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Primary Standards D # Cal Date (Certilicate No.) . Scheduled Calibration
Power meter CPM-4420 GBR37480701 09-0t-13 {Na. 217-01827} QOct-14

Fower sensor HH 34814 J5372527583 8-0ct-13 (No, 217-01B27} Qed-14
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DAE4 SN: 601 30-Apr-14 (No. DAE4-601 Apri4) Apr-15

Secondary Standards D Check Date (in housa) Scheduled Check

AF generator RAS SMT-06 100005 04-ALg-92 (in house check Oct-13) In houss check: Get-16
Malwork Analyzar H® 8753E US37300585 S4206 18-0c-01 {ir house check Qok-13) in house check: Oct-14
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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:

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

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

e [Feed Point Impedance and 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.

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

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

DASY system confiquration, as far as not given on page 1.

DASY Version DASYS V52.8.8

Extrapolation Advanced Extrapoiation

Phantom Medular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 1750 MHz £+ 1 MHz
Head TSL parameters

The toilowing paramsters and calculations were applied.
Temperature Permiltivity Conductivity

Nominal Head TSL parameters 220°C 40.1 1.37 mho/m

Measured Head TSL parameters {(22.0 +0.2)°C 35.0+6% 1.36 mho/m + 5 %

Head TSL temperature change during test <05°C -
SAR resuit with Head TSL

SAR averaged aver 1 ¢m® (1 g) of Head TSL Condition

SAR measured 250 mW input power 9.23 Wikyg

SAR for nominal Head TSL parameters

normelized to 1W

36.9 Wikg + 17.0 % {k=2)

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

condition

SAR measured

250 mW input power

4.87 Wikg

SAR for hominal Head TSL parameters

normalized to 1\W

19.5 W/kg + 16.5 % {k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.49 mho/m
Measured Body TSL parameters {22.0 £ 0.2} °C 52.2+6% 1.48 mho/m = & %
Body TSL temperature change during test <0.5°C ---- ---
SAR result with Body TSL
SAR averaged over 1 cm® (1 g)of Body TSL Conditicn
250 mW input power 9.41 Whg

5AR measured

SAR for nominal Body TSL parameters

normalized tc 1W

37.6 Wikg + 17.0 Yo (k=2}

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

S5AH measured

250 mW input power

5.02 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.1 W/kg + 16.5 % (k=2}

Certificate No: D1765VZ2-1008_May14
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Appendix

Antenna Parameters with Head TSL

impedance, transformed to feed point 47.7Q-6.1jQ
Return Loss -23.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 43.7Q-64iQ

Return Loss -20.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.211 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 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 QOctober 06, 2005
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DASY5 Validation Report for Head TSL

Date: (07.05.20014
Teat Laboratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 1765 MHz; Type: D1765V2; Serinl: D1765V2 - SN: 1008

Communication Systcmn: 17D 0 - CW; Frequency: 1750 M1z

Medium parameters used: { = 1750 MHz; o = 1.36 $/m; ¢, = 39; p = 1000 kgfm3
Phantorn scetion: Flat Section

Measurement Siandard: DASYS (IEEE/TIEC/ANST C63.12-2007)

DASY 52 Configuration:
+ Probe: ES3DV3 - §N3205; ConvF(5.23, 5,23, 5,23); Calibrated: 30.12.2013;
» Sensor-Surface: 3mun (Mechanical Surface Detection)
s Llectronics: DAE4 Sn601; Calibrated: 30,04, 2014

+ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSAA; Serial; 1001

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

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

Reference Value = 96.06 V/m: Power Drift = 0.01 dB

Peak SAR {extrapolated) = 16.7 W/kg

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

Maximum value ol SAR {meusured) = 11.7 Wikg

R 12 00

-16.00

0dB = 11.7 W/keg = 10.68 dBW/k
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impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

'T'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1765 MHz; Type: D1765V2; Serial: D1765V2 - SN: 1008

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: [ = 1750 MHz; o = 1.48 $/m; & = 52.2; p = 1000 kg/in’
Phaniom section: Flat Section

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

DASYS52 Configuralion;

Probe: ES3DV3 - SN3205; ConvI'(4.89, 4.89, 4.89); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Elccuonics: DAE4 Sné01; Calibrated: 30.04.2014

Phaniom: Flat Phantom 5.0 (back}; Type: QDOO0OPS0AA; Serial: 1002

DASYS2 52.8.8(1222), SEMCAT X 14.6.10(7331)

Nale: 07.05.2014

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0;
Measurcment grid: dx=5mm, dy=5mm, dz=5mm
Refercnee Value = 93.01 V/m; Power Diift = 0.00 dB
Peuk SAR (extrapolated} = 16.3 W/kg

SAR(1 y) = 9.41 W/kg; SAR(10 g) = 5.02 W/kg
Maximum value of SAR (meusured} = { [.8 W/kp

-4.00

N 12.00

¥ -15.00

-20.00

0dB = 11.8 Wkg = 10.72 dBW/kg
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Impedance Measurement Plot for Body TSL
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Engineering AG =z = Servizio svizzero di taratura
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LTI
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

client  PC Test Certificate No: D1900V2-5d141_Apri14
|CALIBRATION CERTIFICATE |
Object D1900V2 - SN: 5d141
Calibration procedure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Callbration date: April 09, 2014 ‘/\&,(-‘)f'\,\\\b\
3

This calibration cerificate documents the traceabilily to natienal slandards, which realize the physical units of measurements (S1).
The measuremeants and the uncertainties with confidence probabilily ara given on the following pages and are part of the certificate,

All calibrations have been conducted in the closed laboratory facility: environmant temperature (22 + 8)°C and humidity = 70%.

Calibration Equipmant usad (MA&TE critical for callbration)

Primary Standards 1D # Cal Date (Corlificate No.) Schaduled Calibration

Power meter EPM-442A GB37480704 09-Oct-13 (No. 217-01827) Oct-14

Powar sansor HP 84B1A US37292783 09-Oct-13 (No. 217-01827) Qct=14

Power sansor HP 84B1A MY41082317 09-0ct-13 (Mo. 217-01828) QOct-14

Reference 20 dB Altenualor SN: 5058 (20k) 03-Apr-14 (No. 217-01918) Apr-15

Type-N mismatch combination SN: 5047.2 / 06327 03-Apr-14 (No. 217-01921) Apr-15

Referance Probe ES3DV3 SN: 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN: 601 25-Apr-13 (No. DAE4-601_Apri3) Apr-14

Socondary Standards 1D i Check Date (In house) Scheduled Check

AF generator R&S SMT-06 100005 04-Aug-89 (in house check Oct-13) In house chack: Oct-16

Metwork Analyzer HP 8753E US37390585 S4206 18-0ct-01 (in house check Oct-13) In house check: Oct-14
Name Fungclion E{lgﬁﬂ

Galibrated by: Claudio Leublor Laboratory Technician \)J

Approved by: Katja Pokovie Technical Manager

a-~. .-r-'(r_l, ’c:/fb/

Issued; April 9, 2014

This calibration cerificate shall not be raproduced axcapl In full without wrilten approval of the laboratary.

Certificate No: D1900V2-5d141_Apri4 Page 10f8




Calibration Laboratory of S,
N

Schweizerischer Kalibrierdienst

i, I/)’

Schmid & Partner iﬁ&é Service suisse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand AN Swiss Calibration Service

3
NS
f, )
KO ARG

Accrediled 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) 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:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

Electrical Delay: One-way delay between the SMA connector and the antenna feed 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 paramelers: 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

Pago 3 of O




Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5280 +5.5|Q

Return Loss -24.5d8

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



DASY5 Validation Report for Head TSL

Date: 09.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d141

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

Medium parameters used: f= 1900 MHz; 6 = 1.36 §/m; &, = 39.1; p = 1000 kg/m’*
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;
o Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (front); Type: QDO0O0P5S0AA; Serial: 1001

DASY52 52.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 99.080 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 9.91 W/kg; SAR(10 g) = 5.17 W/kg

Maximum value of SAR (measured) = 12.5 W/kg

-3.50
-6.99
-10.49

-13.98

-17.48

0dB = 12.5 W/kg = 10.97 dBW/kg

Cartificate No: D1900V2-5d141_Apri4 Page 5of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 09.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d141

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

Medium parameters used: f = 1900 MHz; 6 = 1.52 S/m; &, = 52.4; p = 1000 kg/m"‘
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30.12.2013;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom; Flat Phantom 5.0 (back); Type: QDO00P5S0AA; Serial: 1002
« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 95.820 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) = 541 W/kg

Maximum value of SAR (measured) = 12.9 W/kg

-1.34
-6.68
-10.03

=13.37

i

0dB =129 W/kg=11.11 dBW/kg

-16.41

Certificate No: D1900V2-5d141_Apri4 Page 7 of 8




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

Zoughavastragse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service [SAS)
The Swiss Accredilation Seryice i8 one of the slgnatories o the EA
Multilateral Agreement for the racognition af calibratlon certiflcates

Clent PC Test

Accreditation No.: SCS 108

Certiticate No: D2450V2-797_Jan14

CALIBRATION CERTIFICATE

Object D2450V2 - 5N: 797

Calibiation pracedurefs)

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

Calibration date:

January 21, 2014
CL v
Afor

This calibration cedificate decuments the traceabliity t0 nallenal standards, which realize the physical units of measuremants (54).
The measuremenis and the uncertaintles with contidence probability are glven on the following pages and ara parl of tho certificate.

All calibrations have been conducted in Ihe closed taburalory Tacilty: snviranment temperatire (22 +3y°C and humidity < 70%.

Calibration Equipment used {METE critical for calibration}

Calibraied by:

Approved by:

Israc Ei-Neouqg

Kafja Pokovic

Labaratory Tachnislan

Technical Manager

This calibration cenificera shull not be rwpraduced oxcopt in full without writlen approval of the labhoratory.

Primary Standards D # Cal Date (Cortilicate No.} Schaduled Calibration

Power meter EPM-4424, GB37480704 09-0ct-13 (No. 217-01827} Qct-14

Power sanzor HP §481A LUS37232783 09-0ct-13 (No, 217-01827) Oct-14

Fower sensor HP B481A MY 1002317 09-0Oct-13 (No. 217-01828) QOcl-14

Neference 20 dBD Altenualor SH: 5058 (20k) O4-Apr-13 (No, 21701 738} Apir-14

Type-t mismatch combination SMN: 5047.3 / 0G327 04-Apr-13 {No. 217-01733} fpr14

Reterence Praobe ES30V3E SH: 3205 30-Doc-13 (No. ES3-3205_Dec13} Deac-14

DAEA4 SMN: 609 25-Apr-13 (No. DAE4-801_Apri3) Apr-14

Secundary Slandards 1D # Check Date {in house) ~ Schaduled Check

RF gencratar H&S SMT-06G 1000045 (14-Aug-89 (in house cheek Oet-13) In houge cheek: Qct-16

Nelwork Analyzer HF 87530 US3A7350585 54206 18-0c1-01 {in house check Oct-13) In house check: Oct-14
Name Function Stgnature

Oﬂ'{‘ww._ Ffl w—.g?ma_uﬂ‘r

e
gy e Bl
ﬁﬂ,ﬁ{-»: e /é—

lssued: January 21, 2014
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Calibration Laboratory of N2

) S Schweizerischer Kalibrierdienst
Schmid & Partner il;‘\\\:’//:uEﬁ/——g’: Service suisse d'étalonnage
Engineering AG LT Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerfand Y, ///_\_\\ ha Swiss Calibration Service
KO
Accredited by tho 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) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices; Measurement Technigues”, June 2013

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

c) KDB 865664, “SAR Measurement Reguirements 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.

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
paralie! 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.

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 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: D2450V2-797_Jan14 Page 2 of 8




Measurement Conditions
DASY system configuraiicn, as far as not g

iven on page 1.

DASY Version DASYS V52.8.7

Extrapolation Advanced Extrapolation

Phantom Modutar Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Fraquency 2450 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

MNominal Head TSL parameters 22.0°C 392 1.80 mho/m

Measured Head TSL parameters (22.0£08)°C 3B.7+6% 1.86 mho'fm £ 6 %

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

SAR averaged over 1 em® {1 g) of Head TSL Condition

SAR measured 250 mW input power 13.2 Wiky

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

candition

SAR meesured

250 mW input power

8.13 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.3 Wikg = 18.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applisd.

Temperature Permittivity Conductivity
Nominal Botly TSL parameters 22.0°C 52.7 1.5 mho/m
Measured Body TSL parameters (22.0+0.2)°C 513+0% 2.04 mho/m + 8 %
Body T5L temperature change during test <05°C -—
SAR result with Body TSL
SAR averaged over 1 em® {1 g) of Body TSL Condition
SAR measured 250 myw input power 12.7 W/hkg
SAHA for nominal Body TSL parameters normalized to 1w/ 49.4 Wikg + 17.0 % (k=2)
SAR averaged over 10 em® {10 g} of Body TSL condition
SAH measured 250 mY input power 5.86 Wihg

SAR for nominat Body TSL parameters

normalized to 1w

23.1 W/kg = 16.5 % (k=2)

Cerificate No: D2450V2-797_Jan14

Page 3of B




Appendix
Antenna Parameters with Head TSL

Impedance, transtormed to feed point 5360 +32j0
Return Loss -26.7dH

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5000 +45i0
Relum Loss - 26.2dB

(General Antenna Parameters and Design

Efectrical Delay (one direction) 1.151 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is diractly connected ta 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 dipoie ams in order to improve matching when loaded aceording 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 naar the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufagtured on January 24, 2008

Certificate No: D2450v2-797 Jan14 Page 4 of B



DASYS Validation Report for Head TSL

Date: 21.01.2014

Tesl Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 797

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

Medium parameters used: f = 2450 MHz; 6 = 1.86 S/m; £, = 38.7; p = 1000 ky/m’
Phantom section: Flat Section

Measurement Standard: DASYS (TEER/IEC/ANST C63.19-2007)

DASYS52 Configuration;

*

Probe: ES3DV3 - SN3205; ConvyF(4,53, 4,53, 4.53); Calibrated: 30.12.2013;
Sensor-Surface: 3nun (Mechanical Surface Detection)

Lilectronics: DAEA 5n601; Calibrated: 25.04.2013

Phantom: Flal Phantom 5.0 ((ront); Type: QDO00PSDAA; Serial; 1001

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

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

Reference Value = 99.151 Y/m; Power Drift = 0.05 dB

Peak SAR (cxtrapolated) =27.5 Wikg

SAR(1 g) = 13.2 W/ke: SAR(10 g) = 6.13 W/kg

Maximurm valoe of SAR (ineasured) = 16.9 Wikg

-
L 9,60
-14.4n

B 1520

24,01

0dB =169 Wikg =12.28 dBW/kg

Gertificate No; 02450V2-797 Janid Page 5of B




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

Date: 21.01.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; T'ype: D2450V2; Scrial: D2450V2 - SN: 797

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

Medium parameters vsed: t = 2450 MI1z; 6 = 2.04 S/m; &, = 51.3; p = 1000 kg/m’
Phantom scction: Flai Section

Measurement Standard; DASYS (IEERE/IBC/ANSL (063,19-2007)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.35, 4.35, 4.35); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Elecironics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flail Phantom 5.0 (back); Type: QDOO0OPS0AA; Scrial: 1002

DASYS2 52.8.7(1137), SEMCAD X 14.6.10(7164)

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

Reference Value = 93.709 V/m; Power Drift = 0,01 dB

Pcak SAR (extrapolated) = 26.4 W/kg

SAR(1 g) = 12.7 W/kp; SAR(10 ) = 5.86 Wikg

Mauximum value of SAR (measured) = 16.8 Wik

2 06D

¥ -14.00

1920

0dB = 16.8 Wikg = 12.25 dBWkg

-24.00

Certificate No: D2450V2-797_Jan14 Page 7 of 8




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

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Senvizlo avizzero dl taratura
Swiss Calibration Service

Accredited by the Swiss Accredltation Servica (SAS) Accreditation No.; SCS 108

The Swlss Accredltation Service is one of the signatories ta the EA
Multilateral Agreement for the recognition of calibration cerlificates

Client PC-Te,st

CALIBRATION CERTIFICATE

Certificate No: D2450V2-882_ Feb14

Dbject D2450V2 - SN: 882

Calibration procedure{s)

QA CAL-05.v8 | 0o

Calibration procedure for dipole validation kits above 700 MHz 2]
_ it

Calibration date:

February 24, 2014

This calibyation cerlificate documents tha tracaability to national standards, which realiza the physical units of measurements (51,
The measurements and tho uncertainties with corifidence probabiity are given on the follawing pages and are part of the cedificate.

All calibrations have baen conducted in tho closed laboratory facility: environmant temperature (22 1 31"C and humidity < 70%.

Calibration Equipment used (MATE ¢ritical for calibration)

Primary Standarcs Dy Cal Data (Ceititicate No } - Scheduled Calibration
Pawear mater EPM-1424 GEEA7480704 09-Oct-13 {No. 217-0182T) Oct-14

Pawar sensor HF 84814 UE37292763 09-Dct-13 (Mo, 217-D1827) Oct-14

Power sensor HP 8481A MY41092317 0e-Oct-13 {Na. 217-01628) Oct-14

Refarance 20 dB Attenuatar SN: KOGB {(20k) Qd-Apr-13 {No, 217-D1738) Apr-id

Typa-N mismaich combinalion EN: BM7.3 708327 04-Apr-13 {Na. 217-01739) Apr-14

Reference Probe ES3DV3 SN 3200 30-Dec-13 (No. E53-3205_Dec13) Dec-14

DAE4 Sh: 601 25-Apr-13 {No. DAE4-601 Aprid) Apr-14

Sucondary Standards iD# Check Date {in houge} Scheduled Check
RF generator A&S SMT-08 100005 04-Auy-92 {in house chack Det-13) In house check: Oct-16
Network Analyzer HP 8753E US37390685 54208 18-0c1-01 fin house check Oct-13) in howse check: Get-14

Name Function Signature

Istaa El-Naouq Lakoratory Techniclan ' % éz’, ﬂg g
' @MQE’

{asuad; Fehruary 25, 2014

Calibrated by:

Approved by: Katja Pokovic Technical Manager

This valibration cerlificate shail not be reproduced except i full without written approval of the iaberatory.

Ceorlificate No: D2450V2-8B2_Fceb14 Pege 1 of 8
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories {o the EA
Multilateral Agreement for the recagnition 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

by IEC 622092-1, "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:

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

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

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.

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

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

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; D2450v2-882_Feb14 Page 2 of 8




Measurement Conditions

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

DASY Versian DASYS V52.8.7
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantomn

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 pararmeters and calculations were applied.

Temperature Parmittivity Canductivity
Nominal Head TSL parameters 22.0°C 38.2 1.80 mha/m
Measured Head TSL parameters {22.0x02)°C 3B1x6% 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 13.3 Wikg

SAR for nominal Head TSL paramsters

normgeiized to 1W

52.0 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

8.12 W/kyg

SAR for nominal Head TSL parameters

normalized to 1W

24.2 Wikg + 16.5 % (k=2)

Body TSL parameters

The foliowing parameters and calculations were applied.

Temperalure Permittivity Conductivity
Mominal Bady TSL parameters 22.0°C 627 1.95 mha/m
Measured Body TSL parameters {22.0x0.2)°C 50726 % 2.02 mho/m x B8 %
Bady TSL temperature change during tesi <056°C -
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
3AR measured 250 mW input power 12.7 Wikg

SAR tor nominal Body TSL parameters

normalized to TW

4.5 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

587 Wikg

SAR for nominal Body TSL parameters

normalized 1o 1W

23.1 Wikg £ 16.5 % (k=2}

Cerificate No: D2450v2-882_Feb14

Fage 3 of B




Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.50Q-09jQ

Return Loss -29.1dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 50.1Q +1.5jQ

Return Loss -36.3dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.159 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 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 Qctober 06, 2011

Certificate No: D2450V2-882_Feb14 Page 4 of 8




DASYS Validation Report for Head TSL

Date: 24.02.2014
Test Laboratory: SPEAQG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D245(0¥2; Serial: D2450¥2 - SN: 882

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

Medium parameters vsed: £ = 2450 MHz; o = 1.86 $/m; & = 38.1; p = 1000 ke/m’
Phantom section: Flal Section

Measurement Standard: DASYS (TEET/IRC/ANST C63.10-2007

DASY A2 Configuration:
»  Probe: ESADV3 - SN3205; ConvF(4.53, 4.53, 4.53); Calibrated: 30,12,2013;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
s  EBlectronics: DAE4 Sn601; Calibrated: 25.04.2013
s Phantom: FFlat Phantom 5.0 (front);, Type: QDO00PS0AA; Serial: 1001

»  DASYS252.8.7(1137), SEMCAD X 14.6,10(7164)

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

Reference Value = 99.5331 ¥/in: Power Drift =0.05 dB

Pcak SAR (cxtrapolated) = 27.8 Wikg

SAR(I g} = 13.3 W/kg; SAR{10g) =6.12 W/kg

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

—|-1.80
9,60
& -14.40

Bl 19.20

-24.00

0DdB=17.0 W/kg =1230dBW/kg

Carliticate No: BD2450V2-882_Fabi14 Page 5 of B




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 24.02.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 882

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

Medium parameters used: f = 2450 MHg; ¢ = 2.02 S/m; £, = 50.7; p = 1000 kg/m’
Phantom section: Tlal Seclion

Mcasurement Standard: DASY S {IECEALEC/ANSI C63.19-2007)

DASYS2 Configuration;
s DProbe: ES3DV3 - SN32035; Convli(4.35, 4.35, 4.35); Calibrated: 30.12.2013;
« Scnsor-Surface; 3Imm (Mechanical Surface Detection)
s Tilecirenics: DAE4 Sn601; Calibrated; 25.04.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOI’S0AA; Serial: 1002
« DASY5252.8.7(1137); SEMCAD X 14.6.10{7164)

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

Reference Valoe = 94.329 Vim; Power Daift = -0.08 dB

Peak SAR (extrapolated) = 26.8 W/ikg

SAR(1 p) = 12,7 Wikg; SAR{10) g) = 5.87 W/kg

Maximum value of SAR (measured) = 16.9 Wiky

+1.80

i -9.60

o -14.40

R 1y.20

-z4.01

0dB =169 W/kg =

Cerificate No: D2450V2-882_Febi14 Page 7 of 8




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S,

Schwelzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura

Schmid & Partner 5’”&“:—:“’/&&&
Engineering AG z
Zeughaussirasse 43, 8004 Zurich, Switzerland S 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 certificatas

Client PC Test Certificate No: D2600V2-1004_Apri4

CALIBRATION CERTIFICATE

Objact D2600V2 - SN: 1004

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

Calibration date: April 08, 2014 \/»‘(Oq\".&‘}\
2\

This calibration certilicate documents the traceability to national standards, which reallze the physical units of measurements (SI),
The measurements and the uncerainties with conlidence probability are given on the lollowing pages and are part of the ceriificate.

All callbrations have bean conducted in the closed laboratory facllity: environment temperature (22 + 3)°C and humidity = 70%.

Callbration Equipment used (M&TE critical for calibration)

Primary Standards Dt Cal Date {Cerlificate No.) | Scheduled Calibralion

Powar meter EPM-442A GB37480704 08-Oct-13 (No. 217-01827) Oct-14

Power sensor HP 8481A Us37292783 09-Oct-13 (Mo, 217-01827) Oct-14

Powar sensor HP 8481A MY41092317 08-Oct-13 (No. 217-01828) Oct-14

Relerance 20 dB Atlenuator SN: 5058 (20k) 03-Apr-14 (No. 217-01918) Apr-15

Type-N mismatch combination SN: 5047.2 /06327 03-Apr-14 (No. 217-01921) Apr-15

Reference Probae ES3DV3 SN: 3205 30-Dec-13 (No, ES3-3205_Dec13) Dac-14

DAE4 SN: 801 25-Apr-13 (No. DAE4-601_Apr13) Apr-14

Secondary Standards 1D # Check Date (in house) Scheduled Check

RF genarator R&S SMT-06 100005 04-Aug-89 (in house check Oct-13) In house check: Ocl-16

Network Analyzer HP 8753E US37390585 54206 18-0ct-01 (in house check Oct-13) In house check: Oct-14
Name Function Signature

Calibraled by: Leit Klysner Laboratory Technician ;ﬁ; %; %"
Approved by: Katja Pokovic Technical Manager W

Issuad: April 8, 2014

This calibration cantiticate shall not be reproducad except in full without written‘approval of the laboralory.
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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, “[EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

DASY Version DASYS v52.8.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - T5L 10 rom wilh Spacer

Loom Scan Resolution dx, dy, dz =5 mm

Frequency 2600 MHz + 1 MH=z

Head TSL parameters

The following paramelers and calculations ware appliad.

Temperature Parmittivity Canduclivity
Naminal Head TSL parameters 220°C 32.0 1.96 mho/m
Measured Head TSL parametera (22.0+£0.2)*C 317 £6% 1.98 mho/m £ 6 %
Head TSL temperature change during test <05°C ----
SAR result with Head TSL
$AR averaged over 1 cm® {1 ) of Head TSL Condition

SAR measured

250 mW input power

14.5 Wikg

S5AR for nominal Head TSL parameters

normalized 1o 1W

57.3 W/kg £ 17.0 % (k=2)

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

condition

S5AR measured

250 mV input power

6.44 Wikg

SAR for nominal Head TSL parameters

normalized ta 1W

25.6 Wikg 2 16.5 % (k=2)

Body TSL parameters

The lollowing parameaters and caleulations ware appliad.

Temperature Parmittivity Conductivity
Nominal Body T5L parameters 220°C 52.5 2.1G mho/m
Measured Body TSL parameters (220 +0.2)"C 60.2+6 % 2.19mho/m+ 6%
Body TSL temperature change during test < 0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

14.4 Wikg

SAR for nominal Body TSL parameters

normatized to 1W

56.7 Wikg 2 17.0 % (K=2)

SAR averaged aver 10 em® (10 g) of Body TSL

condition

S5A8 measured

260 mW input power

6.38 Wikg

SAR for nominal Body TSL parameters

norrnalized 1o 1W

26,2 WIKg = 16.5 % (K=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transtormed 1o feed peint 494Q-48jQ

Return Loss -26.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.4Q-33iQ

Return Loss -259dB

General Antenna Parameters and Design

Electrical Delay (one directicn) 1.149 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 connecled 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 soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on December 23, 2006
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DASYS5 Validation Report for Head TSL

Date: 08.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

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

Medium parameters used: f = 2600 MHz; o = 1.98 S/m; & = 37.7, p = 1000 kghn"‘
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(4.46, 4.46, 4.46); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 25.04.2013
¢ Phantom: Flat Phantom 5.0 (front); Type: QDO0O0P5S0AA; Serial: 1001
« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 103.0 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 30.7 W/kg

SAR(1 g) = 14.5 W/kg; SAR(10 g) = 6.44 W/kg

Maximum value of SAR (measured) = 19.3 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =193 W/kg = 12.86 dABW/kg
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Impedance NMeasurement Plot for Head TSL

8 Apr 2014 11:32:03
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DASYS Validation Report for Body TSL

Date: 08.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

Communication System: UID 0 - CW,; Frequeney: 2600 MHz

Medium parameters used: f=2600 MHz; 6 =2.19 S/m; & = 50.2; p = 1000 kg/m“
Phantom section: Flat Section

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

DASYS52 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.24, 4.24, 4.24); Calibrated: 30.12.2013;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOO0OPS0AA; Serial: 1002
o« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value =97.472 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.38 W/kg

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

-4.80

-3.60

-14.40

-19.20

-24.00

0dB = 19.4 W/kg = 12.88 dBW/kg
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Impedance Measurement Plot for Body TSL

8 Apr 20814 11:31:17
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
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C Servizio svizzero di taraiura

S Swiss Calibration 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 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 62208-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

c) IEEE Std 1528-2013, “lIEEE 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:

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.

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

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

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

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

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

DASY syslem conliguralion, as far as not given on page 1.

DASY Version DASYS Vo287
Extrapolation Advanced Extrapolation

Phantom Maduiar Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Hesolution

dx, dy=4.0mm, dz = 1.4 mm

Graded Hatio = 1.4 (Z direction)

Frequency

5200 MHz £ 1 MHz
5300 MHz +1 MHz
5500 MHz =1 MHz
5600 MHz = 1 MHZz
5800 MHz £ 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculalions were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 348.0 4.66 mho/m
Measured Head TSL parameters (22.0 £0.2) °C INI+6% 4.52 mho/m £ 6 %
Head TSL temperature change during test < 05°C e e
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® {1 q) of Head TSL Condition
SAR measured 100 mW input power 7.67 Wikg

54AR for nominal Head TSL parameters

normalized to 1W

79.1 Wikg = 19.9 % {k=2}

SAR averaged over 10 em’ (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.24 Wikg

SAR for nominal Head TSL parameters

narmalized ta 1W

22,5 W/Kg £ 19.5 % (k=2)

Cetificate Mo: D5GHzV2-1120_Feb14
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Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.76 mho/m
Measured Head TSL parameters (22.0+ 0.2} °C 36.9+6% 4.63 mho/m £6 %
Head TSL temperature change during test <05°C ~n- ----
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.30 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

83.4 W/ kg +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.37 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.8 Wkg + 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 356 4.96 mho/m
Measured Head TSL parameters (22.0+0.2) °C 367 +6 % 4.84 mho/m £ 6 %
Head TSL temperature change during test <0.5°C mme- --e-
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.45 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

84.9 Wikg = 19.9 % (k=2)

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

condition

SAR measurad

100 mW input power

2.40 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.1 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0x0.2}°C 36.6 +6 % 4.95 mho/m £ 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.18 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

82.2 Wkg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.33 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.5 W/kg = 19.5 % (k=2)

Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m
Measured Head TSL parameters (22.0+0.2} °C 36.3+6% 5.16 mho/m + 6 %
Head TSL temperature change during test <05°C e “mee
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.87 W/kyg

SAR for nominal Head TSL parameters

normalized to 1W

79.1 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.23 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.4 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5200 MHz

Tha following parameters and calculations were applied.

Temperature Permittivity Conduciivity
Nominal Body TSL parametera 220°C 49.0 5.30 mha/m
Measured Body TSL parameters (22.0+0.2)°C 4766 % E.40 mho/m 2 6 %
Body TSL temperature change during test < 056°C ---n m=rm
SAR result with Body TSL at 5200 MHz
SAR averaged over 1cm”’ (1 g) of Body TSL Condition
SAR measured 100 mW Input power 7 .43 Wikg

SAR for nominal Bedy TSL parameters

normalized to 1W

T4.0 Wikg + 19.9 % (k=2)

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

eondition

SAR measured

100 mw inpui power

2.08 Wikg

SAR for nominal Body T3L parameters

normalized to 1W

20.7 Wikg = 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following paramelers and calculations were applisd.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0x0.2)°C 47626 % 5,53 mhofm + 8 %
Hody TSL temperature change during test <05°G - -
SAR resuit with Body TSL at 5300 MHz
SAR averaged over 1 cm” (1 g} of Body TSL Condition
SAH measured 100 mW input power 7.62 Wikg

SAR for nominal Body TSL parametars

normalized to 1W

75.8 Wikg + 19.9 % (k=2)

SAR averaged over 10 em® {10 g} of Body TSL

condition

SAR measured

100 mW input power

2.14 Wikg

S5AR for nominal Body TSL parametars

normalized to 1w

21.3 Wikg = 19.5 % (k=2}
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Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.6 5.65 mho/m
Measured Body TSL parameters (220+02)°C 47.3+6 % 5.80 mho/m + 6 %
Body TSL temperature change during iest <0.5°C -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.96 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.0 Wikg  19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22,0°C 48.5 5.77 mho/m
Measured Body TSL parameters {22.0+£0.2) °C 471 +£6 % 5.94 mho/m 6 %
Body TSL temperature change during iest <0.5°C -
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.98 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

79.4 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.0 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1120_Feb14
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Canductivity
Narminal Body TSL parameters 22.0°C 48.2 6,00 mho/m
Measured Body TSL parameters {22,0+0.2) °C 468+86% 6.21 mho/m + B %
Body TSL temperature change during test <05°C
SAR resuit with Body TSL at 5800 MHz
SAR averaged over 1 em’ (1 g} of Body TSL Condition
SAH measurad 100 mW input power 7.47 Wikg

SAR for nominal Body TSL parameters

normalized to 1

74.4 Wikg 2 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.07 Whkg

S5AR for nominal Body TSL parametars

normalized o 1w

20.6 W/ka + 19.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed ta feed paint

54,0 - 5.6

Return Loss

-23.6d8

Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point

5110 +1.6[2

Heturn Loss -34.6dB
Antenna Parameters with Head TSL at 5500 MHz

Impedarce, transformed to feed point BAQ-23Q

Return Loss -31.89d8
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 58.4 £1-0.2 0

Raturn Loss -222dB

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed 1o leed point

52.9€ + 2.8 0

Retuin Loss -28.2 dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transtermed to feed point K230 -5%j0

Return Loss -24.2 dB

Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point

511 0+1.2iQ

Return Loss -35.8 dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformad to feed point 5050-28(Q

Return Loss -316d8

Cerlificate Na: D5GH=V2-1120_Feb14
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 505Q-29jQ
Return Loss -20.9dB

Antenna Parameters with Body TSL at 5800 MHz

impedance, transformed to feed point 542Q+1.1jQ
Return Loss . -27.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.206 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 short-circuited for DG-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 September 08, 2011
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DASYS5 Validation Report for Head TSL

Date: 26.02.2014

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1120

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

Medium parameters used: f = 5200 MHz; ¢ = 4.52 S/m; g =37.1; p=1000 kg/m3 R

Medium parameters used: f = 5300 MHz; o = 4.63 S/m; &, = 36.9; p = 1000 kg/m3 ,

Medium parameters used: f = 5500 MHz; ¢ = 4.84 S/m; &, = 36.7; p = 1000 l{g/m3 ,

Medium parameters used: f = 5600 MHz; ¢ = 4.95 S/m; g, = 36.6; p = 1000 kg/m’®,

Medium parameters used: I = 5800 MHz; 6 = 5.16 S/m; &, = 36.3; p = 1000 kg/m3

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvF(5.2, 5.2, 5.2);
Calibrated: 30.12.2013, ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.86, 4.86, 4.86);
Calibrated: 30.12.2013, ConvF(4.91, 4.91, 4.91); Calibrated: 30.12.2013:

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

e Electronics: DAE4 Sn601; Calibrated: 25.04.2013

¢ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASY5252.8.7(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: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 62.794 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 28.6 W/kg

SAR(1 g) = 7.87 W/kg; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.0 W/kg

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

Reference Value = 63.390 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.5 W/kg

SAR(1 g) = 8.3 W/kg; SAR(10 g) = 2.37 W/kg

Maximum value of SAR (measured) = 19.2 W/kg

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

Reference Value = 63.321 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 33.6 W/kg

SAR(1 g) = 8.45 W/kg; SAR(10 g) = 2.4 W/kg

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

Certificate No: D5GHzV2-1120_Febi4 Page 11 of 16




Dipole Calibration for Head Tissuc/Fin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.dmm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mn, dz=1.4mm

Reference Yalue = 62,007 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 32.7 Wikg

SAR(L g) =8.18 W/kg; SAR(10 g) = 2.33 W/kg

Maximum valuc of SAR (mcasured) = 19.4 Wikpg

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

Relerence Valuc = 59.638 V/m; Power Drift = .07 dB

Peak SAR (cxtrapolated) = 33.0 Wikg

SAR(1 g) =7.87 Wikg; SAR(10 g) = 2.23 W/kg

Maxtmum value of SAR (measured) = (9.0 Wikg

-1 000
BTy

-P0.00

IR -

0 dB = 19.0 We = 12,79 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL
Date: 25.02.2014
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV?2 - SN: 1120

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

Medium parameters used: f = 5200 MHz; 6 = 5.4 S/m: g =47.8; p=1000 kg./m3 ,

Medium parameters used: f = 5300 MHz; 6 = 5.53 S/m; & =47.6; p = 1000 kg/rn3 ,

Medium parameters used: f = 5500 MHz; ¢ = 5.8 S/m; g, =47.3; p = 1000 kg/m3 ,

Medium parameters used: f = 5600 MHz:; ¢ = 5.94 S/m; g, =47.1; p = 1000 kg/m3 s

Medium parameters used: f = 5800 MHz; 6 = 6.21 S/m; g, =46.8; p = 1000 kg/m3

Phantom section: Flat Section

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

DASY52 Configuration:

¢ 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, ConvF(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, 4.47); Calibrated: 30.12.2013;

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

o Electronics: DAE4 Sn601; Calibrated: 25.04.2013

e Phantom: Flat Phantom 5.0 (back); Type: QDO0O0P50AA; Serial: 1002
« DASY52 52.8.7(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=4mm, dz=1.4mm

Reference Value = 59.562 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 29.5 W/kg

SAR(1 g) = 7.43 W/kg; SAR(10 g) = 2.08 W/kg

Maximum value of SAR (measured) = 17.7 Wrkg

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

Reference Value = 58.903 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 7.62 Wikg; SAR(10 g) = 2.14 W/kg

Maximum value of SAR (measured) = 18.4 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

Reference Value = 59.015 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 34.5 W/kg

SAR(1 g) = 7.96 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 19.5 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.626 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 35.6 W/kg

SAR(] g) = 7.98 W/kg: SAR(10 g) = 2.21 Wikg

Maximum value of SAR (measured) = 19.8 W/kg

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

Recference Value = 55,428 Vim; Power Tinift = (.01 dB

Peak SAR (extrapolated) = 349 W/kg

SARQ g) = 7.47 Wikg; SAR(10 p) = 2.07 W/kg

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

0dB = 18.8 Wikg = 12,74 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Gbject

Calibration procedure(s)

Calfbration date:

ES30V2 - SN:3022

QA CAL-01.v8, QA CAL-12.v9, QA CAL-23.v5, DA CAL- 25 uﬁ
Calibratlon procedure for dosimetric E-fisld probas

-August 19, 2014

Calibration Equipment used {M&TE critical for calibration)

&l calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C

This calibralion cerificele documents the traceability to national standards, which realize the physical units of messuremeanls {(S1).
The measurements and the uncerizinties with confidanas prabability are given on the following puges and ane part of the cartificate.

C and humidity < 70%.

) {‘;\\fv\

Schaduled Calibration

Katja Pokovis -

Cetliflcale MNo: ES3-3022_Augld

This cafibrafion certificate shall not be repraduced except in full withaut wiitten approval of the laboralary.

Hrimary Standards D Cal Date (Cerlificate No.)

Power melar EA415B GBMEA3ETS 03-Apr-1d (Mo, 217-(119311} Apr-15

Power sensor E44124 MY41498087 03-Apr-i4 (Mo, 217-01911) Apr-15

Reference 8 dB Altenuator | Sk 53054 (35) (3-Apr-14 (Mo, 2A17-01015) Apr-15

Reference 20 dB Attenuator S SOZFT (20x} (3-Apr-14 {Nu. 217-01818) Apr-15

Reference 30 dO Aflenuator SN: 55128 {30h) 03-Apr-14 {Ne. 2 17-D1820) Apr1a
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DALY Sh: BBO 13-Deac-13 (Ne. OAE4-650_Dec13) Dac-14 _
Secondary Standards O | Check Date (in housc.]m Scheduled Chuck .
_RF ganaralor H B648C US3E4 2101700 4-Aug-88 (in hause check Apr-13) In hause check: Apr-16

Motwork Analyzor HP B7E3E US37ragosss 18-0cl-01 {in house eheck Oct-13) in house check: Oct-14
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Calibration Laboratory of

) [ Schweizerischer Kalibrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland Swiss Calibration 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 liquid
NORMx,y,z ~ sensitivity in free space
ConvF sensitivity in TSL / NORMX,y,z
DCP diode compression point
CF crest factor {1/duty_cycie) of the RF signal
A, B CD modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 9 8 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)

by

[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

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

Methods Applied and Interpretation of Parameters:

NORMzx,y,z: Assessed for E-field polarlzataon 9 =0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguude)
NORMZX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E”field
uncertainty inside TSL (see below ConvF).

NORM(fx,y,z = NORMXx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions {ater 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 tho 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 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
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 isofropy): 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}.
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ES30V2- SN:3022

August 19, 2014

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

Basic Calibration Parameters

Sensor X Sansor Y Sensor Z Unc (k=2)
Norm l:préV/m}Q)A 1.00 1.04 0.96 +10.1 %
OCP (mV) 103.0 95.3 101.6
Madulation Calibration Parameters
UID | Communication System Name A B c D VR Unc™
dB dB/pv dB my {k=2}
0 CW X 0.0 0.0 1.0 000 | 1818 | 27 %
Yy | o0 DD 1.0 183.0
F 0.0 0.0 1.0 192.3
10010- SAR Validation {Sguare, 100ms, 10ms} ¥ 251 £3.1 127 | 1000 | 428 +1 0%
CAA
v | zez 63.1 12.9 42.7
F4 3.12 65.7 13,8 4n.4
10011- | UMTS-FDD (WCDMA) X | 3.33 67.8 199 | 291 | 1458 [ +09%
CAB
Yy | 313 64.9 15.9 147 .4
Z | 320 66.4 18.2 139.6
10012~ | IEEE 802 11b WiFi 2.4 GHz (DSSS, 1 X | 305 701 | 198 | 187 | 1472 | w09%
CAA Mbps)
_ Y | 262 65.1 16.2 47 4
Z | 285 682 | 184 1417
10013- | IEEE 802.11g WiFi 2.4 GHz (DSSS- X I 1110 70.9 23.6 | 946 | 1439 | +3.0%
CAA OFDM, 6 Mbps) s
Y | 1104 70.2 22.9 144.2
] Z | 1097 | 702 23.1 134.7 o
10024- | GSM-FDD (TDMA, GMSK) X | 19.66 93.7 2B .6 9.39 1260 | «#19%
DAB
Y | 11.04 B9.6 25.5 136.9
Z | 1045 88.8 24.9 137.5
10023- | GPRS-FDD (TDMA, GMSK, TN 0) X ] 2049 596 | 285 | 957 ] 142D | £25%
DAR
~ vy | 1053 BB.4 25.0 145.5
Z | 1562 96.5 27.8 147.6
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) % | 3193 99.6 25.2 656 | 1485 | #19%
DAB
Y | 1270 g79 | 222 148.0
Z | 27.00 99.8 25.7 135.3 |
10027- | GPRS-FOD (IDMA, GMSK, TN 0-1-2) X | 3832 99.8 238 | 4.80 | 1481 | 22%
DAB
~ ¥ | 980 | 83z | 193 1385
Z | 3196 99.9 4.2 1289
10028- GPRS-FRD {TDMA, GMSK, TN 0-1-2-3) | X 40.03 995 220 355 130.5 2%
DAB
v | 2027 99 6 23.0 148.1
Z | 330 99.7 225 1401
10032- | IEEE 802.15.1 Bluetooth (GFSK, DHS} X | 2893 99.4 20.4 116 | 1467 | #19%
CAA
y | 2283 92.5 17.9 1392 ]
Z | 3194 99.5 20.8 133.1
i0038- | CDOMAR000 {(1xRTT, RC1) X | 4.68 €6.8 193 | 457 | 1445 | H12%
CAB
v | 458 65.3 17.9 137.2
1 7 | 452 | 664 | 187 131.7

Centificate No: ES3-3022, Augl4
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ES3DVZ- 5N:3022

August 19, 2014

1310831- CDMAZ000 (1xRTT, RG3) x | 38z £6.0 18.7 347 | 1403 | 8%
Yy | 377 64.5 17.3 133.6
z | 378 65.7 16.4 1282
é“,’fé’ﬂ' UMTS-FDD {HSUPA, Subtest 2) x | 4.40 8.2 18.5 398 | 1308 | £1.¥%
v | 4739 65.0 17.4 131.1
_______ _ z | 447 663 | 18.4 140.0
10100- | LTE-FDD (SC-FOMA, 100% RB, 20 “x U ea0 673 19.8 5G7 | 1374 | #17%
CaB MHz, QPSK)
Y | 6.25 66.3 | 189 135.9
L . Z | 536 67.4 19.7 147.5
10108- LTE-FDD {SC-FCMA, 100% RB, 10 ¥ | B.14 66.8 19.6 5,80 1348 | t1.7%
CAB MHz, QPSK)
I Y | 817 66.1 16.8 1338
_ Z | 624 67.0 18.7 1445
10110 LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | X | 582 66.3 19.4 575 | 1312 | #17%
CAB QPSK) _
y | 582 G54 | 186 130.3
1 z | sm 66.5 19.4 1404
10114- [ TEEE 802.11n (1T Greenficld, 13.5 % | 10.00 68.5 212 | B0 | 1248 | 1£25%
CAA Mbps, BPSK)
N vy | as9 67.9 20.6 124.0
Z | 1005 68.6 21.2 1332
10117- | IEEE 802.11n {HT Mixed, 13.5 Mbps, ¥ | 1001 | 68.6 21.2 807 | 1258 | *25%
CAA BPSK) )
v | 991 679 20.7 1258
Z | _10.09 66.8 213 | 1347
10151 LTE-TDD (SC-FEMA, 50% RB, 20 MH., X 9.63 75.6 26 4 9.28 1447 +3.3 %
CAB QPSK) 4
Y | aoe | 727 24.6 1432 ]
Z | 854 72.0 24.5 124.8
10154- | LTE-FDD (SC-FDMA, 50% RB, 10 MHz. | X | 5.82 §6.2 19.4 575 | 1313 | +19%
| CAB QP3SK) )
Y | B.OG 66.3 19.1 1492 ]
Z | 591 66.5 194 140.7
10160- | LTE-FDD {SC-FDMA, 50% RB, 15 MHz, | X | 6.27 6.9 197 582 | 1365 | *14%
CAB QPSK) .
v [ 6.19 85.8 16.7 128.4
_— zZ | 833 B7.0 19.6 | 1454
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, ¥ 4.81 64 19.7 573 134.8 1.7 %
CAB 0PSK)
Y | 492 86.1 19.1 149.9 o
Z | 478 66.4 19,6 141.2
10172- | LTE-TDDG (8C-FDMA, 1 RB, 20 MHz, X | 783 766 272 | 921 | 1314 | 235%
CAB QPSK)
Y | 7.54 74.5 25.8 147.8
o i zZ | 7 767 27.4 145.3
10175- | LTE-FDD {SC-FDMA, 1 RB, 10 MHz, X | 490 £6.9 20.0 572 | 1476 | #14%
CAB QPSK)
y | 490 66,0 19.9 148.0
Z | 478 B6.4 19.6 1418
10181- | LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X | 4.90 5.9 20.0 572 | 1484 | #1.4%
CAB QPSK) )
y | 48 65.9 19.0 1460
; Z | 4.a0 66.5 19.7 1421 :
10193-  { |[EEE 802.11n (HT Greenfield, 6.5 Mbps, | X 9.0 607 29 4 B.00 135.1 +27 %, 1
CAA i BPSK}
Y | 978 £8.2 209 135.5
zZ | a0 68.5 212 130.2

Cerificate No: ES3-3022_Aug14

Page 5ol 14




ES3DVv2- SN.3022 August 19, 2014

10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 979 68.7 214 | 810 | 1384 | 27%
CAn | BPSK) _ |
Y | a8 B8.5 20.9 138.0
i Fd 9.72 68.5 21.3 132.8
10219- IEEE 802 11n (HT Mixed, 7 2 Mbps, X 968 68.6 21.3 803 ] 1380 | #27%
A BPSK} )
Y | 974 883 21.0 137 .4
) z 9.82 8.5 21.2 132.6
10222- IEEE 802.11n (HT Mixed, 15 Mbps, x | 1020 691 | 2.5 8.06 1434 | *25%
CAA BPSK} ) B
Y| 991 68.0 20.7 126.8
z | i0z7 68.4 21.6 148.4
10225- UMTS-FDD (H3PA+) X B.87 66.9 19.8 5.87 1385 | +1.9%
CAB
¥ | 7.04 66.9 19.3 | 1483
_ z 6.89 57.0 19.5 143.5 _
10237~ | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 7.66 759 26.9 9.21 1261 | *3.0%
CAB QPSK) N
¥ 7A7 7a 5.1 132.1
Z: 7.8 746 26.3 128.0
10252- LTE-TDD {SG-FDMA, 50% RE, 10 MHz, | X B.58 731 253 924 | 1276 | +13%
CAB QPSK) o
¥ 8.22 71.0 23.7 126.9
Z 8.83 713 26.0 . 143.8
10267- LTE-TDD (SC-FDMA, 100% RB, 1D X 9,60 75.5 26.5 930 | 143.8 | #33%
CAB MHz, QPSK) _
Y 8.38 72.0 24.2 | 1362
_ z 8.83 72.8 25.1 131.3
10274 UMTS-FOD (HSUPA, Subtest &, 3GRP X 547 67.0 109.2 4.87 1412 1.4 %
CAB Rels.10) _
Yy | 577 65.8 18.4 136.0
7 571 66.3 18.6 132.7 ]
10275- UMTS-FDI2 (HSUPA, Subtest 5, 3GPP ¥ | 444 67.2 19.2 3.96 1473 | #0.9%
GAR RclB.4) _
Yy | 429 65.3 17.6 138.2
z 4.3 66.3 18.5 138.6
10201- | CDMAZ2000, RC3, S055, Full Rate X | 360 7.1 191 | 346 ] 1378 | #0.7%
AAB j
Y 3.44 §4.8 | 17.2 E 128.8 :
Z 3.48 66.2 18.4 1305 ;
$0292- COMAZ000, RC3, 5032, Full Rale . 3.50 66.9 108.9 3.39 139.5 0.7 %
AAB
Y 3.38 64.5 $7.2 132.0
z 3.48 88.5 18.5 123.1 -
10297- LTE-FDD (SG-FDMA, 50% RB, 20 MHz, | X 6.12 66,7 19.6 5 81 1333 | x1.9%
AAA QPSK)
Y 6.5 86.7 19.3 149.3
it 6.17 £6.8 19.5 132.7 o]
10311- LTE-FDD (SG-FOMA, 100% RB, 15 x 6.72 674 20.0 506 | 1387 | #l.7%
AAA | MHz QPSK) _
Y 6.63 6.3 19,1 131.4 ]
o - z 6.72 67.3 19.9 1387
10315- | 1EEE 802.11b WIF! 2.4 GHz (DSSS, 1 % 2.90 59,9 19.8 .71 1464 | #0.5%
ALS | Mbps, 96pc duly cyola) ;! ]
¥ 2.64 65.2 16.5 139.3
i 2.75 681 | 185 146.4
10a16- IEEE B02.11g WiFi 2.4 GHz (ERP- X [ 10142 65.3 21.9 B.36 | 1429 | #3.0%
AAA OFD, 6 Mbps, 96pc duty Cycle) _ . _
i ¥ | 10,01 68.5 21.3 135.2
Z | 1011 | 693 21.9 1417
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10403- | CDMA2000 {1xEV-DO, Rev. 0} % 4.59 &R.2 190 3.76 126.7 0.7 %
AAB
A 4.59 67.2 18.0 142.4
Z 464 68.5 19.0 143.0
10404~ | CDMA2000 {1xEV-DO, Rev. A) X | 484 688 o3 | 377 | 1474 | 108 %
AAB
Y 4.47 67.1 17.9 139.8
z 4.54 B8.4 18.9 147.2
10415- IEEE 802.11b WIFI 2.4 GHz (DSS5, 1 X 266 69.0 19.4 1.54 1488 | 20.5%
AAS Wbps, 99pc duly cyda}
Y 2.40 684.8 16.2 140.0
2 2.62 a7.8 18.4 147.2
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X | 997 80,1 217 .23 1420 | 0%
A CFDM, 6 Mbps, 58pc duty cyde)
Y | 1008 | 689 | 214 1458 ]
z 10.01 69.2 21.8 143.3

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 uncettainties of NormX,Y.Z do not affact the EXfisld uncerlainty inside TSL (see Pages 8 and 9).

® Mumerical linearizallon parameler: uncerlainty not required,

* Uncertainty is determined using the max. daviation from near response applying rectangular dislibution and is expressed for the square of the

figld value.

Certificate No: E33-30Z2_Aug14
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DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Cepth® |  Unct,

f (M4 " Permitiivity © (Sm}" GanvEX | ConvFY | GonvFZ | Alpha 8 {mm) (k=2}
750 41.9 {.69 £.39 B.39 6.38 0.20 2.24 £12.0%
835 415 0.90 6.18 B.18 6.18 0.23 1.98 +120%
1750 40.1 1.37 504 | 504 5.04 051 | 135 | x12.0%
1000 40.0 1.40 4.85 4.85 4.85 (.38 1.66 =120 %
2450 39.2 1.80 431 4.31 4.31 066 | 128 | +12.0%
2600 39.0 1.96 4.13 4.13 4,13 0.76 1.28 +12.0 %

? Frayuency validily sbove 300 MHz of + 100 MHz anly applies for DASY v4 4 and higher {see Page 2), clse it is restricted to £ 50 MHe. The

uncartainty is the RSS of the ConvF uncer lainty at calibration frequancy and the uncerlainty for the indivated frequency band, Frequency validity
bolow 300 Ml 1z is 2 19, 25, 40, 50 and 70 MH7 for ConvF assessments at 30, 84, 128, 150 and 220 MH= respeclively. Above 5 GH. lrequency
walidily can be extended to 2 112 Ml 1z,

F At frequencles below 3 Gl iz, the validity of tissue parametera (s and o) can be relaxed to 2 10% ifliquid compensalion formula is applicd to

measurad SAR vaiuss. At fraquencies abova 3 GHz, the vaiidily of tisue paramelers (s and o} is restricted to + 5%. The uncertainty is the RSS of

the Convi uncertainty for indicaled targel tissue parameaters.

S alpha'Deplh are determined during calibration. SPEAG warrants that (he remaining deviation dug to Ihe boundary effect after compensation is
always loss than & 1% for frequencies beluw 3 GHz and balow + 2% far frequencies between 3-6 GHz at any distance |arger than half the probe tip

diameter from the boundany.

Cernificate No: ES3-3022_Aug14
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DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Body Tissue Simulating Media

August 19, 2014

Relativa Conductivity Depth © Unct.

f(MHZ}© | Permittivity " (S/m)" ConvF X [ ConvFY | ConvEZ | Alpha®| {mm) k=2) |
450 56.7 0.94 6.78 6.78 .78 0.12 1.30 t13.3%
600 56.1 0.95 £.72 .72 6.72 0.05 1.20 £13.3%
750 55.5 096 6.02 6.02 6.02 0.23 205 | £120%
835 55.2 0.97 508 | 598 5,98 0.29 1.85 | *12.0%
1750 634 1.49 4.70 4.70 4.70 0.66 1.25 +12.0%
1800 53.3 152 449 ! 4.49 4.49 0.33 2.02 +12.0%

2480 52.7 1.95 4.05 F 405 | 4.0 0.80 1.01 $120% |
2600 52.5 2.15 394 | 3.4 3.94 0.68 108 | +120%

“ Frequency validity above 300 MHz of + 100 MHz only applies for DASY vd.4 and higher (see Page 2}, alse It is reslricted to + 50 Miiz. The
uncertainty is the RSS of the ComF uncsrtainty at calibration frequency and the uncertainty for the indicated frequency band, Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for Convi assessmients at 30, 64, 128, 150 and 220 MHz respectivaly. Above 5 GHz frequency

wiliclity can be extended to £ 110 MHz,

F A frequencies below 3 Gz, the validily of Ussue parameters (& and o} can ba relaxed ta + 10% If liquid compensation formuta is applied lo
measured SAR values. At frequencies above 3 Gl Iz, the validity of lissue paametsrs (s and o is restricted to + £%. The uncertainty is lhe R3S of

the ConvF uncertainly for indicated largat tissue parameters.

% AlphaiDepth are determined during cafibration. SPEAG warranis Lhat the remaining deviation due 1o the boundary effect affer compensation is
always lass than + 1% for frequencies below 3 GHz and helow % 2% far frequencias hetween 3-6 Gliz al any distance larger than half (he probe tip
diamcter from the boundary.

Cerlificate No: ES3-3022_Aug14
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: X 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 1sotropy Assessment: * 0.5% (k=2)
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Dynamic Range f{SARncad)
(TEM cell , fova= 1900 MHZz)
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Uncertainty of Linearity Assessment: + 0.8% (k=2)
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Conversion Factor Assessmernt

f= 835 MHz WGLS R8 {H_convF) f = 1900 MHz, WGLS R22 (H_convF)}
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Deviation from isotropy in Liquid
Error (i, 8}, f= 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Other Probe Parameters

Recommended Measurement Cistance from Surface

Ceriificate No: ES3-3022_Aug14 Page 14 of 14

| Sensor Arrangement Trangutar
Connector Angle (") -80.3

Mechanicat Surtace Deteciion Mode enabled
Optical Surface Detection Moda disabled
" Probe Overall Length 337 mm

Probe Bady Ciameter 50 mm |
Tip Length t0mm
Tip Diametar 4 mm
| Probe Tip to Senscr X Calibration Point 2 mm
Prabe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2 mm
2 mm
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CALIBRATION CERTIFICATE

Objeet ES3DV3 - SN:3209
Calibralion pracedura(s} QA CAL-01,v9, QA C AL'ZS--V5_.-_Q A CAL-25.v6 . Ci\;\f
. Calibration-procedure for-dosimetric E-field probes iy i-"';!i'ii

RIS

Calibratian date: © March 12, 2014

This calibration certificate documanrs the traceability ta national standards, which realize the physical units of measurements {31}
1he measurements and the uncertainttes with eanfidence probakbility are given on the following pages and are part of the sortilicala.

Al calibrations have been condurted in the closed leboratory fecility: enviranment temperature (22 * 3)°C and humidity < 70%.

Calibration Equiprmend usad (M&TE cifical for caliwalion)

Primery Stendads _ [ID | Cal Date (Cettificate No.) Scheduled Calibration
Fower meler E44138 GB41253874 E 4-Apr-13 (Mo, 217-01733) Apr-14
Puwer sensor E4412A MY41480007 i 04-Ape-13 (No. 217-01733) Apt-14
Reference 3 dB Attenuator | SN: 56054 (3¢) | D4-Ape13 (Mo, 217-01737) Apr-14
Reference 20 dB Attenuator | SN 55277 (20%) Qd-Apr-13 (Np, 217-017385) Apr-14
| Reference 30 dB Attenuator | SN: S5120 (300) 04-Apr-13 (Mo, 217-D1738) Apr-14
Reference Frobe ES3DV2 SN 3013 30-Dec-13 (Mo, E53-3013_Dex1d) Deu-14 -
DAE4 .| sN: 880 13-Dec-13 (No. DAE4-66(_Lecl3) Dec-14
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RF generator HF BS48G US3642U01700 | 4-nug-93 in house check Apr-13) 1 house check: Apr-16
Wetwark Analyzer HP 8753E UEA73%0585 _ | 18-0ct-01 (in house check Oct-13) In house check: Oci-14
Name Function B Sig r;i:lﬁEe

Calibrated by Claudio Leubler © Laboratory Technician

Approved by: Katja Pokovic _ . Technizal Manager . ﬂ; ; -

lssued: March 20, 2014

This calibration cerificate shal! not be reproduced except in full without written approvat of the Jaboratory.
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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 moedulation dependent linearization parameters

Polarization ¢ « rotation around probe axis

Polarization 9 3 rotation around an axis that is in the plane normal to probe axis {at measurement center),
i.e.,  =0is normal fo 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 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 NORMx,y,z: Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMzx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E2field
uncertainty inside TSL {see below ConvF).

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

e 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

o 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 on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

s Convl- 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
to NORMXx,y,z * ConvF whereby the uncertainty corresponds to that given for Convi~. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

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

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

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

Cerlificate No: ES3-3209_Mari4 Page 2 of 14
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March 12, 2014

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

Basic Calibration Parameters

- ) Sensor X SensorY Sensor Z Unc (k=2)
Morm (pW(Wm}z)A 435 1.32 1.43 +10.1%
DCcpP (mV)H 101.5 101.0 102.5
Modulation Calibration Parameters
uib Communication Systern Name A B [ D VR Unc™
dB dBvpV dB my (k=2}
a cw X 0.0 0.0 1.0 000 | 1884 | 3.8%
LY | 0o 0.0 1.0 1807
z 0.0 G.0 1.0 2001
10010- SAR Vaiidatlon (Square, 100ms, 10ms) b 2.80 4.7 12,3 10.00 43.2 1.4 %
G\
Y 342 G5.6 131 418
4 267 G4.0 1.7 Jo.4
10011- UMTS-FDD (W CDMAY X 3.339 67.7 19.0 281 149.2 | 5%
CAB
Y| 8388 | Gr7 | 190 146.1
z 3135 G7.0 18.7 1361
10012- tEEE 502.11b WiFi 2.4 GHz {DSSS, 1 x 3.01 9.8 19.4 1.87 149.4 .7 %
CAA Mbps)
hi 3.06 704 19.6 147.1
4 2.08 697 19.2 136.4
10021- GSM-FDD (TDMA, GMSK) x 547 79.6 204 0.39 146.9 +1.7 %
DAB
Y 7iG 44.9 22.0 134.2
z 4,34 75.3 18.5 134.2
10023- GPRS-FOO (TOMA, GMSK, TN 0 A 5.66 az29 21,6 957 1349.8 2.5 %
DAB
Y 9.36 a8.2 242 131.48
T 4. 67 761 18.8 144.8
10024~ GPRS-FOD {TOMA, GMSK, TN 0-1) X 5.89 79.1 17.9 B.56 141.2 +1.9%
bAB . _
Y 27 .48 2955 24.8 145.8
z 5.42 778 17.4 129.3
10027- GPRS-FDOO (TDMA, GMSK, TH 0-1-2) X 9,68 353 14.0 4.80 136.9 £2.2 %
DAB
Y 36.47 100.0 23.3 139.2
rd 31.63 a6.5 21.4 149.2 ) ]
10028~ GPRS-FODO (TDMA, GMSK, TN G-1-2-3}) | ¥ 40.09 a9a.7 21.7 3.55 125.9 1.9 %
DAB
Y 47.92 99.6 21.7 1276
z 61.98 9949 20.8 135.2
10032- IEEE 802.15.1 Blustaoth (GFSK, DHE) X | 99.32 95.7 16.5 1.18 145.1 1.7 %
CAA
Y 55.30 99,5 193 145.6
2 0.54 60.4 87 1327
10039- CDMAZ000 (1XRTT, RCT) x 477 B67.1 19.2 4.57 145G H1.9 %
CAB
¥ | 4.85 67.5 19.5 147.8 ]
i 487 &66.7 18.3 1334

Coerdificate Ho: ES3-3209 Mar1d
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10081- COMAZ000 (1#RTT, RC3) % | saz G6.4 1B.6 3.87 1409 | =07 %
CAB
Y | 402 £6.9 19.1 146.0
z 3.86 66.1 Ass AU I
10098~ UMTS-FDD {HSUPA, Subtest 2) X 4.56 G6.6 16.6 388 | 1328 | #07%
CAB i
1w 4.58 66.7 16.7 136.8 !
Z 453 67.0 18.7 143.0
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.42 67.5 19.8 | 567 | 1383 | +14 %
CAB MHz, QPSK)
¥ 5.49 67.9 20.1 143.0
L | 818 66,7 19.3 126.9
10108- LTE-FDD (SC-FDMA, 100% RS, 10 x | &2 G7.1 19.7 5.80 1369 | +14 %
CAB MHz, QPSK]
~ Y £.35 67.5 20.0 140.4
L | 836 | 675 19.8 147.1 o
10110- LTE-FDD (SC-FDMA, 100% RB, 5MHz, | x 5.94 66.5 19.4 575 | 340 | 14 %
CAB QPSK)
Y 8.01 £6.9 19.8 136.4
Z 5.99 66.8 19,5 1436
10714- IEEE 802.11n {HT Greenheld, 13.5 | x| 1002 Go.5 211 B0 | 1272 | +22%
CAA Mbps, BFSK]
_____ Y | 10.31 69.3 21.8 130.2
Z | 1042 | e8B | 212 L
10117- | IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 1003 | @BS 211 | BO7 | 1292 | £22%
CAA BPSK)
1y | 1031 £9.3 21.7 131.2
zZ 10.18 68.9 21.3 141.0
10751- LTE-TDD {SC-FDMA, 50% RB, 20 MHz, | X 8.54 724 24.6 928 | 1396 | #30%
CAB QAPSK)
_ Y 9.29 75.2 26.7 144.1
Z 8.55 725 24.7 144.7
10154- LTE-FDD (SC-FDMA, 50% KB, 10 MHz, | x 5.04 £6.5 19.4 575 | 1347 | +14%
CAB QPSK)
- Y 6.00 66.9 19.7 136.7
i 6.01 6.9 19.5 143.3
10760 LTE-FDD (SC-FDMA, 50% RB, 15MHz, | x 6.40 67.1 19.7 582 | 139.8 | 1.7 %
CAB QPSKY
¥ .48 67.5 20.0 142.9
z 8.43 87.3 19.7 148.7
10169- LTE-FDD (SG-FDMA, 1 RB, 20 MHz, X 4.90 66.8 10.8 573 136.1 1.4 %
CAB QPSKY
— R 5.03 672 | 202 | | 14l
Z 5.0B 67.3 20.0 148.1
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, by £.56 T45 250 9,29 1287 25 %
CAB QPSK) R
Y 7.28 75.4 27.1 126.8
Z 6.78 73.0 25.2 138.3
10175- LTE-FDD (SG-FDMA, 1 RB, 10 MHz, X 486 666 19.7 5.72 1337 | #14%
CAB QPBK) TR SN
Y 497 66.9 20.0 136.3
. z 5.04 67.2 19.9 145.7
10181- | LTETDD (SC-FDMA, 1 RB, 15 MHzZ, X 4.88 667 | 197 | 572 | 1333 | ti4%
CAB QPEK)
¥ 4.99 67.0 20.0 136.5
L z | 605 | 673 19.9 145.7

Cerlificale No: EZ3-3209 Mari4
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10193- IEEE B02.11n {HT Greenfisld, 5.5 Mbps, X 10.05 Ba.2 21.7 8.09 1467 +2.5 %
CAA BPSK)
o Y | 020 6.8 22.1 146.9
2 9.78 8.5 211 1321
10195- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 10.05 659.2 21.7 5.10 148.5 *22%
CAA BPSK)
— Y | 10.21 69.9 222 148.0
z 9.75 68.5 21.2 133.6
10219~ IEEE 802.11n (HT Mixed, 7.2 Mips, X 996 6972 216 8.03 148.9 ¥2.0%
CAA BPSK)
Y | 10090 | 647 | 221 147.4
_ e } z 9.67 60.5 21,1 1334
160222°" | IEEE BGZ. 11n {HT Mixed, 15 Mbps, X | 10.00 68.5 211 B.08 1278 | +2.2%
CAA EPSK} ...........
- Yo 1021 BO.1 216 127.3
Z | 1041 60.9 24,2 140.4
10225~ UMTS-FDD {[ISPA+) X 6.31 86.5 19.3 597 1258 | 4%
CABE
Y 7.07 67.5 19.9 149.0
z 6.02 67.0 19.4 136.8
10237- LTE-TDD {SC-FDMA, 1 RE, 10 MHz, % 6.62 728 253 9. 1285 | £22%
CAB oP&®Ky ey
Y 7.33 757 27.2 |_128.5
z 6.87 7534 25.5 141.8
10252- LTE-TDD {SC-FDMA, 50% RB, 10 MHz, | X 702 715 24 4 24 | 1313 | £5.0%
CAB QPSK) y
¥ 8.35 733 | 257 131.3
Z 7.54 718 24.3 140.2 ]
10267- LTE-TDD (SC-FDMA. 100% RB, 10 X 852 72.3 24 8 B30 1388 | 30%
CAR MHz, GPSK) y
Y 9,10 745 | 263 139.5
zZ £.53 72.3 24.6 149.4
10274- UMTS-FDD (HSUPA, Sublest 5, 2GPP X 5.08 67.1 19,1 4.87 1444 | +0.8%
GaB Reli.10) o
¥ 5.99 673 | 192 144.0
z 5.60 66.6 18.7 131.0
10275- UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.51 67.2 190 396 | 1486 | D7 %
CAB Relg.4) o
Y [ 430 B6.3 18.8 127.3
z 4.40 65.9 18.7 1359
10291- CDMAZ000, RCR, SOAG, Full Rata X 3.51 669 188 346 | 1383 | 20.7%
AME
[ R Y 3.67 67.2 19.0 140.5
z 3.62 67.0 187 | 128.8
10292~ | COMAZ000, RG3, S032, Full Rate X | 358 671 180 | 339 | 1415 | 07 %
AAB
Y 3.58 67.1 18.9 142.0
z 359 672 | 188 130.8
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X | 627 B7.0 19.7 581 1353 | #1.7%
LA [ OPSK)
Y 8.1 67.3 19.9 1360 |
z 3.36 6G7.4 19.8 147.2
10311- LTE-FDD (3C-FDMA, 100% RB, 15 X 6.01 67.0 20.2 606 | 1418 | #17%
AAS MHz, QFSK)
Y B.94 G8.1 20.4 | 1e27
Z 6.68 67.1 19,7 130.3

Cerlificate Not ES3-3209 Marld
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10315~ IEEE 802.11h WiFi 2.4 GHz (DSSS, 1 X 794 ¢0.0 106 171 1488 | #05%
AAA Mbps, 98pu duty aycle) L
¥ I 281 888 10.0 148 B |
Z 1 292 | ew7 | 192 138.1
10403- | CDMAZ000 (1XEV-DO, Rav. ) X | 4.76 687 191 376 | 1280 | 205 %
AAB
Y | 471 B8.2 8.0 129.2
Z | 485 68.8 19.0 1415
10404- | CDMAZ2000 (1xEV-DC, Rev. A) X 4 64 66.5 10.0 a77 1263 | 20.7% |
AAB
Yy | a0 | 682 18.9 127.9
~ zZ| 474 £3.8 19.0 140.6

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

* The unterainties of NormX,Y,Z du nof affect the F-fisld uncerlainty inside TSL (see Fages 8 and 9).

" Nurnerical finearlzattan parameter; uncertainty not required.

Uncarlainly is datearmined using the max. deviation from linear response applying rectangular distribution and is expressed for {he square of the

ticld value,

Cerlificale No: ES3-3209 Marld
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ES30V3- SN3205

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

Calibration Parameter Determined in Head Tissue Simulating Media

March 19, 2014

¥ Frequency vakidity of £ 100 MHz only applies for DASY w4 4 and higher (see Pays 2}, slse it is resticted to + 50 MHz. The uncerialnty is the R3S

of the ConvF uncerlainty at calibration frequency and the ungerlainly for the indicated frequency band.
P At frequencies below 3 GHz, the validity of tissue parameters [ and o} can be relaxed to + 10% if liquid compensaiion formula is applied o

measured SAR values. At frequencies aBove 3 GHz, the valldity of Essue pamametears (e and o) is restricted to L 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Relative Conductivity Depth © Unet.

F{MHZ)© | Permittivity " (s/m)° ConvFX | ConvFY | ConvFZ | Alpha® | (mm} (k=2)
750 41.9 0.89 6.43 5.43 6.43 0.29 2.01 £12.0%
835 | 415 0.90 6.23 .23 6.23 0.34 1.70 £12.0 %
1750 40.1 1.37 5.24 5,24 524 i 080 | 113 +12.0%
1900 40.0 1.40 5.13 5.13 513 0.46 140 | +120%
2450 39.2 1.80 454 | 454 454 0.63 1.38 +120%
2600 32.0 1.96 4.38 4.3B 438 | 078 1.28 +12.0 %

& AlphaiDepth are determinad during calibralion, SPEAG warrants that the remalning deviation duc 1o the boundary effect after compensation fs

always less than + 1% for frequencies below 3 GHz and below 1 2% for frequencies betwsen 3-6 GHz af any distance larger than haif the probe tip

diameter from the boundary.

Cedificate No: ES3-3205 Marid
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3209

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity ' Depth ® Unet.

F(MHZ)" | Permittivity" (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | {mm] {k=2)
750 55.5 0.98 6.16 6.16 616 | 0.26 223 | £120%
835 56.2 0067 5.14 6.14 6.14 0.80 113 | *12.0%

1750 53.4 1.49 4.85 4.85 485 | 050 | 142 | +120%

1900 53.3 1,52 468 4.68 4.69 052 | 158 | £12.0%
2450 527 195 | 420 | a20 | 420 ! o073 | 108 | %12.0%
2600 52,5 2.16 4.04 4.04 | 404 C.80 | 1.00 | £12.0%

© Fraguency validily of £ 106 MHz only applics for DASY v4.4 and higher {sue Mage 2), else if is reslristed to + 50 MHz. The uncertainty i the R3S

af the ConvF uncertainty at calibration frequeney and the nncertalnty tor the indicated fraguency band.

F At frequencies below 3 GHz, the validity of tissue parameters (z and o} can be relaxed to &+ 10% if iquid corapensation formula |s applied ©
measured SAR valucs, Al frequencies above 3 GHz, the valldity of fissuz parameters {¢ and a) is restricled Lo & 5%. The uncertainty is the RES of
the GonvF uncartainly for indicated target tissus parameters,
“ alpha/Depth are determined during calibration. SFEAG warranis that the remaining deviation due to the boundary alfect after compensation is
always |ess than + 1% for frequancies bolow 3 (3Hz and below + 2% for frequencies befween 3-6 (GHz at any dislance karger than half the probe tip
diameter from the boundary.

Coarlificata No: ES3-2209_Marid
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Frequency Response of E-Field

15—

(TEM-Celt:ifi110 EXX, Waveguide: R22)
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Tad

Errar [dB]

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM
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March 19, 2014
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=3
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Dynamic Range f(SARpca4)
(TEM cell , feva= 1900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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Conversion Factor Assessment

f= B35 MHz,WGLS RS {H_convF)

March 19, 2014

f = 1900 MHZ WGLS R22 (H_convF}
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March 18, 2014

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

Other Probe Parameters

Sensor Arrangement Trigngular
Connector Angle (%) -38.3
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode  disabled |
Froke Overall Length © 337 mm |
Frobe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm |
Probe Tip to Sensor X Calibrafion Point 2 mm
"Probe Tip to Sensor Y Calibration Paint 2 mm
Probe Tip to Sensor Z Calibration Palnt 2 mm 5
Recommended Measurement Distance from Surface 3 mm
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Object ES3DV3 - SN:3213
Calibration procedure(s) QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes (;;5;;;
Calibration date: April 11, 2014

This calibration cartificate documents the traceability to naticnal standards, which realiza the physical units of measurameants (SI).
The measurements and the uncertainties with confidence probabliily are given on the following pages and are part of the cartificate.

All calibrations have been conducted in the closed laboralory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificata No.) Scheduled Calibration
Powar meter E44198 GB41203874 03-Apr-14 (No. 217-01911) Apr-15
Powar sensar E4412A MY41498087 03-Apr-14 (No. 217-01911) Apr-15
Refarence 3 dB Allenuator SN: 55054 (3c) 03-Apr-14 (No. 217-01915) Apr-15
Raferance 20 dB Altenuator SN: 55277 (20x) 03-Apr-14 (No. 217-01919) Apr-15
Reference 30 dB Attenuator 5N: 556129 (30b) 03-Apr-14 (No. 217-01920) Apr-15
| Reference Probe ES3DV2 SN: 3013 30-Dec-13 (No. ES3-3013_Dec13) Dec-14
DAE4 SN: 680 13-Dec-13 (No. DAE4-660_Dec13) Dec-14
Secondary Standards [#] Check Date (In housa) Scheduled Check
RF generator HP 8648C Us3642001700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
Nalwork Analyzar HP 8753E US37390585 18-0ct-01 (in house check Oct-13) In house check: Oct-14
Name Function Signalure

Calibrated by: Leif Klysner Laboratory Technician fe/ /; ;‘;:
Approved by: Katja Pokovic Technical Manager Wi
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This calibration certificale shall nol be reproduced except in full withoul written approval of the laboratory.
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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,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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b) 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  NORMYx,y,z: Assessed for E-field polarization 8 = 0 ({f < 900 MHz in TEM-celk; 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).

s 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
characterislics

s Axy.z; Bxy,z; Cxy,z; Dx,y,z; VRx,y,z: A, B, G, 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.

e ConvF and Boundary Effect Parameters: Assessed in fiat 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.

e 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.

o Connector Angfe: 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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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3213

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (uVH(Vim)*)* 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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ES3DV3- SN:3213 April 11, 2014
10315- | IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X | 282 691 19.2 179 1354 | 0.7 %
AAA Mbps, 96pc duty cycle)

Y 2.92 69.5 19.6 136.9

zZ 3.22 71.8 206 130.9
10403- | CDMA2000 (1xEV-DO, Rev. 0} X | a7 68.3 18.9 | 376 | 1400 | #05%
AAB

Y 4.80 68.4 19.1 141.4

Z 4.86 68.9 19.3 134.8
10404- CDMAZ2000 {ixEV-DO, Rev. A} X 4.61 68.0 18.8 3.77 138.2 0.7 %
AAB

Y 4.67 68.2 19.0 1393

zZ 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

Page 8 of 14




ES3DV3- SN:3213 April 11, 2014

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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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: + 8.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

f=1800 MHz,R22

April 11, 2014
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SAReaq)
(TEM cell , foya= 1900 MH2)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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Conversion Factor Assessment

f = 835 MHzWGLS R (H_convF) f = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (0, 9), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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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
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

Schweizerischer Kalibrierdienst
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Servizio svizzero di taratura
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Mulitilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression poini

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

ABCD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
e NORMz,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.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o 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.

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.

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

o 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.

e 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
to NORMXx,y,z * Convl- 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.

s Spherical isotropy (3D deviation from isotropyy): in a field of low gradients realized using a flat phantom
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.

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

Certificate No: ES3-3258 Feb14 Page 2 of 14
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E330V3- 5N:3258

February 25, 2014

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

Basic Calibration Parameters

_ Sensor X SensorY Sensor Z Unc {k=2)
m_r_m_(y_wgv.fmﬁ“ 1.29 119 123 + 101 %
DCP (mV) 104.5 107.0 103.0
Modulation Calibration Parameters _

up Communication System Name A B c D VR Unc® |
_ dB | dBvVWV dB mV (k=2)
0 oW X 0.0 0.0 1.0 0.00 | 2224 | £38%
Y 0.0 0.0 1.0 202,2
) z 0.0 0.0 1.0 207.1
10010- S3AR Validation (Square, 100ins, 10ms) X 5.04 65.6 14.1 10.00 44.8 +1.9 %
CAA
v | 168 | 574 9.3 0.7
2 4'01 62‘4 . 13.0 51‘1 .....
10011~ | UMTS-FDD (WCDMA) x| 334 67.5 188 | 281 | 1312 [ #05%
CAB
v | 343 | ere | 187 137.1
§ Z | 342 67.9 18.0 146.0 .
10012- IEEE 802.11b WiFi 2.4 GHz (D35S, 1 X 340 70.8 19.8 1.87 134.2 H1.7 %
CAA Mbps) .
Y | 319 702 | 182 137.9
N _ Z | 346 | 708 196 1495
10021 | GSM-FDD (TDMA. GMSK) X | av24 | 907 | 287 | 939 | 1312 | 4%
DAB
Y | 1291 88.5 239 147.5
. Z | 3037 | 995 28,9 128.0
10023-" | GPRS-FOD {TDMA, GMSK, TN 0) X | 2088 | 1000 | 290 | 957 | 1230 | #18%
DAB
Y | 18.02 82.5 25.4 140.7
z | so0t | o0 | 294 1258 |
10024~ | GPRS-FDD (TDMA, GMSK, TN D-1) X | 44.57 99.7 250 | G4b | 1198 | £1.7%
DAB
Y | 28.97 95.3 23.2 127.6
Z | 4372 99.9 26.3 120.1
10027- | GPRS-FDD (TDMA, GM3K, TN 0-1-2) X | 5352 99.7 244 | 480 | 1294 [ 22%
DAB
Y | 5458 99.9 229 1435
o Iz | 5183 99.7 24.8 1 1275
10028~ | GPRS-FDO (TDMA, GMSK, TN 0-1-2-3) | X | 58.92 99.8 234 | 356 | 133.4 | 232 %
DAR
Y | 77.54 99.7 213 125.3 )
s 7z | 56.64 99.8 23.8 ] 150.8
10032- | IEEE B02.16.1 Bluslooth (GFSK.DHS} | x | 47.03 99.5 213 | 116 | 1363 | 7%
CAA
Y | 9586 | 952 17.1 138.3
y z | sees | toun | 222 132.3
10039- | CDMA2000 (1xRTT, RC1) X | 4e4 66.8 191 | 457 | 1313 | #09%
CAB
Y | 475 | 670 | 189 135.2
Z | 4886 667 19.0 127.2

Cerlificate No: E53-3258_Feb14
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February 25, 2014

10681- | CDMAZ000 {(1xRTT, RC3) x| 406 €6.8 190 | 387 | 1484 | 7%
GAB | ..
¥ AgE | BBE 16.6 1347
Z 413 66.9 19.1 143.4
10098- UMTS-FDD (HSUPA, Subtest 2) X 483 66.8 187 398 ;1373 | HT%
cAB
Y 475 675 | 188 | 148 4
z 4685 | 66.7 187 1332
10106- | LTE-FDD {3C-FDMA, 100% RB, 20 X | 886 | 685 203 | 567 | 1440 | #1.2%
CAB MHz @PSK} |
Y 6.27 7.1 | 193 130.6
2 B.652 682 | 201 140.5
10106~ | LTE-FDD (SC-FDMA, 100% RB, 10 X { 653 | 68D 20.2 580 | 1425 | *1.4%
GAB I MHz, QPSK)
¥ 6.17 66.8 193 1292
i 6.52 G7.B 20.4 139.0
10410- LTE-FDD (3C-FDMA, 100% RB, § MHz, x 6.19 7.3 19.9 5.7% 1374 214 %
CAB QP3K)
Y 6.12 672 | 198 149.5
Z 6.19 67.1 19.8 1361
10114- | IEEE 802.11n (HT Greenfield, 13.5 X | 1049 £9.5 217 810 | 1324 | £25%
CAA Mhps, BPSK)
Y | 1023 69,1 21.3 144.3
o Z | 1045 69.3 216 129.5
10117- IEEE B02.11n (HT Mixed, 13.5 Mbps, x 10.46 BO.5 297 8.07 1330 | 228%
CAA BPSK}
Y | 10.26 59.2 21.3 147.4
o 2 | 1047 B9.4 21,7 130.5
10151~ | LTE-TDD (SC-FOMA, 50% RB, 20 MHz, | x [ 11.81 774 J6.8 928 | 1188 | £3.0%
CAB QPSK)
1Y | _9e88 75.2 257 144.9
S Z | 1201 77.8 26.9 118.6
10154- LTE-FDD {SC-FDMA, 50% RS, 10 MHz, ' Xx 5.20 67.3 19,9 5.75 1392 +.2%
CAB QPSK) '
Y | Ggh 66.2 19.0 1285
Z 622 £7.3 19.9 136.3
10180- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X | 663 67.8 201 582 | 1441 | +1.4%
CAB QPSK)
. Y B.31 66.8 19.3 £33.1
Z 6.66 67.7 20.0 140.9 ]
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 5.25 67.5 202 573 | 1436 | x12%
CAR QPSK) . s
Yy | 48 66.7 13.5 131.0
z 5.29 67 .4 20.2 140.7
10472- | LTE-TOD (SC-FOMA, 1 RB, 20 MH7, X | 1349 | 875 318 | 9.21 | 1380 | 27%
CAR QPSK)
Y 7.83 75.5 26.0 124.89
Z | 1347 ges | 314 137.3
10175- | LTE-FDD (SC-FOMA, 1 RE, 10 MHz, X | 522 7.4 20.4 572 | 1443 | #14%
CAB QFSK)
Y 506 | 675 19.9 147.9
z 526 87.2 20,0 139.6
10181~ LTE-FDD (SC-FOMA, 1 RB, 16 MMz, 1 X | 5.24 67.5 20.1 572 | 1445 | +1.2 %
CAB QPSK}
Y 5.06 67.4 19.8 147.0
pd 529 #7.3 20.1 139.Z

Cerificate No: ES3-3258 Feb14
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February 25, 2014

10193~ | IEEE 802.17n (HT Greenfiold, B.5 Mbps, | X | 1012 831 | 216 | 808 [ 12BE | 2%
CAA BPSK)
¥ D75 69.4 21.0 1328 ||
Z | 10.08 689 | 215 123.4
10196- IEEE 802.11n {HT Mixed, 6.5 Mbps, X | 1015 69.2 21.7 .10 1302 | #22%
CAA |-BESH)
Y 077 68.5 21.0 134.1
Z | 1040 69.0 21.5 124.0 o
10219- 1IEEE 802.11n {HT Mixed, 7.2 Mbps, ® 160,02 Ga.0 21.8 8.03 128.7 122 %
| CAA | BPSK) o )
Y 5.67 8.5 21.0 133.3
Z | 1002 68.9 215 1239 -
10225- |IEEE 802.11n {(HT Mixed, 15 Mbps, X 10.46 G956 21.7 | 80§ 134.0 +2.2 U
CAA BPSK) {
¥ 10.08 68.8 211 | 1397
. Z | 1040 | 693 216 | 128.7
10225 LUMTE-FDO (HSPAS) X 7.0%9 671 15.6 5.97 131.2 11.4 %
CAB
¥ 6.98 67.2 19.4 11380
4 7.06 6.8 194 | 1272
10237- " | LTE-TDOD {(SC-FDMA, 1 RB, 10 MHz, x | 1363 | 87 | a7 |92 [ 1418 | 230%
CAB QPSK)
Y 7.85 75.5 26.0 1265 |
Z | 1390 87.7 1.6 1414
10252- LTE-TDC (SG-FDMA, 50% RB, 10 MHz, | X 1286 | 814 28.9 9.24 1421 30 %
CAB GPSK)
v 8.91 734 | 24.8 129.9
- Z.|_13.15 B1.4 28.8 142.0
10267- | TTE-TOOD (SC-FDMA, 100% RB, 10 x | 1183 | 775 | 268 | 930 | 1187 | %B0%
CAB MHz, QPSK)
Y 9.62 74.3 252 ] 1384
Z | 1196 77.7 26.9 119.2 i
10274- UMTS-FDD (HSUPA, Subtest 5, 3GFP | ¥ | 6.14 67.4 19.3 4 .87 14469 +H19 %
CAB Rel8.10)
¥ 5.0 66.9 | 187 1328
- o z 6.20 67.5 19.3 146.6
10275- UMTS-FBD (HSUPA, Sublesl 5, 3GPP X 445 56.9 1889 3.96 130.1 +0.7 %
CAB Relg 4}
Y 4.50 67.2 18.8 137.9
Z 4,64 67.4 19.3 1492
10291- CDMAZ000, RC3, SO55, Full Rate X 3.79 67.5 19.2 3.46 1453 | 0.7 %
AAR o B
Y 3.74 BT.E 18.9 128.2
z 3.78 67.3 19.1 139.1 ]
}3\2892- CDMAZUOU, RG3, 8032, Full Rate X 3.77 57.8 193 3.39 1470 | 205%
y | 3.89 67.7 189 130.1
z 3.73 67.3 190 | 1413
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | x .52 67.9 70.14 5.81 1414 1 114 %
ADA QPSK) e
- Y | 64 67.6 | 19.7 47 4 ]
z 6.51 677 | 204 135.4
10311- LTE-FDL (SC-FDMA, 100% RB, 156 X 7.47 08.7 20.7 6.06 1477 | £14%
Al MiHz, QPSK] _
Y .69 67.2 10.8 1286 | ]
2 7.12 6.4 0.5 142.0

Coertificaie No; ES3-3258_Feb14
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10315- IEEE 802.11b WiFi 24 GHz (D585, 1 F'e 3.04 70.0 19.6 1.714 1208 HLG %
AAA Mbps, 86ps duly cyele) B I W
hi 325 71.3 18.7 136.0
Z 3.08 59.9 18.5 148.7
104032~ CDMAZONR (1xEV-DO, Rev, () X, 473 67.3 18.6 3.76 136.7 =05 9%
AAB
Y 493 5.1 19.0 141.5
z 473 671 18.4 1327
10404 COMAZENN {1xEV-00, Rev. A} b 467 B7.5 18.6 377 134.0 +0.5%
AAB
' v | a9 9.4 19.1 139.8
z 4.65 67.1 18.5 130.7

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

* The uncertaintics af NormX,¥,Z do not affect the E*-field uncertainty inside T3L fscc Pages B and 3).

Numerical learizabion parameter: uncertainty not required.
F Uncerlainty is determined using the max. deviation from linear response applying rectangular disiribulion and is expressed for the square uf lhe
fiefd value,

Certificate No: ES3-3258_Febl4 Page 7 of 14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ® Unct.
t{MHZ)C | Permittivity " (Sfm)” ConvF X | ComwFY [ ConvFZ | Aipha® | (mm) (k=2 |
750 M9 4 089 6.53 6.53 6.53 0.40 160 | +12.0%
835 415 090 | 627 6.27 627 | 080 | 117 | £120%
1750 40.1 1,37 5.19 549 | 5.49 080 | 110 | +12.0%
1900 400 1.40 5.04 5,04 504 | 088 | 127 | £120%
2450 39.2 1.80 452 4.52 4.52 078 | 123 | £120%
2600 39.0 1.96 4.34 4.34 4.34 0.78 1 1.33 +12.0%

© Frequency valldfty of + 100 MHZ only applies for DASY v4.4 and higher {s8e Mage 3), else it is restricied o £ 50 Ml lz. The uncearlainly k& the RES
of the CanvF uncertainly &t cafibration frequency and the uncertainty for the indicated frequency band.

" At frequenciss below 3 GHz, the validity of issue paramaeters fx and a) ean be relaxed ko k 10% i liquid compensatian formula is apelied to
measured SAR valuss, Al frequencies above 3 GHz, the validity of tissue paramelers (z und o) is reslicled fo # 5%, The uncartainty is the RES of
the ConvF uneertainty for indicated target tissue parameters,

S Alpha/Depth are determined during calilration. SPEAG warrants (nat the remaining deviation due to the boundary eflec, after compensatian is
always lass than + 1% for fraqueoncies helev 3 Gliz and below + 2% far requencies hetween 3-6 GHz at any distance larger than half the probe fip
diameter from the boundary.

Certificate Mo: ES3-3258 Febid Page 8 of 14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

Calibration Parameter Determined in Body Tissue Simulating Media

February 25, 2014

Relative Conductivity Depth© Unct.
f(MHz)® | Permittivity" (sm) " ConvF X | ConvFY | ConvFZ | Alpha® | {mm) {k=2) |
750 | 585 095 6,15 6.15 615 | 061 | 132 | +120%
835 55.2 0.97 B.11 6.11 6.11 (1.80 1.15 +12.0%
1750 534 1.49 4.83 4.83 4.83 0.47 1.74 £12.0%
1800 53.3 1.562 4.61 4 .61 4.81 (.55 1.69 +12.0 %
2450 527 195 4.14 4.14 4.14 0.80 1.11 +12.0%
2600 526 2.16 N 3.91 3.91 0.80 1.00 +12.0 %

Y Froquency vaiidity of + 100 MH7 anly applies for DASY v4.4 and higher {see Page 2), clse it is restricled to + 50 MHz. The uncertainty is the RSS
of the ConvF uncerainty at calibration frequency and the uncerainty for the indicated frequency band.

F Al freguancies balow 3 G lz, the validity of tissue parameters (i and &) can be relexed lo + 10% i liquid compensation fonmula is applied 1o

measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) Is restrictad ta + 5%. The uncerlainty is the RES uf

the ComvF uncetlainky for indicaled target tissue parameters,

¥ atohafDenth are determined during calibratiun. SPEAG warrants that the remaining deviation due to the boundary effes! afler campensation is
always less than L 1% for freguencies below 3 GHz and below £ 2% for frequennies botween 36 GHz at any distance larger than hall the probe

diameter from tha boundary.

Cerlilicale No: ES3-3250_Fabi14
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22})
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2}
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Receiving Pattern (¢), $ = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isetropy Assessment: £ 0.5% {k=2)
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Dynamic Range f(SARhead)
(TEM cell , feva= 1900 MHZz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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SAR WiV

Februarny 26, 2014

Conversion Factor Assessment

f = B35 MHz WGLS RS {H_convF) f= 1750 MHz WGLS R22 (H_convf}
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Deviation from Isotropy in Liquid
Error (4, 8), f= 900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2 6% {k=2)
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February 25, 214

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

Other Probe Parameters

Recommended Measurement Distance from Surface

Sensor Arrangement Trianguiar
Connector Angle {°) ~123.1
Mechanical Surface Detection Mode enabled

Optical Surface Detection Mode " disabled |
Probe Overall Length 337 mm
Probe Bady Diameter 10 mm
Tip Lehgih 10 mm

| Tip Diameter 4mm |
Probe Tip io Senscr X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip 1o Sensor Z Calibration Point 2mm
3mm

Cenificate No: ES3-3268_Fehb14
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ctent  PGTest .. . - . - oo L0 Cortificats No: ES3-3263_May14 -

CALIBRATION CERTIFICATE

Object "ES3DV3- SN;3263

Caltbration procedure(s) QA CAL-01.v9, QA GAL-23.v5, GA CAL-25.v6. L C’C\/
.Callbratlon procedure for dommetnc E—ﬁeld probes S o

Calibration date: May 15, 2014 :

This calibration cerificate documents the fraceability to national standards, which realize the physical units of measuremeants (3.
The measuremenls and lhe uncertaimiss with confidence probability are given on the following pages and are part of the certificate.

Ali calibratlons have been conducted in tha closed lataratory facility: eoviranment temperature (22 £ 3)°C and humidity = 70%.

Calibration Equipment used (M&TE critical for calibration}

Frimary Standards iD Cuf Daka (Cerfilicats Na.j Scheduled Calibration
_Power moter E44198 GB41203874 03-Apr-14 (No. 217-01911) Apr-15

Power sensar C4412A MY 41428087 03-Apr-14 {Ho. 217-01911) ot Apr-1b

Refarance 3 dB Allenuator SN 55054 (3c) {{3-Apr-14 (Ho. 24701915} Apr-15

Reference 20 dB Attenualor SM: 56277 {20x) 03-Apr-14 (No. 21701918} Apr-t15

Refarenca 30 db Aftenuatar | SM 55178 (300 F3-Apr-14 (Wa. 2717-01920} Apr-ib |
Reference Probe ES30V2 SN: 3013 30-Dec-13 (No. £53-3013_Dec13) Dec-14
| DAE4 SN; 660 o 18-Dec-13 {No. DAE4-660 Dec13) Dec-14

Secondary Standards D Check Date {in housa) o Geheduled Check

RF generator HE B64EC Ugas42U01700 4-Auqg-99 {in house check Apr-13} in house check: Apr-16

Metwork Analyzer HP 8753E US37300585 180t (in house chack Cel-13) In house check: Oci-14

Name B Function o ‘ﬂgnature
Calibrated by: JelonKastrati . Laboralor!.' 'Technic:an C——F ’___(Jd/
Approved by, KaljaPoRa-nc o : Tachnlcal Manager /é_ -‘(:J/ /"'::.’r;,— __' :

tzsued: May 15, 2014

This calibration certificate shall not be reproduced except in full withaut written approval of the laboratory.
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Calibration Laboratory of

. S Schweizerischer Kalibrierdienst
Schmid & Partner C Service suisse d'étalonnage
Engineering AG S Servizio svizzero di faratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration 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 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
AB CD meodulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 3 8 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
Technigques”, 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

Methods Applied and Interpretation of Parameters:
«  NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 200 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 EZfield
uncertainty inside TSL {see below ConvF).

s NORM(Ox,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.

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

s Axy.z Bx,yz; Cxyz; Dxy,z 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 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 Temperature Transfer
Standard for f < BO0O 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 apptied 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 Convi. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from * 50 MHz to £ 100
MHz.

e Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
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 requirad.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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SN:3263
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Calibrated: May 15, 2014

Calibrated for DASY/EASY Systems

(MNote: non-compatibke with DASY 2 system!)
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May 15, 2014

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

Basic Calibration Parameters

SensorX SensorY Sensar X Unc [k=2)
Norm (pvi(Vim)")" oA 1.24 1.13 £10.1%
DCP {rnV]” ~_103.8 102.3 104.7
Modulation Calibration Parameters _ o
uin Cammunication Systern Name A B C D VR Unc™
dB dBVuV | dB mv (k=2)
D CW X 0.0 0.0 10 | DDO | 1563 | 35%
W 0.0 0.0 1.0 | 203.1
Z 0.0 0.0 1.0 147.2
10010- SAR Valldation (Square, 100ms, 10ms) X 2.33 594 10.8 10.00 46.4 1.4 %
CAA
Y 4.39 83.4 13.6 508
L d 1.35 555 7.8 396
10011- | UMTS-FOD (WCDMA) X | 349 68.2 19.1 291 1267 | 0.7 %
CAB
Y | 3.28 B6.9 18.5 120.7
_ _ d 2.74 63.1 15.1 112.5
10012- |EEE 802.11b Wil 2.4 GHz {DSSS, 1 X 3.51 72.0 20.3 187 1279 | 0.7 %
CAA, Mbps) ) )
_____ ¥ 3.21 69,4 18.8 124 1
——— Z 1.93 60.6 12.6 113.3 _
10013- |EEE 802.11g WiFi 2.4 GHz (DSS5- X | 11.30 70.8 233 ad6 | 1252 | £25%
CAA, OFDM, 6 Mbps)
¥ | 1242 72,7 24.4 129.4
| Z| 1003 | 678 | 211 065 [
10021- | GSM-FDOD (TDMA, GMSK) ® | 24.45 94,1 276 939 | 1414 | £1.4%
DAB
Yy | 25832 995 28.0 124.5
1. z 4 53 73.0 18.1 1.6
10023- GPRS-FDD (TDMA, GMSK, TH 0) % | 2510 987 27.0 057 | 342 | $1.9%
CAB
Y | 2485 96,1 28.0 120.2 ]
e Z | 599 76.5 191 | 1425
10024- | GPRS-FDD (TDMA, GMSK, TN ¢-1) X | 24.34 93.0 23.0 656 | 117.1 1.4 %
DAS
v | 2649 926 24.2 148.7
o z 4.00 an.6 138 | | 1366
10027- GPRS-FDD (TDMA, GWMSK, TN 0-1-2) X | 5124 99.9 23.5 480 | 1311 +1.9%
DAB .
Y | 5683 99.5 24.3 101.8
P z 170 614 | 9.1 1077
10028- | GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | X | 60,12 99.6 22.2 355 | 1387 | #1.9%
Y | 64.73 995 23.4 1055
Z | 113 | 584 8.0 116.0
10032- IEEE §02.15.1 Bluetooth (GFSK, DHE) X 77.27 99.6 19.6 1.16 148.5 +2 5%
CAA —
Y | 6044 | 997 21.0 109.4
z 034 | 859 29 1314
10039- CDMAZD0O (txRTT, RCT) X 4.79 £6.8 19.0 457 124.5 +#0.9 %
GAB .
Y 4.85 66.4 18.8 125.6
Z 4,06 83.4 18.1 108.1 |
Cerlificate No: ES3-3283_May14 Fage 4 of 14
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:310831- CDMARZUOD (1xR1T, RG3) X | 393 | e6.1 165 | 3.97 [ 1188 | 0.7 %
L ¥ 3.90 £5.5 18.2 120.1 |
Z | 329 | 624 | 153 108.5
:3{;[193- LUMTS-FOD (HSUPA, Subtest 2) X | 488 66.9 18.7 398 | 1312 | ®T% |
B
Y 4.84 66.6 18,8 130.5
e z 4.18 4.5 16.5 118.8
10100- | LTE-FDD (SC-FDMA, 100% RE, 20 X | &t 681 | 200 | 567 | 1375 | ¥17%
CAB MHz, QPSK)
Y | 670 66.4 20.2 137.7
o z 5.90 65.6 17.9 124.0
10108- | LTE-FDD (SC-FDMA, 100% RB, 10 X 6.44 575 198 580 | 1351 [ #17%
CAB MHz, QPSK) o
¥ 6.60 8.0 20.1 1354
. Z | 578 €4.9 17.6 121.8
10110- | LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | x 6.14 671 197 575 | 1318 | +12%
CAB GQPSK) o
Y 6.28 B7.4 19.9 132.7
Fd 5.62 65.5 168.2 118.4
10114- IEEE 802.11n (HT Graanfiald, 13.5 X 10.18 GOLA 1.2 B10 1224l #19% |
CAA Mbps, BPSK) L
Y | 1060 69.7 21.8 126.2
_ Z 9.38 67.0 19.8 108.4
10117- | 1EEE 802.11n (HT Mixed, 13.5 Mbps, X | 1023 6B.3 21.3 807 | 1250 | #1.8%
CAA BPSK) o
Y | 1056 69.6 21.7 127.1 ]
. Z | 847 67.1 19.8 103.1
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X | 10.23 75.7 26.0 3.28 1250 | £27%
CAB QPSK} o
v | 1460 85.3 29.5 147.3
z 8.05 69.7 22,3 106.3
16164- | LTE-FDD (SC-FDOMA, 50% RB, 10 MHz, | x 6.12 67.0 19.6 575 | 1316 | #14%
CAB QPSKy ]
¥ £.28 874 19.9 132.4
- z 5.49 64.7 17.4 117.9
101 60- LTE-FDE {SC-FDMA, 50% RB, 15 MHz, | X 6.57 67.5 19.8 582 | 1360 | 14 %
| CAB_ | QPSK) 1 _
Y 6.71 £7.9 20.1 1371
z 5.89 5.2 17.8 122.4
10169- LTE-FDD {SC-FOMA, 1 RB, 20 MHz, X 4.82 66.0 18.3 573 | 1135 | *14%
CAB _ QPSK} _
v | &12 66.3 18.1 1es
Z 4.75 £5.9 18.3 1427
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 9.53 B0.6 286 9.21 1365 | *2.2%
CAB QPSK) o
v | 11.32 81.6 258 108.2
Z 6.84 72.0 23.8 117.3
10175~ LTE-FDD (SC-FDMA, 1 RB, 10 MHz, P 4.86 T 66.2 194 5.72 1129 | #12°%
CAB QPSK) ; _ )
¥ 6.10 B6.2 19.4 115.9
z 4.55 64.9 17.8 137.7 ]
10181- | LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X | 481 6.0 19.2 572 | 1116 | #1.2%
CAB QPSK}
v | 513 664 | 195 116.1 j
] Z | 47 65.7 18.3 1371 _
10183- [EEE B0Z.11n {HT Greenfield, 6.5 Mbps, | X | 9.80 63.3 21.0 805 | 1172 | £22%
GAA BPSK)
Y | 1023 ) 691 1.8 1415 ]
z 9.85 68.9 20.8 148.4 |
Cerlificate Mo: ES3-3263_May14 Page S of 14
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[ 10128- | IEEE 802.11n (HT Mixed, 6.5 Mbps, X | 981 68.4 211 810 | 117.7 ] 2.2 %
CAA BPSK)
Y | 1023 69.2 216 121.7
z 9.87 §9.0 20.9 149.8
10218 | IEEE 80211n {HT Mixed, 7.2 Mbps, X | 9.7 683 21.0 803 | 1178 | *22%
CAA BP3K)
v | 1012 69.1 1.6 1210
i Z | 830 666 | 196 1641
10222~ | IEEE B02.11n {MT Mixed, 15 Mops, X | 1014 4.7 212 BO6 | 1223 | 218%
CAA BPSK)
v | 1052 6.5 217 125.4
z | 978 66.8 19.6 108.5
10225- UMTS-FDD {HSPA+} X 7.25 67.8 19.9 5,97 1463 | +1.7%
CAB
Yy | 732 87.5 198 149.3
Z | o652 65.7 18.0 130.7 j
10237- LTE-TDD (SC-FRMA, 1 RE, 10 MHz, w 9.55 807 B7 9.21 137.2 £3.5% |
CAB QPSK) |
v | 1134 A1.7 28.9 108.9
Z | 698 725 240 119.5
10252- | LTE-TDD (SC-FDMA, 50% RB, 10MBz, | X | 9.26 74.1 25.3 924 | 1156 | +3.3%
CAB QPSK)
vy | 1372 82.5 203 137.9
z| sa3 73.3 24.4 144 1
10267- LTE-TDD (SC-FDMA, 100% RB, 10 ¥ | 1006 752 258 3.30 | 1226 | 2.7% |
CGAB | MHz, QPSK}
v | 14.68 83.4 26,6 1476
Z | 8.02 59.6 22.3 1034
10274- | UMTS-FDD (HGUPA, Subtest 5, 3GPP | x | 608 | 672 | 190 | 487 | 1402 | #1.2% |
CAB Rel8.10) ]
Y [ 6.23 67.5 19.2 1435
Z | 552 65.4 17.4 1261
10275- | UMTS-FDD (HSUPA, Sublest 5, 3GPP X | 4.44 66.7 16.7 396 | 1224 | #0.7%
CAB Rel.4) T
y | 4.9 66.3 18.5 124.4
Z | 383 §3.7 16.0 114.0
10291- | COMA2000, RC3, SOG5, Full Rate X | 3.64 6.7 16.6 348 | 1157 | t0.7%
ANB
Y | 360 B6.0 18.2 1180 | |
! Z | 317 64,2 16.3 108.4
10292- | CDMA2000, RCS, SO32, Full Rate X | 62 670 | 185 | 339 | 1168 | 3%
ANB :
vy | 3.54 66.1 18.2 EEES
AR 642 | 158 145.6
10297- ¢ LTE-FDD (SC-FDOMA B0% RB. 20 MHz, | X | 6.43 675 | 198 | 5.B1 | 1320 | +1.4%
AAA QPSK)
v | 660 6B.0 20.1 134.9
Z | 58 fi5.4 18.0 115.0
1031- | LTE-FDD (SC-FDMA, 100% RB, 18 % | 7.04 8.1 20.2 606 | 1375 | #14%
AMA IMHeQPEK) o} o\ ) oy
¥ | 719 68.5 20.5 140.3
Z | 626 65.7 18.2 1196
10315- IEEE 802.11b WiFi 2.4 GHz (D558,1 | X 3.05 700 19.4 1.71 1217 | 07 %
AAA | Mbps, 88pc duty oycla) .
Y | 201 | e87 | 187 123.4
Z 1.83 0.2 12.3 108.4
10318- IEEE 802.11g WiF} 2.4 GHz (ERP- ' X 10,05 687 21.4 836 117.3 1.9 %
AAA OFDM, 6 Mbps, 96pc duly cycle}
¥ | 1057 69.7 22.0 122.8
zZ | 911 66.5 19.7 1031
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10403- | COMAZD00 (1XEV-DO, Rev. 0) X 4.81 68,3 18.8 376 | 1258 | 07 %
ANB
Y | 465 665 | 18 130.8
Z 3.98 64.7 16.0 114.7
10404- CDMA2000 (14EV-DO, Rev. A 4 4.91 69.1 9.2 377 1233 | #07%
AAB
Y 4,60 B86.6 18.1 128.5
_ Z | 373 £4.0 154 | 1120 [
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 278 $9.0 19.0 154 | 1219 | 07 %
ABA, Mips, 99pc duty cycle)
| Y 246 6.0 17.9 122.5
. Fd 1.83 60.9 13.0 112.4
10418- | IEEE 80Z.11g WiF) 2.4 GHz (ERP- X | 988 66.4 212 823 1 1166 | +17%
AAA OFDM, 6 Mbps, 99pc duty cycle}
L Y | 1029 £9.2 217 121.5
z 9.25 675 | 202 103.4

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

A The uncerlainties of MomX,Y,Z do not affect the E*-flefd uncerlainty inside TSL (ser Pages B and ).

¥ yumerical Hnearization parameter; uncertainty not requined.

F Uncadainly is determined using the max. deviation fram lingar responsy apolying recfangular distribution and is expressed far the squara al the
fiald value.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration Parameter Determined in Head Tissue Simulating Media

i Relatlve Conductivity Depth © Unct.

f{MHz) © , Permittivity " (Shmy* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 41.9 (.89 G.42 6.42 6.42 .72 1.18 +12.0%
835 415 0.80 £.23 6.23 £.23 0.27 2.02 +12.0 %
1750 40.1 1.37 5.41 5.41 5.41 0.74 123 | £12.0%
1900 40.0 1,40 5.08 5.08 5.08 080 116 | +120%
24450 39.2 1.80 4.47 4.47 4.47 0.80 1.22 +120%
2600 39.0 1.96 4.33 433 433 | 066 [ .41 +12.0 %

¥ Frequency validity of & 100 MHz onty applies for DASY v4.4 and higher {see Page 2}, slse it s resiricled to + 50 MHz. The uncerlainty is 1he R8S

of the ConvF uncertainly at ealibration frequency and the uncertainly for the indicated frequency band.

F Al frequencies below 3 GHz, the validity of tissue parameters { and o) can be relaxed to -+ 10% it liquid compenszation formula is applisd to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue pararnetars {s and o} is resiricted o 5% [he uncertainty is the RES of

the Gonvl uncertainty for indicated targe! hiasue paramcters,

® alpha/Demh are determined during calibration. SPEAG warrants thal the rerpaining deviatinn dire to the boundary effect alter compensation is
always tess than + 1% for frequencies belaw 3 GGHz and helow + 2% for frequencies bebween 3-8 GHz at any distuncs larger than half the proba tip
diarmcter from the buundary.

Cerlificate No: ES3-3263_May14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ® Unct.
1{MHz)¢ | Permittivity” (s/m) " ConvEFX | ConvFY | ComvFZ | Alpha® | (mm) | (k=2)
750 55.5 0.96 6.19 6.19 6.19 0.52 1.41 +12.0%
835 55.2 0.97 6.16 618 | 6.16 068 | 128 | +120%
1750 53.4 1.49 4.98 4.98 4.98 0.38 191 | £12.0% |
1900 53.3 1.52 4.78 4.78 4,78 0.66 135 | +12.0%
2450 52.7 1.95 4.27 4.27 4.27 072 | 113 | *£12.0%
2600 52.5 2.16 4.11 4.11 4.11 0.74 1.07 +12.0% |

© Frequency validity of + 100 MHr only applies for DASY vd 4 and higher {sce Page 2), else it is restricted to 2 50 MHz. The ungerlainly is the RSE
af tha Conyl uncertainty at caltbration frequency and the uncertainty for the indicated lrequency band.

" At trequencies below 3 GHz, 1he validity of tissue parameters {x ardl ¢ can ba relaxed to = 1086 if liguid compensation formula is appliad to

measured SAR values, At frequencies above 3 (iHz, the validity of lissuc paramelers (v and o) is restricted fo £ 5%. The uncertainty is the RES of
the ConvF uncerainty for indicated larget tissus pararmeters,

S Alpha'Dephr are determined during calibration, SPEAG warmrans that the remaining deviabion dus o thw buundary effect after compensation Is

always less than & 1% for freguencies below 3 GHz and balow & 2% for frequencies betwaen 3-8 GHz at any distance larger than half the probe lip

diametar from tha baundary,

Corlificalc No: EE3-3283_May14
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Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22}
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Uncertainty of Frequency Response of E-field: * 5.3% {(k=2)
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Receiving Pattern (¢), 3 = 0°
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Uncartainty of Axiat Isotropy Assessment:  0.5% (k=2)
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Dynamic Range f(SAReaq)

(TEM Ce" I feva]: 1900 MHZ}
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Uncertainty of Linearity Assessment: *+ 0.6% (k=2)
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Conversion Factor Assessment

f= 835 MHz WGLS RS (H_convF} f= 1750 MHz WGLS R22 (H_conyF)
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Deviation from Isotropy in Liquid
Error (, 3), f =900 MHz

Deviafion
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Other Probe Parameters

Sensar Arrangement Triangular
Connector Angle {°} -111.2
Mechanical Surface Detaction Mode enabled
Orpfical Surface Detection Mode B S disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter A mm |
Probe Tip to Sensor X Galibration Point 2 rm
Probe Tip to Sensor Y Calibration Point Z2mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommeanded Measurement Distance from Surface 3 mm
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CALIBRATION CERTIFICATE

Object

Calibraion procedurals)

Calibration datc:

ES3DV3 - SN:3288

QA CAL-01.v2, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

September 24, 2014

Calibralion Cquipment used {M&TE critical for calibration}

This calibration certificate documnents the traseability to national standwrds, which realize (he physical unlts of measurements (51),
The measurements and the unceraintics with confidernse probabilily aie given on the followdng pages and are part of the certificate.

All calibrations have been conducted In the closed lahoratory facility: envirenment temperature (22 + 3)°G and humidily < 70%,
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Approved by Katja Pokovie - Technical Manager
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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

ABC,D modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization 9 8 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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

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

Methods Applied and Interpretation of Parameters:
»  NORMx,y,z: Assessed for E-field poiarazat[on 9 =0 (f <900 MHz in TEM-cell; f > 1800 MHz: R22 wavegmde)
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(Ax,y,z = NORMx.y,z * frequency response (see Frequency Response Chart). This linearization is
implemented in DASY4 sofiware versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

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

e 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 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
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.

s  Spherical isotropy (3D deviation from isofropy): in a field of low gradients realized using a flat phantom
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.

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

Cerlificate No: ES3-3288_3ep14 Page 2 of 14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unec (k=2)
Norm (uvivimyy* 1.05 1.16 0.02 +10.1 %
DGP (mV)° 105.1 104.6 106.7
Modulation Calibration Parameters
wo Communication System Name A B C D VR Unce
dB dsv/uy dB mv {(k=2)
0 S X 0.0 0.0 1.0 000 | 1958 | +35%
Y 0.0 0.0 1.0 175.9
L Z 0.0 0.0 1.0 1771
10010- | SAR Validalion (Square, 100ms, 10ms} | X | 2.71 61.9 114 | 1000 | 403 | 122%
CAA
i v | 237 | 02 | 112 326 B
7 1.54 56.6 8.9 41.2
T0011- | UMTS-FDD (WCDMA) X | 329 67.1 184 | 291 | 1338 | #056%
CAB
v | 343 67.9 18.9 139.5 i
Z | 345 68.1 18.9 1413
10012- | IEEE 802,110 WiFi 2.4 GHz {0555, 1 X | 299 689 | 186 | 1.87 | 1351 | 0.7%
CAA Mbps) o —
vy | as0 72.4 20.4 140.7
z 154 72.4 203 143.0
100713- | \EEE B0Z.11g WiFi 2.4 GHz (DSS55- x| 1115 70.8 ona | 946 | 1323 | #35%
_CAA OF DM, 6 Mbps) _
v | 4129 70.8 23.2 1411
7z | 107 70.7 23.2 139.2
10021- | GSM-FDD (TDMA, GMSK) X | 1a.71 90.5 245 $29 | 1490 | +19%
DAB
[ Y | 16.40 92.8 26.0 1313
Z ! 1134 87.2 236 i 126.1 ]
10023- | BPRS-FDD (TDMA, GMSK, TN 0} X | 1591 Q2.2 253 957 [ 1389 | ¥25%
DAB
Y | 2128 959 27.2 14240
Z | 11.68 B7.2 235 1459 |
10024- | GPRS-FDD (TDMA, GMSK, TN 0-1) X | 2802 | 998 | 247 | 656 | 1238 | £22%
DABR
"y [ 5871 99.7 25,2 128.1
[ Z | 3656 294 | 245 129.5
10027- | GPRS-EDD {TDMA, GMSK, TN 0-1-2) ¥ | 56.60 996 | 226 480 | 1388 | +19%
DAB
Y | 46.94 99.9 237 1499 ]
Z i 5117 99.8 229 144.9
10028~ GPRS-FDD (TEMA, GMSK, TN 0-1-2-3% X 7028 100.0 216 3.55 1475 +1.9%
DAB ._
v | 5258 99.8 228 1294
Z | 7698 99.8 21.2 1287
10032~ | IEEE 802.15.1 Bluztooth (GFSK, DHE) X | 9889 99.5 18.9 116 | 1358 | +14%
CAA
v | 7839 | 996 | 195 1417
z | 9521 95.5 17.1 143.4
10039- CDMA2000 (1xRTT, RC1) % 472 667 18.8 457 1337 | *0.9%
CAB
Y | 485 567.1 191 | 137.7
z | aB1 | 674 132 | 141.9

Cerificate No: ES3-3288_3ep14
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10081- | CDMA2000 (1xRTT, RG3} X | 3.91 66.3 10.6 3.97 | 1295 | 0.7 %
CAB B
Y 4.00 66.6 18.7 133.7 ~
z 3.98 568 18.8 137.8
l| éloga- UMTS-FDD (HSUFA, Sublest 2j X | 463 66.9 187 393 1414 | 0.7 %
1
| Y | 478 | e75 | 190 7 B
) Z 4.57 86,8 18.6 127.8
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.59 58.2 20.4 5.67 1492 | #1.4%
CAB MHz, QFSK} N
Y | 638 7.3 19.6 120.7
z £.36 67.5 196 | 133.8
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X .44 578 20.0 5.80 1466 | +14%
CAB MHz, QPSK) . ]
XY | 623 6.8 19.4 128.8 _
Z 5.24 67.1 | 198 131.4
10110- LTE-FDD (SC-FDMA, 100% RB, 5§ MHz, | X 6.08 67.1 104 575 | 1432 | +1.4 %
CAB GAPSK) —
Y | 820 67.4 19.8 148.0 B
pd 542 66.6 19.3 _ 128.5
10114- IEEE B02.14n (HT Greentiald, 13.5 X 10.32 59.3 215 a.i0 137.0 2.2 %
CAA Mbus, BPSK) - ]
Y | 1031 69, 21.4 1435
Z | 1037 69.5 2.6 148.1 .
10117- | IEEE 802.14n {HT Mlxad, 13.5 Mbps, X | 10.35 69.4 216 807 | 1383 | 22%
CAA EPSK} _
v i 10.98 £9.3 21.4 146.4
. Z 1 1042 62.6 216 tag0 |
10151- LTE-TDD (SC-FDMA, 80% RB, 20 MHz, | X 9.95 75.7 26.2 928 | 1349 | #33%
GCAB QPSK)
Y | 10.37 760 | 261 146.6
. z 977 75.4 26.0 142.5
10154- | LTE-FDD {SC-FDMA, 50% RB, 10 MHz, | x 6.12 67.2 19.7 575 1448 | 114 %
CAB QPSK)
Y | 621 674 | 198 148.8
) Z 5.91 6.5 19.3 1287
10160- LTEFDD (SC-FDMA, 50% RB, 15 MHz, | X 6.28 66.7 19.4 5.82 1268 | 1.2 %
CAB QPSK) .
Y 6.37 66.8 1a.4 129.7
z .36 67.1 19.6 1329
10169 LTE-FDD (SC-FDMA, 1 RB, 20 MHz, * 5.08 G7.6 20.2 573 1470 | #.2%
CAB QPSK) .
Y | 495 66.6 19,6 128.6
_ Z | 491 £6.9 19.8 1312
10172- LTE-TDD {SC-FDMA, 1 RE, 20 MHz, X 8.18 772 27.2 e.21 1234 | 7%
CAB QPSK)
Y .37 76.6 96.6 129.5
z 7.97 76.7 6.5 128.7
10175- | LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X | s5.08 67 4 20.1 572 | 1462 | 4%
CAB QPSK) _
Y 5.10 67.3 20.0 142.8
_ z 4.87 6.7 19.6 1298
10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 6.04 67.4 20.0 5.72 1455 | *1.2%
CAB QPSK) _
Y 512 67.4 20.0 1434
) z 4.87 656.7 19.5 120.9 )
10193- {EEE 802.11n (HT Greenfield, 6.5 Mbps, | X 9.92 £8.9 21.4 £.00 131.0 | #22%
CAA BPSK) .
¥ 9.84 6B8.5 21.1 130.0
z 9.84 | 690 21.4 138.6

Cerlificate No: ES3-3288 Sopld
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101985- IEEE 802.11n (HT Mixed, 8.5 Mbps, X 9.90 66.9 214 | 810 1308 | #2.2%
CAA BRSK) !
Y | 9.B1 6B.4 210 | 131.4
Z .95 69.1 215 140.5
10219- |[EEE 802.11n (HT Mixad, 7.2 Mbps, X 9.8 BB B 215 503 1300 | +2.2 %
CAS BPSK)
¥ 9.89 8.9 21.3 1381
d 989 G9.1 21.5 140.5
10222- {EEE 802.11n (HT Mixed, 15 Mbps, W 10,25 ga.2 214 2.08 1371 TEA
CAN BPSK)
Y | 1030 69.2 214 144 4
z 10.28 GO.5 2146 148.4
10225- | UMTS-FDD (HSPA+) X | 690 66.8 193 | 597 | 1328 | #14%
CAB _
¥ 7.09 67.3 19.6 142.0
Z 7.04 a7 4 19.6 143.5
10237- LTE-TDD (SC-FDMA, 1 RB, 100 MH., X 9.61 81.0 23.5 9.2 149.3 2.7 %
CAB QPSK) B
¥ B.66 7.5 274 | 133.7
z 8.20 77.5 27.3 132.2
10252- [ LTE-TDD (SC-FDMA, 50% RB, 0 MHz, | X | 918 745 | 258 | 924 | 1263 | 80%
cAB QPSK)
Y 9.67 750 | 258 1a7.4 |
zZ 9,16 74.8 25.9 1362
10287~ LTE-TDD {SC-FDMA, 100% REB, 10 X 9.97 75.7 25.3 930 133.7 3.3 %
CAB MHz, QPSK) T
¥ | 10.38 75.9 26.1 146.1
z a.91 75.7 26.3 I EEEE
40274 | UMTS-FDD (HSUPA, Subtest 5, 3GPP x| 588 6.6 187 | 487 | 12808 | #09%
CAB RelB.10)
1Y 6.01 67.1 16.0 1357
o o z 5.95 67.1 19.0 _ 1384
10275- UMTS-FDD {HSUPA, Subtest &, 3GPP X 440 6.7 188 3.98 1364 | 07%
CAB Rei8.4) .
Ly 4.55 57.3 16.0 138.3
o _ Z 4.56 67.5 191 144,32 _
10291- COMAZO00, RC3, 5065, Full Rate X 3.64 56.9 18.7 3.48 127 4 +0.5%
AAB
Py 3.77 676 19.1 130.2
i Z 3.72 67.5 15.0 _ 134.4
10292- CDMAZ000, RC3, 3032, Full Rate X, 358 &7.0 187 1,39 1284 | 105%
AAB :
Y 273 87.7 19.1 1327
z 469 67.8 191 | 136.1
10297- LTE-FDD (SC-FDMA, 50% RE, 20 MHz, x B.43 67.7 19.9 581 1455 1.4 %
AAA QPSK) |
Y 6.49 87.7 19.9 | 149.5
Z 6.24 67.0 19.6 129.5
10311~ | LTE-FDD (SC-FDMA, 100% RB, 15 X | 674 | 673 198 | 606 | 1267 | £#1.4%
AAR MHz, QPSK) -
i Y | 683 | 675 | 198 1328
z 6.81 67.5 19.9 135.8
10315- |EEE 802.17b WiFi 2.4 GHz (DSSS, 1 X | 3.00 59.9 10.4 1.71 1339 | *05%
AAA Mbps, 96pc duty oyule} o
Y 3.30 71.5 20.1 111.0
Z | 322 71.4 200 142.9 | .
10216- [EEE 802.11g WiFi 2.4 GHz (ERP- X 1017 692 21.8 5.38 1305 | +25%
AAA OFDM, 8 Mhps, 98pc duty cycle) .
Y 10,20 5.1 216 138.4 B
Z ] 1020 £9.4 21.8 140.7
Cerlificaie No: EG3-2288_Sepld Page € of 14
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[10403- | CDMAZD08 (1XEVRQ, Rev. 0) lI %] 475 65.3 18.8 376 | 1385 | 0.7 %
AAR !
¥ | 500 69.1 1%.2 146.7
_ Z ! 492 69.2 19.1 148.5 _
10404- | COMAZOD0 (1xEV-DO, Rev. A) X | 473 60.6 189 | 377 | 1383 | 0.7 %
AAB
Y | 497 65.4 19.4 1437
Z 4.1 80.8 19.3 146.0
10415- | JEEE BOZ.11b Wik 2.4 GHz {DSSS, 1 x| 265 68.1 185 104 | 1362 | 5%
AAA [ Mbps, 89pc duty cycle) - )
Y 3.405 70.8 19.9 140.7
Z| 287 60.8 19.3 144.8
10416- IEEE B02.11g WiFi 2.4 GHz (ERP- X | 1000 69.0 21.5 8.2% 1308 | t22%
| AAA | OFDM, B Mhps, 99pc duty cycle)
Y | 10.08 £8.9 24 | 138.8
Z | 1oos | 693 21.7 1416

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

* The uncertaintias of NormX,Y,Z do nat affect lhe E%-fiald unceriainty inside TSL {see Pages 8 and 9}.

¥ Numarical linsarization parameler: incerainty not required.

E Uncertainty is determined using the max. deviatiun [rom Enear response applying rectangular distribulien and is expressed for the square of Ihe
field value.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

Calibration Parameter Determined in Head Tissue Simulating Media

Sepiermber 24, 2014

Relative Conductivity Depth” unct.

f(MHZ)® | Permlttivity© {Sim} " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 41.9 0.89 .81 6.81 6.81 0.37 .70 +12.0 %
835 41.5 0.90 - 8.51 .51 6.51 0.45 1.52 £120%
1750 40.1 1.37 538 5.38 538 .44 1.68 +12.0%
1900 40.0 1.40 5.17 617 AN 0.80 1.18 £12.0%
2450 39.2 1.80 4.56 4,56 4.56 0.80 1.21 +12.0%
2600 38.0 1.96 4.44 4.44 4.44 0.80 1.22 £12.0%

€ Frequency validity ahove 300 Mtz of + 100 MHz only applies for PASY vd 4 and higher (sce Page 2), efse it is restricled to * 50 MHz. The
uncortainty is the [RS8 of lhe ConvF uncerlalnty at cafibration frequency and the unceriainly for the Indicated frequency hand. Frequency walidlity
below 300 MHz is 10, 25, 40, 50 and 70 M Iz for CanvF ussessments at 30, 64, 128, 150 and 220 Mt Iz respectively. Abova 5 GHz frequency

walidity can be extended o L 110 MHz.

* At Foquencies below 3 Gt iz, the validity of tissue paremeters (x and a) can be relaxed to L 10% if liquid sompensation formula b applied to

measured SAR values. At frequencies above 3 GHz, the validity of tlssue perameters (e and o) is reshicted lo + 5%. The uncertainty is the R3S of
the Convl” uncertainty for indicalad arget tissue parameters.

= AlphaiDepth are determined during calibration. SPEAC warrants that the remaining doviation due ko Ihe boundary effact after compensation is

always less than + 1% for lraquercies helow 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the probe Lp

dlametor fram the boundary.

Cerlificate No: E53-3280_5epi4
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

Calibration Parameter Determined in Body Tissue Simulating Media

September 24, 2014

Relative Condugtivity Depth © Unct.
F(MHz)® | Permlttivity™ (sim} " ConvFX | ConvFY | ConvFZ | Alpha® | {mmj {k=2}
750 56.5 0.96 6.38 £6.38 6.38 0.31 1.88 +12.0 %
835 55.2 0.97 8.32 6.32 6.32 0.55 1.39 +12.0% |
1750 53.4 1.49 503 5.03 5.03 0.57 1,44 +12.0%
1600 533 1.52 4.82 4.82 4.82 .51 1.54 +12.0%
2450 52.7 1.95 4.36 436 4.38 0.71 1.07 +12.0% |
2600 52.5 216 4.22 4.22 4.22 | _0.80 1.07 | +120% E

© Frequensy validity above 300 MHz uf + 100 MHZ only applias for DASY v4.4 and higher [ses Pags 7), else I is resiricled fo £ 50 MHz. The

uncertainty is the RS3 of the ConvF uncertainty A1 calibration frequency end the uncartainty fer the indicaled frequency band. Frequency validity
belaw 300 MHz is + 10, 25, 40, 53 and 70 MHz far CornF assessments af 20, 84, 120, 150 and 220 MH7 respechively. Above 5 Gl Iz reguency
validity can be exlended to + 110 MH7.

" At frequencies below 3 GHz. the validily of fissue parameters (g and @) can be retaxed (o + 10% if iquid compensalion fornula is appilied to
mensurad SAR values. Al fraquencies above 3 GHz, He validity of tissus parametsrs {s and a) is restricied to £ 5%. The uncerlainty is the R3S of
lhe ConvF uncertainty for indicated targel fissue parameders,

* AlphaiDepth are detenmined during calibration, SPFAG warrants that the remaining deviation due to the baundary effect aller compensation is

always less than + 1% for frequencias below 3 GHz and below L 2% for frequencies betwesn 3-6 GHz at any distance larger than haif the probe tip

diameter from the boundary,

Cerlificate Ng; ES3-3288_Sep14
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

................................................................

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

Carlificate No: £S3-32688 _Sepld Page 10 al 14




ES3DV3- SN:3288

Seplaember 24, 2014

Receiving Pattern {¢), 3 =0°
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Uncertainty of Axial Isotropy Assessment: *0.5% (k=2)
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Dynamic Range f(SAR;qqq)
(TEM cell , fopu= 1900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)

Seplamber 24, 2014
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Conversion Factor Assessment

f = 835 MHz,WGLS R9 (H_convF) {= 1900 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (4, $), f =900 MHz

Deviation
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-0 -05 -06 -04 02 00 02 04 05 DB 1.0
Uncertainty of Spherical I1sotropy Assessment: £ 2.6% (k=2}
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DASY/EASY - Parameters of Probe:

Other Probe Parameters

September 24, 2014

ES3DV3 - SN:3288

Recommended Measurement Distance from Surface

Certificate Na: ES3-32868_Sep14

[ Sensor Arrangement Triangular
Connectar Angle (™) -110
Mechanical Surface Detection Mode enalbed

| Optical Surface Detection Mode disabled
Probe Qverall Length 337 mm

“Probe Body Diameter B ) 10 rmim
Tip Length 10 mm
Tip Diameter - 4 mm
Prabe Tip ta Sensor X Calibration Paint 2 mm
Probe Tip to Sensor Y Calibration Paint 2 mm
Procbe Tip to Sensor Z Calibration Point 2 mm

2 mm
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Swiss Calibratian Sarvice
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@ALIBRATION CERTIFICATE,

Calibration date;

‘March 19, 2014

Calibration Equipment used (MATE crtlical for calibratian)

I
Objecl "ES3DV3 - §N:3318
Caiibration procedure(s) QA CAL-01.v9, QA CAL-23.v5, jQA'C,ﬂ\l-___--.'i_'ﬁ'.‘n.nfj.‘- _ L 5 (J‘,,«/
Callbration procedure for.dosimefric E-field probes =~~~ - gy

This ealtbration certificale documants 1he iraceability to national standards, which realize the physical units of measurements {SI).
The maasurernents and the uncenainties with confidence probability are given on the following pages and are parl of the certificate.

Al calibrations have been conducted in the closed labaratory factlity: enviranment temperature (22 + 31C and humidity < 70%.

Callbrated by,

Approved by:

Llaudio Leubler a

Katja Pakovic -

: I:abnrﬁt_or,"re'c_hnician -

- Technical Manager -

Thig calibratiun cerificats shall not be reproduced except in full without written approval of the laboratory.

Frimary Standards i el Dals (Cerificate No.) - |
Power mater E44 136 (B4 1203674 04-Apr-13 (No. 24701733} Apr-id
Fowar sensor E44124 MY 41486087 Od-Apr-13 (No. 21701733} Apr-t4 o
Raference 3 dB Altsnuator SM: 55054 (3c) 04-Apr-13 (No, 217-01737) Apr-14
Reference 20 dB Atiennator SM: 58277 (20} | O-Ayr-13 (N 217-01733) Apr-14
_Reference 30 JB Attenuator SM: 55129 {30h) 04-Apr-13 (Mo, 2 17-01728) Apr-14
Reference Probe ES20DVE 8N: 3013 30-Dec-13 (Mo. E53-3043_Decid) Dec-14
DAE4 §N: 66D _13-Dec-13 (No, DAE4-660 Dec13} | Dec-14
Secondary Standards D Check Date (in house) o Schedulsd Check
RF genarator HP 8648C .| Usan42u01700 4-fug-99 {in house check Apr-13) In house check: Apr-16
Nebwark Analyzer HP 8762F LI=37380505 18-0ct-01 {in house check Cct-13) In house cheek: Ocl-14
Mame Funclian

Sigpature, :

L.

Issued: Marzh 20, 2014
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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 CD modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 8 3 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 systern to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

by IEC 62209-1, “Procedure fo 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  NORMzx,y,z: Assessed for E-field polarlzatton 9 =0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegusde)
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E 2 field
uncertainty inside TSL {see below ConvF).

s NORM(fx,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,

o 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

o 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 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 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
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.

s 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.

» Connecior Angle: The angle is assessed using the information gained by determining the NORMXx (no
uncertainty required).
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Calibrated: March 19, 2014

Calibrated for DASY/EASY Systems

{(Mote: non-compatible with DASYZ2 system!)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Basic Calibration Parameters

§_§nsnr X SensorY SensarZ Unc (k=2}
Norm {uV/{Vimy®)* 1.15 0.92 1.28 +10.1 %
DCP (mV)* 103.7 . 1066 103.0
Maodulation Calibration Parameters
UID Communication System Name A B c 1] VR unc”
dB dBVuv dB mv (k=2}
0 ow X 0.0 0.0 1.0 0.00 206.6 +3.5 %
Y | 06 o0 | 1o | 1916
pd 0.0 0.0 1.0 210.8
2:?3‘0;0— SAR Validation (Square, 100ms, 10ms) | X | 2.42 60.3 10.8 | 1000 | 430 +2.2 %
Y | 336 658 | 131 T
o P 2.28 58.0 10.5 45.1
10011- UMTS-FDD (WCDMA) X 3.31 67.2 18.5 2.9 1426 +0.7 %
CAB
Y | 382 G8.9 | 194 126.4
o - z 3.29 87.1 18.4 147.8
1004 2- IEEE ADZ2.11b WiFi 2.4 GlHz {DS5S5, 1 x 2.93 GR.4 18.4 1.87 144.8 0.7 %
CAA Mbps}
L Y 3.77 73.3 20.6 128.5
£ 2,50 LAY €5 127.7
10021- GSM-FDD {TDMA, GMSH)} ¥ | 14.08 a8 54.9 9.3g 1503 +1.7 %
DAB
¥ 8.50 83.1 22.0 1421
Zz 25.27 99.8 28.1 145.0
g)cx:gzs- GPR3-FDD (TDMA, GMSK, TN 0) X | 1346 808 24.8 a.57 1281 2.2 %
¥ 6.59 78.2 19.9 131.8
z 19.81 a95.7 26.9 i44.4
10024- GPRS-FDD (TDMA, GMSK, TN -1} ¥ | 3455 100.0 240 6.56 135.8 +2.2 9%
DAE
¥ a.13 824 19.5 126.4
_ Zz 38.59 99.7 5.2 123.6 o
10027- GPRS-FDD (TDMWA, GMSK, TN 0-1-2) X | as7g a4d.E 21.5 4.80 123.0 1.7 %
DAR
L ¥ | 2024 .0 0.8 144.4
7z | =580 30.7 23.2 12370 |
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3} x 71.64 Q0.0 21.6 3.565 137.3 +1.9%
DAD
""" v [ 2772 | 996 | 220 125.8 _'
Zz £8.56 100.0 22.2 145.2
10032- IEEE 802.15.1 Blustocth {GFSK, DHE) X | 9745 96.8 17.8 1.16 127.3 1.7 %
CAA
Y | 7767 | 9en | de2 143.7
Z 95.05 95.9 18.8 130.7
10038- COMAZQOC (1xRTT, RG1Y x 4.76 66.5 18.9 457 149.0 20.9 %
CAB
Y 4.86 £7.6 19.3 143.4
z 4,61 656.1 18.6 128.4

Certificate No: ES3-3313_Mar14

Fage 4 of 14




ES3DV3

-SN:3318

warch 19, 2014

10081- | COMA2000 (1xRTT, RC3) "% 1 a9s 64 | ta6 | 397 [ 1428 | w09%
CAB
¥ 4.07 7.2 9.0 138.1
£ | 396 | 664 | 188 145.8 B
10088- [ UMTS-FDD {(HSUPA, Sublest 2) X 4.50 6.2 | 4183 | 398 | 1326 | 07%
CAB
Y 469 67.2 18.7 1296
]z 4 50 6.2 8.3 1256 ]
10100- | LTE-FDD (SC-FDMA, 100% RB, 20 ¥ [ 640 675 | 19.7 | 5.67 | 1391 | #1.4%
CAB MHz, QPSK)
¥ 6.44 67.6 19.6 135.6
e | 2| 849 57.9 20.0 R LA
10108- | LTE-FDD (SC-FDMA, 100% RB, 10 ¥ | 628 | B7O 165 san | 36E T 4%
CAB MHz, QPSK)
Y £.26 67.0 19.4 132.7
Z | _ 634 | B4 148 139.7
10110- LTE-FDD (SC-FDhA, 100% KB, 5 MHz, ¥ 5.4 BB.5 19.3 575 1334 2%
CAB QPSK)
Y 5.91 66.4 19.2 129.4
Z 6.02 665.8 19.5 136.8
10114~ [ IEEE 802.11n {HT Greenfield, 13.5 % | 1012 8.7 29 9 8.10 1250 [ 22%
CAA Mbps, BPSK)
Y .86 6B.1 207 1224
Z | 1028 9.2 2.5 129.8
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 1014 68.7 21,2 8.07 | 1281 | #1.9%
CAA BPSK)
¥ 0.83 £8.2 20.8 247 |
. _ _ | 1031 69.2 21,5 131.1
10151- | LTE-TDD {SC-FDMA, 50% RB, 20 MHz, | X 0.41 738 255 628 | 124.1 3.9 %
CAB QPSK)
Y 8.81 724 24.3 141.2
L S Z | 1035 76.3 26.6 130.6
10154- | LTE-FDD {SC-FDMA, 50% RB, 10MHz, | X | 5.4 66.4 19.3 575 | 1340 | #1.2%
GAB QPSK)
¥ | 593 665 | 102 1289
Z 6.03 66.9 19.6 137.4
10160- | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X | 6.39 67.0 19.5 582 | 139G | #1.2%
CAB QPSK) e
. ¥ B.38 67.1 19.5 134.5
Fi 6.47 B7.4 19.8 142.4
10169- | LTE-FDD {SC-FDMA, 1 RB, 20 MHz, X | 492 66.7 19.6 573 | 1472 | #1.2%
CAB QPSK)
Y | 4.87 66.9 19,7 1318
2| 502 87.0 9.3 141.0 i
10172- | LTE-TOD {SC-FDMA, 1 RB, 20 MHz, X 8.97 795 28.4 §21 1386 | *3.0%
CAB QPSK) B
Y | 693 73.1 24.9 126.3
Z | 1083 83.9 30.5 148.1° -
10175- | LTEFFDD (SC-FDMA, 1 RB, 10 MHz, X | 4.91 6G.G 19.6 572 | 1331 | £1.2%
CnB QPSK)
Y 4.88 65.9 19.7 180.2 B
Z 5.0 66.9 198 ] 140.4
10481- LTE-FCD (SC-FDMA, 1 RB, 15 MH=, X 4.90 G8.5 19,5 572 132.8 1.2 %
CAB QPSK)
Y 4.83 66.7 | 196 129.2
F 5.01 66.9 19.8 139.9

Conjficato No: E53-3318_Marl4
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10193- IEEE 802.11n {HT Greenfield, 6.5 Mbps, x 1012 €94 217 8,08 1430 2.5 %
CAA BPSK)
Y 9.89 65.8 212 1413
T Z 4.92 64,8 21.4 125.1
10196- |EEE 802.41n {HT Mixed, 5.5 Mbps, x 10.14 9.5 218 8.10 143.8 12.5%
CAA BPSK)
Y 9.91 65.9 213 143.5
o 7 9.90 £8.3 21.4 124.8
10218- IEEE 802.11n (HT Mixed, 7.2 Mbps, X | 1002 693 217 3.03 1430 | *25%
CAA BPSK)
Y | 984 | 689 21.2 143.7
z 9.79 687 214 124.3
10222- IEEE BO2.11n (HT Mixed, 15 Mbps, X | 10m 68.5 213 306 | 1228 | #22%
CAA BFSK)
Y | 9.8z 68.1 207 | ] 1e27
B Z | 1028 89.2 215 130.2
é'fB%* UMTS-FDD {HSFA+) X 7.03 67.2 196 5,97 1451 +1.4%
R A 67.G 19.7 145.9 o
| Fid 6.93 66.8 19.4 127.8
10237- LTE-TDD (SC-FDMA, 1 RE, 10 MHz. X q.06 80.0 287 9.21 135.3 +3.0 %
CAB QPSK)
Y 7.02 735 25.1 128.4
Z | 178 B4.4 30.8 148.7
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | x 9.88 767 27.0 924 1304 | +33%
CAB QPSK)
Y 8.18 716 24.0 131.0
I z 9.6 75.3 26.2 123.8 )
10267 - LTE-TDD [SC-FDMA, 100% RBE, 10 X | 1072 777 274 9.30 147.9 | +3.3%
CcAB MHz, QPSK)
Y 8.78 72.3 24.3 132.0
Z 10.44 78.5 26.7 130.7
10274- UMTSFDD {HSUPA, Sublest 5, 3GPP X 5.90 66,7 18.7 4.87 140.3 0.6 %
CAB Rei8.10y .. AR R
Y 6.08 67.5 19,4 138.5
z 6.00 67.1 19.0 148.5
1G275- UMTS-FDD {HSUPA, Subtest 5, 3GPF X 4.40 671 128 | a6 1472 10.9 %
CAB Reld.4}
Y 4.64 67.8 19.1 144.4
z 4.30 5.2 18.4 129.4 j
10291- CDMA20Q0, RC3, 8055, Full Rate X 62 B6.7 18.5 346 1376 | H7% |
AAD
Y 3.87 6.3 19.3 1356.0
Z 3.57 66,4 18.3 143.6
102a2. CDMAZ000, RC3, 8032, Fult Rale X 3.57 66.8 18.8 3.39 1421 +0.7 %
AAB
A 3.83 685 19.4 138.1 i
z a.58 66,9 186 | 144.4
10297- LTE-FDD (3C-FDMA, 56% RB, 20MHz, | % | 6.28 67.0 19.6 5.81 1363 | #12%
AAA QPSK)
Y B.26 G7.0 | 1vd 1317
z 634 | @73 19.8 138.8
16311 LTE-FDD {SC-FDMA, 100% RB, 15 X | &8s 57.8 200 508 1421 +1.4%
AAL MHz, QP3SK} s
i 584 | B7B 19.8 137.8
_ Z 6.94 68.0 20.2 144.8
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10315- |EEE 802.11b WiFi 2.4 GHz {DSS5, 1 x 2.81 68.5 18.6 1.74 147.2 0.5 % |
AAA Mbps, S6pc duty cyclo) o
- Y 3.61 73.2 20.8 147.8

z 271 &7.8 16.3 127 6
10403- CDMAZ000 (1xEV-DO, Rev. D) % 4.6 67.7 164 3.76 128.2 | 0.7 %
AAB

Y 521 70.6 198 | 149.8

Fd 458 67.2 18.3 1316
10404- | COMA2000 (1xEV-DD, Rev. A} X 463 681 18.7 377 12685 | 207 %
AAB i

Y 518 709 19.9 147 1

z 4.52 67.4 13.4 130.8

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

" The uncerainties of Norm, ¥ 2 do not alfect the Exfield uncertalnly inslde TSI {see Pages H and 9).

Mumetical insarization paramaeter Unfﬂﬂﬁimy nol required.
® Uncertaimy is delermined using the max. deviation from linear respanse applying rectangular distributiun and is expressed for the squara of tha
liald value.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Canductivity Depth® | Unct. |
f{MHz)® | Pormittivity™ | (sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 | 419 0.89 645 | 545 | 645 | 080 | 1145 | £12.0%
835 41.5 0.80 6.18 £.18 6.15 0.42 1.51 +12.0 %
1750 40Q.1 1.37 841 | 5N 541 1 074 | 118 | +12.0%
1900 | 400 1.40 5.33 5.33 533 | 080 | 120 | £120%
2450 39.2 180 4.69 4.69 4.69 077 1.37 +120%
2600 39.0 1.88 4.43 4.43 4.43 0.80 1.31 £12.0 %

“ Frequency validiy of £ 100 MHz anly applies far DASY vd.4 and higher (see Page 2), else iLis restricted to # 50 MHz. The unccrtainty is the RSS
af the CorvF uncertainty at calibration frequency aud the uncertainly for the indicated frequancy band.

F Al froguenciss below 3 GHz, the vaiidity of tissus paramels {2 and @) can be relaxed to £ 108 if liguid compensation formula is applied Lo
measured 3SAR values, At frequencies above 3 GHz, Lhe validily of tissue pararielers {c and ¢ is reslricted lo £ 5%. The uncerlainty is the R3S of
the CanvF uncertainty for indicated target tissue parametera.

® AlphatDepth are determined during calibration. SFEA warants that the remaining devialion due to the boundary effect after compensation is

always less than + 1% for frequencies below 3 GHz and below + 2% for fraquencies between 3-6 GHz at any distance larger than halt the probe fip
diagmeter from the boundary.

Certificate No: ES3-3318_Mari4 Fage & of 14
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Calibration Parameter Determined in Body Tissue Simulating Media

Retative Conductivity Depth® tnct,

FIMHZ)C | Permittivity” (Sfm)’ ConvFX | ComFY | ConwFZ | Alpha® | (mm) k=2)
750 55,5 0.96 8.16 8.16 6.16 0.39 1.68 $12.0%
835 55.2 D.97 5,12 612 | 612 | 039 | 174 | £12.0%
1750 53.4 1.49 480 | 480 480 | 050 | 157 | +12.0%
1800 53.3 152 460 | 460 460 | 055 | 156 | :12.0%
2450 B2.7 1.95 4.15 415 4,15 0.74 1.08 +£12.0 %
5500 525 216 | 398 3.98 398 | 066 | 096 | £12.0%

® Frequeney validity of £ 100 MHz only applies far DASY v4.4 and higher (see Page 2}, else it is restristed to + 50 MHz. Tha uncertainty is the RSS

of the ConvF uncertainty &t calibration frequency and 1he uncerlainty for ihe indicated frequency band.

f Al frequencies helow 3 (3Hz, the validity of tissue parameters (¢ and ) can be relaxed te + 10% if liguid compensalion formula is applied to
measured SAR values, At frequencies shove 3 GHz, 1he validily of fissue parameters (e and &) is restricted to £ 5%. [he uncerainty is the RSS of

the ConwF uncertainty for indicated target tissue paramsters.

° AlphafDepth are determined during calibration. SPEAG warrants that the remaining deviatinn due to the boundary efect affer cornpensation g
always lass than & 1% for frequencies beluw 3 Gliz and below £ 2% for iequencies hetween 3-6 GHz at any distance larger than half the probe tip
diametar from the boundary,

Certificatn No: ES3-3318_Mar14

Page 9 of 14




ESIDWVI- SN:3318 March 19, 2014

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: X 6.3% (k=2)
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Error [dB]

Receiving Pattern (¢), 3 =0°

=600 MHz, TEM f=1800 MHz, R22

Mardh 19, 2014
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SARyeaq)

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

f = 835 MHz, WGLS RS (H_convF)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) o -104.8
Mechanical Surface Detection Mode - ehabled
Oplica! Surface Detection Mode disabled
Probe Overall Length o h 337 mm
| Probe Body Diameter o ) 10 mm
Tip Length N 0 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
| Prabe Tip to Sensor Y Calibration Point - 2 mm
Probe Tip to Sensor Z Calibration Point ~ 2mm |
Recommendad Measurement Distance from Surface 3 mm
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Swiss Calibration Service

Accredited by the Swiss Accreditation Sarvice (SAS)
The Swiss Accraditation Service is one of the signatorios to the EA
Multilateral Agreement for the recagnition of calibration certificates

Client PC Test

Accraditation Ne.: SCS 108

Cortificate No: ES3-3319_Apr14

|CALIBRATION CERTIFICATE

Object ES2DV3 - SN:3319

Calibration procedure(s)

QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration date:

April 17, 2014

This calibration cerificate documents the traceability to national standards, which realize the physical unils of measurements (S1).
Tha measuremaents and the unceraintias with confidence probabilily are given on the following pages and ara part of the cedificate,

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity = 70%.

Calibration Equipment used (M&TE critical for calibration)

This calibralion certificate shall not ba reproduced excapt in full withaut wrillen approval of the laboratory.

Primary Slandards 1D Cal Date (Certificate No.) Scheduled Calibration

Power melar E44198 GB41293874 03-Apr-14 (No. 217-01911) Apr-15

Power sensor E4412A MY41498087 03-Apr-14 (No. 217-01811) Apr-15

Reference 3 dB Attanuator SN: §5054 (3c) 03-Apr-14 (No. 217-01915) Apr-15

Reference 20 dB Altenuator SN: 55277 (20x) 03-Apr-14 (No. 217-01818) Apr-15

Referanca 30 dB Altenuator SN: 55128 (30b) 03-Apr-14 (No. 217-01820) Apr-15

Referance Probe ES3DV2 SN: 3013 30-Dec-13 (No. ES3-3013_Dec13) Dec-14
| DAE4 SN: 660 13-Dec-13 (No, DAE4-660_Deci3) | Dec-14

Secondary Standards 1D Check Date (in house) Scheduled Check

RF generator HP 8848C US3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
| Natwork Analyzer HP B753E US37390585 18-Oct-01 (in house check Oct-13) In house check: Oct-14
- - ' O i

Nama Functlion Sighatur
Calibrated by: Claudio Leubler Laboratory Technician
Approved by: Katja Pokovic Technical Manager

e
et e—

Issued: April 21, 2014
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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).
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Probe ES3DV3

SN:3319

Manufactured:  January 10, 2012
Repaired: April 11, 2014
Calibrated: April 17, 2014

Calibrated for DASY/EASY Systems

(Note: non-cempalible with DASY2 systernl)
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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
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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- [EEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 285 68.5 18.8 179 1205 | 05%
AAA Mbps, 96pc 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 1375 | *05%
AAB

Y AT77 68.3 18.7 126.5

Z 4.77 68.1 18.8 128.1
10404- CDMA2000 (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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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

April 17, 2014

1.4-

Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22

- . " . &
135 ; . A | s, s 4
. 4% " o % ,,.i S . s
; ¥ = ¥ ¥ 1 N % B
r ¥ ; % A | A ;A A
/ g1 \
/ \ v !
| T . ‘ L] i* e ]’ | f 5 ! g s 1 '\
W ol " . | ' g 3 4 Wt
18 i o 0 [ e : - /
| 'r. ez, 04 QU' “ou i \ ". :';"ny‘ 04 08 ‘o r
f 3 } el ; | [ e ] ey |
\ | \ ‘ /
i i i { » [} 1 / ' ]
| X ! . ¥ 1
L S T R b A § ]
3 &= e / b . Pt
28 L 315 | ns 318
@ ¥
|
N l 7

Tel X Y Z Tot % Y z

H
H H H : H
: H H H
H i i H
H ' H : i

gt VA LA AL Tl froovivrenederanararsy drrrrimtrisrr s s i prsrrn e s T s s vy L T e ey TP ey
i i ¥ i
H H i H

|
i
:
i
.
|
:

- !
Ty A AR e T T S
[Co i A (] | e T I L | I T AR GF AT WP
-15“ -‘HLJO |dﬂ l%ﬂ

Roll []

-50 50
‘ID&H—I&: EOE#WIH:: 1Bd'ﬂ;de QSHH!

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR;.caq)

(TEM cell , f,ya= 1900 MHz)

1081
105—,';
10°-
R
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®]
not campenzated compensalod

Uncerlainty of Linearity Assessmant: X 0.6% (k=2)
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Conversion Factor Assessment

f= 835 MHz, WGLS R9 (H_convF) f= 1900 MHz, WGLS R22 (H_convF)
40
0
a8
L
14 'l‘.. i
= 8\ 9
£ X E ;
%:o N g 3 \
i8] I 4
10 e
0 b -
o8 k ) i H .
Qul i e Ay — i ¥ .-‘ L e S T RS S SR R ] ,4”.“::1: 'I.-f
10 il 30 40 50 [=a) ) J 10 1% 20 % 20 35 40
& fmm] z [mm]
In#al ﬂlﬁ{dﬂ anabdcal e ayed

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

1.0 -08 -06 -04 -02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (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
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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

AB,CD modulation dependent linearization parameters

Potarization ¢ ¢ rotation around probe axis

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

Connector Angle mformatlon 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 polarizatlon 9 =0 (f 900 MHz in TEM-ceil; f > 1800 MHz: R22 wavegwde)
NCRMx,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}.

NORM(flx,v.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

Ax,y.z; Bx,y,z; Cx,v,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 (alpha, depth} of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close fo 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 fo £ 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).
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Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system?)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3920

Basic Calibration Parameters

Sansor X Sansar Y Seansor 2 Unc (k=2}
Norm (u\A(vim) )" 0.34 0.50 0.49 +101% _
DCP {mV)° 102.9 99.5 8.3 | )
Modulation Calibration Parameters
uiD Communication System Name A B [ O VR Unc"
dB dBvVpy dB my {k=2)
o cw x 0.0 0.0 10 000 | 1825 | +2.7%
Y 0.0 | 00 1.0 164.9
z 0.0 0.0 1.0 1630
10010- SAR Validation (Square, 100ms, 10ms) X 0.76 538 6.5 10.00 44 1 +2.2°%,
CAA
Y 233 | 628 11.4 437
z 1.15 55.6 7.5 53.0
10011- | UMTS-FDD {WCDMA} X | 236 66.5 175 29t | 1424 | #05%
Y 3,15 65.0 16.7 131.4
z 3.26 66.0 7.7 129 6
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 % 250 66.4 16.9 1867 | 1381 | +05% |
CAA Mbps) ) .
I Y 2.56 5.1 18.2 130.7
z 2,72 66.6 17.2 1214
10021- | GSM-FOD (TDMA, GMSK) X 2.06 624 11.7 9.39 097 +1.9%
Y 2.43 86.1 141 947
z 2.80 609 | 161 21.8
10023- | GPRS-FDD (TDMA, GMSK, TN 0} X | 1.84 62.4 t13 | 957 | 951 +1.0%
DAA
¥ 2,341 64.8 13.1 a1l
z 2.98 70.4 64 | 117.0
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X 2.19 67.1 12.2 656 | 140 +1.4 %
DAA
B ¥ 235 67.0 12.9 134.0
z 345 73.5 16.1 131.4 -
10027- GPRS-FOD (TDMA, GMSK, TN 0-1-2) X 1.18 51.7 8.5 430 [ 1218 | H12%
DAA o
Y 1.57 634 10.0 116.0
z 157 65.5 11.0 10,2
10028- GPRS-FOD (TDMA, GMSK, TN 0-1-2-3) | x 380 74.5 13.3 355 | 1303 | #09%
DAA
Y 4.00 0.5 8.0 123.9
z 158 66,1 11.1 118.0 ]
10032- IEEE 802.15.1 Bluatoath (GFSK, DHE) X 0.18 552 3.4 118 | 1118 | 07 %
CAA
Yy 0.4 57.4 4.4 1436
z 0.40 59.2 5.7 | 1368
10039- | COMAZ000 {TxRTT, RCT) X | 449 659 | 8.1 | 467 | 1218 | 209%
CAA . _
o Y | 457 65.1 175 123.0
z 4,66 65.9 18.3 1188 -
10062- IEEE 802.11a/h WIFI 5 GHz (OFDIM, & x | 1009 £8.6 2.3 868 1 1265 | 125%
CAA Mbps)
y | 1041 68.5 21.1 1219
Z | 1042 53.3 21.3 115.8

Carlificate Ma: EX3-3920 Dec1d
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100986" UMTS-FDD (HSUPA, Sublest 2) X 464 66.6 18.1 3987 ] 1446 | 0.7% |
CAA
¥ | 454 65.4 17.4 133.9
. o £ 4.60 85.1 18.0 S 128.0
10100 LTE-FDD {SE-FOMA, 100% RB, 20 X 6.00 B5.5 183 | 887 | 1042 | 214%
CAB MHz, OPSK)
Y | 8.44 6.7 18.8 138.2
. 7 8.54 67.4 18.4 1247
10108- | LTE-FDD {SC-FDMA, 100% RE, 10 X | 8.37 67.0 1g2 | 580 | 1490 | 114%
CAB MHz, GPSK)
Y | 840 665 13.8 141.2
L z 6.40 660 | 194 1321
10114- 7| LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | X | 586 | 683 | 189 | 5756 | 1423 | x14%
CAB QPSK)
Y | 8.05 £6.1 18.7 13686
e | & 8.03 §6.3 191 [ 126.2
10144- | EEE 802.11n (HT Groenficld, 13.5 % | 10.28 68.7 20.9 810 | 1373 | 25%
CAA Mbps, BPSK)
v | 1032 88.5 20.7 131.3
2 | 1024 B5&.5 20.9 1245
10147- | EEE 802.11n (HT Mixed, 13.5 Mbps, % | 10.29 BA.6 20.0 807 | 1385 | 125%
CAA BP3K)
Y Io10.3d 68.6 208 131.@
Z [ 1028 B4.5 20.9 1255 |
10187- [ LTE-TDD (SC-FDMA, 50% RB, 20 MHz | X 7.20 B7.5 218 928 | 1188 | 2.2%
CAB QP3K)
Y 7.59 7.9 216 187
pa 778 | 6.2 227 110.7
10164- | LTE-FDD (SC-FDMA, 50% RB, 10 MHz=, | X 5498 B6.4 18.9 575 | 1427 | #1.2%
CAB GQPSK) .
Y 5.97 65.7 18.4 132.7 |
Z 6.06 B4 19.1 128.8 ]
10160~ LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X | 6.41 66.8 19.1 5.82 147.7 +1.4 %
CAB QPSK}
Y 6.48 66.5 | 188 137.3
z £.53 67.0 19.4 134.8
10169- | LTE-FDD (SC-FOMA, 1RB, 20 MHz, | x | 4.59 65.5 15.6 573 | 1203 | #1.2%
CAB QPSK) )
Y | 476 5.0 18.2 113.9
. z 4.82 66.6 18.9 112.0
10172~ LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 577 9.3 22.7 8,21 128.1 4%
CAB QPSK) o
¥ | K4S 60.3 22.8 123.8
o z 6.22 70.3 236 120.8
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X | 462 65.6 10.7 572 | 1202 | 0.8%
CAB GPSK)
Y 4.75 5.0 18.2 1135 [
S rd 4.80 65.6 18.8 110.7
10181- LTE-FDD {3C-FDM&, 1 RB, 16 MHz, X 4.57 65.4 166 | 572 | 1189 | 9%
CAB QPSK) ]
Y 4.72 §4.8 18.1 113.4
z 4.81 65.5 18.8 110.4
10193- | IEEE 802.11n (HT Greenfield, 6.5 Mbps, | X | 977 | 683 208 | 8.0 | 1281 | #25%
CAA BPSK)
Y g.84 | &7.9 20.5 117.1
Z | s&0 68.1 20.8 116.6 _
101 965- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 978 g8.4 20.5 0.140 128 4 +2.5 %
CAA BPSK) L
Y 9,86 68,0 205 120.3
Z 9.82 68.1 20.9 1191

Certificate No: EX3-3920_Lectd
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EX3DWv4— SM:3520 December 18, 2013

10219~ | IEEE 802.11n {HT Mixed, 7 2 Mbps, X 9.70 854 208 | 803 1260 | +25%
CAA | BPSK
Y | 979 | 680 | 205 | 119.6
Z 59.72 66.1 20.8 | 8T
10222- IEEE BG2.11n (HT Mixad, 15 Mbps, X | 10.27 538 20.9 808 | 1370 | #25%
CAL BPSK) ~
Y | 1048 | 683 | 206 | 1252
1 Z | 10.20 G8.5 20.9 124.8
10225- UMTS-FDD (HSPA*) X 6.64 6.1 18.7 597 | 1088 | #.4%
CAL
_______ | 723 7.1 18.1 14849
B Zz 7.31 67.7 19.7 146.5
10237- LTE-TDD {SC-FOCMA, 1 RB, 10 MHz, % 5.82 506 230 921 1302 | +1.89%
CAB QAPSK) U
o Y | 614 9.2 22.8 123.9
z 6.25 70.4 23.7 122.2
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | x B.85 87.5 21.7 924 | 1129 | =22%
Y | 754 69.0 224 1492
R Z 7.80 705 23.7 1473 [
10287- LTE-TDD {SC-FOMA, 100% RB, 10 % 7.23 67.6 2.6 9.30 1183 | #22% |
CAB MHz, GPSK) ‘
Y I 186 | 877 2.5 1115
_ z 7.7¢ 69.2 22.7 109.6
10274- UMTS-FDD (HSUPA, Subtest 5, 3GPP x 564 85.9 181 4.87 1065 | +12%
CAL Ral8.10) -
o Y .04 86.4 8.2 142.8
rd .09 68.9 18.7 1384
10275- UMTS-FDD (HSUPA, Sublast 5, 3GPP X 4.42 GB.3 18.1 306 1358 | 0.7 %
GAA Rals.4) o
Y 4.26 B5.0 17.43 119.3
z 4.40 65.9 18.0 1204
;ﬁa“l- CDMAZODD, RC3, SO55, Full Rate | X 3682 BE.7 16.1 3.46 1236 | 207 %
Y 3.38 B4.3 16.7 1125
z 3.59 66.0 17.9 114.3
l{ﬁ)@ CDMA200D, RC3, 8032, Full Rata X 1 346 66.0 17,7 339 | 1273 | #05%
_ Y 3.35 64.5 16.8 1137
Z 3.50 B5.7 17.7 1154
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 5.35 665 | 19.2 5.81 1457 | +1.2%
AAA I e
¥ 5.26 66.1 18.7 128.2
Z 642 G7.0 19.4 131.3
10311- LTE-FDD (SC-FDMA, 100% R, 15 % 645 850 | 187 6.08 1037 | +1.7%
ARA Mz, QPSK) _
¥ 6.90 66.9 191 137.2
Z 7.04 67.7 19.8 137.5
10315- | IEEE 802.11% WiFi 2.4 3Hz (D835, 1 x| 285 | 878 477 1.71 [ 1356 | #05%
AdA MEps, 98pc duty cycle) _
Y | 245 64.7 18.0 1214
z 2.75 67.3 17.6 1221
10317- |EEE 802.11a WiFi 5 GHz (OFDM, 6 x 5903 68.5 4.0 2.36 1281 | 2.7 %
| AAA Mbps, 96pc duty eycle} |
Y ] 1002 68.1 20.7 147.49
- Z | 1001 68.3 244 | 119.4
10400- IEEE 802.11ac WIFI (20MMHz, 64-GiAM, ¥ | 1oog A8.0 21.2 8.37 13489 | +25%
AAR H49pe duty cyclc) _ o
Y | 1018 68.3 208 119.8
Z | 10414 B8.5 21.2 1210

Cortificate Mo: EX3-3920_Dec13 Page 6 of 14
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Decamber 18, 2013

10402- [ IEEE 802.11ac WiFi {BOMHz, 64-QAM, X | 11.1B 88 | 215 853 | 41t | 27 %
AAA g9nc duty cyclel .

Y | 1079 68.6 20.8 126.5

Z P 1ar 696 | 216 1314
10403- | COMA2000 (1xEV-DO, Rev. 0) X 483 69,6 18.9 376 | 1396 | 5%
AAA

Y | 470 67.4 17.6 1281 |

z 4.90 65.4 18,6 127.8
10404- | CDMAZ0G0 {1XEV-DO, Rev. A} X | 473 69.5 189 | .77 | 1348 | #06%
AAA

Y | 482 67.1 17.7 124.9

Z | as7 87.7_ | 184 125.9

The reported uncerlainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution correspends to a coverage

probability of approximately 95%.

* The uncertainties of NormX,Y,Z do not affect the E*-fisld uncertainty inside | 5L (s2e Pages 8 and 9).

B Mumerical linearization parameter: uncerainty not nequired.
F Uncertainly is determined using the max, deviation from fingar respnnse applying reclangutar disbibution and is expressed for the square of the
field value.

Cemificate No: EX3-3920_Dect3
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EX3DVd— SN:3820

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3920

Calibration Parameter Determined in Head Tissue Simulating Media

December 18, 2013

Relative | Conductivity Depth® Unct.

F{MHz)® | Permittivity" (Stm)© ConvE X | ComnwFY | ConvFZ | Alpha® | {mm} k=2) )
750 41.9 0.89 10.05 10.06 | 10,05 0.27 1.13 +12.0%
834 41.5 0.20 0.69 9.60 9.69 | os0 0.76 +12.0%
1780 40.1 1.537 7.91 .91 7.81 072 | 082 £12.0%
18900 44.0 1.40 7.70 7.70 7.70 077 (.61 +12.0%
2450 3a.2 1.80 £.98 6.98 .98 0.37 0.86 £12.0%
2600 39.0 - 1.96 6.74 5.74 6.74 034 | 097 £12.0%
5200 36.0 4.66 4.87 487 4.87 0.40 1.80 £13.1%
5300 | 359 4.76 4.66 4,66 4,66 0.40 1.80 | £131%
5500 35.6 4,96 4.54 4.54 4.54 0.40 1.80 +13.1 %
| 5600 35.5 a.07 4.37 4.37 4.37 040 | 1.80 £ 131 %
5800 35.3 5.27 411 4.11 4.11 0.50 1.60 £131 %

© Frequency walidty of + 100 MHz only applies for DASY v4.4 and higher {s2e Page 2), elso it is reshicted to + 50 MHz. The uncertainty is the RSS5

of the ConvF uncertainty at calibration frequenuy and the uncertainty for the indicaled frequency band.

* At frequencics below 3 GHz, the validity of tissue paramelers (s and a) can be relaxed to £ 10% if iyuid compensalion formula s applied to
measured SAR values. At frequencies above 3 GH., the validity of tissue parameters (e and o) is restricted to & 5%. The uncerainty is the RSS of

lhe ConvF uncertainty for indicated targel tissue parameters.

¢ AlphaiDepth arc determined duding calibration. SPEAG warranis that Ihe remaining deviation due Lo the boundary offect after compensation is
aliways less than + 19 tor frequencias telow 3 GHz and below + 2% for frequencies between 3-f GHz al any distunce larger than half the probe tip
diametar from the boundary.

Cerificate No: EX3-3920 Dec13
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EX3DV4- BN:3920

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3920

Calibration Parameter Determined in Body Tissue Simulating Media

Decamber 18, 2013

Relative | Conductivity Depth ® Unct.
f(MHz) ¢ | Permittivity" {Sim) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2) |
750 55.5 0.06 954 | 9.54 9.54 032 | 107 | £12.0%
835 85.2 0.97 9.47 9.47 9.47 0.45 0.85 *12.0%
1750 53.4 149 | 777 7.77 737 0.59 0.74 £12.0%
1300 53.3 1.62 7.50 7.50 7.50 Q.37 0.91 120 %
| 2450 52.7 1.95 7.18 7.18 7.18 0.80 {.56 +12.0 %
2600 52.5 2.18 5.91 6.91 6.91 0.80 0.57 +12.0 %
5200 49.0 5.30 4.23 4.23 4,23 0.50 1.90 +13.1%
5300 48.9 542 411 4.11 4.11 0.56 1.80 +13.1 %
55600 48.6 5.85 3.80 3.80 3.80 0.50 1.90 +13.1 %
5600 485 5.77 3.62 3.62 3.62 0.50 | 1.90 +13.1%
5800 48.2 §.00 4.00 4.00 ~4.00 050 i 1.90 +13.1%

% Fraquency validity of £ 100 MHz orily applies for DASY v4.4 and higher (see Puge 2}, else i isrestrictad to + 50 Ml 1z. The uncerlainty is the RS2

of the ConvF uncertginty st calibration frequency and the uncertainly for the Indiceted frequency band.

F At frequencies beiow 3 GHz, the validity of ssuc parameters (€ and o} can be elaxed to £ 10% if liquid compensation formuls is applied to

measured SAR valucs. Al frequencies abova 3 GHz, the validity of tissue parameters (z and o) is restricted 1o + 5%. The uncerainty Is the RSS of
the ConvF uncersinty for indicaicd taryet tissue parametears.
% Alpha/Depth are deternmined during calibration. SPEAL warrants 1hal Lhe remnaining deviation due to the brundary elfect aftar compensation is
always less than = 1% for frequencies below 3 GHz and below * 2% for frequencies between 3-8 GHy al any distarce larger than half the probe tip
diameter from the baundary.

Centificate Mo: EX3-3820 Dec13
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EX3Dv4— 5M:3920 December 18, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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EX3DV4- SM:3920

Deccember 18, 2013

Receiving Pattern (¢), 3 = 0°
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f=1800 MHz,R22
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Uncertainty of Axial Isofropy Assessment: £ 0.5% (k=2)

Cortificato No: EX3-3920 Dec1d

Page 11 of 14




EX3DV4- SN:3920 December 18, 20413

Dynamic Range f(SARncad)
(TEM cell , f = 900 MHz)
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Uncerlainty of Linearity Assessment: £ D.6% (k=2}
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Cedificate No: EX3-3920_Dec13

f= 835 MHz WGLS RO (H_convF)

December 18, 2013

Conversion Factor Assessment

f= 1800 MMz, WGLS R22 (H_convF)
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Deviation from isotropy in Liquid
Error (¢, 3), f = 900 MHz
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Deviation
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-0.4
Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)

-1.0 -0.8 -0.6
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Dacember 18, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3920

Other Probe Parameiers

Sensar Arrangement Triangular
“Connector Angle () 224
Mechanical Surface Deiection Mode enabled
Optical Surface Getection Mode . disabled
| Prabe Overali Length 337 mm |
Probe Body Diameter | 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm !
Probe Tip to Senscr X Calibration Point Tmm |
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Paint 1 mm
Recommended Measurement Distance from Surface 2 mm

Certificate No: EX3-3920_Dec13 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):

H H ' 1/2
J2we g, ¢bpbpn exp[—ja)r(,uge ) ]
Y =120 cos¢g’ 0or07 Jddg'dp'do
2 JaJaldo
In(b/a r
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

=1

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz2) 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 3L 44.92 2044 26.7
HEC See page 1 1
Nacl 2.3 See page 2 1.45 0.94 04 02 0.18 0.39 See page 4 01 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: ZNFLS996 SAR EVALUATION REPORT @ LG
Quality Manager
Test Dates: DUT Type: APPENDIX D:
10/20/14 - 10/28/14 Portable Handset Page 10of 5
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

H.O Water, 35— 58%
Sucrose Sugar, white, refined, 40 — 60%
NaCl Sodium Chloride, 0 — 6%

Hydroxyethyl-cellulose  Medium Viscosity (CAS# 9004-62-0), <0.3%

Preventol-D7 Preservative: aqueous preparation, (CAS# 55965-84-9), containing
5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H)-isothiazolone,

0.1-0.7%

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

Item Narme Body Tissue Simulating Liquid (MSL750V2)
Product No. SL AAM 075 AA (Charge: 130313-1)
Manufaciurer SPEAG -

..

Measurement Method

|TSL dielectric paramsters measured using calibrated OCP probe.

Setup Validation .
[Validation results were within + 2.5% towards the target values of Mathancl,

Target Parameters

[Target parameters as defined in the [EEE 1526 and IEC 62203 compliance standards.

Test Condition

Ambient Erwvironmant temparatur (22 + 3)°C and humidity = 70%.
TSL Temperature 22°C

Test Date 13-Mar-13

Operator IEN

Additional Information

TSL Density 1.212 glem”®
TSL Heat-capacity 3008 kJika"K)

Maasurad |TEEel |Dirf.1o Ta% F%F
1 [MHz] | HP-¢' | HP-g" |si 5 sigma A-slgma "
800 | 575 2464|082 | 561 o085 | 2s 38 >
BOS | E7.2 | 2434 | 0B84 | 880 o085 | 24 1.4 ﬁ
650 | 57.0 | 2390|067 | 559 o0se | 18 8.2 E
675 | 567 (2269|089 | 558 o@e | 168 74 &
700 | 564 |=aza| 0w | 557 085 | 12 e ]
725 | 662 |2318| 093|556 0o8 | 10 28 :
yse [ssg aidr| e | 555 nee| ey o Tl o
775 | 557 | 2278 | 008 | 854 087 | Gd 17 B00 850 700 ?:iqu:nongio 800 850 muo_
80D | 554 (2260|004 | 553 097 | 04 490

B25 | 552 | ZE4d f 03| 552 088 | 02 53

038 | 650 | 2256 104 | BR2 088 0.8 55

GO0 | S48 | ZECS (10| G20 163 10 a1
925 | 542 | 2183|113 | 680 108 1.3 B2
G060 | B40 2182145 ) 543 108 4.7 T
975 | 538 (274 (148 f 545 1.08 2.0 as

850 | 643 | 2226 1.05 | 552 088 [ -04 66 10.0 T .
875 | 54.7 | 2218|108 | 8551 102 | 07 58 L e A/
5.0

Duav. Gonductivity %
k=1
o
\

1000 | 586 [ Z1EE| 1210 548 440 2.3 &7

5.0
75 /
=100

GO0 B850 OO 7RO 80O BSO
Fraquency MHz

00 950 1000

Figure D-2
750MHz Body Tissue Equivalent Matter
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Measurement Certificate / Material Test

750MHz Head Tissue Equivalent Matter

Item Mame Head Tissue Simulating Liquid {HSL750V2)
Product Mo, SL AAH 075 AA [Charge: 130312-4)
Marufacturer SPEAG -
Measurement Method
[TSL dielectric parameters measurad using calibrated DCP probe. |
Selup Validation .
[Validation results ware within = 2.5% towards the largel values of Meihanal. |
Target Parameters
[Target parameters as defined in the IEEE 1528 and IEC 62208 compliance standards. |
Test Condition
Ambient Environment temparatur (22 + 3}°C and humidity < 70%,
T3L Temperature 22°C
Test Dale 13-Mar-13
Operator IEN
Additional Information
TSL Density 1.284 glom™
T5L Heat-capacity 2.701 kJikg*K)
[Measured [Target Diff 4o Target [%] | T
|1 [Hz]| HP-e' | HP-e"[sigmal eps _sigmal Aeps __ A-sigma "
600 | 446 |2325|ora] 427 oms | a3 A0 =
625 | 442 | 2300 | 080 | 426 088 | 3.8 a5 &
850 | 438 | 2276|082 | 425 08 | 3.2 71 E
a75 | 434 |2250) o4 | 423 080 | 26 4.9 i
To0 | 431 f2224{ 087 [ 422 080 | 24 2.8 i
725 427 | 2206 ) 083 | 421 D88 1.6 4.2 -
_rs0 | s fovee oo aie eme ] wiT Ea -
iTh 421 (2172 ) 084 | 418 080 0.6 4.6 f00 &0 70 ?ifequ:r-u:ym:in 09 550 1WD.
BOO | 417 (2155|086 17 080 | o1 69 —
825 | 414 | 2140 008 18 o091 | -na4 83
atehy 413 [ME2 | oon | S5 08 0.8 a0
850 | 411 | :.24] 100 | 415 oS2 | 0.0 D T -
875 | 208 [21.41] 103 | 415 o084 | -15 90 # 754 /v
900 | a0 2098 | 105 | 415 oo7 | 24 83 £ 5+
925 | 403 | 2087 [ 107 | 415 o088 | 20 ¥ E g“g} o
550 | 400 | 2078 110 414 0gn | as 10.3 5 s
975 | 397 |2086| 142 14 100 | -0 1156 S 504
1000 | 305 | 2057|144 413 101 | 45 a7 & 3
i -100 —
G B850 TOD  TSD ADD  BSD 500 850 1000
Frequency MHz
Figure D-3
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2 Composition / Information on ingredients
The ltem 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. 203-961-6, 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.

Measurement Certificate / Material Test

Itam Mams
Product Mo,
Marulaciurer

Maasurement Methaod
|TSL diehectric paramatars measured wsing calibraied OGP probea, ]

Head Tisswe Simulating Liguid (HSL245002)
SL A 245 F!A;Eharga: 130212-2)
SPEAG ’

Setup Validation
Walidation results were wilhin = 2 5% towards the fargel valies of Methancl. |

Targel Parameters
[Target parameters as defined in the IEEE 1528 and IEC 62208 compliance slandards ]

Test Condition
Amibient Envirenmenl temparatur (22 + 37°C and humidity < 705,
TSL Temperature 23°C

Test Date 13-Feb-13
‘DIparator [u]]
Additional Infc i
TSL Density 0,988 glom’
TSL Heat-capacity 3,680 kikgK}

Measured Targal Do Target 5] | |
|1 ]| #P-e | 0o [aigma] eps sigmal A-eps  a-sigma - “;’: — — — —
1900 | 404 [tz o0 ran] 12 a9 E o
1 | 403 | raoe| ves | o0 140 | 07 &0 £ ool i
1asg | 402 | 8291 ) 031 [ son 140 | oS £32 5 on
1975 | 404 | 2z0) 134 [ son 140 | a2 48 ﬂ,\
2000 | 400 | 12:2%) 147 [ 400 1an | a0 23 L t
S | 200 | i3k 180 | 400 142 | 0 A5 -ra |
il Bl it il Bl BB 00 200 210 20 200 20 2w P00 2700
2075 | &k | 1asr] das | aas 147 | -0 A4 Frogumney WHE :
EILCN JE TN REE R T R BT —
iz | ma [ zm | us | see 1m0 | 0e 04
w10 | ma | 1zee| ues | #av 18| a0 o — — —
oivs | me |1zee| 16s | @y 156 | a2 a3 R — S
2200 | 280 1267|969 | 808 158 | a3 a8 & TS5+ |
2225 | 320 [13.04 | 161 | 308 180 | as a4 § 507
2260 | 38 |13t | 1es | 308 1ex| a7 a2 é e //—=_
2275 | 3EA | 13.20) 167 | 305 184 | 16 10 5 954 |
2300 | a7 [1am| e s 1s7| 2 T Y snd
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

Water 50 — 65%
Mineral oil 10 - 30%
Emulsifiers 8-25%

Sodium salt 0-1.5%

Figure D-6
Composition of 5 GHz Head Tissue Equivalent Matter

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.

Measurement Certificate / Material Test

Item Mame Hood Tissue Simulating Liguid (HBBLIS00-5800V5)
Product No SL AAH 502 AC [Charge: 130903-1)
Manufasures SPEAG

Measurement Method
[T5L selectric pararmeters measured wsing calitrated OGP probe.

Setup Validation
[Wrabdaton results ware wihin = 2.5% towards the target yales of Methanol |

Targel Parameters
|Target parametes as defined n the IEEE 1528 and IEC Bee0d compliance slardards

Test Condition

[Ambiant Emvronment temparatur (22 = 3)°C and humidity < 70%
TSL Temporatere 22°C

Test Date 4-5ep-13

Operator IEM

Additional Information
TSL Dengity 0.985 glem’
TSL Heat-capacity 3.383 kl'{kg K}
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Figure D-7
5GHz Head Tissue Equivalent Matter
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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
PR COND. PERM. CW VALIDATION MOD. VALIDATION
SIOIEN IEI\R/IIIi(z:’] Du= PRSONBE PTRY(I):’?EE IFRCIELE @AL, [FOINTT SENSI- PROBE PROBE MOD. TYPE DUTY PAR
& © &) TIvITY LINEARITY ISOTROPY : FACTOR
B 750 9/16/2014 3318 ES3DV3 750 Head 0.932 41.82 PASS PASS PASS N/A N/A N/A
| 835 6/10/2014 3209 ES3DV3 835 Head 0.918 42.48 PASS PASS PASS GMSK PASS N/A
C 835 9/15/2014 3213 ES3DV3 835 Head 0.940 42.21 PASS PASS PASS GMSK PASS N/A
J 1750 9/23/2014 3022 ES3DV2 1750 Head 1.345 39.15 PASS PASS PASS N/A N/A N/A
J 1900 9/8/2014 3022 ES3DV2 1900 Head 1.457 39.72 PASS PASS PASS GMSK PASS N/A
G 2450 3/6/2014 3258 ES3DV3 | 2450 Head 1.736 38.36 PASS PASS PASS OFDM N/A PASS
G 2600 3/6/2014 3258 ES3DV3 2600 Head 1.893 37.87 PASS PASS PASS TDD PASS N/A
A 5200 9/24/2014 3920 EX3DV4 5200 Head 4.690 35.09 PASS PASS PASS OFDM N/A PASS
A 5300 9/24/2014 3920 EX3DV4 5300 Head 4.802 34.78 PASS PASS PASS OFDM N/A PASS
A 5500 9/24/2014 3920 EX3DV4 5500 Head 5.039 34.37 PASS PASS PASS OFDM N/A PASS
A 5600 9/24/2014 3920 EX3DV4 5600 Head 5.169 34.16 PASS PASS PASS OFDM N/A PASS
A 5800 9/24/2014 3920 EX3DV4 5800 Head 5.385 33.72 PASS PASS PASS OFDM N/A PASS
D 750 10/20/2014 3263 ES3DV3 750 Body 0.971 55.55 PASS PASS PASS N/A N/A N/A
C 835 9/10/2014 3213 ES3DV3 835 Body 0.973 53.81 PASS PASS PASS GMSK PASS N/A
J 1750 9/26/2014 3022 ES3DV2 1750 Body 1.471 51.49 PASS PASS PASS N/A N/A N/A
H 1900 7/10/2014 3319 ES3DV3 1900 Body 1.562 53.41 PASS PASS PASS GMSK PASS N/A
B 2450 10/20/2014 3318 ES3DV3 2450 Body 2.039 50.74 PASS PASS PASS OFDM N/A PASS
K 2600 10/14/2014 3288 ES3DV3 2600 Body 2.235 52.38 PASS PASS PASS TDD PASS N/A
A 5200 9/15/2014 3920 EX3DV4 5200 Body 5.404 47.69 PASS PASS PASS OFDM N/A PASS
A 5300 9/15/2014 3920 EX3DV4 5300 Body 5.542 47.51 PASS PASS PASS OFDM N/A PASS
A 5600 9/15/2014 3920 EX3DV4 5600 Body 5.948 47.06 PASS PASS PASS OFDM N/A PASS
A 5800 9/15/2014 3920 EX3DV4 5800 Body 6.220 46.75 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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