §10 MHz,

F Al frequencies below 3 GHz. the walidity of izsua parametars (« and a) ean be relaxed to £ 10% il kquad compensation fammula is appited lo

moasured SAR values. Af frequencies gbove 3 GHz, the vaidily of tissue parameters (= and o) is rastricted to + 5%. The uncereinty s the R53 af
ihe ConvF uncadainty for indkcaled target tissue patameters.
& Alpha/Cepth are delasminad during calibration. SPEAG warrants that lhe 1emsininy dueviation due to the boundary affect atter compensation is
abways less than = 1% for irequensias helow 3 GHz and below + 2% for frequanuivs belwaon 3-8 (5Hz af any diglanca largar than haif the probe Lip
diamelcr front the boundary.

Certlficate No: ES3-3022_Aun14
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ES3DV2- BM:3022 August 19, 2014

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unct.
F(MHZ}® | Permittivity” | (Stm}® | ComvFX | ConvFY | ConvFZ | Alpha® | {mm) (k=2)
450 56.7 004 | 678 6.78 678 | 012 | 130 | £133%
60D 561 ] 095 6.72 6.72 672 | 005 | 120 | £13.3%
750 §5.5 0.86 602 | 602 | 6oz | 023 | 205 | £120%
835 552 | uwr 5,98 5.98 596 | 020 | 1.85 | £12.0%
1750 53.4 1.49 4,70 4.70 a0 | oes | 125 | x120%
1900 53.3 52 4.49 440 | 440 | 033 | 202 | +120%
om0 | s27 1.95 405 | 405 | 405 | 080 | 101 | $120%
2600 52.5 215 3.94 3.94 3.94 .68 1.03 +12.0%

€ Frequency validily sbuve 300 MHz of + 400 MH7 only appliss far DASY v4.4 and higher (see Page 2), else it is reslricted to £ 59 MHe. The
uncorainty is the FSE of the Cenv uncerlainty at calibration frequency and the uncenainty for the indicated frequency band, Frequency velidily
below 300 MHz is 10, 25, 40, 50 and 70 MHx for Convf assessmerls at 30, 64, 128, 150 and 220 MHz respachvely. Above 5 GHz frequenay
valtdity can De extended to £ 110 MHZ.

F At frequancies helow 3 GHz, the validity af lissus parameters {e and o} can be refaxed to L 10% if liguid compensation formula is epplied 1o
measured SAR values. Al frequencies abova 3 GHz, the validily of fissus paramedsrs (s and o) is restricted 10 £ 5%, The uncenainty is the R3S of
the Comw uncerlatny for indicaled targe! tissue parametsrs.

© Aiphia/Demtn are dalernined during calibration. SPEAG warianis that the remalning deviation due 1o the boundary effect after compensation 1
always less than & 1% fur frequencies below 3 Glz and below & 2% for frequencies helween 3-6 GHr al any distance larger than half the: probe Hp
diamuter from the boundary.

Cerlificate No: ES3-2022_Aug 14 Pafge Y of 314




ES3DVE- ONi3022

Frequency Response of E-Field

(TEM-Cell:ifi110 EXX, Waveguide: R22}

Augusl 18, 2014
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Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM

=1800 MHz,R22

LT
=T L

August 19, 2014
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Dynamic Range f{SARhead)
(TEM cell , fuyy= 1900 MHz)
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Uncertainty of Linearity Assessment: = 0.8% (k=2}
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Caonversion Factor Assessment
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Deviation from Isotropy in Liguid
Error {4, 8}, f = 900 MHz

Dessiat'on

40 -08 -06G -04 07 00 02 04 D06 08 1.0
Uncertainty of Spherical Isotropy Assessmont: * 2.6% {k=2)
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DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Other Probe Parameters

Sengor Arrangemant Triangular
Cunnector Angle {7} -80.3
Meachanical Surfacs Detection Mnde enabled
Optical Surface Detection Mode disabled
Probe Overall Length "~ 337 mm |
Probe Body Diameter 10 mm
Tip Length 10 mm |
lig Liametar 4 mm
Prabe Tip to Sensor X Calibration Paint 2 mm |
Probe Tip o Senso Y Calibration Poird 2 mm
Probe Tip to Sensor 7 Calibration Point 2 mm
Reeommended Measurement Distancc from Surface

2mm

Cortificate No: ES3 2022 Augi4 Page 14 of 14







Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL lissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMXx,y,z

DCP diode compression point

CF crest factor (1/duty cycle} of the RF signal

A, B CD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization 9 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 = 0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
o NORMRx.y,z: Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMX,y,z does not affect the E*field
uncertainty inside TSL (see below ConvF).

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

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

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

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

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

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

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

s Connecfor Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certilicate No: ES3-3319_Apri4 Page 2 of 14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3319

Basic Galibration Parameters

) 39""‘,‘“% ” Sonsor ¥ Sonsor ¥ Unc (k=2)
Norm (uV/(vim) )" ] A1 1.08 a5 +10.1 %
PCP (mV)? 1026 1042 103.7
Modulation Calibration Paramaters
1] Communication System Name ' a B c o |7VR Unc™
O R dB | dBVpY L. omv | ()
Q cw i i | X 0.0 00 [ 10 0.00 | 1994 £3.5 %
Y 0.0 00 1.0 1888 |
R oo Z 00 | 00 1.0 ] i85
10010- SAR Validation [Square, 100ms, 10ms) X 339 63.3 12.9 10.00 498 420 %
CAA
v | 510 680 | 141 | 365
o 2| 284 | @iy 12.1 L
é‘i{?”- UMTS-FDD (WCDMA) X | 330 66,9 8.4 | 291 | 1387 | 05 %
B
v | 33 [ &1 | 184 _|Heme [
o - ) Z 345 §8.0 19.1 | 14
10012- | IEEE 802.11b WIFi 2.4 GHz (DSSS, 1 X | 342 0.9 To0 | 167 | 1387 |77 %
| CAA | Mbps) L e
Y | 322 | 702 19.3 1270
S Z| 340 | 743 | 199 14647
10021 | GEM-FDD (TOMA, GMSK) x | 2586 q0.7 28.3 930 [ 1390 | 1.4 %
DAB
I Y | 1830 | gz5 | 287 | 1417 )
o Z | 2520 | 985 28.1 144.9
10023- GPRS-FDD (TDMA, GMSK, TN 0) X 25 B1 100.0 8.5 o R7 1289 177 o
DAB
vy | 1390 [ 895 | 26 | | 1280 |
zZ | 2639 99.7 | 283 1wz |
10024~ GPRS-FDD (TOMA, GMSK, TN 0-1) X | 3704 99,8 25.7 &6 [ 1314 | 122 %
DAS
vy | szez | 9a7 | 280 1396 |
Z | 3836 85,8 253 | | 1455
10027- RS-FDD (TOMA, GMSK, TN 0-1-2) % 48.04 48,6 238 4.80 1448 1.9 %
DAB
Y | 2962 | w42 | 221 129.3 B
N Z | 4387 | @907 24.0 129§
10028- | GPRS-FOD (TDMA, GMSK, TN 0-1-2-3) | X | 54.95 99.9 22.9 365 | 1496 | #.7 %
DAG
vy | o776 | 996 | zez | | 132
L Z | 64.27 99.8 | 227 1373
10032+ IEEE 802.156.1 Blualoath (GFSK, QDHS) X 44 58 99.9 211 1.16 134 E +1.7 %
CAA
e Y | 9674 | 989 | 188 1300
Lo |.5946 | 999 20.4 149 ]
10039- | CDMAZ000 (1xRTT, RC1) X | a0 66.3 w7 | 457 | 1309 | t08%
GAB
4.85 67.1 | 19.0 | iars )
Z | a8 673 | 193 | 1472

Cenificate No: ES3-3319 Aprid Page 4 of 14
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m;ﬂ- CDMA2000 (1xRTT, RCD) X | 390 65.8 | 18.4 | 397 | 1300 | 207%
Y [ 400 665 | 18.8 1408
- o z | 399 66.5 18.7 1425 u
(139339& UMTS-FDD (HSUPA, Sublest 2) x| 464 66.7 18.6 398 | 1431 | 200 %
Y | 458 665 | 18.4 1328
o ‘ z 4.60 66.7 18.6 1319 T
10100- | LTE-FDD{SC-FDMA. 100% 1B, 20 X |7 6az | 7.1 19.5 567 | 1258 | 1.4 %
| CAB MHz, QPS5K) —_
1. S |yl 84t | 674 | 195 384 | 7
1 B - Z | 85, €7.9 199 | | 438 |
10708- | LTE-FDD (SC-FDMA, 100% RB, 10 X | 6.4B 67.7 200 580 | 9ABO | +1.4%
CAB MHz, QFSK) | |
B - - REAEY 66.9 | 194 | 1asa |
N —— - z | 839 674 19.8 141.0
10110- | LTE-FOD (SC-FOMA 100% RB, 5MHz, | X | 647 672 | 108 | 575 | 9410 | 4%
CAB | QPsK) o
—_ S | r| s8¢ | 863 [ 193 | 1322 | T
. ‘ N ] Z| 608 67.0 19.6 1379 | )
i0114- | IEEE 0051 1n (AT Greenfisld, 13 & x| 1035 | es2 | 215 | o0 |Ti336 | x22%
CAA | Mbps BPSK) e
Y | 993 68.1 207 1245
o Z | 1629 59.2 215 IRk
10117- | JEEE 80Z.71n (HT Mixed, 13.5 Mbps, X [ 1042 9.4 21.6 BG? | 1406 | t22%
CAA | BPEK)
...... Y | 993 | e84 20.7 1255
- Z | 1028 69,1 21.5 132.6 B
10151~ | LTE-TDD (SC-FDMA, 50% R8, 20MHz, | x | 1118 78.2 27.5 928 | 1436 | £33 %
CAB QPSK) El
IIIII Y 0.33 73.0 4.5 124.3
L - Z | 1045 76.4 26.6 ] 1327
10154. | LTE-FDO (SCFDMA, 50% KB, 10MMz, | X | 6.16 67.2 10.8 575 | 1457 | t1.4%
CAB QPSK) R
¥ | 596 66.4 19.1 133.0 T
o Z | 608 66.9 19.6 1388
10760- | LTE-FDD (SC-FOMA, 50% RB, 15MHz, | X | 632 | 666 194 | 582 | 1#z | t14%
CAB QPSKy .
I Y | 640 | 669 10.4 1373
o Z | 651 67.4 19.8 1338
10168- | LTE-FDD (SC-FDMA, 1 KB, 20 MHz, x | 512 67.3 200 | 673 |ar8 | ti2%
CAB QPSK) o
I I Y 4.90 66.4 19.4 1344
o 2 5.07 7.2 | 200 141.0
10172-" | LTE-TDD (SC-FOMA, 1 RB, 20 Mtiz, X | 944 BO.0 266 7821 | 1287 | t39 9%
CAB GPSK) L N
I Y 863 778 |27 1438 )
o z | 1062 837 303 | 1432
10175- | LTE-FOD (SC-FCMA, 1 RB, 10 MH7, x | 504 6.0 10,8 572 | 14047 14 %
CAB oPsky o |
Y | 42 666 | 195 133.7
- z | 7501 6.9 | 19.8 1348
10181- | LTE-FOD (SC-FOMA. i KB, 15 MHz, X | 505 | &0 | 19.9 572 | 1406 | +1.4%
CAB QPSK)
Yy | 400 | e6s 19.4 1324 |
,,,,,, Z | 497 66.7 19.7 134 .1 L
Cerlificate No: ES3-3219__ Apr14 Fago 5 of 14
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10193- IEEE 802.11n (HT Grecnf 5 Mbps, ‘ : aq AT
can BPEK) ( iald, 5.5 Mbps, | x | oos 66.8 214 [ 809 | 1311 | 26%
Y | 1600 | €8s | 212 1455
STeE , ‘ , Z | 1014 | 6o 21.7 1437
10196- IEEE B02.14n (HT Mixed, 6.5 Mbps, C ; 10| . ' 5
o BPSK) { p X 9.?“! 68.9 215 | 810 | 1320 | £27%
Y | 1005 | 690 | 213 148
. . y , Z | 1048 69,5 218 1458
10219- [ IEEE 80Z.77n (HT Mixed, 7.2 Miips, x| 9.8 688 | 214 803 | 1313 | 125 %
CAA | BPSK)
S Y | 99 690 | 213 | 147.8
— . Z | 1003 69.3 216 1447
n2z22- [ IEEE 802.17n (HT Mi 5 : 1 s
CaA BPSK) (HT Mixed, 15 Mhps, X | 10.34 69,3 216 | BOB | 1374 | 22%
- Y | 993 | 682 20,8 127.8
. . , , Z | 1007 68,6 21.2 1254 |
é?qzazs- UMTSFOD (HSPA+) x| 607 G6.8 194 | 597 | 1336 | t14%
- i Y | 690 867 | 19.2 1297
e . . . z | 714 67.5 | 108 || w74 [
10237- | LTE-TDD (SC-FDMA, 1RB, 10MHz, | x | 048 | 793 | 282 | 921 | 1263 | t35% |
CAB | QPSK)
| Y | 854 77.6 27.0 1441
. Z .88 61,9 294 141.7
10252- | LTE-TDD (SC-FDMA, 50% RB, 10MHz, | % | 5.65 751 ae1 924 | 1381 | 2E%
cAS OPSK)
Y | 934 ra2 | 283 | KT T
. " , 21046 776 273 1441 [
10267- | LTE-TDD (SC-FDMA, 100% R8, 70 % | 1046 785 265 | BA0 | 1536 | 35%
CAB MHz, QPSK) | )
L. Y 9,23 727 | 244 1228
. o ‘ N Z | 990 748 | @57 | 123.8
10274- | UMTS-FOD (HSUPA, Subtests, 3GPP | x | 6.04 871 190 | AB7 | 1495 | "+12%
CAB RalB.10) 3 . "
L Y | 602 67.1 184 142.8
‘ e 12 6.00 67.1 19.0 1410 ]
W275- [ UMTS-FOD (HSUPA, Subtest5, 3GPP | X | 4.22 | 656 | 161 | 396 | 131.0 | 400%
CAB falf. 4) |
Y | 449 6.9 18.6 1443
. e 2] 455 673 | 191 | 147.0
10291. [ CDMA2000, RC3, $O55, Fult Rale X | 374 67.2 189 | 948 | 1455 | 0.5 %
AAB
h 3.66 668 185 | 1—167 T
N o z | am | e72 18.9 136.5
10262- | CDMAZ000, RC3, 5032, Full Rate X | 385 670 | 187 | 339 | 1472 | 07%
AAB
—_l ———. Y| as_ | 668 | 184 | 139.6
. ——__ —. | 2 3.64 67.1 18.8 139.6 | i
10297- [ LTE-FDD (SC-FDMA, 50% KB, 20MHz, | x | 6a7 | 673 | 198 | 581 [ 1405 | 2147% |
|AAA | QPSK)
— —_— S Y| 624 | 668 | 193 [ ea0
- . Z | 633 67.2 19.8 ~ Tmes I
10311- LTE-FDOD (SC-FDMA, 100% RB, 15 X 7.00 GR.0 a0 6.06 {46.8 7%
AAA MHz, QPSK) o )
Y | 6.2 674 | 197 | 1403
— T e T ere | 204 JEIER

Cenificats No: ES3-3319_Aprid
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10315- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 2.85 68.5 18.8 1.71 1295 +0.5 %
AAA Mbps, 86pc duty cycle)

Y 3.09 70.0 19.2 146.1

z 3.15 70.6 19.8 146.8
10403- CDMAZ2000 (1xEV-DO, Rev. 0) X 4.73 67.9 18.7 3.76 137.5 0.5 %
AAB

Y 477 68.3 18.7 126.5

Zz 4.77 68.1 18.8 128.1
10404- CDMAZ2000 (1xEV-DO, Rev. A) X 4.55 67.6 18.6 3.77 132.0 +0.7 %
AAB

Y 4.89 69.1 19.1 148.8

Z 4.90 69.1 19.3 148.0

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 uncertainties of NormX,,Z do not affect the E2-field uncerlainty inside TSL (see Pages 8 and 9).

® Numerical linearization parameter: uncertainty not required.,

E Uncertainty is determined using the max. deviation fram linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: ES3-3319_Apr14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3319

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz}C | Permittivity" (sm* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 6.48 6.48 6.48 0.28 2.0% +12.0%
835 41.5 0.90 6.27 6.27 6.27 0.34 1.72 +12.0%
1750 40.1 1.37 5.24 5.24 5.24 0.80 1.14 +12.0%
1900 40.0 1.40 5.05 5.056 5.05 0.72 1.24 +12.0%
2450 39.2 1.80 4.45 4.45 4.45 0.77 1.23 +12.0%
2600 349.0 1.96 4.29 4.29 4.29 0.80 1.27 +12.0%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2}, else it is restricted to + 50 MHz. The uncertainty is the RSS

of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of lissue parameters (e and «) can be relaxed to + 10% if liquid compensation formula is applied fo
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (2 and o} is restricted to + 5%. The uncertainty is the RSS of

the ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the prabe tip
diameter from the boundary.

Cenrificate No: ES3-3319_Aprid
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3319

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f (MHz) ° Permittivity (srmy* ConvF X | ConvFY | ConvFZ | Alpha® (mm) (k=2)
750 55.5 0.96 6.25 6.25 6.25 0.39 1.65 +12.0%
835 56.2 0.97 6.18 6.18 6.18 0.56 1.37 +12.0%
1750 53.4 1.49 4.85 4.85 4.85 0.57 1.46 +12.0 %
1900 53.3 1.62 4.67 4.67 4.67 0.63 1.58 +12.0%
2450 52.7 1.95 4.24 4.24 4.24 0.74 1.10 +12.0 %
2600 52.5 2.16 4.05 4.05 4.05 0.80 1.02 +12.0%

¢ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher {see Page 2}, else it is restricted to £ 50 MHz. The uncertainty is the RSS

of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At fraquencies betow 3 GHz, the validity of tissue parameters (& and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue paramelers (£ and a) is restricted to + 5%. The uncertainty is the R3S of

the ConvF uncertainty for indicated target lissue parameters.

¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
atways less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance farger than half the prabe tip
diameter from the boundary.

Cerlificate No: ES3-3319_Apri4
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Dynamic Range f(SAR;.caq)

(TEM cell , f,ya= 1900 MHz)

1081
105—,';
10°-
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102 4.
107 .
o S I | I
10° 102 101 100 10! 104 108
SAR [mWiem3)
)
net compensated compensated
2 7
"l. ......
o' b
D, i i
ul !
Ao =
: J i
1032 102 101 10" 11 12 Q3
SAR [mW/oim3|
iy L®]
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Uncerlainty of Linearity Assessmant: X 0.6% (k=2)
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DASY/EASY - Parameters of Probe; ES3DV3 - SN:3319

Other Probe Parameters

Sensor Arrangement | o o T " Triangular
‘Connector Angle () o ‘ -119.8 |
Mechanical Surace Detaction Mode T N " enabled
Optical Surface Detection Made B T - T “disabled
[ Probe Ovarall Length T o 337 mm’
Probe Body Diameter T T ‘ - ‘ 10 mm
Tip Length ' T R _ T 10 mm
Tip Diametar . o o 4 mm
‘Proba Tip to Sensor X Caibration Poit o o ” ' 2mm
Probe Tip to Sensor Y Calibration Point ' ' ' Emm
Probe Tip to Sensor Z Cafibration Point . " - 2mm
'Recommended Measuremant Distance from Surface o 3mm

Cenificate No: ES3-3219_Apri4 Fage 14 of 14
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Client  PC.Test

Ascroditation No.:

5CS8 108

Certifioate No: ES3-3209_Mari4

CALIBRATION CERTIFICATE

Object FS3DV3 - 3N:3209
Calibraion pracedireis) QA CAL-01.v8, QA-CAL-23.v5, QA CAL-25.vB o ‘L,\ )1/
.Calibrafion-procedure jor dosimetric E-field probes . X"-H'\"-i
coT i o S Al

Calibration date:

March 18, 2014

This callbration certificate documents (he traceabilily 10 natiunal standards, which raalize the physical units of measuremants {31).
Tha measiremarnts <ed the oreariaindies with confidenca probahilily are (livan an the Iolfowing pages and are part of the cerificale,

Al cerliby erliones brave been cunadusted inihe dosed boralory kcilily: enviconinend tempesature (22 « 3" and humidity < 70%.

Coalibration Equipmant usad {MATE crilleal for calioration}

D

anary Stardards Cal Date (Cerfiticate Mo.) Seheduled Calibration

Power meler E44198 G041290674 - 04-Apr-13 {Mo. 21704730 Apr-14

Power sesor E4d 128 MY4 1408087 04-Agr-13 (Mo 17-09733) Aprtd

Heterence 3 dB Altenusior SN 55054 (3g) 0d-Apr-1d (Mo, 21701140 Apr-#4

Refarancas 20 d0 Atenuator SN 55277 (209 04-Apr-13 {Mo. 217-01738) Apr-14

Refarence 30 dR Attenuator SN 85128 (300h) Nad-Apr-13 (o, 217017 3R) Apr-i4

Heforongs Froby ES30VY sMao1s | 30-00c-13 (ho. ESZ303 Dect) Dec-14 ]

DAE4 SN: 650 13-Doo-13 (Mo, DAES-680 Deni3) Cicc 14

Secondary Standards I Check Data (In hause) Schaduled Check

HF gcncrator HHE 8848C US3642U01 700 4 Aug 88 {in house chack Apr-13] | In house chack: Apr-16

Network Analyzer HP 8753E 537380585 18-0c-01 (in puse check Qct-13} In house chegk: Oc'l-H
Nama - runction blgnalure ‘

Calbrated by: Claudio Leubler Laboratory Technician {‘L\

Approved by: }(a{]a'r‘_'oho&r_ic Technical Meneger -
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzertand

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditalion Sarvice (SAS) Accreditation Na.: SCS 108
The Swiss Accrediation Service is one of the slgnatories to the EA
Muitilateral Agreement for the recognition of caiibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx, v,z

DCcP diode compression point

CF crest factor {1/duty_cycle} of the RF signal

A B CD moduiation dependent linearizafion parameters

Polarization ¢ ¢ rotation around probe axis

Polarization & 3J rotation around an axis that is in the plane normal to probe axis (at measurement center),
e, § =015 normal to probe axis

Connector Angle information used in DASY system to align probe sensor X ta the robot 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 (8AR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

by 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

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

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

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

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

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

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

¢ Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a fiat phantom
exposed by a palch anterina.

s Sensor Offsef: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{(an probe axis}. No folerance required.

«  Connector Angle: The angle is assessed using the information gained by determining the NORMx {no
uncertainty required).
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3209

Basic Calibratlon Parameters

Sensgor X Sansory SensorZ Unc (k=2)
Mo (prWm)")A 3 1,32 1.13 +10.1 %
DGP (mV) 1015 1010 1025
Modulation Calibration Parameters
uip Cormunication System Name A B c D VR Unc"
B | dBvVpY dB mV {k=2}
o oW - X1 00 0.0 1.0 000 | 1884 | =3.8%
A4 0.0 0.0 1.0 180.7
. z a0 0.0 10 200.1
10010- SAR Validation {Square, 100ms, 10ms) ¥ 2.80 &4.7 123 10,00 43.2 1.4 %
CAA
Y 142 65.48 (LN 41.9
z 2.6/ 64,0 1.4 39.4
10011-  § UMTS-FOD {WCOMA} x| 129 67.7 ta0 | 281 | 1492 [ 5%
CAB
LA BT I TET A I - A 146.1
Z 2.25 67 .G 8.7 136.1
10012- [ECE 802,416 WiTi 2.4 Gz (D55, 1 x 1.01 ao.8 19.4 1.87 149.4 0.7 %
LAA Mbps)
Y A.06 701 19.6 147.1
o e z | 20 ] o7 [ 492 136.4 ]
10021- GEM-FDD (TDIMA, GMSK) X 5.47 798 204 0.39 146.9 1.7 %
Y 776 £4.4 328 1342
Z 434 75.3 18.5 134.2
10023- GPRS-FDO {TDMA, GMSK, TH O} ® 8 .66 E) 216 9.57 139.8 12,52
DAB
Y .38 8.2 242 131.5
S z | as7 76.1 188 | | tAds o
10024 GPRS-FDD (TOMA, GMSK, TN 0-1) x | nee 79.1 179 | 656 | 1412 | £10%
ohB
Y 27,58 JUIES P 145.8
7 5.42 77.8 17.4 126.3
10027- GPR3-FOD {TOMA, GMSK, TN 0-1-2) X o.65 853 19.0 400 1269 | 122 %
4B
Y 36.47 100.0 233 I 1382
I e ] Z.)].3183 96 5 214 149.2
10028- GPRS-FDD {TDMA, GMSK, TN 0-1-2-3) | x | 4000 oo 1.7 358 t250 | #10%
DAB
¥ { 4792 a9 & 21.7 1276
zZ | 61.98 299 208 N
10032- IEEE 802.15.1 Blugtooth [GFSK, DH5) ¥ | 993z 957 16.5 118 145.1 1.7 %
CAA
Y | 5530 | 995 | 193 145G
Z 0.54 504 b7 132.7
10038 COMA2000 (1XRTT, RCT) X 4.77 67.1 19.2 1.5¢ 145.6 .Y %
CcAB i
_ ¥ 4.8h _Bib 9.4 147.8
yal 4.87 86.7 18,2 133.4
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10081- [ CDMA2000 (1xRTT, RC3} x| 383 564 | 188 | 3.97 | 1409 | #0.7%
CAD
Y 4.02 66.9 1.1 T46.0
z 348 B6.1 14.5 129,17
:700%- UM S-FLL [HSUPA, Subtest 2) % 4.1 it 18.6 2908 i32.8 £0.7 %
AB
¥ 1.58 66.7 10.7 I
o 7 453 070 8.7 143.0
10400- LTE-FDC (85-FOMA, 100% RE, 20 X £.42 575 6.8 567 1393 +1.4 %
CAB _MHz, QPEK)
Y £.49 £7.3 2001 143.0
S I Z | s1a 66.7 18.3 126.9
T0108- LTE-FDL (SC-FOMA, 100% RB, 10 X 5.28 5741 9.7 5,80 136.9 Haa %
CAR Mz, QPSK) L S
Y .35 57.5 200 1404 |
£ £.d6 67.5 1848 1471
19119- LTE-FOD (SC-FOMA, 100% RE, 6 WHz, ¥ 5.34 G605 9.4 576 134.0 1.4 %
GAR aesky o _
Y .01 66.6 148 136.4 _
z 590 66.0 19.5 1436
10114- ICEL 802410 (1T Greanfield, 13.5 X 10.02 685 211 810 1772 2.7 %,
CAA Mbps, BEPSK)
¥ 10,31 69.0 21.0 130.2
I i 1012 £8.8 212 1390
10117- | IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 1uoz 68,5 21.1 Bor | 122 | £22%
| CAA | BPSK)
i 10631 89.3 217 131.2
" z 10.15 68.8 21.3 141.0
1151 - LTE-TDD |SC-FOMA, 50% RB, 20 MH2, ¥ B.54 724 24 8 928 139.6 30 %
AR OPSK)
i v | o.a9 76.2 26.7 134 1
2 8.25 7a.0 24.7 149.7
70154 LTEFDD {SC-FDMA, 509, 8B, 10 MHz, X 5.04 GBS 19.4 575 1347 1.4 %
CAB QPSK)
Y £.00 86.0 1.7 136.7
e f 2 b B0t 868 | 195 | 1433
10160- LTE-FDD (3C-FOMA, 50% RB, 16 MHz, | X 5.40 7.1 10.7 82 139.9 1.7 %
CAB QPSK} I U S e N SRR
¥ 0.4a 7.5 20.0 1429
. ) Z 8.43 §7.3 19.7 148.7
10169- LTE-FOD (SC-FDMA, 1 RB, 20 MHz, X 180 56.8 19.8 872 | 1361 14 %
CAB DPSK)
¥ 503 B7.2 20.2 1411
Z 5.08 57.3 204 148 .1
10172- LTE-TDD (SC-FUMA, 1 KB, 20 MHz, X 5.56 72.5 5.0 U2 126.¢ 2.5 %
CAR QPSK)
Y 7.28 75.1 27.1 128.8
Z 878 | 730 75.2 138.3
10175 LTEFDD (3C-FDMA, 1 RB, 10 MHz, X 486 fif B 147 572 1337 t1.4 %
CAB QPSK] et e e U A
¥ 4.97 6.9 200 136.3
z £.04 7.2 149 148.7
10181- LTE-FOG (3C-F2MA, 1 RE, 15 MH7, x 4.85 BE.7 19.7 n.72 1333 +1.4 %
CAB QrSK)
Y 4.99 G7.0 200 136.5
5.06 67.2 19.9 1457
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107183 IEEE BUZ.11n (HT Greentiald, 6.5 Wnpe, | X | 10.05 BY 2 21.7 BOY | MBs | 225%
CAA BPSK)
R Y | 1w BY.8 221 4.9
z2 | 978 50.5 21.1 1321 |
10196- | ICEC 802.11n {1 IT Mixed, £.5 Mbps, X | 10.05 69.2 217 B¢ | 1485 | i22%
CAA BHEK)
Y 10.21 6.9 22.2 1480
Fd 975 8.5 212 133.6
10219 | IEEE 802.14n {HT Mixed, 7.2 Mbps, x| 095 | es92 | 216 | 803 [ 148 | 25%
CAA BP 3K} -
Y | toos /8.7 221 ECZ |
Z B6/ 63,9 21.1 133.4
10222 EEE 802.11n [HT Mixed, 15 Mbps, X | 1000 £3.5 1.4 8.06 | 127.8 | 2.2%
| BPSK}
R Y 10.21 69.1 21.6 1773
zZ | 101 688 | 242 140.4 )
10225- | UMTS-FDD {[3PA+) | 681 B6.5 19.3 597 | 1258 | #14%
CAB
Y 7.07 67.5 3.2 148.0
7 f.97 f7.0 159.4 136.8
10237- | LTE-TDD {SC-FDMA, 1 RE, 10 MRz, | ¥ | 6.62 728 | 253 | 921 | 1285 | +#22%
CAS QPSKY N .
¥ 7.33 75.7 273 129.5
z 6.87 73.4 25.5 1418
102563- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X 707 715 24 924 | 1313 | £30%
CAR QP3K)
Y .35 733 | 257 1813 ~
zZ 7.04 71.6 24.3 140.2 _
10267- LTE-t0D (SC-F LA, 100% RB. 10 X 857 723 348 gan | 1288 | 0%
CAB MHz, GPSK) I T
¥ 9.1 74.5 28,3 139.5
z 8.53 72.3 24.6 | 1484
10274- UMTS-FDD (HAUFA, Bublest 5, 30PF X .08 a7 194 | 487 | 1444 | 10.3%
CAB Relb. 16}
v 5.08 670 19.2 114.0 B
z 5.80 66.5 187 | 134.0
10273- UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.51 B7.2 oL 396 1488 | *0.7 %
CAB Relft 4}
¥ 4,30 85.3 186 127.3
pi 4.10 G6.9 18.7 jang
W291- | COMAZDUE, RGY, 5055, Ful Rata X 3.6 65.0 18.6 346 | 1383 | £0.7%
AAB
Y 3,67 67.2 15.0 140.6
B ] z 3.62 87.0 18.7 128.8
10292~ | CDMAZD0O, RC3, 5032, Full Rate X | as 67 1 108 | 2339 | 1415 | HL/ %
AAB
¥ 3.58 67.1 188 142.0
Fd 3,69 67.2 10.6 130.8
109%7- | TR-FMN {30-FOMA, 50% RR, 20 MH7, | X §.27 67.0 197 551 1353 | *1.7%
AAA QPSE) _
Y 6.3 67.3 19.9 136.0
7 8.36 67.4 19.8 147.2
10%11- LTE-FDD (SC-£TMA, 100% RE, 15 ® .31 G7.9 200 6.06 1314 +17%
AAA MH., DPSK) ]
Y| 604 fi8.1 04 142.7
- £ B8.58 67.1 197 130.3
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ES30V3 SMI204 March 19, 2014
10215- IEEE 802.%11b WiFi 2.4 GHz (IS5, 1 X 2 94 G9.9 19.6 1.71 1466 | *05%
BAL vbipe, 96pC duly cycla) .

Y 2,81 £8.8 19,0 1484

Z 292 64.7 19,2 138.1
10405 | CDMA2000 (1xEV-DO, Rev. 0) X 1 475 68.7 191 376 | 280 | &%
MB . .

Y 471 £68.2 10.9 129.2

Z | 485 G8.8 19,0 1418 ]
10404 - CDMAZOGD (IxEY-DO, Rev. A) 5% 4 B4 HY. b 19,0 377 126.3 0.7 %
AAB

Y 460 682 18.9 1279

Z 474 68,8 19.0 140.6

The reported uncerfainty of ineasurement 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 appreximaiely 95%.

A Tha unneriainties of Norm &, ¥, Z do nol affect the C™-fisld uncarginty inside TSL {see Peges & and 9).

B Numerical lneasizalion parsineter; uncerlainty not requirad.

Uncenainiy is determined using the max. deviation fram linear respohsa applying rectangular distdbution and is expressed for he squane of i

fichd valuc,
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ES30V3- SM.3209

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3209

Calibration Parameter Determined in Head Tissue Simulating Media

fdarch 19, 5014

" Relafive Conductivity | Depth® | Unct.
f(MHZ} " | Permittivity” (smy” | ConvFX | ComvFY | ConvFZ | Alpha® | (mm} (k=2) |
750 418 088 645 6.43 R.43 029 | 201 | £120%
835 415 0.90 6.23 $.23 §.23 0.34 170 | 2120%
1750 40.1 1.4 b4 5,24 5.24 0.80 113 | £120%
1900 40.0 1.40 5.13 513 5.13 0.46 1.9 | £120%
2450 30.2 180 | 454 4.54 4.54 063 | 138 | +120%
2800 39.0 1.96 4.33 4.38 4.38 (.76 1.20 +120%

© Fraquency validity of + 100 MHz only appiies for DASY v4.4 and nigher (3ee Prge 23, el it is resi ivled t 2 50 MHe. The uncerlainly is the RSS

of the Conv™ uncorlainiy at calibralion frequency and the uncerlainty for the indicated frequency band.

F AL frequoncios bolow 3 GHz, the validity of iseus parameters (x and «} can he malawed 0+ 0% iCliquid compansation formula is applied lo

measured AR values. Al frequencies above 3 Gliz, the validity of issue paremelers (e and o) i resticted to + 5%, The uncertainty is the ASS of
tha Canvir uncarainty for Incicated target tissue parameters.
® Alsha/Depth ara detarminad durng calibralion. SPEAG warrants that the remaining deviation dug fo the bourwary oflect aller eamponsation is
alwayx Inss than + 1% for fraquanrias batow 3 GHz and hatow 2%, for frequencies between 3-6 GHz at sny disfance lacger than hall the probe tp
dinsmcter kom the boundary.

Ceorificate Mo, ES3 3209_Mar14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3209

Calibration Parameter Determined in Body Tissue Simulating Media

Relativa Conductivity Depth© Unct.
f{iMHZ)® | Pormittivity” |  {Sim" ConwFX | ConvEY | ConvFZ | Alpha® | [mm} {k=2)
_____ 750 55.5 0.88 | 616 6.16 6.16 0.26 2.23 £120%
A5 552 0.97 B.14 6.14 B.14 080 1.13 +12.0%
1750 53.4 1.4% 4.8 4.85 4.85 0.50 1.42 +12.0 %
1900 53.3 152 4.68 4.68 468 | o052 159 | £12.0%
2450 52.7 1.06 4.20 420 | 420 0.73 1.08 +12.0%
2600 52.5 | 218 4.04 4.04 4.04 0.80 1.00 +12.0 %

® Frequency validity of £ 100 M1z only applias far DASY v4.4 And higher {see Page 2}, cisu il is sestricled 1o # 50 MBz. The uncertainty is the 1155
of the ConvF tnceriainty al caiibration freguancy and the uncertainty far the indivsted Irequency band.

' At requencies below 3 GHz, e validity of tssue parameters (v and 1) can be ralaxad to + 10% if liquid compensafion furmula is applied b
measured SAR vatues. At fraquancies above 3 Gl |z, the validity of tissue parameters fe and o) is mostrisicd o + B%. Tha uncarlalnty is the RSS of
the ConvF Uncedainly far indizated targat tissits parameters.

& alphafDepth are determines during calibration. SPEAG warrants that the remaininy devialion due to the boundary effect after compansation Is
always less than & 1% for frequensies betow 3 GH7 and halow + 2% for frequencies belween 3-8 GHz at any dislance farger than hall Iha prrha Hp
drameter irom the boundary.

Cerliticate No! ES3-2208_Mar14 Page 9 of 14
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Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveyuide: R22)
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Uncertainty of Frequancy Responge of E-fiatd: £ 6.2% (k=2)
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Receiving Pattern {¢), $ =0°

=600 MHz, TEM f=1800 MHz R22

Tot A ¥ 7 Tat x s
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Uncerfainty of Axial Isotropy Assessment: 1 0 5% (k=2)
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1

Dynamic Range f(SAReqq)
(TEM cell , f.,a= 1900 MHz)

o

Input Sigra! Tuw’

) e - |
102 1 10° 10
SAR ImiwWiem3] _
(2] Le)
not compensated oompensated

Errar [¢B]

(N A1 et i L
1r[}1 1t0.1 g 10t
SAR fImWom3]
L& ]

net compensated compensated

Uncertainiy of Linearity Assessment: £ 0.6% (k=2)
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E33DW3~ 3N:3209 March 19, 2014

Conversion Factor Assessment

[ = B35 MHz,WGLS RS {(H_convF) f= 1800 MHz WGLS R22 {H_convF}
! ' !
ral »
a0 "\ -
’ r_: Ay l.'\ :
5 N Exl N
el -, g B
z 20 M, Z, AN
% \\\ E o ! &\\_
4 . : by
~ .
L Ly "
.04 . ",
T 1
vsl . . i T
h . . T -
D_D. L 1 r R . i .&‘Il.‘:ii]ll.?lllirl'|!‘1:L,|:JII-1IIJI-|_‘]._.|:1_
n mn 4 40 50 a 11 ] 15 0 ] L ¥ 4
. 24mn) _ # ] R
; ]
a.t%l‘mal. mﬁfﬁred ﬂrbﬁddl LTS

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

Deviation

T

-0 -08 -0G -04 -02 00 U2 (R B (K- 0.8 1.0

Uncertainty of Spherical isotropy Assesemeant: * 2.6% (k=1}
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March 14, 2014

DASY/EASY - Parameters of Prohe: ES3DV3 - SN:3209

Other Probe Paramefers

Sensor Arrangoment Triangular
“Connector Angie () 385
kechanical Surface Detection Mode enahled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameater "4 mm |
Prebe Tip to Scnsor X Calibration Point Z2mm
Prohe Tip to Sensor Y Calibration Point o 2 mm
Probs Tip to Sensar Z Calibration Paing 2 mm
Recommended Measurement Distance from Surface 3mm

Cerlificale No: CS2-2209_Mar 14 Page 14 of 14







Calibration Laboratory of \L\_'/y

. N 2 S  Schweizerischer Kalibrierdienst
Schmid & Partner iE‘ ‘“‘-\-:—//EE !E’g": ¢ Service suisse d'étalonnage
Engineering AG el Servizio svizzero di faratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand 4//,@\\3‘ S Swiss Catibration Service
Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating fiquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B,CD moduiation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 9 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 3 =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)

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

IEC 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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-celi; f > 1800 MHz: R22 waveguide).
NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMX,y,z does not affect the E%-field
uncertainty inside TSL (see below ConvF).

NORM(Nx,y,.z = NORMx,y,z * frequency._response (see Frequency Response Chart). This linearization is
imptemented in DASY4 soflware versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

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

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

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

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

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

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

Certificate No: ES3-3213_Apri4 Page 2 of 14
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Probe ES3DV3

SN:3213

Manufactured:  October 14, 2008
Calibrated: April 11, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3213

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVH(VIim)*)* 1.47 1.36 1.32 +10.1 %
DCP (mV)® 102.9 101.6 102.7

Modulation Calibration Parameters

uiD Communication System Name A B c D VR Unc®
dB dBvVv dB mv (k=2)

0 [ X 0.0 0.0 1.0 0.00 1974 | 138%

Y 0.0 0.0 1.0 219.1

Z 0.0 0.0 1.0 196.3
10010- SAR Validation (Square, 100ms, 10ms) X 5.05 68.5 14.4 10.00 41.4 0.9 %
CAA

Y 9.83 75.4 16.6 39.8

Z | 1063 76.7 17.0 40.3
10011- UMTS-FDD (WCDMA) X 3.25 67.1 18.8 2.01 1354 | +05%
CAB

Y 3.21 66.6 18.4 131.4

zZ 3.43 68.3 19.4 133.5
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.39 71.8 20.4 1.87 137.8 | 0.7 %
CAA Mbps)

Y 2.98 69.1 19.1 133.1

Z 3.26 71.3 20.3 133.8
10021- GSM-FDD (TDMA, GMSK) X | 2208 99.1 27.6 9.39 1431 +2.2%
DAB

Y | 2157 99.6 28.2 141.4

Z | 1351 90.9 24.9 137.1
10023- GPRS-FDD (TDMA, GMSK, TN 0) X | 1613 94.0 26.2 9.57 133.8 | +1.9%
DAB

Y | 2239 99.7 28.1 137.8

Z | 1899 97.5 27.4 129.2
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X | 2123 93.4 23.4 6.56 1489 | $1.9%
DAB

Y | 33.62 99.9 25.4 148.5

Z | 3272 99.7 25.1 141.6
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 49.20 99.7 23.0 4,80 1386 | 25%
DAB

Y | 40,22 99.8 23.9 134.7

Z | 43B2 99.8 23.4 131.9
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | x | 50.05 99.8 2.4 3.55 1465 | +22%
DAB

Y 51.44 99.6 22.3 144.4

Z | 46.36 99.5 224 140.0
10032- IEEE 802.15.1 Bluatooth (GFSK, DH5) X | 4043 99.5 20.4 1.16 135.1 1.7 %
CAA

Y | 24.55 99.5 21,7 1335

Z | 3287 99.9 21.0 131.0
10039- CDMA2000 (1xRTT, RC1) X 4.69 66.6 19.0 4.57 1334 | *09%
CAB

Y 4,76 66.9 19.3 133.2

z 4.71 66.8 19.2 130.1

Cerlilicate No: ES3-3213_Apri14 Page 4 of 14
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10081- | CDMAZ000 (1xRTT, RC3) x| anr 1664 TT0e | 397 ] 12007 107% |
AR R o I
¥ 389 66.1 18.7 129.6
z 3.97 66.5 19.0 146.7
10098- LIMTS-FOD (HSUPA, Sulytest 2) % 4.59 66.8 18.8 3,08 141.1 0.7 %
CAB
4,64 67.0 19.0 1400 | |
7 1.67 67.2 191 136.5 -
10100- LTE-FOD (SC-FDMA, 100% RB, 20 X B.52 68.0 201 5.67 1475 | 1.4 %
CAR MHz, QPSIS)
Y 561 68.3 | 204 | | 1485
z .51 6.0 20,4 145.4
10108- LTE-FOD (SC-FOMA, 100% RB, 10 X 5.49 67.5 19.9 5.80 145.2 | +147%
CAB MHz, QPSK) T b ]
¥ B.44 G7.8 20.2 145.8
z 6.41 67.7 20.1 1455 |
10110- LTE-7DD {(SC-FOMA, 100% RA, 5 MHz, | X 6.02 66.7 19.5 575 413 | 14 %
EnB | QPSK) |
Y 5.10 67.2 200 | 1410
S Z 5.05 B7.0 | 19.8 141.2 ]
10114- IEEE 802.11n {HT Gresnfiald, 13.5 X 10.19 68.9 21.4 a.10 135.6 127 %
CAA Mbps, BPEK) I
Y | 1043 | 6898 | 219 135.7
z | 1021 69.0 215 | op s}
10117- IEEE #02.11n {HT Mixad, 13.5 Mops. X | 1047 68.9 21.3 8.07 137.7 | +25%
IESZAT LT 1= 1.3 U VU SRR RO ‘ R
Y | 1045 69.5 21.9 147.2
Z | 1022 | 69.1 1.5 136.9
10151- LTE-TOD (SC-FDMA, 50% HB, 20 MHz, X 9.70 74.0 25.40 9.28 133.6 $3.0%
| CAB | QPSK)
Y 9.61 75.7 6.7
Z ] 949 74.4 25.7 "
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | 6.07 67.0 19.7 575 +1.4 %
CAB QPSK)
¥ 6.19 67.6 202 | ].1454
2] 8086 67.0 19.8 | ey o ]
10160- LTE-FDO (SC-FDMA, 50% RE, 15 MHz, | ¥ 6.50 B7.5 199 £.52 14985 | £1.4 %
| CAB | QPSK)
Y 635 | B0 19.7 127.0 ]
z 6.5¢ 67.6 | 20.0 147.9
1016Y- LTE-FOD (SC-FDMA, 1 RB, 20 MHz, % 5.00 66.0 19.8 8,73 1454 | #14%
CAB QPSKYy . — i
Y | 813 | _6715 204 Jdago f
lllll Zz 5.06 67.3 20,2 1448 | ]
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X .02 197 285 g2 1489 [ £3.0 %
_CAB QPSK) R
- Y | 844 | 774 276 - | 1250
I - 8,82 79.5 28.6 ura|
"LTE-FOD (SC-FDMA, 1 R2, 10 M+, X 5.05 67.2 20.0 5.72 146.2 | +1.4 %
CAB | QPSK) — —t |
¥ 514 | 676 | 20.4 | 1459
S 4 5.00 671 20.1 140.8
i0181- | LTE-FOD (SC-FDMA, 1 RB, 15 MHz, X | 507 | 67.2 200 | 572 11457 | 214 %
CAB | QPSK) | o
Y 5[15 G768 204 146.0
""" z | s00 670 | zoo0 | | 140 L
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10193- | IEEE 80Z.11n (HT Greenfield, 6.6 Mbps, | X | 962 | ¢hs | 214 | 809 | 1362 | 222%
CAA EPSK)

I Y | 10.08 69.3 21.8 1306 ¢ |
10198- IEEE 802.11n (HT Mixed, 6.5 Mbps, | x 9.95 60.0 21.4 810 | 1364 | #22%
CAA BRSK)

Y | 41008 69.3 1311
z 9,84 68.7 128.8
10219- | IEEE 802110 (HT Mixod, 7.2 Mbps, X | 9.81 8.3 BO3 | 1353 | 122%
CAA BPSK) m
¥ 9.95 21.3 130.1
z 971 21.2 1274 |
10229- IEEE 802.91n (HT Mixad, 15 Mbps, ¥ | 10.24 9.1 15 8067 a2 | 229
CAA | EPSK] S DU
Y | 10.45 69.7 22.0 136.8
- Z | 1013 68.9 24 | 133.6 L
10225- UMTS-FDD (HSIPA+) X 6.05 66.9 19.5 5.97 137.9 | t1.4%
LGAB N R
Y 7.03 67.2 19.8 1332

- Z .92 66.9 195 | 1306 |
102a7- | LTE-TDD (SC-FDMA. 1 RB, 10 MHz, X | @08 76.6 270 | 921 [ 1278 | #30%
CAB QPSK) o

Y o| 1045 84.0 3.2 14&(3 |
z 8.67 790 | 283 145.4
10252- LTE-TRD (5C-FDMA, 60% RE, 10 MHz, | x a9 73.8 95.9 024 1360 | *35%
CAB QPSK) d
¥ | 919 75.1 26.5 1240
z 9.66 762 | 268 149 1
10267- D (SC-FDMA, 100% RE, 10 X | 98 | 745 257 | 230 | 1319 | 0%
CAB MHz, QPSK)
L Y| 9.87 75.8 26.8 1308
o Z 936 | 739 255 127.8 o
10274- UMTS-FDD (HSUFA, Sublost 5, AGPF X 5.04 66.5 18.8 4.87 128.6 | $0.9%
CAB RalB1Q)
¥ 5.87 667 | 19.0 128.8
Z | 6.08 67.5 194 | 149.9
10275- | UMTS-FDD (HSUPA, Sublest5, 3GPF | X 4.5 66,6 10.0 3.06 1340 | #09%
CAB Reld 4) o
Y | 446 67.0 19.1 138.5
....... z 439 | 668 18.0 1204 | |
10231- CDMAZ000, RC3, 5055, Full Kale X 2,72 67.5 19.2 3.46 | 1492 | 407 %
| AAB —— ., [ A .
Yy | ac66 €7.1 19.1 120.6
Z 2,72 | @76 19.3 | 1432
10292- | CDMAZOAN, RCA, 3032, Fuil Rate X 3.54 66,9 8.8 339 | 1283 | o %
AAB
L Y | 361 | €72 191 [ 130.4 ]
- ezt oaee | 678 | 194 | | 146.2

10297 LTE-FOD (SC-FDMA, 50% RB, 20 MHz, | X .38 7.4 10.0 581 14658 | t14%
AAA apsKy . — -l ]

T y | 650 | 680 | 204 | 1486

‘ ‘ ? 636 | 674 198 | 1408
10311 [ LTE-FOD (SC-FDMA, 100% RB, 15 | x | 670 | 672 | 197 | 606 | 127.8 | 4%
ARA MHz, QPSK) .
|y | eas | 677 20.3 1 1302
— _ r4 695 | 682 204 | | 1479 ]

Coerliticate No: ES3-3213_Aprid
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10315- IEEE 802.11b WiFi 2.4 GHz {DSSS, 1 X 2.82 69.1 19.2 1.71 135.1 +0.7 %
AAA Mbps, 96pc duty cycle)

Y 2.92 69.5 19.6 136.9

z 3.22 71.8 20.6 130.9
10403- CDMA2000 (1xEV-DO, Rev. 0} X 4,77 68.3 18.9 3.76 140.0 0.5 %
AAB

Y 4.80 68.4 19.1 141.4

4 4.86 68.9 19.3 134.8
10404- CDMAZ2000 {1xEV-DO, Rev. A) X 4.64 68.0 18.8 3.77 138.2 0.7 %
AAB

Y 4.67 68.2 19.0 139.3

Z 4.69 68.5 19.1 133.9

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

A The uncertainties of NormX,Y,Z do not affect the E*field uncertainty inside TSL (see Pages 8 and 9).

Numesical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation from linear response applying rectangutar distribution and is expressed for the square of the

field vaiue.

Certificate No: ES3-3213_Apri4
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3213

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct,

£{MH2)® | Permittivity" (s/m)" ConvEX | ConvEY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 6.58 6.58 6.58 0.34 1.79 +12.0%
835 415 0.90 6.37 6.37 6.37 0.29 1.94 +12.0 %
1750 40.1 1.37 5.18 5.18 518 0.79 1.17 £12.0%
1900 40.0 1.40 4.99 4.99 4.99 0.57 1.36 +12.0%
2450 398.2 1.80 4.40 4.40 4.40 0.78 1.28 +12.0%
2600 39.0 1.96 4.25 4.25 4.25 0.77 1.23 +12.0 %

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The unceriainty is the RSS

of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters {£ and o) can be relaxed to £ 10% if fiquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to * 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
¢ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
atways less than + 1% for frequencles below 3 GHz and betow + 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No: ES3-3213_Apri4
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3213

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity" (stm)f ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 6.21 0.77 1.19 +12.0%
835 55.2 0.97 6.18 6.18 6.18 0.54 1.37 £12.0%
1750 53.4 1.49 4.89 4.89 4.89 0.73 1.27 +12.0%
1900 53.3 1.52 4.68 4.68 4.68 0.47 1.70 +12.0%
2450 52.7 1.95 4.26 4.26 4.26 0.70 1.16 +12.0%
2600 52.5 2.16 4.05 4.05 4.05 0.67 1.00 +12.0%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies befow 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to £ 10% if Equid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o} is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibratian. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Cenificate No: ES3-3213_Apri4 Page 9 of 14
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Aprl 14, 2014

DASY/EASY - Parameters of Probe; ES3DV3 - SN:3213

Other Probe Parameters

Sensor Arrangement

Connector Angle'(")

Triangular"

Mechanical Sudace Detection Mode

Optical Surface Detection Made

Probe Overalil Lenglh

Probe Body Diameler

Tip Leangth

337 mm’

Tip Diameter

| Probe Tip to Sensor X Calibration Point

anabled
disabled |
10 mm |

10 mm

firobe Tip to Sensor Y Calibration Point

4 mm |

Frobe Tip to Sensor Z Calibration Point

2mm

2 mm

2 mm

Recommended Measurement Dislance from Surface

3mm |

Corlificata No; ES3.3213_Apri4 Paga 4 of 14
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Calibration Laboratory of .,

i S 2, Schweizerischer Kalibrierdienst
X 2
Schmid & Parlner N z Service suisse d'étalonnage
Engineering AG ;;//—:\\E Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switreriand ’»4,;/,:\"\\\ 3 Swiss Calibration Service
M
Accredited by the Swiss Accredilation Service (SAS) Accreditation No,; SCS 108

The Swiss Accreditation Scrvice is one of the signatories to the EA
Multilateral Agreement far the recognition of calibration certlficates

Glossary:

TSL tissue simulating liquid

NORMX,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP dinde compression point

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

ABC D modulation dependent linearization parameters

Polarization ¢ ip rotation around probe axis

Polarization 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., § = 0is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a)

b}

IEEE Std 1528-2013, “{EEE Recommended Practice for Detesmining thc Peak Spatial-Averagad Spacific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.6., the uncertainties of NORMx,y,z does not affect the E%-field
uncertainty inside TSL {see below ConvF).

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

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

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

Ax,y,z; Bx,v,Z; Cx,v,z; Dx,v,2; VRx,y,Z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweap for specific modulation signal, The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS yoltage across the diode.

ConvE and Boundary Effect Pararneters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analylical fisld distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMX,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the vaiidity from 2 50 MHz to + 100
MHz.

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

Sensor Offsef: Tha sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

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

Cerlificate No: ES3-3268 Febi4 Page 2 of 14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

Basic Calibration Parametears

Ceartificata No. EEJ-3258_Feb14

Sensor X SensarY Sensar Z Unc {k=2)
[ Narr (uvAVim )" 1.2 1.19 1.23 +10.1 %
DEP {miv) 164.5 107.0 103.0
Modulation Calibration Parameters
uip Communication System Name A B c [w] VR Unc™
uE dB Vv dB my {k=2}
a CW % 0.0 0.4 1.0 0.00 | 2224 | *3.8%
Y 0.0 0.0 1.0 202.2
7 0.0 0.0 1.0 2071
10010- S5AR Validation (Square, 100ms, 10ms) x 508 656 14,1 10,00 i1.8 +1.9 %
CAA
Y 1464 574 9.3 anz
z 4.01 62.4 13.0 51.1
10014- UMTS-FDD (WCDMA) x| 334 B7 5 18.9 2.9 1312 | 405%
CAB
Y 343 | 679 18.7 137.1
, Z | 34z _| o678 [ iao0 | 1460
10012- IEEE 8U2,11b WiFi 2.4 GHz {DSSS, 1 X 2 40 09 108 187 Baz | w75
CAA Mbps)_
Yy | 319 70.2 192 137.0
Z 346 70.8 16,65 149.6
10021- | GSMEDD (TDMA, GMSK) X 1 3024 ag7 sa7 | 939 | i31.2 | xtd%
DAB i
Y | 1291 88.5 A5 475 |
_ zZ | 3007 ;995 | 289 | 1280
10023. GPRS-FDD {TDMA, GMSK, TH 0} X | 29.88 100.0 29.0 0.57 1230 | z1.9%
DAD
Y | 602 | 925 | 254 140.7
e 7 | 3oo0i 1000 | 284 125.8
10024- GFRSFDD (TDMA, GMSK, TH 0-1) X | 4457 99.7 25.4 6.56 18.6 | 1.7 %
NAR
¥ | 2807 95,3 232 1276
Z | 4372 99.8 6.3 | 120.1
10027- GPRSEDD {1 DMA, GMSK, TN 0-1-23 X | 5asg2 99.7 u4.4 4.80 1204 | £22%
oYz
¥ | 8455 | 999 | 223 1433
Z ! 56188 09.7 24 8 1 1775
10028- GPRS-FOD (TOMA. SMSK, TN 0-1-2-3} X 5893 93.8 234 3.5 1334 +2.2 8,
DAE
v [ erma | gwr | 213 1263 7
Z | 5664 | 928 | 238 130.8
HIN3a2- [EEE 802 151 Rlisslnoth {3FSK, CHS) x 4703 93 5 {4 446G 136.3 1./ %
CAA
v | 9586 | 952 | 17. 1383
_ 7z | 3968 100.0 P 132.3 ]
10039- CDMAZOO0 (1xRTT, RC1) X .64 56.8 19.1 4,57 1313 | 0.9%
CAB
Y 475 | 87.0 18.9 138.2
Z ] 486 | 67 | 00 272
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10061 - COMA2O00 ($xRTT, RC3) X 4,06 66.8 10.0 287 148.4 WNT%
CAl
Y 3,96 05.6 18.G 1347
z 413 6.9 19.1 143.4
10098- UMTS-FDD (HSUPA, Subtest 2) X 464 668 18.7 3.08 137.3 07 %
CAB
Y 4.75 67.5 18.8 1404
Z 4,85 66.7 18.7 4332
10400- LTE-FOD {SC-FDA, $00% RB, 20 X 6.66 GB.5 20.3 587 1443 1.2 %
CARB MHz, GPSK} _
Y | 827 67.1 19.3 130.6
i 6.62 68.2 201 140.5
10108- LTE-FDO {3C-FOIA, 900% RB, 10 ¥ 655 68,0 20.2 5840 142.6 114 %
CAD Wiz, QPGK)
¥ 617 66.8 19.3 129,2
z 6.52 67 8 20.1 _ 139.0
10110- LTE-FDOD (SC-FDMA, 100% RB, § MHz, | X 619 67.0 19.8 575 1276 1 +14%
GCAB e
Y 6.142 67.3 198 1495 |
z 8.1y 6/.1 15.8 138.1
10114~ IEEE 802.11n (HT Greenficld, 13.5 * | 1049 69.5 217 810 132.4 $35 Y
CAA Mbos, BPSK) |
¥ | 1023 691 21.3 144.73
Z | 1045 69.5 218 129.5 e
10117- IEEE 802.1%n (HT Mixed, 12.5 Mbps, X | 1046 B9.5 2.7 8.07 1339 | 225%
CAA BPSK}
B ¥ | 1026 £9.2 21,3 147.4
z | 1047 B4 21.7 130.5
10151~ LTE-TDD (SC-FDMA, 50% RB, 20 0Hz, | X | 11.61 774 6.8 923 | Haa | =30%
GAB QPSK) Lo
Y .39 75.2 257 144.8
o z 12.01 77.3 26.9 1188 |
10164- | LTE-FDD (SC-FDMA, 50% RB, 10MHz, | X | 6.20 B7.3 19.9 575 | 1392.2 | zl.2%
CAB OPSK)
o ¥ 5.86 B5.2 19.0 128.5
Z 6.22 67.3 10.9 1363
10160- LTE-FDD {SC-FDMA, 505, RE, 15 MHz, | x 8.6 67.8 201 5.82 1441 £1.4 %
CAB QPSH)
Y .31 £6.8 19.3 1331
S z 6.66 67.7 200 14049
f0{aa- LTE-FDD {IC-FOMA, 1 RE, 20 MH7, X 525 67.5 20.2 873 143.6 1.2 %
CAB QPSK) o
ki 4.82 68.7 19.5 $31.0
7 5.29 67.4 0 140.7
i0172- LTE-TDD (SC-FDMA, 1 RB, 20MHz, | x | 13490 B7.5 16 9.21 188.0 27 %
CAG QPSK)
R Y 7.83 75.5 26.0 124.9
Z | 1347 8E.5 31 137.8
101 75- LTE-FDD {SC-FUMA, 1 RB, 10 MHz, X 5.22 57.4 20,1 572 1443 | %14 %
CAB QPSK) N
Y 508 | 7.5 19.9 1478
pd 5.26 87.2 20.0 139.6
10181- LTE-FDD (SC-FOIMA, 1 RB, 15 Mz, X 5.4 67.5 20.4 672 1445 | ¥i.2%
CAB QFSK) - .
Y - 5.0 674 1848 147 .0
z 529 §67.3 20.4 139.2

Cartificata No: ERN-1250_Febid
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ES30V3- GN:3208

February 25, 2014

10180 IFFE RQ2.1 In (HT Greaniek], A.a Mbps, | X 1 10,12 591 21,6 8.00 12868 | t2.2°%
CAA BPGK)
by 9,78 B8.4 21.0 1328
- Z 10.08 68.9 21.5 1204
10196- |EEE BOZ.11n (HT Mixad, 6.5 Mbps, ¥ 10.15 69.2 247 2,10 130.2 £2.2 %
ChAA BPSK)
Y 9,77 58.5 21.0 134.1
2 10,10 BO.0 21.5 124.0
10219 IEEE 802.11n (HT Mixed, 7.2 Mbps, X 10,07 B9 .0 215 2.03 1267 1208
CAM BPSK)
¥ 9.67 585 | 210 1333 |
z 10.02 B8.9 215 123.9
10222 IFEF. B02.11n (HT Mixed, 15 Mhbps, % 10,46 BO.6 R AOB 134 .03 229
CAA BPSH)
¥ 11314 BE.E 24 1 1307
o d 1040 | 583 216 1z8.7
10225- HMTS-F DD {HSPA+) He 7.09 67.1 10.6 2,07 131.2 1.4 %
CAE -
e Y 5,08 67.2 | 194 136.0
Z 7.08 868 11,4 127.2
10237- LTE-TDLH{SG-FOMA, 1 RE, 10 MHz, % 13.68 n7 8 M7 9.29 1418 30 %
CAR toi=11 ¢ R Y D e
Y 7.86 755 26.0 1265 ]
z 13.98 87.7 318 1414
10252- LTE-TDD {3C-FDMA, 50% RE, 10 MHz, | x 12.86 814 289 8.24 142.1 0%
CAB QPSK)
Y .81 3.4 24.8 12824
z | 1315 | #ld4 288 1420 | |
27 LTE-TDD {SC-FOMA, 100% KRB, 10 ¥ [ 1183 I 6.8 ga0 | 11287 | 230%
CAB MHz, QPSK)
Y 962 74.3 53 138 .4
z 1Mes | 777 26.9 1493
10274- UMTS-FDD {HSUPA, Subtest 5, 3GPFP | x | 6.14 67.4 19.3 .67 1499 | #09%
CAB Rel8.10)
¥ | 5580 €69 | 187 192 8
2 620 67.5 19.3 146.6
Hr275- UMTS-IFDD (HSLMA, Sublest 5, 360D X 4.45 889 189 3.06 1301 207 %
CAB Hetg.4) o
Y 4,50 g7.2 18.8 1319
z 4.64 67.6 18.3 149.2
10251- COMAZ000, RC3, 5055, Full Rete. | % 179 67.5 19,2 3.46 1453 7 %
AAB cab——
Y a74 61.5 18.8 138.2 ]
F4 1.78 67.3 191 IRER
10282- CDOMA200G, RC3, 5032, Full Rate X d.if LT 19,3 3.39 147.8 0.5 %
AAR
¥ 3.89 877 18.9 1201
il 3.73 673 190 | 1413
0247 - Lik--DE} [SC-FDMA, 5U% RE, 20 MHz, | X 6.52 £7.9 20.4 5.81 141.4 1.4 %
APA CIPSK) o
¥ 6.41 67.6 19.7 147.4
S Z 6.51 87.7 201 135.4
10311- LTE-FOD (SC-FDMA, 100% RB, 15 X 747 a68.7 n.7 8.06 147.7 +1.4 %
AN MHZ QPSR
¥ 6.68 67.2 196 128.6
Z 7.42 6.4 205 142.0

Cenlificate No; FA3-3208 Fetld
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ES30W5- SN.3258 February 25, 2014

10314- 1EEE 802 11b WiFi 2.4 GHz (D555, 1 x 304 0.0 14.6 171 1298 H1.5 %
AAA ibps, 86nc duly cycla)
) Y | 325 | 713 18.7 136.9
Z 3.00 694 8.6 148.7
10403- CUMAZOOU { Txl=V-D0, Hev, (1 ¥ 473 87.3 1B.6 3.76 1:35.f 0.5 %
ALB
Y 4,93 89,1 19.4 141.5
z 473 67.1 184 1327
10404- | COMAZ000 {1xEV-DO, Rev. Ay | X | 487 | 675 | 180 | 377 | 1340 | 205%
ANB
hi 4.92 694 161 1348
§ Z | 485 7.1 18.5 130.7

The reported uncertainty of measurement is stated as the standard uncertainty of measurcmont
multiplied by the noverage factor k=2, which for a narmal distribution corresponds to a coverage

prabability of approximately 95%.

* The uncaraintes of NormX Y7 do not affect the E2-field uncertainty inside T3!. (see Pages & and ).

Humerical lineatizabion parsmeter: urcerainty not required.
E Uncerainty is determined using the max. devialion from finzar response applying rectangular distribution and is expressed for the square of tha
field valus,

Cedificaie No: ES3-3258_Fcbid Page 7 nf 14




ESI0VE - SN:326H

DASY/EASY - Parameters of Prohe: ES3DV3 - SN:3258

Calibration Parameter Determined in Head Tissue Simulating Mg-dia

Felwmy 25, 2014

€ Fraquancy valldity of + 100 MHz anty applies for DASY v4.4 and kigher {see Page 2), else ilis restricied to £ 50 MUz, The uncertainty is the RGS
of tha ConvF uncariainty at calibration frequency and the unserlainiy for W indicaled Irequency band.

Relative Conductivity Depth® Unct.
E(MHZ)° | Parmittivity " (sm}* | ComvFX | GowFY | ConvFZ | Alpha® | (mm} [k=2)
750 41.9 0.89 A.53 B.53 6.53 040 | 160 | £120%

835 415 0.0 6.27 6.27 6.27 | 1180 117 | #120%
1750 40.1 1.37 514 5.19 5.19 0.80 .10 £120%
1900 40.0 1.40 5.04 5.04 504 | 068 127 | #120%
2450 38.2 1,80 _4.52 4.52 4.52 0.78 123 | £12.0%
2600 390 1.96 4.34 4.34 494 | o7s 133 | #120%

F Al fraquencies Delow 3 GHz, the validity of lissue parameters {= and o) ean b ralaxad o1 10% if liquid compernsetion formula is appbed to

maasurad SAR values. At fraquencies above 3 Gl iz, the validity of tusus paramelors (e and o) is rostricted fo + 5%. I'he uncenainty is the RSS of
the CarvF uncertainly for indicated target lisspe parameters,

% aphatDerth are dalerminad ditring catinrafion. SPEAG wartante that the remaining duvialion duo to the baundary effect afier compansation is

always loce than + 1% for frequencies helow A (Hx and helow + 2% far frequencies belween 3-8 Gz at any distance larger than half the probe tip

diameter from the boundacy.

Cortibieole No. ESS- 3208_Fobid

Page & of 41




ES30V3- EM:3258

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

Calibration Parameter Determined in Body Tigsue Simulating Media

February 25, 2014

® Frequuicy validity of * 100 MHz anly applies for DASY wd.4 and highe (sue Pags 2Y, elsm it is restricted to L 50 MHz. The uncerdainty in e RS
of the ConvF uncertainty at cafibralion freauency and the uncerainty tor the indicated frecuency band.

Relative Conductivity Depth © Unet.
f(MH2}C | Pormittivity (sim}* ConvF X | CanvFY | ComvZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.15 8.15 6.15 061 | 132 | 212.0%
835 55.2 na7 6.11 BA1 | 811 0.80 1.15 +42.0%
A7E0 53.4 1.48 4.43 4.83 4.83 0.47 174 +12.0%
1900 3.3 1.62 4.61 461 4.81 0.55 1.58 112.0%
2450 52,7 1.85 4.14 4.14 414 0B0 | 111 | +120%
2600 5§2.5 2.18 3.94 . 3.91 0.80 1.00 £ 12.0%

" Al frequanctes baiow 3 GHz, the velidhy of tissue paramelers {x and o) can he relaxed lo £ 10% f liquid compensation formula is applied fo

massured SAA vulues. Al frequencies ahove 3 01z, the validity of fisaue paramelees ts and o} ie rastrictad to £ 5%, The uncerlainty is the RAS of

the ConvF uncartainly for indicated tarqat tissus parametars.
5 Alpha/Depth ars determined duwing catibration. SPEAG warrants that tha remaining deviation dua to the boundary effect afl conpensation is

atways |ees than & 1% for kequencies helow 3 GHz and below + 2% for Frequencies belwoen 3-6 GHZ at any distance larger than hall the probe tip

diameter from Ihe boundary.

Ceriflcate No: CS3-325B_Feb14
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22}
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Uncartalnty of Frequency Respanse of E-field: & 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial |sotropy Aasessment: £ 0.5% {(k=2}

Cariflicate No: ER-1250_Feh14 Papa 11 of 14




ESADYE- GM:5258

Dynamic Range f(SARheaq)
(TEM cell | T, = 1900 MHz}

Input Sigral [Uv]

|
i
SAR [mWiom3
3

Error [4B]

i i - '
102 102 101 [ 307 102
SAR [mWiemd]

not compensated compahsatad

Uncertainty of Linearity Assessment: £ 0.5% {k=2)

T4

Fabruary 25, 2014
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Conversion Factor Assessment

{= 835 MHz, WGLS RS (H_cunvF) f= 1750 MHz WGLS R22 {H_cnnvF)
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Deviation from Isotropy in Liquid
Error (¢, 8}, T = 900 MHz

Dreviaiicn

Y

-0 -00 -0G -04 -02Z DO U2 U4 UE 0E 1.0
Uncertainty of Sphericai Isotropy Assessmeont: & 2.6% (k=2}
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Fabruary 25, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

Other Probe Parameters

Recommended Measurement Cisiance from Surface

Sensor Arrangoemaont Triangular
“Connector Angle (*) -123.1

bechanical Surface Detection Mode enabled |
Optical Surface Detection Moda ) ~ dieabled

Froba Overall Langth o 337 mm |
Probe Body Digmetar 10 mm
Tip Lengih 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Galibration Point 2 mm
Probs Tip to Sensor ¥ Calibration Point - Z2mm
Probe Tip to Sensor 7 Galibration Point 2mm
3Imm

Cetificate No: ES3-3258_Feb14 Pago 14 of 44




Calibration Laboratory of
Schmid & Parther

Engineering AG
Zeughausstrasse 43, AN04 Zurich, Switzeriand

S Schwetzarischar Kalibriaroionsy

c Service suisse d'élslennoge
Servizia svizzera di taratura

S Swiss Calibrafinn Service

Accredited by the Swiss Accroditation Service (SAS) Accreditation Ne.: SCS 108
The Swiss Accradltatlon Sarvice s ona of thes slgnatoriss tothe EA
Multilateral Agreement far the recognition of calibration cerlificates

Cet  PCTest. .. o L. ol Cortficate No: ES3-3263. May14 -

CALIBRATION CERTIFICATE

Dbject ES3DV3 - SN:3283

Calibration procedure(s) _QIA CAL-01.vG, GIA GP\L-_E."'_E;"\'_&- QA CAL:25.v8 o _. R, 0:‘/‘
Calibration -procedure for dosimetric:E-field probes - ' i
Calibration date: "Ma‘;e' 15,'2014' '

This calibtation cerlificate documents e iraceahility to national standands, which realiza the physical unita of measuremants {51).
The measuremenls and the ungedainties with confidence prabability are given on the following pages and are part of lhe cerhificate.

Al calibrations have been conducted in the closcd kaboratory facility, crvicopment {emperatise (22 + 31°C and hamidify < T0%.

Calibraticn Fouipment used {METE critical for colibration)

_Primary Standards L8] Cal Data (Cartificals No.j Scheduled Calibration
Power meter C44196 CB41293874 03-Apr-id (Ho 24701241 | Apr-16
Powesr sensor Edd 124 Y 41458087 03-Apr-14 (Mo, 217015911} Ap-16
Refarence 3 48 Atenuatoer SN: 55054 {3¢) 03-Apr14 (Mo. 217-01915) Apr-15
Reference 20 dB Attsnustor SM: SE2TT [20x) (03-Apr-14 (No. 217-01519] Apr-15
Refarence 30 dB Aftenualor SN: 35125 (30b) 03-Apr-14 (tao. 217-01820) F Apr-iG
Refarence Prabe ES3DYZ SN: 33 F 3UDee 13 (No_ ES3-3013_[ec1d) MNec-14
DAEA 5M: BE0 93-ac-13 iNo. UAE4-680_Uecid} Leg-14
Secondary Sandards N - Cherk DA {inkonse) Scheduled Cheok
Kb generator HIY 84480 S 361Ut /00 4-Aug-ud (in houso chock Apr-13 In hause check: Apr-16
Hatwork Aralyzer | 1P 07530 US 37320585 18-0ct-01 fin hause checl Oot-13} Iy house ohoeck Ool 14
Mamea ) Functien ~ Signature
Calibrated by: Jelon Kastieti - L Laboratonr Techmntan :

Approved by : Ka'ﬁa_-?b?mv]d _' S R Tachrﬂcm Managar

jeaued: May 1b, 2014

This calibralion cedificate shall nol be repraduced except in full without vwitten appraval of the laboralory.
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Calibration Laboratory of S8,

i 8 vz’,} Schwelzeriacher Kalibrierdienst
Schmid & Partner —— Service sulsse d'étalonnage
Englnee ring AG Z /;':‘:\..x 3 Servizio svizzero di faratura
Zeughaussirasse 43, 8004 Zurlch, Switzerland “u /’R\\ » Swiss Calibration Service
TR
Accredited by ihe Swiss Accreditation Service {SAS) Accreditation No.: SCS 108

The Swiga Accreditation Service ig one of the signatories to the EA
Multilateral Agreement for the recognition of caelibration certificates

Glossary:

TSL tissua simulating liquid

NORMX,y,z sensitivity in free space

ConvF sensitivity in TSL /f NORMx,y,z

DCP dicde compression point

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

A B CD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization $ 8 rotation around an axis that is in the plane normal to probe axis {at measurement center},
i.e., 9 = 0is normai {o probe axis

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

Calibration is Performed According to the Following Standards:

a)

b}

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

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

Methods Applied and Interpretation of Parameters:

NQRMx,y,z. Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z dces not affect the EZ-field
uncertainty inside TSL {see below ConvF).

NORM(Tx.y.z = NORMx,y,z * frequency_response {see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency responss is inctuded
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 uncerlainty required). DCP does not depend on frequency nor media.

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

Ax,v.z; Bx,y,z, Cx,v,2; Dx,y.z; VRx,¥,Z: A, B, C, D are numerical linearization parameters assaessed based on
the data of powar sweep for specific moduiation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz, The same setups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typicat uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx v,z * ConvF wheraby the uncerlainty corresponds to that given for Convf, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the vaiidity from + 50 MHz io £ 100
MHz.

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

Sensar Offset: Tha sensar offset corresponds to the offset of virlual measurement center from the probe tip
{on probe axis}). No tolerance required.

Conneclor Angie: The angle is assessed using tha information gained by determining the NORMX {no
uncertainty required).

Certificate MNo: ES3-3263 May14 Page 2 of 14
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Probe ES3DV3

SN:3263

Manufactured:  January 25, 2010
Calibrated: May 15, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with NASY? systam!)
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ESs0OV3 SN3263

May 15, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Basic Calibration Parameters

Sensar X Sansar Y Sankar T Unc (k=2)
Norm (avivim)sy™ 1.21 1.24 1,13 =101 %
DCP (m\)" 103.8 102 3 047 | ]
Modulation Calibration Parameters
3] ] Communl/cation Systermn Name A E C ) VR une”
o dB dBVuV dB mv (k=2)
o |ow ¥ | 00 0.0 10 | 000 | 1883 | 235 %
\é 0.0 0.0 19 2031
k4 0.0 0.0 10 197.2
iN010- | SAR Vakdalian (Squaie, W00ms, 10ms) | ¥ | 239 50.4 106 | 1000 | 464 | *14%
CAA
Y 4.38 63.4 13.6 50.3
z 1.35 55.5 78 33.6
900491- | UMTS-FDD (WCDMA) X | 3.49 §6.2 191 28 | 1767 | N7 %
CAB ~
Y 3.20 B5.9 1.5 120.7
Z | 272 63.1 5.1 ) 1135
10012- IEEE 802 11k WiFi 2.4 GHz {D55S, 1 X 3.51 72,0 20.5 1.87 127.9 =0.7 %
CAA tbps)
Y 3.1 651 8.8 1241 &
z 1.03 60.6 12.6 113.3
10013 | IEEE 002.11g Wiki 2.4 Gl Iz (D555 X | 1130 708 | 33 | 946 | 1262 | ®=56%
CAA OFDM, 6 Mbps)
Y | 1242 72.7 24.4 129.4
Z | 1003 67.8 214 106.6
10021- | GSM-FOD (TOMA, GMSK) x| 2445 | 9.1 Zre | 839 | 1414 | #la%
DA
v | 2803 EEEED 124 5
Z | a53 73.0 18.1 1116
10023- | GPRS-FOD {TDMA, GMSK, T 0} X | 2510 087 | 279 as7 | 3.2 | t19%
DAE
Y 24.85 96.1 28.0 120.2
z 5.00 76.5 19.1 1425
10024- | GPRS-FDD (TDMA, GMEK, TN 0-1) X | 2434 93.0 230 656 | 117.1 | £11%
LAH
i Y | 2648 92.5 212 1487
i 4.00 69.6 13.8 136.6
10027- | GPRS-FDD {TOMA, GM3K, TN 0-1-2) X | 5124 99.9 335 | 480 | 1311 | 0%
DAB
¥ | 5682 95.5 24.3 101.8
z | 170 fit.4 9.1 1077
"i0628- | GPRS-FDD (TRMA, GMSK, TN 0-1-2-3) | X | &U.1zZ 996 222 | a55 | 1387 | t19%
OAB
o ¥ | s473 99.9 234 106.5
| Z | 413 58.4 6.0 6O |
10032~ | IEEE HUZ.15.1 Bluetootn (GF S, DHS) X | 77.27 95,6 196 146 | 1495 | 12.5%
CAA B
vy | 8044 | se7 | 210 1684 ]
2 0.34 56.9 2.9 1314
10659- CDMA2000 (4xRTT, RC1} ™ 4.79 56.8 19.0 4.0¢ | 124b | $09%
CAB
¥ 4.85 864 18,8 1258
...... 7 406 | 6nd 16.1 108.1
Ceriticate No: E33-32670_May14 FPage 4 of 14
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10081- [ CDMAZD00 (1xRTT, RC3) x| 2w 56.1 18.5 307 | 1188 | 07 %
CAR

_— Y | 390 85.5 18.2 1201

z 3.28 621 15,3 10R.5
10098- UMTS-FDD {HSUPA, Subtest 2} ¥ | 4.68 60.9 18.7 398 | 1312 ] 07 %
CAB

Y | 4.54 66.6 16.6 130.5
e z 4.15 64.5 16.5 118.8
10100- | LTE-FDD (3C-FDMA, 160% RB, 20 X | &6l 5B.1 200 567 | 1375 | *.7%
CAB lMHz, QPSK)

Y 6.70 6.4 20.2 137.7

z 590 | 658 17.8 124.0
10108~ LTE-FDD (SC-FIA, 160% RB, 10 X B.44 B7.5 14,8 5.80 138.1 +1.7 %
CAB iz, QPSK) |

ks 6.60 66.0 201 135.4

Z 5.76 84.9 17.6 o 124.0
10910- | LTE-FDD (8CFDMA, 100% RB. 5 MHz. | X | 8.4 67.1 197 § b6 | 1318 | 2%
GAB QPSK) -

Y B.24 5/.4 19.9 132.7

F 5.52 65.5 16.2 118.4
114~ | IFFF A02 190 [HT Gresnfiekl, 13.5 | 1048 | 688 | 212 | 810 | 1243 | #1.8%
CAA Mbps, BPSK) e —

¥ | 1060 68.7 216 1262

7 9.38 67.0 196 108.4
10117- | 1EEE 802.11n (MT Mixed, 12.5 Mbps, x | 123 589 1.3 807 | 1250 | £1.9%
CAA BP3K)

Y | 1058 9.6 217 127.1

Z 9.8/ 67.1 19.8 109.1

10151 LTE-TDD (SC-FOMA, 50% RE, 20 MHz, x 10,273 757 26.0 9,28 1260 2.7 %h
CAB QPSK) .

Y | 1460 83.3 29.5 147.3

z | 805 507 | 223 106.3
10164- | LTE-FDD (SC-FDMA, 50% RB, 1CMHz, | X | 612 B7.0 196 575 | 1316 | +14%
CAB QPSK) 5 |

¥ 6.28 67.4 19.9 132.4

e - 7 5.49 64.7 174 117.9
101 80- LTE-FDD {SC-FOMA, 50% RB, 15 MHz, | X 6.57 67.5 19.8 .42 136.0 14 %
CAB QPSK) _

o Y 671 | @79 20,1 137.1
z 5,89 65.2 17.8 1224
10168 LTE-FDD {SC-FDIMA, 1 RB, 20 MHz, X 4.82 6.0 193 | 573 [ 1135 | x4 %
CAB QPSK)
Y 5.12 6.3 194 116.6 ]
Z 478 Ba.Y 18,3 1427
16{72- LTE-TDR {S0-FOidA, 1 RB, 20 MHz, X 853 80.6 288 2.21 1365 | $22%
CAH LFSK)
I ¥ | 4132 B1.6 28.8 108.2
Z .64 72.0 238 117.3 .
10175 LTE-FOD {SC-FDMA, 1 RA, 10 MHz, X 486 E§2 19.4 6.72 1129 1.2 %
CAB QPSKY ) .
Y 510 6.2 19,4 115.9

- |z 4 85 649 17.8 137.7
10181- LTE-FDOD (SC-FDMA, 1 RB, 15 MHz, x| 481 66.0 19.2 72 | 1116 | 112%

 CAB | QPSK) .

Y 5,13 66.4 19.5 116.1
Z 4,70 857 18.3 1371
10453- IEEE 802.% 10 {H } Groendield, 8.5 Mbps, X 9 a0 603 210 0.09 1172 22 Y%
CAA BPEK) .
v | 1023 69.1 21.8 121.5
Z 9.86 68.9 20.8 148.4

Cerificats No: ES3-3263_Mayiq
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ES3DV3- SN:3263 May 15, 2014
i 10186- | IEEE 802.11n (HT Mixed, 6.5 Mops, X 5.81 63.4 211 Blo | 1177 1 +22%
CAA BPSKY
| Y | 1023 | 682 | 26 51 7
Z 0.87 69.0 20.9 149.9
10218~ | IEEE BOZ.41n (17 Mixed, 7.2 Mbps, X | AT 8R.3 20 | 803 | 1178 | £22%
CAA BPSK}
Y | 1012 69.1 21.6 121.0
] z | &80 66.6 196 104.1
10222- | IEEE BOZ.1tn (HT Mixed, 15 Mbps, X | 10.14 68.7 1.2 806 | 1223 | *1.59%
CAA BPSK)
B v | w52 | 695 21.7 1254
L | 828 66.6 | 186 ). 1085
étfazb- UMIiS-FUD (HSPA+) X 7.05 G7.8 10.0 597 | 1463 | £1.7%
¥ 7.32 67.5 19.8 1493
z 6.52 65.7 18.0 130.7
10237- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 9.55 an.7 207 921 1372 | +25%
CAB QPSI)
Y | 1134 81.7 260 108.9 -
z 6.96 725 240 119.5
10252- | LTE-TDD (SC-FOMA, 50% RE, 16 MHz, | x .76 711 253 974 | 1156 | +3.3%
CAB QP3K)
o Y 1377 B2 A 2494 137.8
Z £.63 73.3 4.4 1449
10267- LTE-TDD (SC-FDMA, $00% KB, 10 X 10.06 75.2 25.5 2.30 122.6 | =2.7%
CAB MHz, QPSK)
Yy | 1469 83,4 208 | 1478
z | a02 0.6 22.3 103.4
10274- | UMTS-I'DD {HSUPA, Sublest 5, 3CPP | % | 608 7.2 180 487 | 1402 | #12%
CAB Rels. 10} o
Y 6.23 87.5 14.2 1435
z 5.52 65,4 17.4 1261
10275- LIMTS-FND (HSPA, Suhtest 5, 3GPP X 4.44 66.7 18.7 3.86 12214 L7 %
CAB Relfi.d4)
Yo|A 6.3 18.5 124.4
z 3,83 63,7 16.0 1146
10291- | CDMA2008, RC3, SO55, Full Rate X | 364 | 867 186 | 248 | 1157 | t07% |
AAB
Y 3.50 660 | 182 1180
o Z |87 B4.2 16.3 108.4
3292- CDMAZ000, RCS, 022, Full Rate X | A 67.0 10.0 338 | 1169 | +08%
B
Y 3.54 66.1 182 EEEN
F 3,24 64.2 158 1456
10297~ | LTE-FDD (SC-FOMA, 50% RB, 20 Milz, | x B.43 7.5 195 5.81 1320 | £14%
AAA QPSK} _
v ] &80 B8 | 201 134.9
7 5.01 f5.4 "0 115.0
10311~ | LTE-FDD (SC-FDMA, 100% REB, 15 x| 7.04 68.1 202 Go5 | 1375 | t1d%%
AAA MHz, QPSK)
Y 7.19 G8.6 205 140.3 i
rd 8.6 657 18.2 119.6 o
10315~ | 1EEE 802110 WiFi 2.4 GHz (DS58,7 | x | 205 700 19.4 171 | 1217 | W07 %
AAA Mbps, 36pc duiy cycla) -
Y | 281 68.7 107 123.4 |
Z 1 183 60.2 123 fa6.4 ~
10318- |EEE 802.11g WiFi 2. 4 GHz {ERP- X | 10,05 §8.7 214 5.36 1173 | 18 %
AAR LFLM, 8 Mbps, 96pc duly cycle}
- ¥ | 1ubs GY.4 22.0 122.8
z ERE 56.5 19.7 103.1

Cerlificate No; ES3-3263 May14
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ES3DV3- SN:3263 May 15, 2014
10303- | CNMAZON0 {(1xEV-DC, Rev. 0) X 1 481 68.) 18.8 376 | 1258 | 207 % |
AAB

vy | 469 66,5 10,1 130.3
7 .90 44,7 16,9 4.7
10404- | COMAZ000 (14EV-DO, Rev. A) X | 4.9 691 Tar | 3.7 | 1233 | 07%
AnB
Y | 460 Gh.6 8.1 128.5 |
P 3,73 6d.0 54 112.0
70475 | [EEE B02ATh Wik 24 GHz (USSS, 1 | X | 278 | 9L J90 | 154 1218 | 107 %
AAA Wbps, 98pe duty cycle) )
Yy | 246 668 | 17.8 122.5
Fd 1,83 60.9 13.0 112.3
10416- | IEEE B0Z.11g WiFi 2.4 GHz (ECP- X | 968 88.4 242 | 823 | 1166 | 1.7 %
AAN OFDM, & Mbps, 99pc duty cyeic) . |
v | 1029 BY.2 217 1215
7 9.25 67.3 0.2 102 .4

The reporled uncerainty of measurement is stated as the standard uncerlainty of measurement
multiplied by the coverage factar k=2, which far a normal distribution corresponds (v @ caverage
prabability of approximately 95%.

A | he uncartaintias of NomnX,Y,z do not affecl M EX-field uncertalnty inside TSL (se= Mages & and 8).

® Numnerical lineadizalion parameter: uncerzioty not requied.

F Uneatainly is delerminad using the max. deviation from linsar responsa applying reclangular distribulkon and is expressad for {he square of lhe

field value

Cortificata No: ES3-3262_Mayld
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ESIDV3- SN;3263

May 15, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration E;rameter Determined in Head Tissue Simulating Media

* Relative Conductivity Dopth © UncE.
CfMHZYC | Permitttvity” | (Sim)f ConvF X | ConvFY | ConvFz [ Alpha® | (mm) {k=2)
7s0 M9 R BA2 6.42 f.42 n.72 1.48 +12.0 %
835 41.5 (.80 6.23 6.23 £5.23 0.27 2.02 #120%
1750 40.1 137 | sa41 541 5.41 0.74 123 | +£120%
18900 40.0 1,40 5.08 5.08 .08 0.80 1.16 £12.0 %
2450 392 1.80 447 | 447 4.47 0.80 122 | £12.0%
26800 300 1.98 4.33 4.33 4.33 0.06 1.41 £12.0%

" Fraquency valldity of 1 100 MHz only applies for DAST v4.d and higher (3ea Page 2), else i i resiicted 1o + 50 MH2. Tl unourlainly is the R33
of the CenvlF uncertalnty at calibration frequency and the vneeriaindy for the indicated frequency buaned,

F AL reyuencies below 3 GHz, Ihe validity of (issue paramaters [t and «) can be relaxed to+ 10% if liquid compeasation farmuta s appliad ta

maasured SAR valuss. Al frequencles abeve 3 Gz, the validity of lissus parameters (¢ and o} i3 rezfricied to 2 3%, The uncerlainty i the RSS of
tha ConvF uncartainty for indicated targed Hesua parametars.

8 AtphaiNenth are deteminzd during calibration. SPEAG warcanls that tha ramaining deviafion due o the houndary efect atler compansation is

always less than + 1% for frequencies below 3 GHz and below + 2% for feapmneies hatwern 3-5 (GHz al any distance larger than half the probe tip

diometer from e bowndary.

Certificata No. ES3-3263_Mbey14
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May 15, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Callbration Parameter Determined In Body Tissue Simulating Media

Relative Conductivity Depth© Unct.

1{MHz)° | Parmittivity" (sim)* ConvF X | ConvFY | ConvFZ | Alpha® | {mm) (k=2)
750 55.5 0.96 £.19 619 | e19 | ase 141 | +120%
A35 5R.2 0.97 8.16 6.18 6.16 (.68 1.28 +12.0%
1750 £3.4 1.4%G 498 4.4 4.84 .38 1.8 £12.0%
180K 53.3 1.62 4.78 4.78 4.78 0,66 1.35 £12.0%
2450 be.? 1.95 4.27 4.27 4,27 0.72 113 +120 %
2600 52.5 2.16 441 | 4144 4.11 0.74 1.07 | +120%

© Frequency validity of = 1D MHz only applies for DASY v4.4 and nighar {(zae Page 2), elze It I reswricted to + 50 MHZ. The nncenainly i 1o RS3

of the ConvF uncariamty af calibration frequency and the uncertainty for the indicatad freouency band.

* At fraquancies below 3 GHz, the vaiidity of fissua paramelters (v and o) can be 1elaxed to  10% If liquid compensation formula is applia fo
rocasucd SAR values. Al fieguencies above 3 GHz, the validity of lissue paramelers (s and o) is reslricted Lo L 5%. The unceriainty i3 the 1SS of

lhe Convk uncerlainty lor indieated largel tissue patameters.

& AlphafDepth are determined during calibration. SPCAG warrants that the remaining devialion dus o tha boundary aficet after compensation is
ulweys lesg than = 1% lor Irequencies below 3 GHe and botow ¥ 2% fof frequencies between 3-5 GHz al any distanes karger than half the prabe tip
diameler frem the houndary,

Cerlftcale No: C33-3263 May14
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22})
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Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2}
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Dynamic Range f(SARnhcad)

(TEM cell , foyq= 1900 MHz)
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Uncerlainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

{ = B35 MHz. WAL 5 R® (H_canvF)
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Uncertainty of Spherical Isotropy Assessment: * 2,6% (K=2)
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May 1b, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Other Probe Parameters

[ Sensor Arrangement Trtangular |
Connector Angle {*) -111.2
flechanical Suriace Detection Made enabled
Cptical Surface Detection Mode disabled

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

| Tip Diameter "4 mm |
Probe Tip to Sensor X Calibration Point 2 mim
Probe Tip lo Senszar Y Calibralion Poinl 2 mm
Probe Tip 1o Sensor Z Calibration Paoint 2 mm
Fecommended Measurement Oistance from Surface 3 mm

Certificate Nu: CS3-3263_Maytd age 14 of 14




Calibration Laboratory of

i S Schwelzerischer Kellbricrdlonst
Schmid & Partinar C Servica suisse délalonnage
Engincering AG 3 Sarvizlo svizzer il laratura
Zeugheussirassa 43, 8004 Zurleh, Switzeknd Swigg Gelibration Servica
Acercditad by ihe Swiss Accredilatiun Srivice (GAT) Acereditatlon No.: SC5 108

The Swies Accraditation Service ts ona of the signatories to the CA
Mufiilateral Agreement for the racopnition of caltbration rafifirates

Ohjact

Calibration procedureds)

L

Calibration dale: Noveriber'20; 2013 .

This caiibration sarlificute cocuments the tracesbilily to nationa) slandards, which reaiize (M anysical urits of neaseraments (G,
The measuroments erd fho uncerainias with confidonue probabilily are given on (he: foliowing pages end are parl of the cerificale.

Al calibrations ave baen canducted in the closed laboratory facility: envirenment temperature {22 £ 3)°C and hnmidity < 70%.

Cralisration Equipment used (MATE criflcal for cuiibrotion)

Frimary Standads D Cal Bale (Certificate No.) Sehaduled Calibration
Power metar E44198 GR41293474 | AR 3 {No, 217-01733) Api-id |
Poveer sensor C44124 MY 1498087 04-Apr-13 {Ho, 217 D1733) | Apr-14
Reference 3 U8 Attenualor Sh: £6064 {2} 0d-Apr-13 (Mo, 247-0173¢) . Apr-14
| Raference 20 dB Ateswsalor SN: 55277 {20k} 04-Apr-13 (Mo, 217.0 1735} Apr-14
Refercnoe 30 dB Altenuator She 45128 (30U} (4-Apr-1 2 (Mo, 247-D1738) Apr-14 ]
Refmence Probe ESIDVE S 3043 2f-Nac-12 (No. ES3-3013_Dec12} Pge-13
DAES SH; 680 4-Sop-13 {No. DAE4-88D_Sepid) Eep-id ]
| Becondary Standards 10 Check Date (in howss) $iheduled Cleck N
iF generator HP BB4EC 33642001700 - 4-Ang-898 (in huuse check Apr-13) In housa check: Apr-15
| Nstwork Analyzer HF 8753E US37330680 18 Qsl-01 (in hwuse cheek Ocl-13) In house check: Odl-14
Name

) Funclinn ~ Slgnaiure

7

Calibraled by: ';gns;if'mgstiar

Spprovad by:

Issued; Movamhbar 20, 2073

This calibtalion certifrcats shatl not be reprodused cxcept in full withaut writken appraval of fhe laboralary.
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Cahbxl'atlon Laboratory of \\\&J//fﬂ Schweizerischaer Kalibrierdienst
Schmid & Partner i[a\‘éiﬁﬂ/ﬂ‘)é 8ervice suisse d'latonnsge
Engineering AG @R‘@ Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland s, ;/rT\\\‘\\\\“ Swiss Calibration Service
fehugl iy
Accredited by the Swiss Accradilalion Service {SAS) Accreditation ¥o.: SCS 108

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

Glossary:

TSL tissue simulating Jiquid

NORMx,y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pDCP diode compression point

CF crest factor {t/duty_cycle) of the RF signal

A B,CD modulation dependent iinaarization parameters

Polarizalion ¢ ¢ rotation around probe axis

Polarization & 8 rotation around an axis that is in the plane normal to probe axis (at meastrement center),
i.a., § = 0 is normal to probe axis

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

Calibration Is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

+  NORMzx,y,z: Assessed for E-field polarization 3 = 0 {f <900 MHz in TEM-cel}; f > 1800 MHz: R22 waveguide).
NORMEX,y,z ara only intermediate values, Le., the uncertaintias of NORMx.y,z doas not affect the E2 field
uncertainty inside TSL {see betow ConvF).

e NORM(f)x,y,z = NORMX.y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in 1he stated uncertainty of ConvF.

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

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

e Axyz Bxyz Cxyz Dxyz VRiyz A B, ¢, D are numerical linearization parameters assessed hased on
the data of power sweep for specific odutation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Ternperaiure Transfer
Standard for f < 800 MHz) and inslde waveguide using anaiytical fiald distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of tha parameters applied for
boundary compensation {aipha, depth} of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * Convi- whereby the uncertainty corresponds 1o that given for ConvF. A frequency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz {0 £ 100
MHz.

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

e Sensor Offset: The sensor offset corresponds to the offset of virtuai maasurement center from the probe tip
{on probe axis). No tolerance required.

« Connecifor Angle: The angla is assessed using the information gained by determining the NORMx (no
uncertainty required).

GCertificate No: ES3-3287. Nov1d Page 2 of 13
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Probe ES3DV3

SN:3287

Manufactured: June 7, 2010
Calibrated: November 20, 2013

Calibrated for DASY/EASY Systems

{Note: non-compatibls with DASY2 system!)
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ESADV3— SNA287

Novembar 20, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Basic Calibration Parameters

Sensor X Sensor Y Senaor 7 Linz (k=2] |
Norm {pvitvim)?® 1.31 1.25 1.25 £10.1 %
DCP {mV/)" 102.6 102 .5 100.4
Modulation Calibration Parameters
vID Communication System Nams A B c D VR Unc"
dB dBvV|IV dB mv (=2}
0 CW X 0.0 049 10 000 | 1573 | #27% |
Y 0.0 0.0 1.0 159.9
z 0.0 0.0 1.0 152.5
{1: (J&To- SAR Validation {Square, 100ms, 10ms} | X | 2.3 b{.9 9.9 1000 | 457 £1.4%
Y 213 | 578 9.8 A8.6
] Z 3.3 61.1 1.8 47.6
10011- UMTS-FOD (WODMA) ¥ 125 B6.3 17.9 2W 1248 +0.6 %
CAA
¥ 3.1 85.7 17 .4 127.4 |
z 3.15 85,5 17.4 1978
10012 IEEE 802.11b WiFi 2.4 GHz {(DS3SS, 1 x 3.08 FRT 18.9 1.8/ | 1272 | 207%
CAA Mbps)
Y 3.03 68,2 17.9 129.4
z 287 67.0 17.3 126.5 _
16021- | GEM-FOD (TDMA, GMSIK} X | 15.89 50.8 25.0 5.39 98.8 1.2 %
DAMA
y | 12.41 86.6 2.6 1015
Z | 2818 99.0 28.5 108.2
uioﬁs- GPRES-FDD (TDMA, GMSK, TN G) X | 25.67 980 uf8 | 957 97 8 1.7 %
D
v | 420 88.5 24.3 100.6
7z | 1788 99.8 28.8 107.7
10024- | GPRS-FDD (TOMA, GMSK, TN (-1) ¥ | 4795 99.0 249 | 656 | 1244 | =1.4%
DAA
- Y | 4527 | wo9 24.8 ~128.8
Z | 42864 99.6 25.5 1367
0027~ | GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 27.78 01,3 211 $8) | 1260 | x14%
DAA
Y | 32,74 92.5 21.8 146.6
Zj 2193 89.5 21 1 114.5
16025 | GG DD (TOMA, GMSK, TN 0-1-2-3) | X | 06847 | 996 | 224 | 356 | 142& | ¥1.2%
DAA
Y | 7876 997 21.7 104.9
z | as.08 942 | 214 148.8
10032- | IEEE 802.15.1 Bluetooth {GFSK, DHE) ¥ | 63.35 0.7 195 | 116 | 1081 | 09%
CAA
Y | 9667 94.0 16.9 194.7
z | o817 yg.2 8.2 106.0
10039- CDWMAZOO0 (1xRTT, RC1} ¥ 484 867 18.8 4.57 126.6 +08 %
CAA _ _
Y | 4.83 6.6 18.8 134.4
7z | 476 6.0 18.3 125.9
10081- | COMA2000 (1xRTT, RC3) X | 400 66.2 san | 397 | 1218 | 207%
CAA
¥ | 3m 65,5 17.9 1728.9
z | 388 65.2 17.8 120.7

Gedificate No: ES3-3287_Nov1d

Page 4 of 13




E33DV3-~ SN.3287

Movomber 20, #0113

Cerificata No: ES3-3287 Novld

éﬂkcfﬁ- UiTS-FOD (HSUPA, Subtest 2} X | 486 56.6 18.4 308 | 1925 | 207% |
| Y 486 665 18,2 141.3
Z 4,54 65.5 178 130.7
164006 LTE-FDD (SC-FDMA, 100% RB, 20 X G.65 64.3 201 h.07 1305 | 214 %
CAB MHz, QPSK)
¥ 6,68 68,3 19.9 148.3
| z $.60 €79 10.8 137.5
10108- LTE-FLD [SC-FDMA, 100% BB, 10 x 6.57 670 20.0 5.80 1373 | 4%
| CAB MHz, QPSK}
Y | 653 676 | _19.7 147.5 ]
_ 4 .51 67.6 i0.8 135.3
10440- LTE-FOD (SC-FOMA, 100% RB, 5 MHz, | X G.19 672 167 6.75 134.3 1.7 %
CAD QPSK}
- Y g.24 67.3 19.6 1429
z 6.23 574 16.68 1323 ]
10151- LTE-TDD {SC-FMA, 50% RB, 20 MHz, | X | 1186 ru 270 928 | 13041 3.0 %
CAB QPSK)
¥ | 1o 76.8 262 141.8
Z ] 1298 §1.2 28,7 1357
10154- LTE-FDO (SC-FOMA, 50% R, 10 MHz, % 195 574 10.4 575 13861 119 %
CAH | GPSK)
¥ 847 66.8 19.3 143.6 |
a z 616 B6.6 19,4 132.8 |
10180- LTL-F DD {S5-FOMA, 50% RB, 15 MHz, x 6.66 B7.4 20.0 ‘5.2 140.3 w14 %
| CAB QSR
¥ .72 g7.9 10,4 148.8
| Z 6.66 676 19.0 1374
10169. | LTE-FDD {3C-FDMA, 1 RB, 20 MHz, x| 508 68.7 193 573 | 117.5 | 09% |
CAB QPSK)
| Y 493 | 680 8.9 125.0
- ) Z 5.08 66.3 19.3 116.3
10172- LTE-TO0 (SC-FOMA, 1 RB, 20 MHz, % B.AT 76,8 Py 029 00,3 £20 0
CAB aPaK)
¥ .08 74.6 253 107.5
z 9.43 73.2 2741 102.5
10175 LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 498 66.5 9.3 572 P82 | t09%
CAB QPSK) .
- Y 4,96 66.1 190 119.9
_ z 5.03 66.1 191 1461
10184- LTE-FDD {SC-FDMA, 1 RB, 15 MHz, x | =08 857 196 572 1987 | 0.8 %
CAB QPSK) _
Y 4 857 66.2 19,7 120.0
z 5.03 66.1 19 1 116.3
1(3*‘;‘&!’- UMTS-FUD (HSPA+) X | e B6.1 18.9 557 | 105823 | #1.2%
| ¥ .68 657 18.6 106.8
. z | va2 816 | 197 148.0
T0237- LTE-TDD {S-FDMA, 1 RB, 10 MHz, ¥ 8.56 774 271 g2 10005 1.9 %
CAB QPSK)
- Y 5.33 75.8 281 1038
_ z 9,39 78.0 243 1H1.2
T0262- | LTE-TOD (GC-FDMA, 50% RB, 10 MHz, | X | 10.58 77.8 27.4 924 | 1233 | +25%
CAB | QPSK)
v | 1048 76.9 26,5 1281
_ zZ | 1178 79.8 28.0 127.0
T0287- | LTE-TDD {SC-FDMA, 100% REB, 10 x | 1152 79.1 =76 | 930 | 1304 | 27% |
GAB MHz, QPSK)
v | 4i0a | 7n7 26.0 1360
L £ ] 1295 81,2 28.6 134.8 N
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CHIDV3I— SMNig2uf November 20, 2013

"10274- | UMTS-FOD (HSUPA, Subtest 5, 3GPP ¥ .14 574 100 | 487 | wea | £1.2%
CAA Raif,10)
b RE 7.4 19.9 149.7
_ Z €.10 669 | 188 1433
10275 {IMTS-FDD (HSUPA. Subtesl 5, 3GHE X | 441 6.4 18.3 A5G | 1264 | 0T %
CAA Rel8.4) _ 4
vy | 443 £8.3 16.2 130.4
_ z 4.36 65,9 18.0 123.8 |
T10201- | COMAZ000, RG3, 8055, Full Rate x | asn7 65.9 17.9 ada [ 1200 | 05%
ANA
Y 3.5 85.6 17.6 1217
7 3.50 65.1 17.5 1172 ]
10282- COMAZDUY, RC3, $032, Full Hute X 455 86, | 18.0 .39 121.3 +0.5 %
AAA
5 Y 2,54 86.0 17.8 123.8
Z | 345 65,7 17.4 118.8
10747~ LTE-FDD {SC-FDMA, S0% RE, 20 MHz, | X 6.53 67.9 20.0 561 1362 | #1.2%
AAA QPSK) .
¥ 6.48 8670 186 139.3
| . Z 1 652 67.5 9.8 134.1
10319~ LTE-FOD {3C-F34, 100% RB, 15 ¥ 7.12 604 2.4 06 | 1417 1.4 %
AAA | MHz, OPSK) _
Y .11 66.3 20.1 1463
z 7.14 68.4 20.3 139.8 |
10315 IEEE 802.11b WiFi 2.4 3Hz (D353, 1 ¥ 279 570 i8.0 1.71% 125.5 A%
AAA Mbps, 98pu duly cycle) _ . ]
¥ 2.71 B6.9 143 128.2
z 2 54 66.2 17.0 1238
10400- | CDMA200D (1xEY DO, Rev. 0) X 1,78 67.5 18,3 3.76 1906 | t056%
AAA
| Y 477 875 182 1338
2 465 B6.5 17.8 130.0
mq. ERMAZODG (1xEV-DO, Rev. A) X | 483 682 18.8 377 | 1202 | 7%
Y | 4.68 67.4 18.0 131.9
Z 452 66.3 17.7 128.7

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

A Tha uncerlainties uf NornX,Y.Z da nel alfect the E*ficitl unceriainty inside TSL (see Pages 7 and &),

5 Numarical lincarization paraineler: uncertalnly not requied.

E{ Innertainly is determined using ihe max. deviation trom inesr /9sponse applying rectangulas gislitadion and is expressad for the aguare of lhe
ficld value.

Certilicaie No: ES3-3287_Nov13 Fage G of 13



ES3DVS- SNi207 Movember 20, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unet.

| fiMHz)® | Permittivity " (stm)F ConvE X | ConvFY | CorwFZ | Apha®| (mm) (k=2)
750 41.9 0.89 6.52 6,52 £.52 D.47 1.46 +120%
| 835 41.5 0.90 8.30 - 6.30 £.30 0.40 1.59 =12.0%
1750 40.1 1.37 5.27 5.27 £.27 .63 1.34 +12.0%
1800 40.0 1.40 508 5.08 5.08 0.62 1,37 +12.0 %
2450 39.2 1.80 442 4.43 443 0.79 1.28 +120 %
| 2600 30.0 1.96 4.20 4.29 4.29 0.77 158 +12.0%

© Fyoquency validity of £ 100 MHz only appllas for DASY v4 4 and highar {sce Page 2), clse it is rostricted 10 + 50 MHL. The uncartalaty iz lhe RSS
of the CanwF uncertainly et cafbraiion frequanay and the uncertainty for the Indicaled fraquency band.

F At frequencies below 3 GHz, tha valldily of tissue paramelers {6 and o) can bo ralaxed te & 10% if liguid compensalian fommula s gpplicd to
neasured SAR values. Al frequencias above 3 CHz, the validily of tissua parameters (= and u} is restricted fo L 5%. The uncertainty le the RS § ef
the GanvF uncontaknty for indiceted larget lissum parameters.

& Atptia/Dupth are detarmined during ealibration. SPEAG warrams nal the rainaining devistion due 1o tha boundary effest elter compensation 1s
always lass than # 1% for fraquencies below 3 GHz and below & 2%, for fraquencies Bebween 3.6 GHz atany distance larger thao half the proba lip
diameter frorn the boundary.

Gerlificate No: E83 3207_Nov13 Page 7 of 13




ESI0OVI- SiN.328/ Novarntirg 20, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Calibration Parameter Determined in Body Tissue Simulating Media

Reclative Conductivity Depth” Unct.
§(MHz)¢ | Permittivity” {8mm)" CorvFX | ConvFY | ConvFz | Alpha® | (mm) (k=2)
750 55.5 096 6.09 6.00 £.09 0.55 1.37 +12.0 %
835 55.2 0.97 6.04 5.04 6.04 0.55 1.39 £120 %
1750 53.4 1.49 4.93 4.93 483 | 0.39 1.73 1£12.0%
1900 53.3 1.52 4.87 4.87 4,57 038 175 | £12.0%_
2480 52.7 1.95 447 | a7 4.17 0.60 1.20 +12.0 %
2600 52,5 2.16 4.00 4.00 4.00 0.60 1.10 +12.0%_|

% Praquency validily of * 100 MHz anly applies fos DASY v4.4 and higher (see Page 2), atss itis resticled tu + 50 MHz. The uncertginty ia the RSE
ot the Carwl” uncertainty ot cafibration fraguency and the uncaainly far the indicated frequensy band.

" At fraquenciss below 3 GHz, the validily of tissue parameters {£ and ) can ba ralaxad to * 10% if fiquid compansation formula is applied to
maazurad SAR values. M frequencles above 3 GHz, the validity of tissue paranelurs o and o) 1s restricted ko & 5%. Tho uncertainty is tha R332 aof
fhe ComvE uncanginty for indicated targat tissue parametoes.

“ Alphamepth are determined during celibration, SPEAG warrants that tha remaining deyiation dus 1o the boundary effect after compansalion i
always less than + 1% for frequuncies balow 3 Gz anid bebow + 2% for fraquencies beweon 3-6 GHr at any distance larges than half the probe lip
diameter from the boundary,

Coerlificate Ho: E53-3287 _Nowl3 Page 1 of 13




EA30V3- SN3287 fovamber 20, 2013

Frequency Response of E-Fieid
(TEM-Celi:ifi110 EXX, VWaveguide: R22)
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Uneertalnty of Frequency Response of E-fleld; * 6.3% (k=2)
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ES30VA- SN32587 November 2U, 2013

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM
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Uncertalnty of Axial leotropy Assessment: & 0.5% (k=2)
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CHIOVI- SN:328¢ Novambar 20, 2013

Dynamic Range f(SARcad)
(TEM cell , f =900 MHz)

10%
oy} VU FUR SO SO0 -6 - S N B - - S
.:'?l I
B 0t
£
n
5
L
=
105_
302~
.. J_AH_‘JL‘.’_.. i - i - i
103 10 oy 1 0! 162
o SAR {mWiamaj
(<]
tiot compensaied compensated
2.
1_
i)
o,
n_
gL
L
4
_2_ N h | ! 'I ‘i . H h H
144 102 §0 Q0 1N 102
SAR [rmWem3|
1
L%
nat compensated compenzated

Uncertainty of Linearity Assessment: * 1.6% {k=2)
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CS30V3- SN:3287 November 20, 2013

Conversion Factor Assessment

1= 635 MHZ, WGLS RY (H_convf) [ = 1800 MHz VWGLS R22 (H_conf)
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Deviation from Isotropy in Liquid
Error {§, 8), f =900 MHz

10 -0 -08 -Nd4 N2 04 02 Q4 G 08 10
Uncerlainty of Spherical lsotropy Assessment: % 2.6% (k=2)
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ESI0VA- SN328S

Nowember 20, 2043

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Other Probe Paramatfars

Recommended Measurement Distance from Suiface

Sensur Arrangement Triangular
Cannector Angle () S
Mechanical Surface Detection Mode enzbled
| Opticai Surface Detection Mode disabled
Probe Qwerall Length 337 mm
Prote Body Diamster 1¢ mm
mélh {0 mm
| Tip Diamater 4 mm
Probe Tip lo Sensor X Gallration Point 2mm
Probe Tip to Sansor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Pt 2 mm
C 3mm

Ceniftcala No! ES3-3287 Mov132 Paye 130 13




Calibration Labaratory of

Schmid & Partner
Engineering AG

Zuuyhauystrasse 43, 8004 Zurlch, Swiltzerland

Accrediled by lhe Swiss Avcreditslion Service {(SA5)
Tha Swiss Accreditation Service is one of the signatories to the EA
Multitataral Agreemnent jor the recognition ot calibration cerificates

GCllent

PCTest

Schwelzerischer Kallbrlerdienst
Service suisse detalonnege
Sorvizio svizzero difaralura
Swisza Calibration Service

Accroditation No.: 3CS 108

Cerlificate No: ES3-3318_Mar14 .

Olbjact

Calibration procadure(s)

Calibration date:

CALIBRATION CERTIFICATE

ES3DV3 - SN:3318

QA GAL-01.v9, QA CAL-23.v5, QA CAL-25.v8

Callbration procedure for dosimetric E-field probes

‘Marsh 19, 2014

Calib.ration Equiprnent uscd (MATE citical for calibration)

i e

i

This calibration cesliicule dosuorrenls e kacesbility to rationsl slandards, which realize the physical units of measuramants [Si).
Tha measurements and the uicentainlies wilh confidence probability gre given on the lolicwing pages and are part of the certificaie.

All calibrations heve been canducted (n the ciosed laboratory facility: snvironmant temparaluse (22 £ 3)*C and humidity < /0%,

Kalja Pokovis

Primary Standards ID Cal Dele (Ceitificate No.) Scheduled Calibrafion
Powacr meter E444598 G4 1705874 Od-Apr-13 (Mo, 217-01733) Apr-14
Power sensor E44124 MY 4140808¢ Dd-Apr-13 (Mo, 217-01733) A4 o
Reofaronsa 3 4B Alfenuator BN: 55054 {30) 04-Apr-13 [(No, 247-04737) Api-14
Reference 20 dB Altenuator SN: 30277 (20} Od-Apr-13 {Nu. 217-01735) Apn-14
Referanee 30 g8 Attenuator SN 557129 (30) O0d-Apr-13 [Mo. 21701738} Apy-14
Keterence Probe £530V2 Shi 3013 _d0-en-12 (Mo, £53-3013_Decld) | Dec-44
DAC4 SN: 660 13-Des-13 (Mo, DAES-600 Dec! 3) Dec-14
Socondary Stendands L Check Data {in house) Schedulad Check
RF generafor H B848C Us3a42001700 1-Aug-22 (in houss check Apr-13} In house check: Apr-1G
Network Analyzer HP A763F LISA7390645 18.-0el-G1 (in houso check Gol-13) It house chegk: Ocl-14
Hame Funclion Sigpature, __ |
Calibrated Ly,  Cluudio Leubler 'Laboratory Techniclan -~ -+ . . Q) v, L\
Anproved by; . Techni:g:ai Managsr . . ,‘,‘;:”’:.5:7 I“"" -
e PR o o iy

lssued: March 20, 2014

This callbration certificate shafl nol be reproduced excent in {ull without wiitten approval of the laboratory,

Cenificate Mo: ES3-3318_Mar14
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Calibration Laboratory of RV

) S 5 Schweizerischier Kalibrierdienst
Schmid & Partner iﬂh\:\‘&:’/‘/ = HEE}": C Scrvice suisse d'étalonnage
Engineering AG 2 = Servizio svizzero di taratura
Zeughausstrasse 43, 8064 Zurich, Switzerland z—-x,ﬁ:;“ § Swiss Calibration Service
Accredited by the Swiss Accreditation Service {SAS) Acereditation No.: SCS 108
The Swiss Accreditation Service is ane of the signataries to the EA
Multilateral Agreement for the recagnition of calibration certificates
Glossary:
TSL fissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
bCP diode compression point
CF crest factor (1/duty_cycle) of the RF signai
ABCD modulation dependent linearization parameters
Polarization « o rotation around probe axis
Polarization 8 9 rotation around an axis that is in the plane normal to probe axis {at measurement center},
i.e., & = 0is normal to probe axis
Connector Angie information used in DASY system fo align probe sensor X to the robot coardinate system

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
s NORMyx,y,z: Assessed for E-field polarization & = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
MORMX,y,Z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the EZ-field
uncertainty inside TSL (see below ConvF}.

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

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

+ PAR:PAR is the Peak 1o Average Ratio that is not calibrated but determined based on the signal
characteristics

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

= ConvF and Boundary Effect Parameters: Assessed in fiat phantomn using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions hased on power
measurements for f > 8O0 MHz. The same setups ara used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from & 50 MHz ta £ 100
MHz.

»  Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flai phantom
exposed by a paich antenna.

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

« Conneclor Angfe: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Cantificate No: ES3-3318_Mar14 Page 2 of 14




ES30v3 — SMN:3318 March 19, 2014

Probe ES3DV3

SN:3318

Manufactured:  January 10, 2012
Calibrated: March 19, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 sysiem!)
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ES3DVI- SN:3316

tarch 14, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Basic Calibration Parameters

Sensar X Bensor Y Senzsorl Unc (k=2)
Norm (uVA(VAm)" 1.18 0.92 _1.28 x10t %
DCP {mV) i03.7 106.6 104.0
Modulation Calibration Parameters e
uID Comminication System Name A B G D VR Unc®
. dB dBvpv dB my | (=2}
0 Gy e 0.0 0.0 1.0 0.00 205.6 +3.5 %
o Y 8.0 0.0 1.0 191.6
_____ , F4 00 | oo | 1o 2108
10G10- SAR Validation (Square, 100ms, 10me) X A Ay &01.3 10.9 i0.00 43.0 2.2 %
CAA
o hd 338 65.8 13.1 AT
o Z | 2o 58.0 10.5 45.1
10011 UMTS-FEE {(WCODMA) X 3.3 67.2 18.5 253 142.6 .7 %
CAB
Y 3.6 g4, 4 18.4 128.4
Z 3.28 67.1 165.4 ’1_478 I
1001 2- |[EEE 802,11k WiFi 2.4 GHz (DSS55 1 X 2.93 658.4 ta.4 1.87 144.8 .7 %
| CAR Mbps)
¥ 3.77 73.3 206 128.5
z 2.8 87.7 18.1 127.7
10021- GEM-FIND (TOMA, GMBK) X 14 .08 an.6G 24.9 9349 1303 +1.7 %
DA
kg 850 831 w90 142.1
z 2527 995 28.1 ‘I-QQH
10023- GPR3-FDD (TOMA, GMSK, TN Q) x 13 .46 898 24.0 9.57 128.1 2.2 %
DAR
| Y] __B.58 78.2 19.9 1318 |
Z 1691 85.7 28.0 144.4
129 GPRS-FRD (TDMA, GMSK, TN 0-1) X 3825 1000 0 24 R 8.56G 135.4 132 9%
DAB
— Y o1d | 824 | 198 | | 1284 |
Fd 38.59 897 202 143,50
10027~ GPRE-FOOD (TOMA, GMSK, TH 0-1-2) X 38,79 4.6 21.5 4 80 1230 7%
DAB
hil 20.24 81.0 20.4 144.9
z 55 80 407 232 1372.0
1N02A- GPRE-FOO (TOMA, GMSK, TR 0-1.2-3) | X 71.64 90.9 21.6 355 137.3 *18%
DAD
hd 47 72 RG] 720 120.8
Z 66,56 1000 2.2 145.2
10032- IEEE 802.15.1 Blustooth (GFSK, DHS] X 0745 9B.9 17.B 1,96 1273 bk A Y
AL
¥ iTB7 20.9 i9.2 143.7
il 8605 298.9 iH.B 1307
10020 CEMAZO00 {1xRTT, RC1) X 4.70 GG.8 {88 4.67 149.0 0.9 %
CAB
i 4,89 67.6 183 143.4
Fis 4.61 66.1 18.8 128.9

Cerificale No: E33-3316_Mari4
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E3IDVI- 3M:3318

March 1%, 2044

[10081- | CDMA2000 {1xRTT, RC3) x | a9 66.4 18.6 2.97 1428 | 0.9%
GAB

¥ | 407 §7.2 19.0 1381

A | 386 | 664} 06 | | 1488 | |
10068- UMTS FEID (HSUFA, Sublest 2) X 4.50 G52 18.3 KRE- 132.6 0.7 %
CAB
I Y | 489 67.2 18.7 123.8

z 4.50 86.2 18.3 135.6
10100- | LTC DO {SC-F DA, 100% RO, 20 X | 540 67.5 19.7 567 | 1391 4.4
CAY MHz, GPSK)

¥ 6.44 7.6 19.6 135.6

z .45 67.9 20.0 1417
“{0168- LTE-FDD (SC-FOMA, 100% RB. 10 X 6.48 6/.0 19.5 580 | 1265 | +1.4%
| cAR | MHz, GPsK)

¥ | 826 #7.0 19,4 1327

I |_ B34 |..874 [ 198 1327
10910 L¥e-FDO (3C-FDMA, 100% RB, 5 MHz, | X 5.94 68.5 9.3 0./% 133.1 1.2 %
CAB QPSK) I D -

Y | 59 56.4 19.2 1204

Z 6.02 £6.5 $9.5 136.4
10114- iEEE 832.14r (HT Greenfeld, 13.5 X 10.12 A&7 711 8.10 1259 122 %
CAA Wbpe, BPSK)
- Y | 8.86 601 [ 207 | 1224

Z | 1028 69.2 21.5 120.8
10117 IFEF 807 140 (HT Mixed, 13.5 Mbps, Py 10,14 8R.7 21.2 807 1281 +.9%
CAA BP GG

v | 9as 68.2 20.8 124.7

Z | 1031 69.2 21.5 131 1
10191- LTE-TDD {SC-FDMA, 50% RE, 20 MHz, X 0.4 72.8 uEa 9.28 1241 £33 %
.CAB QP3K) S

v | 8.8 724 24.3 141.2

Z | 1045 76.3 28.8 130.6
10154- | LIE-FDD (SCHUMA, 50% HE, 10 WMHz, | X 5 94 66.4 13.3 545 | 1340 | *1.2%
LCAB QPSK) S I S vk

¥ B0 Bb.5 18.2 128.8

2 5.00 66.9 196 | 174 1
10160- | LTE-FDD (SC-FDMA 50% RB.15MHz | X | 639 67.0 19.5 582 | 1336 | zi2%
CAR GIPSK) o

Y 6.38 67.4 19.5 134.5 ]

z 6.47 87.4 19.8 142.4
10169~ | LTE-FDD (SC-FDMA, 1 RE, 20 MHz. X | 4.92 66.7 19.6 R7a | 1377 | +1.2%
CAD QPsk)

¥ | 4.87 6.9 19.7 131.9

Z 5.02 67.0 19.8 1410
10172- | LTE-TDD (SCFRMA, 1 RE, 20 MHz, X 8.07 70.6 28 4 g.21 130.8 | £2.0%
CAB QPSK)

Y 8.93 73,1 24.9 126.3 ]

Z | 1083 839 | 305 148.1
10175- | LTEFDD (SCFDOMA, 1R8, 10MHz, | X 4.91 66.5 19.6 672 | 1831 | £1.2%
CAB GPSK) I

¥ 4,88 66,9 19.7 fana_ ]

Z 5.01 65,9 19.8 140.9
10181~ | LTE-FDD (3CG-FDMA, 1 RG, 15 Milz, X 4.90 B5.5 195 572 | 1328 | £1.2%
CAB 2PSK)

¥ 4.83 8.7 19.8 128.2

7 .01 6A.9 19.0 138.0

Carilicate Mo: FS3-3318_Ma 14
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10193 |EEE 802.11n {(HT Creenfisid, 6.5 Mbps, | X | 1012 89.4 1.7 408 | 1450 | 125 %
CAA BPSK)
Y | 9.88 68,8 21.2 1143
7| 99 6R.8 214 1251
0186 | IFFE 802.11n (AT Mixed, 6.5 Mbps, % | 1014 695 | 218 810 | 1438 | *25%
CAA BPSK)
¥ 9.91 fR.4 21.3 143.5
Z | 9.9 68.5 214 124.8
10219~ | [EEE 802.11n (HT Mixed, 7.2 Mbops, X | 10,02 £9.3 247 803 | 1430 | 425%
CAA BESK)
o Y 9.84 66.9 21.2 1437
e Z | 970 6R.7 2453 124.3
10222 | [EEE BOZ.11n (HT Mixed, 15 Mbps, X | 1011 B85 213 806 | 1220 | :22%
| CAA BPSK}
¥ 9.82 68.1 20.7 122.7
7 10 25 G432 o B 1a0.2
10226- | UMTS-FOD (H3PA%) x | 7.03 67.2 196 597 | 1461 | t14%
CAB
N Y 7.9 67.0 19.7 146.9
o zZ | 593 65,8 16.4 1278
10237~ LTE-TDD (SC-FOMA, 1 RE, 10 MHz, X 9.08 800 IB.7 921 | 1383 | 23.0%
CAB OPSK)
L s 7.02 735 25.1 120.9
Z | 1078 | 842 30.8 148.7
10252- L1E-1DU (SCFUMA, 0% RB, 10 MHz, | X 9.08 76.7 27.0 524 | 13u4 | 23.3%
CAB QPSK)
Y | 8% 1.5 244 131.0
Z | a6 75.3 26.2 123.9
10267- | LTE-TOD (SC-FOMA. 100% RB. 10 X | 1072 77.7 274 930 | 1478 | £33%
CAB MHz, GPSK) o
Y B.78 72.3 24.3 138.0
Z | 1044 78.5 78.7 {30.7
10274- UMTS-FOD {HSUPA, Subiust 5 3GPP X 5,90 BA.{ 18.7 4 87 140.3 +3.9 %%
CAB Rel8.10)
Y B.08 87.5 19.1 130.5
] z | 800 | era [ w90 | | 1aAS
10276- UMTS-FDD {HSUPA, Subtest 6, 3GPP X 4.48 67.1 188 396 | 1472 | £0.9%
CAB RelR 4) O
Y | apd 67.8 194 144 4
2P 430 66.2 18.4 1264
10291- CDMA2000, RC2, S055, Full Rate X 1.62 66.7 18.5 346 | 1378 | £0.7%
AAB
v 3,47 683 | 18y 135.0
Fd 0.57 6.4 16.3 143 5
10292- | CDMAZ000, RC3, 5032, Full Rale X | 357 66.8 8.6 339 | 1421 | 07 %
AAB
Y | 388 66,5 194 139.1
z 3.58 8.9 BB 144.4
10207- | LTE-FDD (SC-FOMA, 50% R8, 20MHz, | X | 6.28 67 .U 1906 | 581 | 1363 | +12%
AAA OPSK) B _
v | 626 67.0 19.4 131.7
z 6,34 67.3 198 138.8
10211- LTE-FDD {SC-FDMA, 100% RB, 15 X B.88 67.0 200 606 | 1427 | +#t4%
AAA MHz, QPSK)
vy | 684 | 678 19.8 137.6
z £.94 £8.0 292 144.8

Certificata Me: CS3-3318 Mar14
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10315- | IEEE BO2.11b WAT| 2.4 Gl Iz (D555, 1 X | 281 aB.5 g | 171 [ 1472 [ 05%
AAD Mbps, Y8pe duty eyole) -

hd 3.61 73.2 208 147.3

z | 271 | a7s 1R3 127.6
10403- | CIMA2000 (1xEV-DO, Rev. 0) ¥ | 363 67.7 iad | 376 | 1282 | +07%
AAB

v | 521 06 | 188 | 149.8

Z [ 458 67.2 183 131.6 _
10404 CDMAZ000 {T=EV-DO, Rev. A) X 4.83 85.1 18.7 377 126.5 .7 %
AAB

Y 5.18 70.9 19.8 471 |
Z | 452 | 674 | w4 | | 1308

The reported uncedéi"ﬁiy of measurement is "slated a4 the siandard uncerainty of measurement
multiplicd by the coverage factor k=2, which for a normal distribution corresponds (o a coverage
probability of approximately 95%.

A The uncertainkes of Mo Y,Z do not affect the CX-field uncerainly inside TSL (3ee Pages B and 9),

Numerical finsarization parameter: uncedzinty nol mnolea.
% Uneoriainty is detormined using the max. daviation from linear response applying rectangular distiigution end i expressed for Ihe squane of the
field value.

Cearlificaie No. E33-3318_Marid Page 7 at 14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Calibratlon Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ® Unct,
F{MHz}® | Parmitiivity® {(Sim)” ConvF X | ConvFY | ComvFZ |[Aipha®| (mm) |  (k=2) |
750 41.9 0.89 845 | 645 845 1 08C [_ 115 | £120% |
835 415 0,90 616 6.18 8148 042 1.51 T120%
1760 40.1 1.37 b.41 5.41 541 {0.74 1.19 +12.0%
1900 40.0 140 4,33 5.4% b33 0.50 1.20 +12.0%
2450 39.2 1.80 4,69 4.59 4.69 R.77 1.37 =120 %
2600 39.0 1.98 4.43 4.43 4.43 0.80 131 | £120%

" Frequency validity of £ 100 M iz only applias far DASY v4.4 and higher (sea Page 2), alee i is resiritted to 1 50 MHz. Tha unceriainty Is the RSS

of Ihe Com# uncaralnty at alibratinn fraquency and the uneerainty for the indicated fraquancy band.

* AL frequencies below 3 GHz, the validity of tivsue pararneters (2 und o) can be felaxed 10 & 10% it lguld conpensation formula (s appliod to
measursd SAR valuss, Al fraquancias above 3 QHz, the validity of tissua parametars fs and o} is restrictad to + 5%. The uncarainty is the RSS of

the ConvE nincenainty for indicated target iesua paramaetars.

S Aloha/Depih are determinad during calibration. SPEAG warracls that the remaining deviation due to (he boundary etfect after compensation Is
atways less than + 1% for frequencies helow 3 GHz and below + 2% for frequencies between 3.6 GHz at any distance larger than hall the prabs tip
diamcter from the boundany.

Cerlificate Mo: ES3-3318_Mari4
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Calibration Parameter Determined in Body Tissue Simulating Media

March 19, 2014

Relative Conductivity Depth ® Unet.
f(MHZ)" | Permittivity” {simy* ConvFX | ConvFY | ConwFZ | Alpha {mm) (k=2
750 55.5 0.96 6.16 5.16 5.15 0.39 168 | +12.0%
B35 bb.2 .97 g.12 612 612 Q.20 1.74 +12.0%
1750 53.4 149 4,80 4,80 480 | 050 167 | +12.0%
1800 53.3 152 | 480 460 | 460 0.55 1.56 | 212.0%
2450 52.7 1.95 4.15 445 | 415 0.74 1.08 +12.0 %
2600 525 2.6 3.98 3.98 3.28 .66 0.56 +12.0%

Y Fremuency validity of = 100 dHz anly applies for DASY v4.4 and higher {see Page 2), else it is restricted io £ 50 MUz The uncerlainty is the R55
of the Cenv[- uncertainty at calibratian frequancy and the uncentginty for iha indicsted frequency band.

P AUBuguenuics bolow 3 GHz, e validity of lissue paramelers (s and o) can he relaxed to 1 10% iffiquid compansation farrmua is applied ko

measurced SAR valuss. At frequencies abave 3 GHz, the validity of fissue paramelers (¢ end o} is resiricied {o 2 5%. The uncertainty is the R3S of
tha ConvF uncartainty forindicated target Hissie parameters.

e Alpha‘Uenth are detarmined during callbration. SPEAG warrants that the ramaining deviation due o the boundary efled afler cempensation 15

always less than & 1% for frequencies below 3 Hz and below + 2% far frequancies between 3-G Gl Iz af any distance larger than half the probie tip

dtameter from the baundany,

Cerlilicate No; ES3-3318_Maria
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguida: R22)
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Uncertainty of Fraquency Responsgo of E-fiald: £ 6.3% (k=2})

Carificate No: £53-3318_Mar14 Page 10 of 14
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=600

Receiving Pattern (¢), 9 = 0°

MHz, TEM

March 19, 2014

f=1800 MHz,R22
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Uncerlainty of Axial Isctropy Assessment: £ 0.6% (k=2)

Cerificate No: ES3-3318_Mar1d

Fage 11 of 14




ES30v3 $M:331E March 19, 2014

Dynamic Range f(SAR}caq)
{TEM cell , fy,m= 1900 MHz)

108
10'5_
y
=
2 1
.o
w)
=
[
E
163_ . .
i0?
- SAR ImWicm3)
[« ]
not compensaferl compensated
o i
E. E dqu!Cullkl.Hn d - ? er».vm'iru_
5 A '
3
o 10t fo-d 10 19 102 102
SAR [mW/fcm3}
|2

not compensated compensated

Uncertainty of Linearity Assessment: £ 0.6% {k=2)

Cartiticate No: £53-3390_Mar4 FPaga 3.2 ot 11
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fm 835 MHz,WGLS RS (H_con)
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A

: '_r"_

Conversion Factor Assessment

f= 1900 MHz WGLS R22 {H_com)

March 19, 2014
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Deyjation

Deviation from Isotropy in Liquid
Error {¢, 4), f = 800 MHz

0.2 0o 02 04 06 08 10
Uncerlainty of Spherical lsotropy Assessment: + 2. 6% (k=2)

-0 -0.8 -06 -04
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DASY/EASY - Parameters of Probe; ES3DV3 - SN:3318

Other Probe Parameters

Ceartificate Mo: ES3-3318 Marld

Page 4 of 14

[ Senser Arrangement Triangular
[ Connector Angle (7} -104.8
Mechanical Surace Detection Mode enabled |
| Optical Surface Detection Mode disabied
Prohe Overall Length 337 mm
Probe Body Diameter 40 mm
Tip Length 10 mm
Tip Digmeter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Prabe Tip to Sensor Y Calibration Poind 2mm
Fﬁdbe Tip to Sonsor Z Cafibration Point 2 mm
Recommended Measurement Distance from 3urface 3 mm




Calibration Laboratory of o \*\-ﬂ‘_'i/w

Schmid & Partner
Engineering AG m

Zoughaussirarse 43, 6004 Zurich, Swikzariand S

f"p.f,,l“\.\‘

Accredited by the Swiss Accreditation Service (SAS)
Thu Swiss Avcseditation Service is une of the siguutories tu Uw EA
Mtultilateral Agreemem for the recognition of calibration certificates

Client PC Test

Agcreditation Ho.:

Eghweizerischer Kalibrierdienst
Service suisse d'étalonnegs
Bervigiv sviccero di Earalura
Bwiss Calibration Service

SCS108

Gentificate No: EX3-3589 Jan14

CALIBRATION CERTIFICATE .

Ohjact EX3DV4 - SN:3569

Caflbration procedura{s)

Celilirebion dule;

‘QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL- 25 VB

Cahbratlon ]J]'DLEE[UFE'.‘ fur dDSImetnc E-field probes

-January 29, 2014

Calibation Equipment uzcd (MATE crifical for cafibration)

L L0 \

g

This calibration cerlificule ducumesds e raceability to ralional slandands . which realize the physical unils of measuramants (S1).
T neasurements and e ansedaintes with confidemse probabilily qre given on the folowing pages and are part of the carlficate.

All calibrations have been conduded in the closed leboratory fucilily: enwirunmen! lemperature {22 + 3)°0 and homidity < 70%.

Nelwark Analyzer |IP 07500

Uaa7390565

18-0ct-01 {in house cheek Got-13)

Primady Standands 0 Cal Dats (Centilicata No.) Scheduled Caliration
Power meter E44198 3841203874 04-Apr-13 {No, 217-04733) Apr-14

Powar sansor E44 128 Y4 § dGB08T Dd-Agn-13 (Mo, 21 7-01733) Apr-14
_Refarence 3 6 Attanuator SN: $H054 {32) 04-Apr-13 (No. 217-01737) Apr-14

Reference 20 4B Allenuator Sh: B5277 [20%) 04-Apr-13 {Nn. 217-01735) Apr-14

Refarence 30 d8 Allenualor SN 85120 (301 Od-Apr-13 (Mo, 217.61738) Apr-14

Ratarents Proba ES300W2 SM: 3013 30-Dee-13{No. ESE-3013 Tieeid) fec-1d4

DAE4 B SN 660 13-Dec-13 {Mo. DAEA-EHY LegTd) Dec-14

Secandary Signdards iD Check Nate fin hausa) Scheduled Check

RF ganorator HP BB4BC US3E42UD1 70U A-AUg-UB {in houso check Apr.13) In house chack: Apr-16

In hause chogk: Ogl-14

Calibrated by:

Appraved by

Mame

: Glalidio Leubler,

. Katja Pokovis -,

Euncﬁ;-n _ o
:-' Labﬂmlury Technician . -

' -'-_‘Tanhnécal,Manager. '

This calitwalion cerlificale shall ot e reproduced cxoopt in foll withoul wiitien approval of the laboratory.

Signaturs b

: Jf,

—_—

legued: January 30, 2014

Cerlificate No; EX3-3589_Jan14d

Pags 1 al &4

Fc‘:’({ 8%




Calibration Laboratory of

& /%, Schwelzerischer Kalibrierdienst
; S £
Schmid & Partner %MHE'& Service suisse d'étalonnage
Engineering AG SN Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Swilzerland %_:’ ’f,ﬁ\‘}:\“ Swiss Calibration Service
RUTI I
Acoredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of tha signatorias to the EA
Multilateral Agreement for the racognlition of calibration certiflcates

Glossary:

TSL tissue simulating liquid

NORMX,y,z sensitivity in free space

CanvF sensitivity in TSL / NORMx,y,z

DCP dinde compression point

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

ABCD modulation dependent iinearization paramsters

Polarization ¢ g rotation around probe axis

Polarization 3 § rotation around an axis that is in the plane normal to probe axis {(at measurement center},
i.e., 9 =0 is noymal to probe axis

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

Calibration is Performed According to the Following Standards:

a)

b)

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

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

Methods Applied and Interpretation of Parameters:

"

Certiftcate Mo: EX3-3589_Jan14 Page 2 of 14

NORMx,y, z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide}.
NORMYX,y,z are only intermadiate values, i.e., the uncertainties of NORMx,y,z does not affect the E%fielid
uncertainty inside TSL {see beiow ConvF).

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

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

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

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

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

Spherical isotropy (30 devistion from isotropy): in a field of low gradients realized using 2 flat phantom
exposed by a patch antenna.

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the prébe fip
{(on probe axis). No tolerance required.

Connector Angte: The angle is assessed using the information gained by determining the NORMx {no
uncertainty required}.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3589

Basic Calibration Paramaisrs

Sensor X Senkoc Y Bensur £ Une {k=2)
Narm {uVivm)’ )" 0.46 0.40 0.40 +10.1 %
DCP(mvy® [ o112 100.8 58.0
Maodulation Calibration Paramaters
uD Communication SystemName | | A B c D VR Unce
B dBv/ v dB mv (k=2)
0 CW 1 x 0.0 0o 1.0 0.00 | 1504 | £38%
Y 0.0 0.0 1.0 142 3
4 0.0 0.0 1.0 1717
10010- SAR Validation {Sauare, 100ms. 10ms) X 6.00 695 142 10.00 421 8 Y%
GAA
¥ i 703 718 15.0 40.2
7| 333 64.0 12.1 44.6
10011- | UMTS-FDD (WCDMA) X | 326 66.2 176 | 281 | 1176 | 109%
CAA N
L o Y | 338 66.8 18.2 1140
' Z | =2re 624 4.7 1352
10012- | W=EE 802.11b WiFi 2.4 GHz (DSSS, 1 X 277 56.8 i7.4 187 { 1174 | 107 % |
CAA fibps) o
Y | 322 £9.6 18.8 | 1135
- ) z 22 B2.0 13.8 135.2
10021- | CSM-FDD (TDMA, GMSK) X | am G9.7 16.8 939 B1.2 07 %
DAS
Y pag | 771 18.86 1251
2| 218 62,5 12.6 75.3
TIP3 | GPRAFDD (TOMA, GMSK, TN 0} X | 301 | 664 148 | 957 86,1 2.7 %
DAM
b 7.02 §2.0 220 120.5
7z | 213 62.9 12.7 714
10024- | GPRS-FDD (TDMA, GMSK, TN 8-1) X | 1s.01 91.a 22,8 6.56 | 1323 § #1.7%
DAA
) y | 8s5 | man 19.9 134.3
Z | 404 72.4 15.7 _ 139.6
10027 GPRS-FDD (TDMA, GMSI, TN 0-1-2) X | 470 74.7 15.9 480 | 1078 | #17%
DAA
B v | 494 | 764 16.4 107.8
z 297 1 BH.Z 12.8 127.4
10028- GPRS-FDD {TDMA, CMEK, TN 0-1-2-3} | X i7.85 fotage) 29 4 355 114.7 4.7 %
DAA,
Y | 4802 99.7 21.9 116.6
R o lzl 13 61.4 7.8 134.4
10032- IEEE 802.15.1 Biuzlooth (GFSK, DHL X | o741 57.0 17.7 1.16 120.2 #3.0 %
CAA
Y | 7147 89.8 19.3 130.9
7z | oz 535 09 109.2
10039- | COMAZ000 {1xRTT, RC1) X 4,62 55.4 150 457 | 1130 | 11.7%
CAA .
- v | 474 66.1 16 4 1115
Z | 422 B3.3 159 | 1336
10062- | JEEE 802.17a/h Wiki b GHz (OFDM, 6 X | 10010 E7.8 208 868 | 1060 | 1+27%
CAA mMibpg)
y | t0.07 | BBt 1.1 108.1
Z | 10.08 B7.6 202 #30.3

Cerlificate No; £X3-3585 Jani4
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(130@'{:38- UMTS-FDD {HSUPA, Sublest 2) X | as3 5.7 17 8 308 | 1226 | £09%
o Y 47 B84 184 123.1
d 436 fid 5 16G.7 147 3
10100 | LTE-FDD {SC-FDOMA, 100% RB, 20 x | .32 655 | 188 567 | 1269 | M2%
GAR Mz, QPSK)
Y 6.60 67.2 19 4 | 1288
e Fi 5,80 843 | 17.3 107.2
10108- | LTE-FED (SC-FDMA, 100% RB, 10 X g.22 864 | 188 5.80 | 1242 | 1.7 %
| CAB | MHz, QPSK)
¥ | 639 6.9 19.4 | Teea
z 1 610 | es2 | 177 149.4
16110- LTE-FDD (SCFDWA, 100% RE. B MAz, | X 594 £5.8 18.7 8.5 | 1213 | 017 %
GAB QPSK) o
¥ 805 6.3 19.1 1251
z 580 55.0 17.7 144.5
10114~ IEEE 802 1n {HT Greaniield, 135 | 1001 [ 677 208 810 1126 0 5
CAA Mbps, BPSK) )
v | 06 | 683 | 20 | e
o z 0.96 B7.5 198 1353
10117- IEEE 802.11n {HT Mixed, 13.5 Mbps, X | 1007 67.0 204 B.07 1982 | *25%
ChHA BPSK)
¥ | tn6 a2 | 27 1184
. AR VA 67.7 19.0 138.0°
10181- LTE-TCD {SC-FDMAM, S0% RB, 20 MHz, e 7.09 664 1.8 9.28 1081 1.9 %
CAB CIPSK}
Y | 815 89.7 223 | 109.4
Z | 798 665 [ 204 1232
10154 LTE-FDD (3C-FDMA, 50% R, 10 Mz, x 594 55_?' 18.6 575 12201 7%
CAB QPSK) N _
Y .03 66.3 19.0 1225
. _ z 579 65.0 17.7 144.0
10160- LTE-FOD (SG-FOIMA, 50% RB, 15 MHz, | x 6,36 66.3 18.9 582 | 1260 | 17 %
CAB CQIPSK) ;
Y | 654 67.0 19.4 123.2
z 616 653 i7.8 146.5
10169 LTE-FOD {3C-FDMA, 1 RB, 20 MHz, X | 517 66.5 1.2 573 | 14AT | *12%
CAB QPSK) o
¥ 4,95 A5.4 1a.0 168.3
£ | 4s1 63.9 17.1 125.3
1017 2- LTL-TDD (SC-FDMA, 1 HB, 20 MHz, X 679 70.4 22.0 921 120.6 | 230 %
CAB QPBE) )
¥ 5,95 72.0 24.2 1228
Z | 643 £9.3 22.0 136.7
10175 | LTE-FOD (3C-FDMA, 1 RB, 10 MHZ, X 515 B88.4 19.4 672 | 1430 | #ta%
GAB QPSR _
Y | 523 B7.% 12.6 145.8 ]
- . 7 4.60 637 | 170 1211
10181- | LTE-FDD (SC-FDMA, 1 RB, 16 MHz, X | 511 66.2 190 | 572 | 1440 | £1.4%
| cas QPRSI
Y 5.27 67.0 197 1449
z 4.54 $3.4 168 1162
10193- [EEE RU2.11n (HT Greenfield, 6.5 Mbps, | X 0.57 671 20.1 B0 | D22 | 2.2%
CAA BPSK)
¥ £.59 674 204 106.3
B Z 8.73 7.5 20.0 _ 129.6
10186~ [EEE 802.11n {HT Mixed, 6.5 Mhps, X 9.6 67.3 20.2 810 | 1046 | +2E5%
CAA BRSK) ]
Y U563 67.6 0.5 _ Wie
7 1 9.8 7.3 19.8 130.9

Carificate No: EX3-3589_dan14 Paga 5 ot 14




EX:3DV4— SN:3589 January 29, 2014
10219- | FECC 002 11n (11T Mixed, 7.2 Mbps, X [ 981 §7.6 200 | 803 [ 1092 | 27%
CAA BPSK)

¥ Y.bd 646 20.4 1074
7 853 57.2 19.7 130.7
10222- | IFEF BD2. 110 {(OT Mized, 15 Mbps, % | 1000 | #7.8 20.4 006 | 1141 | £27%
CAA BPSK)
ki 10.01 6.0 206 1123
o 2| 096 | e78 | 19¢ BN
10225- UMTS-FDD {(HSPA+) " 7.48 65,9 19.2 5.97 1375 | #14 %
CAA
¥ 725 674 19.5 134.4
z 5,48 G4.4 73 | 1146
16237- LTE-TOD [SC-FOMA. 1 RB. 10 MH=. X 603 71.0 23.5 8.21 1236 | +3.0%
cAB QFSK) .
¥ 653 4 24.0 1193
z 6,63 701 224 141.3
J0255- | LTE-THD (B0-FDMA, 50% RB A0MHz, | % | a.1e M5 231 824 | 1428 | 225%
CAD QPSK) i
Y 546 720 | 242 143.3
Z | 710 67.0 208 1198 ]
10267- LTE-TDD {SC-FDMA, 100% RB, 10 X 783 68.1 21.6 9130 1042 | 422%
CAB MHe, QPSK)
Y 807 | 694 227 108.0
e rd 7.49 57.2 0.9 _ 1262 |
10274- UMTS-FDD (HSUPA, Subtest 5, 3GPP x 5.98 66,2 18.3 4.87 | 128.1 1.7 %
CAA Relf.10)
- ¥ | &12 67.¢ | 188 126.0
z 531 63.8 18.4 110.2
10275- UMT3-FDD (HSUPA, Subtest &, 3GPD X 4,30 65.5 17.8 286 | 1105 | 2%
CAA RslB.4)
Y 4.47 66,4 18.4 1103
N i 3.92 83.1 158 135.7
10201- CDMAZ000, RC3, S0O55, Full Rate X, 3.59 68,7 17.7 346 | 1381 | 212%
AAA
| Y. |_9285 67.2 18.6 146.7
zZ | 308 61.7 4.7 123.5
10292- CDMAZ000, RC3, 5032, Full Rate x '3,59 £6.0 17.8 334 144 2 *0.9%
AAA
Y | 383 67.5 1R.7 1484
Z 318 63.1 18.7 | 1285 ]
10297- LTCDD (SCFDMA, 50% RB, 20 MHz, | X 6.13 65.8 18.7 5.81 185 | 1.7 %
ALA QAFSKY _
Y 6.30 66.6 9.2 1124
2| 620 | 658 [ 184 | 145.8
1031 4- LTE-FDE (3C FDMA, 160% RD. 15 X 8.70 564 18.0 6.06 122 5 1.4 %
AAA MHz, QPSK) _
Y B.02 62.3 19.6 124.5
. 7 | AR 65.0 17.9 303.7
10315- (EEE 802 11b WiFi 2.4 GH7 {DSSS, 1 x 2.66 66.7 174 .71 1008 | 7%
AAA bis, 96pn0 duty cycle) .
Y 3.18 70.0 19,2 1115
7 2.08 816 | 134 1344
10517 - IEEE BOZ.112 WiFi § GHz {[OFDM, § X 9 7H Grd | 204 838 055 | #25%
AAL wbps, Bépc duty cycle) )
Y 9.81 B7.7 20.7 107.1 |
z | o6 676 | 203 | 129.5
10400- IEEE 802.11a¢ Wil (20MHz, 64-GAM, ¥ 9.66 B7.5 20.4 8.37 104.9 ¥2.7 %
AT 99ps dufy cycla)
¥ 0,93 67.9 208 107.9
Z vy7 B7.7 20.2 §343

Cerlilicate No: EX3-2589_Jani4
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40402- [ IEEE 802.11ac WiFi (30MI 1z, 64-CAM, X | 1047 57.9 205 | 853 | 1009 [ $30%
AN 99po duty cycle) _ |
Y | 1086 £8.8 21.1 1160
7 | 1068 G0.2 20.4 142.5
10403- | COWAZ000 (1xEV-N0, Rav. ) A | a4 57.0 179 | 076 | 1148 | +09%
AAA
Y| 602 G5 8.7 1166
. Z | 423 | 644 | dins 1451
10404- | COMAZOUU (1XEV-DO, Rov. A X 271 | &7 179 377 1123 | 214 %
v | 495 BB S 187 1159
| Z | 40 534 161 | 1384

The reported uncertainty of measurement is stated as the standard uncertainty of measuremeant
mulfiplied by the coverage factor k=2, which for a normal dislribulion corresponds to a coverage
probability of approximately 35%.

* The ungeruinties of NormX,Y 2 do not affect the E? fickd uncertainty Inalde TSL {see Pages 5 and 9}

" Numericat nearization persmeter: unuekasoty ool veguired,

L Uncerlainty iz determinad using the max. doviation from linear rasponee applying rectanpular lstibution snd is expressed fue He squae of the
fiald valie.

Cerificate Nn: FX3-3508_Jan14 Pagc 7 of 14




Ex3DV4—~ SN 3580 Japuary 29, 204

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3589

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conduchivily Depth ® Unct.

£(MHz)* | Permitlivity" (simy ConvFX | ConvFY | ConvFZ | Alpha® | [mm) (k=2)
750 11.9 0.89 8.86 £.86 8.86 0.80 0.62 +12.0 %
835 41.5 0.80 8.49 .49 8.49 0.45 0.82 +12.0 %
o ese o Ae L AT LA AAt ) rst g 080 0.60 +12.0 %
1800 40.0 1.40 7.05 7.05 7.05 0.52 0.73 120 %
2450 | 49 180 5.45 BA5 | 645 | 024 | 108 | #120%
2600 39.0 1.96 6.24 6.24 6.24 0.78 .62 120 %
5200 36.0 4.66 4.78 478 4.78 | 030 1.80 +13.1 %
5300 35.9 4.76 4.58 4 58 4.G8 0.30 1.80 +13.1 %
| 5500 35.6 4.96 444 | 444 444 0.31 1.80 +13.4 %
5600 35.5 5.07 4.20 4.20 4.20 0.35 1.80 £131%
5800 35.3 5.27 1.39 4.30 4.39 0.32 1.80 2131 %

* Frequency validily of 4 100 MHz only applics for DASY vd.4 and higher {see Page 2}, else it is restricled lo & 50 MHz. | he uncerlginty is the HES
of the ConvF unceralnty at calibratlon feequency and the uncerainty for the indicated frequency band.

* At frequencics below 2 GHz, the valdily of lissue parameters {¢ and o) can be relaxed lo & 10% if hquid compeneston formula s appliad ta
maasurad SAR values. At fraquencias above 3 Gliz, the validily of tissue parameters (e and o) is reslricted o + 5%, The uncerlgioly is the RS S of
1ha ConvF uneenainly for Indicated target tiasue paramstars.

“ AlphatNepth are detemined daring calibration. SPEAG warsants that the remaining deviatlon duse to the boundary effect after compensation is
alwaye laes than + 1% for frequencies balow 3 GHz and balow + 24% for requancies bahwean 3-6 GHz at any distanca larger than half the probe Uip
diameter from the boundary.

Cerlificale No. EX3-3089_Jani4 Page 8 of 14
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3589

Calibration Parameter Determined in Bady Tissue Simulating Media

Refative Canductvity Depth © Unct,
| £{MHz)® | Permittivity” (Sm)© ConvEX | ConvFY | GonvFZ | Alpha®i  [mm) {k=2}
750 55.5 0.86 831 | 834 8.34 0.6 | ©.72 £120%
B35 | . 852 0.87 8.29 8.28 8.29 0.31 1.11 +12.0 %
17560 534 1.49 5.58 8.60 £.68 .80 0.61 +12.0%
1800 53.3 152 £.54 6.54 6.54 072 | 084 112.0%
2460 h2.7 195 6.26 B2 | _ 626 D.80 0.67 +12.0%
2600 525 2.16 5.08 6.08 .08 0.68 0.50 +120% |
5200 48.0 5.30 4,19 419 | 4.149 0.38 190 | £131%
5300 405 5.42 308 3.98 3.98 38 | 190 | $13.1%
5500 48.6 5.65 376 | 378 1.76 042 1,90 | *131%
5600 485 577 3.81 3.81 3.81 030 | 190 § =i34%
5800 48.2 6.00 397 | 397 .97 043 | 1.90 £131%

" Frequensy vefidity of £ 100 MHz andy applies far DASY vd.4 and higher (san Page 2), else i 15 restrictad 10 & 50 MHz. The Uncenainty s tha RLSS
of the ConvF uncerginfy ut calibratlon frenuency and the pncrrainty for He Indicaled Mmequency band.

¥ A requencies below 3 Gliz, the validity of tissue parameters (2 snd o) can b rckaxed to + 10% §f liquid sompansation fommuia is applied 1o
measured SAH values, Al frequencios above 3 GHz, the valldky of tissie parameters (e and o) is 1eskiclal lo £ 5%. The uncerainty is the RSS of
the ConvF uncerainty for indicated target tissuc parameders,

€ AiphafDepth are determined during cslibration. SPEAG warranis thet the remaining demiation due to the boundary eHect alter compensalion ia
always less than & 1% far frequencies below 3 GHe and below + 2% for frequancias hatwhen 3-6 GHz al any distance farger than half the pmke lip
diameter from tha boundany.

Cerlficate No: EX3-3560_Jani4 Page 9of 14
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Wavegulde: R22}

1.5
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Frequency response (rormalized)
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1600 2000 2500 3000
 [MHz]

0.5 R S B T

Uncertainty of Frequency Responsc of E-field: % 6,3% (k=2}

Cerlificate No; EX3-1509 Janid Page 10 of 14




ExX3DV4- SM:35R9 January 29, 2014

Receiving Pattern (¢), 3 =0°

=600 MHz, TEM =1800 MH.,R22
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Uncartainfy of Axial Isotropy Assessment: 1 0.5% {k=2)
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Dynamic Range f(SARpead)
(TEM cell, f = 900 NIHZ)

105_

104 -

[nput Signal {uv]

1044

107

Errar [4B]
=

e

Cedificate No: FX2-3082 Jandd

| NS EEEILLNEN B
102 104 400 101 104 w9
SAR [mW/ani3]
L# | LY

hot compensated ccmpensatad

Uncartainty of Linearity Assessment: 1 0.6% (k=2)

January 29, 2014
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Conversion Factor Assessment

f = B35 MHz WAL3 RS (H_convF) = 1800 MHz WGI 5 R22 (H_ronvF}
Ly 5
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Deviation from Isotropy in Liquid
Error (4, 4), f = 900 MHz

Deviation

40 08 05 04 -D2 00 02 04 UE OB 1O
Uncertainty of Spherical Isotropy Assessiment: 2 2.6% (k=2}
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EX3DV4- 5N:3589

January 28, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3589

Other Probe Parameters

Sensor Arrangament Triangular
Connector Angle _(”“) -30.2
Mechanical Surface Detection Mode ~ anabted
" Qptical Surtace Detection Mode disabled
Probe Overall Lenglla o - 337 i
Prohe Bady Diameter 10 mm
Tip Length 9mm
Tip Diameter 2.5 mm
Probe T't[i 16 Sensor X Calibration Point 1t mm
Probe Tip to Sensor Y Calibration Point 7T - 1 mm
Proba pr to Sensor Z Calibration Faint Tmm
Recommended Measuremeni Distance from Surface 2mm

Cortificate Mo: EX3-3584 Jan14
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Calibration Labcratory of
Schmid & Pariner

Engineering AG
Zeugheusstiesse 43, BI04 Zurlch, Switzerland

Schwaeizerischer Kalibricrdienst
Sarvice suisse d'4talannage
Servizlo evizzero di 1aratura
Swisk Callorallon Sarving

Accrediiod by e Swiss Accroditalion Scvics (SAS) Accreditaiion No.; SC5 108
Tha Swiss Acereditation Service is one of the signatetics to tho E4
Multllataral Agreement for the racagntiton of calibralion cerificales

Object

Calibralign procedure(s)

Calibration date: Ociﬁbﬂ]'z 20'] ':-

AR
This catibrajion cortfizabs decumonts the [mcoabilily to notional slandards, which realize the physica? units of meoasaraments {(SI),
The measurements and the uncerainties with confidence probahility are given on the following pages and are par of the cerificate.

All calibrations frave been condusted i the closed laboralmy faciily: environment lemperature (22 £ 3)°C and humidily < f0%.

Calibration Equipment wsed {M&TE critical for calibration)

Primary Standards =} Cal Data (Certlficata No.) Schaduled Calibration
Boveer moter E4416R GBA1203874 04-Apr-13 (Mo, 217-01733) Apria
Povier sensor E44924A MY 41498087 Q4-Aor-13 [No. 217-01733) Apr-14
Refarenca 3 4B Altenuatar SN 55054 (3c) Qd-Apr-13 (Mo, 217-01737) Ap-1d
Refarance 20 dR Aftanuator SM! SB277 (20%) @4-Apr-13 {No. 217-01735) Apr-14
Reference 30 dB Aftenvatar ON: S5120 (30b) Gd-Apr-18 {Ho, 247-01738) Apr-14
Reference Frobe ES3IDVZ 2N: 3013 28-Dec-12 (Mo, ES3-3013_Dec!2) Dhes-18
NARA_ SM: BEO 4-52p-13 (No. DAEL-668_Sep13) Sep-14 o
Seconday Standards D - Gheck Date: tin house) Scheduled Check
RI- generator BP 86480 JS3642U07700 4-Aug-99 in hpugse check Ap-13) i branso check: Aor-1h
Netwark Analyzer HP 8753E | US37390586 18-Oct-01 {in house check Uct-13) In hause check: Ugl-14
Funeiion
Caolibrated by: r
Approved By

Issued: Ocloher 25, 2013

This caltbration cortificate shall not be repraduced axcept in full wilhoul wrilten approval of tha laboratory.

wr s B1012
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausgstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisso d'élalpanage
Servizio svizzoro di taratura
Swiss Callbration Service

Accrediled by the Swiss Accreditation Service {SAS) Agcredilation No.: SCS 108
The Swiss Accredilation Service is one of the signatories to the EA
Multilateral Agreomont for the recognition of callbratlon certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMyx,y,z

DCP diode compression point

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

ABCD modutation dependent linearizaticn parameters

Polarization ¢ ¢ rotation around probe axis

Polarization § § rotation around an axis that is in the plane normal to proba axis {at measurement center},
i.e., 8 = 0 is normal to probe axis

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

Calibration is Parformed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
+  NORME,y z: Assessed for E-field polarization 3 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavequide},
NORMx,y,z are only intermediate values, i.c., the uncertainties of NORMx,y,z does not affect the E=-field
uncerlainty inside TSL (seea balow ConvF).

+  NORM(fxy.z= NORMxy.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncerlainty of the frequency responsa is included
in the stated uncertainty of ConvF.

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

» PAR: PARis tha Peak to Avarags Ratio that is not calibrated but determined based on the signal
characteristics

o  Axyz Bxyz Cxyz Dxyz VRxyz. 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 freguency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

» ConvF and Boundery Effectf Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using anatylical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment cf the parameters applied for
boundary compensation (alpha, depth} of which typical uncerlainty values are given. Thase parameters are
used in DASY4 software o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainly corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which ailows extending the validity from + 50 MHz to £ 100
MHz.

« Spherical Isotropy (3D deviation from Isotropy}: In a field of low gradients realized using a flat phantom
exposed by a patch antenna.

¢+ Sensor Offset: The sensor offset corresponds to tha offset of vifual measurement centar from the probe tip
{on probe axis). No tolerance reguired.

« Connector Angle: The angle is assessed using the informaticn gained by determining the NORMx (no
uncerainty required).

Certificate No: EX3-3914_0ct1d Page 2 of 14




EXZDV4 — BN 3914 Coltober 23, 2015

Probe EX3DV4

SN:3914

Manufactured:  December 18, 2012
Calibrated: October 23, 2013

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASYZ systom?)
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EX3Vd— SN:2814 Octnber 23, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3914

Basic Calibration Parameters

Sensor X SensorY Sensar 2 Unc (k=2}
Notrn (pW(Wm)-")A 047 049 ' 0.51 101 %
DCP (mVy" B 98.2 989 gg.2

Modulation Calibration Parameters

Uib Cammunication System Name A B c 8 VR Unce
dB dBV Y dB mv k=2)
0 oW X 0.0 00 | 1D 0.00 1582 | 13.0%
Y 0.0 0.0 1.0 1548
7 6.0 0.0 1.0 1708
10044134 SAR Validaiion (Square, 100ms, 10ms) X 0.71 53.3 G.1 10.00 48,4 £2.5 %
CAA
_ 1 ¥ 2a3 67.0 13.8 39.9 -
z 4.18 687 13.8 457
10011- UMTS-FDD (WCDMA) ¥ 3.08 64.4 185 2.91 1224 | 5%
CAA
Y 331 86.5 18.2 1235 |
o pid 3.34 668.3 i7.8 136.6
10012- [EEE 802,116 WiFi 2.4 CHz (D888, 1 | X 2.49 64.5 16.1 187 | 1208 | 105%
CAR ibps)
Y 2.94 62.5 i8.7 1238
7 239 6.9 i7.0 i354
10021- G3M-FDD (TDMA, GM3K} x 1.52 61.5 0.8 835 838 1.2 %
DAA
R L . Y 222 674 15.0 118.0
z 2.47 646.5 14,7 95.9
E}Cﬂ:‘l- GPRS-FDD {TDMA, GMSK, T Q) X 173 653.3 11.0 a.57 at.5 1.7 %
~ Y 211 66.2 14.2 t11.8
Pl 278 8Y9.Q 16.0 838
10024- GPRS-FDD (TOMA, GMSK, TN §-1} X 1.94 62.1 g4 6.56 M0 | 2%
DiAA,
¥ 4,24 78.6 17.8 130.0
Z 2.9 0.7 14.5 141.4
10627- GPRS-CDD {TOMA, GMSY, TN 0-1-2) X 1,25 835 97 4.80 1438 | zi.4%
LA
Y 1.50 66.0 12.2 1197
B 7 | 208 71.5 4.0 1233
10028- GPRS-FDD (TOMA, GMSK, TN 0-1-2-3} | x 0.53 56.3 74 355 1134 +1.7 %
DAA
Y | 2543 100.0 2286 121.3
o Z | 38867 97.5 0.8 1333
10032 IEEE 802.15.1 Bluetogth (GFSK, DHE) x 0,28 58.6 53 116 1347 | =0.9%
CAA
v | 8575 034 188 A
z 0,20 55.5 4.1 11214
1003D- COMAZ000 (1XR 1T, RGA) X 4.33 64.6 17 .4 4,67 1138 | 207 %
CAA B _
Y 4.56 66.0 18.6 120.8
Z | 485 682 18.4 135.9
10082- IEEE £02.11e/h WiFt 5 GHz {OFDM, § X 8.a% p7.8 N7 8,68 1090 | +265%
CAan idbps)
¥ | 10.08 68.4 2.5 118.2
7| 10466 0s.2 P17 [ 1340

Certificate No: EX3-3914_Oct13 Page 4 of 14
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Dctaher 23, 2013

énnm- GIMAZOCD (12RTT, RC3) b4 450 63,9 16.8 3.67 1136 30,7 %
A
v 3.84 656 18.2 119.6
o z 3.85 66.4 17.8 134.5
xﬁa&- UMTS-FDD {HSUPA, Subtest 2) X 441 85,2 173 .58 1260 | 207 %
Y 4,73 86,9 18.6 1325
2 4,51 85.5 17,7 106 .6
101430 LTE-FDD {SC-FDMA, 100% RE, 20 ] 6.75 66.7 18.6 5.57 1305 | 42%
GAB MHz, QPSK)
Y | 661 877 10.8 139.3
? 6.21 6.0 18.7 107.7
10106- LTE-FDD (SC-FOMA, 100% RB, 10 o a1 a5.8 18.8 5.80 1263 | $12%
CAB MHz, QPEK)
v 6.40 87 198 1356
z 6.10 65.5 18.5 1074
10110- | LTE-FDD {SC-FDMA, 100% RE,5MHz, | x | 578 653 | 183 875 | 1231 | #12%
CAB | GPSK)
Y 5.97 66,3 19.2 RN
z E.56 5.3 8.4 1049 |
10114- {EEE 802.91n (HT Greenfioid, 13.5 ® G g2 677 204 8.10 115.7 +2.09%
CAA Mbps, BPSK)
Y | 1026 B8.7 212 126,85
2 | 10.74 894 21.3 146.0
10117- JEEE B02.91n (HT Mixed, 13.5 Mbps, X 9.95 67.8 20.3 8.07 1166 | +2.5%
CAA EPSK)
¥ | 10.26 60.7 21.1 1283
Z | 10.70 684 21.3 1459
10151- LTE-TDD {SC-FDiA, 50% RB, 20 MHz, X 7.19 87.4 v1.5 4.28 145.0 $2.2%
CAB QFSK)
Y 7.40 68.3 224 110.8
R S e [ 7.78 68.4 229 1230
10154- LTE-FDD {SC-FDOMA, 53¢ RB, 10 MHz, ¥ 575 £5.3 iB.3 5.75 1242 +1.2%
CAB QPSK)
¥ | 603 66.5 RO BREE: NS
Z | 629 669 [ 193 149.7
10160- LTE-FDD (SC-FDMA, 50% BB, 15 MHz, | X 823 5.9 188 5.92 1283 #2%
CAH QFSK) B
Y 8.51 87.2 19.7 136.9
Z 6.24 Bh.7 18.6 107.3
10188- LTEFDD {SG-FDMA, 1 RB, 2t MHz, X 483 86.0 18,9 673 1475 | H12%
CAD QPSK) N
Y 478 65.0 192 113.8
L F3 5.0% 6.1 19,4 129.7
10172 LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X BB 64,2 uas .21 1498 | #19% |
cAB | apsk)
v 5.01 694 23.4 120.3
z 6.38 70.0 232 1372 _
10475 LTE-FDD (SC-FDMA, 1 RB, 10 MHz, % 4.86 66,4 18.9 B.72 148 | 21.2%
CAB QPSK) -
| Y | 472 65.8 19,2 1183 |
2| 509 6.4 19.1 126.0
10181 | LTE-FDD (8G-FDMA, 1 RB, 15 MHz, %X | 483 A6 18.9 572 | 1463 | 412 %
CAB QPSK)
Y 465 65.G 19.% i12.2
i 502 6.1 18.0 125.1
10193- IEEE 802 11n {HT Greenfield, A5 Mops, | X 9.51 674 202 B.09 1086 | 125%
CAA APSiA)
¥ 972 68.1 20.9 118.2
z | 1030 | 889 21.1 135.0

Ceilificate Mo. EX3-2844 Oct13
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EX3DV4— SN:3814 Dctober 23, 2013

10106- [EEE 202.11n (HT Mixed, 5.5 Mops, ¥ g52 E7.4 20,2 B.10 1.6 240 %
CAA BPSK)
Y 9,79 8.3 21.1 1213
2 | 1030 BE.S 2.2 139.2
10219 |EEE 802.44n {HT Mixed. 7.2 Mops, X 947 67.4 20.2 8.0% 1118 | #22%
CAA BPSK)
_ Y 867 1 a3 210 | | 1300
2 | 10.20 68.9 2.1 1380 |
10222- IEEE B02.11n (HT Mixad, 15 Mbes, %, 9.08 £7.9 20.4 8.08 116d | 25 %
CAA BI'SK)
Y 10.25 B50.9 212 128,2
VL1088 ) B8 ] 213 1445
éﬂ:;\l}fﬁ- UMTS-FOD (HSFA4) X 6.96 BiG.7 189 5.97 140.0 &1 %
Y 7.23 67.9 200 148.9
Z i3 6.4 18.8 56
10237 LTE TOD {&C F(A, 1 RB, 10 MHz, b 551 G7.5 21.0 &.21 114.2 HO%
CAB QFSK)} I
¥ 582 | 684 234 123.0
i 6.49 70.0 236 140.2
10252- LTE-TDD {3C-FDMA, 50% RD, 10 Mli7, | x 6.8 B7.1 214 8.24 1366 | L119%
CAB QPSK]
Y 7.30 894 23.2 147.3 ]
z 7.6 Bt 20 7.5
10267- | LTE-TDD {SC-FDMA, 100% RB, 10 x| 728 B7.5 21,6 830 | 1427 | #19% |
CAB MHz, OPSK)
¥ 7.44 .4 224 110,85
1 Z 7.81 g8.7 222 226
102 74- UMIE-FUL (HSURA, SBubtast b, 3GFP b4 585 6G.2 182 4. 87 1364 +#0.9 %
CAA Rel8 10)
Y 6.12 67.5 18,2 1423
Z 591 588 18,2 107.6
10:275- UMTS-FOD {(HSUPA, Subisst 5, 3G0P X 4.17 Ad 8 47.3 2.08 1188 0.7 %
CAA Hold 4} B
Y 4.42 06 4 18.5 124.8
7 4.47 66.0 18.0 13426
10281+ GDMAZ00D, RC3, 5055, Full Rate X 336 | 647 171 346 1094 | 05%
AAA P -
i 355 6.2 8.3 118.2
, _ Z | 360 856 | 177 | 120.9
10252- COMAZ000, RC3, 5032, Full Rale X 329 64,9 172 239 1161 0.5 %
AAA
| v | 357 | 87 | 185 121.0
Z 3.54 858 17.7 XN
10257 LTE-FCO {SC-FOMA, 50% HB, 20 MHz, x 6.14 655 18.5 5.81 126.1 11,2 %
AAA QPSI) |
Y | 644 67.2 19.7 1367 |
z | es2 | 810 10,3 142.2
0374- LTE-FDD {SC-FDMA, 100% RB, 15 % 5.78 a6.6 19.1 .06 1318 | +14%
AAL MHz, OPSK) _ _
Y 7.03 678 | 200 | 142.5
Z 7.15 av.y 19,7 148.6 B _
"10318- | IEEE 802.11b WiFi 2.4 3Hz (DSSS, 1 X | 242 64.8 16.1 1.71 1188 | 205%
AAA tibps, 96pc duly cycle)
Y 3.00 69,3 190 126.%
Z | 26 663 | 172 | 128.2
10317- IEEE 802,142 WiFi 5 GHz (OFDM, & X .71 67.6 0.5 836 1117 25 %
ABA Mbps, 860t duly vycie) )
Y 9.99 605 21.4 1222
Z 10.38 G8.4 213 1?‘%?-5

Corlificate No: EX3-3814_Qcti3 Page 6ol 14




EXODV4 - 5H:3914 Gctober23, 2013

10400 [ IFFF 807 F1ac WiFr (20MHz, 54-0AM, | x | a9.83 678 206 | 837 | 1129 | 225%
AAA D9pc chity cyciel
Y | 1008 68.7 214 | 123.9
Z | 1048 68,4 21,3 130.5
10402- | IEEE 802.11ac WiFi (E0MHz, 61-QAM, X | 1081 6/.3 207 863 | 121.1 2.5 %
AAA 980 duly cycle) L
Yy | 1128 70,0 214 135.4
Z ] 1115 G4 | 214 147.4
msu CDMAZ000 {IXEV-DO. Rev, 0) X 4 51 67.4 178 | 378 [ 1182 | 5%
Y 4.91 69.5 19.3 128.3
z 4,84 67.5 8.1 135.4
10404- CORAZO00 {(1xFV-D0), Rav, A) x 4.51 67.7 10.0 377 117.4 =06 %
ABA
v 4,97 69.8 18.5 125.4
Z | 471 67.3 18.0 B BEKI K]

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
probabiiity of approximately 95%.

: Tig uneerteintiss of Normx, Y Z do not aiect the E%1eld uncerlalnly inside TSL (See Pages 8 and 2%

Numericel linearization perameler: uncerainty not required.
“Uncedaintyis determined uslng tha maz. davialion finm linear respons s applying rectangular dislebedion and is sxpressed forihe square of the
finid walue.
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EXIDVL- SN2 14 Oclober 23, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3914

Callbration Parameter Determined in Head Tissue Simulating Media

Relative Condustivity Depth ° Unct.

F{MH=) ¢ Parmitthvity r {&/m} i ComwF X | ConvFY | ConwF Z | Alpha ¢ {fmmj {k=2}
750 41.8 0.89 9.70 9.70 9,70 0.34 1.01 £12.0%
835 41.5 0.80 934 | 934 95 067 0.67 +12.0 %
1750 4.1 1.37 7.88 7.99 7.99 078 0.566 +12.0 %
1200 40.40 1.40 /.63 7.6% 7.69 0.80 0.58 £+12.0 %
2450 39.2 1.80 6.95 6.95 6.96 0.41 .77 £12.0%
2600 39.0 1.96 6.79 6.70 6.79 0.40 0.82 +12.0%
5200 | ko 4.66 4.99 4.99 4.99 D.30 1.80 +13.1 %
5300 35.9 4.76 4.A2 4. 82 4.82 0.30 1.80 +13.1 %
5500 35.6 4.96 4.55 4.55 4.55 0.35 1.80 131 %
55UQ ass 8.0/ 4.37 4.37 4.37 0.36 1.80 £ 13.1%
5800 35.3 b.27 4.52 4.52 4.52 0.35 1.80 131 %

° Frequengy validily of 2 100 MH. only applics for DASY va.4 and highes [soa Paga 2), olea it is rastricted o £ 50 MHz2 Tha uncenainly is tha RSS
of lhe CunvF unuerlginty sl ealislions frequency and the uncerlainty for the: indicated frequency band,

T At frequancies below 3 GHz, the validity of tissua paramaters (£ and a) can be relaxed o + 104 if liguid compensation formula is applied 1o
measured SAR valugs, At frequensies above 3 GHz, the validity of tissue parameters (: and «) is restricter] bo + 5% The uncailaintly Is tha RS3 of
the Convl uncerlainly for indicaicd lurget lizsue paramctors.

® plpha/Dapth ara determined during cedilnation, SPEAG warrsnls el the reinaining devialion duc Lo the boundary effect after compansation is
ahwaye less than + 1% for {requencies below 3 GHZ and below * 2% for frequensios belweoen 3-8 13HZ a1 any distanca |arger than half the probe tip
dizmealar fram twe boundary.

Cettilicale No: EX3-3914_0et13 R " lMage8offd




EXADV4— SN:3914 Qotoher 23, 2043

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3914

GCalibration Parameter Determined in Body Tissue Simulating Media

Relativa Conductivity Depth © Unct.
£(MH2)* | Parmittivity” {§fm} " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) =2y |
750 B5.5 088 | 939 4.39 9.30 0.53 0.74 £120%
835 56.2 0.97 9.3 g.31 8,31 3,56 0.78 £12.0%
1750 63.4 tdg 7.89 7.89 7.89 0.32 1.03 £12.0 %
1900 | 533 1.52 7.51 751 7.51 051 0.78 £12.0 %
2450 62.7 186 | 7.02 7.02 7.02 0.80 0.50 £12.0%
2600 52.5 2.16 6.81 6.81 6.81 0.8y 0.50 +12.0 %
5200 49.0 530 4.52 4.52 4.52 035 | 1.80 +13.1 %
5300 48.5 5.42 4,32 4.32 432 | 035 1.490 +13.1 %
5500 48.8 565 | 407 4.07 4.07 0.35 1,90 +13.1%
5500 485 5.77 3.87 3.97 357 | 038 1.90 +13.1 %
£800 48.2 8OO 4.14 4.14 4.14 0.40 1.90 +13.1 %

% Frequency validity of £ 100 MIiz oy applias for DASY vd.4 and higher {3ec Poge 2, efsc it is resincled io £ 50 MHz, Tha uncanainly 1s the RSS
of ther ConvF uacertainty at calibration frequency and tha uncartainty for tie imdiceled fequency band.

* At frequencles below 3 GHz, the validity of issue parameters (¢ and o) can be relaxed o £ 10% iFliquid compensation tormula is applied W
monsurad SAR values. AL fraquencies above 3 GHz, tha valldity of tisgue parametera {2 and o) s restrictod to + 5%. The nneerainty is tha RSS of
the: Cunv rnceatainly for indicated target lissue parametera,

S alpha/Depth are determinied during catisratian, SFEAG warrants Lhat ths remaining deviation due to e buundary eftec after compensalion is
ahways 1ass than + 1% for fraquencies below 3 GHz and below + 2% for fraquencles belwnen 3-8 GHz at any distarie larger than half 1he probe 1ip
dlamater [rom the boundary.

Centificata No: EX3-3914_0cti3 o Page 9 of 14




EXIUVA- SNE814

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

Oclobrer 23, 2013

respobnse (norrmalized)

Frequency
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EXADV4— SK3814

=600 MHz, TEM
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Receiving Pattern (¢), & = 0°
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Ex3DV4— SN:3014 Octobar 23, 2013

Dynamic Range f(SAR}¢.q)
(TEM ccil , f = 900 MHz)

108

10t

Input Signal [uv]

1021

Ermror (d=]

3 i i 5 : P i )
102 1]0-1 ‘IIG*F 1064
SAR [mW/am3]

not compensated compansated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
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Quotabser 23, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3914

Other Probe Parameters
Sanser Arrangement

Triangwiar

Cornneclor Angls {M) =24 3
Mechaninal Surface Datection Mode rnablad
Cptical Swrface Cetection Mode disabied
Frobe Owvaraill Length 337 mm
Frobe Body Dlameter 10 mm
Tip Lenglh 8 mm
Tip Uiameter 2.5 mm
Probe Tip to Sensar X Calibration Pairt 1 mm
Prabe Tip lo Sensor Y Calibration Poinl 1 mm
Frabe Tip to Sensar 2 Galibration Point 1 mm
Recommended Measurement Distance from Surface

Z2mm

Cortificats No: EX3-3914_0ct13 ~ 7 7 7 Page 14 of 14




APPENDIX D: SAR TISSUE SPECIFICATIONS

Measurement Procedure for Tissue verification:

1) The network analyzer and probe system was configured and calibrated.

2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.
Trapped air bubbles beneath the flange were minimized by placing the probe at a slight
angle.

3) The complex admittance with respect to the probe aperture was measured

4) The complex relative permittivity € can be calculated from the below equation
(Pournaropoulos and Misra):

J20¢,8y bpben ,eXp[_ja)r(luog;rgo)llz] do’
v - dg'dp(d
Iy - o 050 s

where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates
refer to source and observation points, respectively, r? = p® + p'> —2pp'cos¢’ , wis the angular frequency,

and sz—_l.

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 2450 2450 5200-5800 | 5200-5800

Tissue Head Body Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1
DGBE 47 31 44.92 29.44 26.7
HEC See page 2- ! 1
NaCl 3 See page 2 145 0.94 04 02 0.18 0.39 See page 4 0.1 See page 5
Sucrose 57 449
Polysorbate (Tween) 80 20
Water 40.45 53.06 52.6 68.8 54.9 70.17 73.2 80

Reviewed by:
FCC ID: A3LSMN915T SAR EVALUATION REPORT

Quality Manager
Test Dates: DUT Type: APPENDIX D:
09/08/14 - 09/18/14 Portable Handset Page 1of 5
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2 Composition / Information on ingredients

The ltem is composed of the following ingredients:

H.0

Sucrose

NaCl

Hydroxyethyl-cellulose

Preventol-D7

Water, 35 — 58%
Sugar, white, refined, 40 — 60%

Sodium Chloride, 0 — 6%
Medium Viscosity (CAS# 9004-62-0), <0.3%

Preservative: aqueous preparation, (CAS# 55965-84-9), containing

5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H)-isothiazolone,
0.1-07%
Relevant for safety; Refer to the respective Safety Data Sheet®.

Figure D-1
Composition of 750 MHz Head and Body Tissue Equivalent Matter

Note: 750MHz liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual

liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

tem Mame
Product Mo.

Manufacturer

" Body Tissue Simulating Liquid (MSL750v2)

SL AAM 075 AA

SPEAG

{Charge: 130313-1)

Measurement Method

| TSL dielectric parameters measured using calibrated OGP probe.

Setup Validation

|Validation results were within = 2.5% towards ihe target' values of Methanol,

Target Parameters

[Target parameters as defined in the IEEE 1528 and IEC 62209 compliance standards.
Test Condition

Ambient
TSL Temperature 22°C
Test Date
Operator

Emvironmant temparatur (22 + 3)°C and humidity < 70%.

13-Mar-13

IEN

Additional Information

TSL Density

1.212 glem®
TSL Heat-capacity 3.006 kJ/(kg"K)

Measured Target Diff.to Target [%]
|1 Mtz HP-* | MP-g" sigma) eps Sigma] Aeps  A-sigma 2
600 | 575 | 2464 062 | BET 085 | 25 136 =
626 | 572 | 2451 | 084 | B&0 085 | 21 114 H
650 | 57.0 2000 087 | 550 o086 | 18 82 E
675 | 567 |za60| 080 | 558 086 | 1s T L
700 | 564 |eaan|oe1 | 557 086 | 12 T B
7265 | 662 |2siefoes| 856 ome | 10 28 7. :
T S e e e ey 0.0
775 | 557 |eve| o | s54 087 | oa 17 600 €50 700 720 B0 Mzﬁo 500 850 1000
800 | 554 =260 101 853 007 | 04 40 requency Mz
B25 | 552 |z44) 03| 552 oms | 02 ]
636 | 550 |2256) 04 | 662 0088 | 0.0 58
850 | 649 |22.28)| 105 [ 662 000 [ 0.4 86 100 T— .
876 | 4.7 |2246)| 108 | 851 102 | 07 58 #OTB A e e A_/
300 | 545 |2e0a| 140 550 1065 | o &a g 50 :
926 | 542 |21e3(113| 660 06| 3 82 3 g'g: ) g T
G50 | 540 2182 | 1145 | 543 108 | -7 72 é 25 o
978 | 528 {2174 148 | 548 1me | 20 a5 2 50
1000 | 586 |66 121 848 10| 23 87 g 75 /
=100
600 850 OO TS0 800 A50 OO0 950 1000
i Fraguercy MHz
Figure D-2
750MHz Body Tissue Equivalent Matter
Reviewed by:
FCCID:  A3LSMN915T SAR EVALUATION REPORT
Quality Manager
Test Dates: DUT Type: APPENDIX D:
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Measurement Certificate / Material Test

Item Mame Head Tissue Simulating Liquid (HSL750V2)
Product No. SL AAH 075 AA fCharge: 130312-4)
Manufacturer SPEAG -
Measurement Method
[TSL dielectric parameters measured using calibrated OGP probe. |
Selup Validation .
[Validation results ware within = 2.5% towards ihe target valuss of Meihanol. |
Target Parameters
[Target parameters as defined in the IEEE 1528 and IEC 62209 compliance siandards, |
Test Condition
Armbient Environment temparatur (22 + 3)°C and humidity < 70%,
TSL Temperature 22°C
Test Date 13-Mar-13
Operator IEM
Additional Information
TSL Density 1.284 glom”
TSL Heat-capacity 2.701 kJi{kg*K)
Measured [Targst |Diff to Targst (%61 T
T (MHzj| HF-a' | HP-e* | sig B8RS Sigma) A-eps  A-sigma
G600 | 446 |2325|o07a] 427 08B 4.3 20 ;
625 | 442 | 23.00| 080 | 426 08B | 2.8 a5 E
850 | 438 | 2276l 0z | 425 088 | 52 71 E
675 | 434 | 2250 0Ba | 423 osn | 28 4.9 i
Fo0 | 430 [2204| 067 [ 422 080 | 24 2.8 S
726 | 427 | 2206 06s | 421 oms | 16 0.2 -
£50 | 4z joviesipot ] aie owe | LN Tea i "
775 | 421 (272|094 | 118 020 06 46 600 G0 700 Eiq;“:“d:i” 800 85D 1000 |
OO | 417 (2155|006 M7 om0 o1 &8 —
825 | 414 | 2140 008 | 18 081 | D4 8.3
838 | 413 [2152 | 008 | 415 0@ | 08 .0
as0 | 4.1 | 2z4f 100 | a5 osp| 00 9.6 100 1
875 | 408 | 2111|103 | 415 084 | 18 20 # 75 /"V
ao0 | a0s | 2099 | 105] 415 osr| 23 a £ 507
oes | 403 | 2087|107 | 415 ocss| 2o 9.4 E E‘g} o
o0 | 400 | 2076|140 414 ome | a5 10.3 5 a5l
ovs | 397 |zoe6| 142 | 414 100 | -40 115 S spd
1000 | 385 |2067] 144 493 11| 45 197 75
i -1”‘-0‘ - -
i &30 650 TOD TS0 AOD  BS0 GO0 G50 1000
| Frequency bMHz
Figure D-3
750MHz Head Tissue Equivalent Matter
Reviewed by:
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:
H20 Water, 52 — 75%
C8H1803 Diethylene glycol monobutyl ether (DGBE), 25 — 48%

(CAS-No. 112-34-5, EC-No. 203-961-8, EC-index-No. 603-096-00-8)

Relevant for safety; Refer to the respective Safety Data Sheet®.
NaCl Sodium Chloride, <1.0%

Figure D-4
Composition of 2.4 GHz Head Tissue Equivalent Matter

Note: 2.4 GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.
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Figure D-5
2.4 GHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

Water
Mineral oil
Emulsifiers
Sodium salt

Composition of 5 GHz Head Tissue Equivalent Matter

50 - 65%
10 — 30%
8-25%
0-1.5%
Figure D-6

Note: 5GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

5GHz Head Tissue Equivalent Matter

Figure D-7
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APPENDIX E: SAR SYSTEM VALIDATION

Per FCC KDB 865664 D02v01, SAR system validation status should be documented 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 FCC KDB 865664 D01 v01 and IEEE 1528-2013.
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.

Table E-I
SAR System Validation Summary
— COND. PERM. CW VALIDATION MOD. VALIDATION
SYSTEM TSES] DATE PRSONBE PTE{?:ZE PROBE CAL. POINT] © © SENSI- PROBE PROBE MOD. TYPE DUTY PAR
# i TIVITY LINEARITY [ISOTROPY FACTOR
D 750 8/28/2014| 3263 ES3DV3 750 Head 0.911 40.71 PASS PASS PASS N/A N/A N/A
D 835 8/8/2014 3263 ES3DV3 835 Head 0.907 40.44 PASS PASS PASS GMSK PASS N/A
Cc 835 9/15/2014| 3213 ES3DV3 835 Head 0.940 42.19 PASS PASS PASS GMSK PASS N/A
G 1750 |6/23/2014| 3258 ES3DV3 1750 Head 1.349 39.05 PASS PASS PASS N/A N/A N/A
K 1900 |6/17/2014| 3287 ES3DV3 1900 Head 1.407 39.80 PASS PASS PASS GMSK PASS N/A
B 1900 |9/17/2014| 3318 ES3DV3 1900 Head 1.449 41.46 PASS PASS PASS GMSK PASS N/A
G 2450 3/6/2014 3258 ES3DV3 2450 Head 1.736 38.36 PASS PASS PASS OFDM/TDD PASS PASS
E 5200 |12/3/2013| 3914 EX3DV4 5200 Head 4.482 34.70 PASS PASS PASS OFDM N/A PASS
E 5300 |12/3/2013| 3914 EX3DV4 5300 Head 4.604 34.60 PASS PASS PASS OFDM N/A PASS
E 5500 |12/3/2013| 3914 EX3DV4 5500 Head 4.821 34.28 PASS PASS PASS OFDM N/A PASS
E 5600 |[12/3/2013| 3914 EX3DV4 5600 Head 4.907 34.13 PASS PASS PASS OFDM N/A PASS
E 5800 |12/3/2013| 3914 EX3DV4 5800 Head 5.133 33.89 PASS PASS PASS OFDM N/A PASS
G 750 6/24/2014| 3258 ES3DV3 750 Body 0.963 53.51 PASS PASS PASS N/A N/A N/A
| 750 6/30/2014| 3209 ES3DV3 750 Body 0.966 54.09 PASS PASS PASS N/A N/A N/A
D 835 8/11/2014| 3263 ES3DV3 835 Body 1.000 53.26 PASS PASS PASS GMSK PASS N/A
K 1750 |6/23/2014| 3287 ES3DV3 1750 Head 1.349 39.05 PASS PASS PASS N/A N/A N/A
H 1750 |6/27/2014| 3319 EX3DV4 1750 Body 1.449 51.91 PASS PASS PASS N/A N/A N/A
J 1900 9/4/2014 3022 ES3DV2 1900 Body 1.555 52.66 PASS PASS PASS GMSK PASS N/A
G 2450 3/5/2014 3258 ES3DV3 2450 Body 2.044 51.30 PASS PASS PASS OFDM/TDD N/A PASS
| 5200 |7/17/2014| 3589 EX3DV4 5200 Body 5.183 48.21 PASS PASS PASS OFDM N/A PASS
| 5300 |7/17/2014| 3589 EX3DV4 5300 Body 5.350 48.02 PASS PASS PASS OFDM N/A PASS
| 5500 |7/17/2014| 3589 EX3DV4 5500 Body 5.662 47.59 PASS PASS PASS OFDM N/A PASS
| 5600 |7/17/2014| 3589 EX3DV4 5600 Body 5.789 47.28 PASS PASS PASS OFDM N/A PASS
| 5800 |7/17/2014| 3589 EX3DV4 5800 Body 6.098 46.89 PASS PASS PASS OFDM N/A PASS
Table E-1I: Extremity SAR Considerations
SAR System Validation Summary
SAR FREQ. PROBE | PROBE COND. | PERM. CW VALIDATION MOD. VALIDATION
SYSTEM [MHz] DATE SN TYPE PROBE CAL. POINT] © ©) SENSI- PROBE PROBE MOD. TYPE DUTY PAR
# 5 TIVITY LINEARITY | ISOTROPY FACTOR
J 1900 9/4/2014 3022 ES3DV3 1900 Body 1.555 52.66 PASS PASS PASS GMSK PASS N/A
| 5200 |7/17/2014| 3589 EX3DV4 5200 Body 5.183 48.21 PASS PASS PASS OFDM N/A PASS
| 5300 |7/17/2014| 3589 EX3DV4 5300 Body 5.350 48.02 PASS PASS PASS OFDM N/A PASS
| 5500 (7/17/2014| 3589 EX3DV4 5500 Body 5.662 47.59 PASS PASS PASS OFDM N/A PASS
| 5600 (7/17/2014| 3589 EX3DV4 5600 Body 5.789 47.28 PASS PASS PASS OFDM N/A PASS
| 5800 (7/17/2014| 3589 EX3DV4 5800 Body 6.098 46.89 PASS PASS PASS OFDM N/A PASS

NOTE: While the probes have been calibrated for both CW and modulated signals, all measurements
were performed using communication systems calibrated for CW signals only. Modulations in the table
above represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01 for scenarios when CW probe calibrations are used with other signal types.
SAR systems 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.
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