DASYS5 Validation Report for Head TSL

Date: 14.04.2015
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; ¢ = 1.37 S/m; &, = 38.6; p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

= Probe: ES3DV3 - SN3205; ConvF(5, 5, 5); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

L]

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOO00OP50AA; Serial: 1001

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 98.18 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR( g) = 9.93 W/kg; SAR(10 g) = 5.2 W/kg

Maximum value of SAR (measured) = 12.5 Wikg

0dB =125 W/kg = 10.97 dBW/kg
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Impedance Measurement Plot for Head TSL

CHD 14 U F5

1z S3PLE o

e

4.5664 & 382.51 pH

14 Apr Z@15 13:39:53
1966.880 850 MHx

Firt
159

Hld

CHZ 211 LOG

3 48/ REF -28 dB

1:-25.587 dB 1 908,096 GO MHz
1

Ca

/,_ﬁ—'—‘

1Y

A
163

e
A

A\

Hld -

i

START 1 700008 A2 MHe

S3TO0P 2 100,888 BOA MMz

Certificate No: D1900V2-5d141_Apri5

Page 6 of 8



DASYS5 Validation Report for Body TSL

Date: 14.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V?2 - SN:5d141

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

Medium parameters used: f= 1900 MHz; ¢ = 1.5 S/m; g = 52.8; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:

 Probe: ES3DV3 - SN3205; ConvF(4.63, 4.65, 4.65); Calibrated: 30.12.2014-

2

L

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 95.73 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 16.9 W/kg

SAR(1 g) = 9.94 W/kg; SAR(10 g) = 5.29 Wikg

Maximum value of SAR (measured) = 12.5 Wikg

0dB =12.5 W/kg = 10.97 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client PC Test

Cerdiicaté sz D750V 31054 Mar1B::

CALIBRATION CERTIFICATE

O D750V3-SN:1054

Calibration procedure(s) QA CAL-05.v9 ' Lt B . ;
Callbratlon?procedu e for dlpole ahda‘tlon klts above 700 MHz

-

Calibration date: March 16, 201 6 e

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE eritical for calibration)

Primary Standards D # Cal Date {Certificate No.) Scheduled Calibration

Power meter EPM-442A GB37480704 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A US37202783 07-Cct-15 (No. 217-02222) Oct-18

Power sensor HP 8481A MY41092317 07-Oct=15 (No. 217-02223) Qct-186

Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No, 217-02134) Mar-16

Reference Probe EX3DV4 SN: 7349 31-Dec-15 (No. £EX3-7345_Dec15) Dec-16

DAE4 SN: 601 30-Dec-15 (No. DAE4-601_Dec15) Dec-16

Secondary Standards ID # Check Date (in house) Scheduled Check

RF generator R&S SMT-06 100972 15-Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzer HP 8753E U837390585 54206 18-Cct-01 {in house check Oct-15) In house check; Oct-16
Name Function Slgnature

Calibrated by: Jeton Kastrati' - - * Laboratory Technician . :

L

Approved by: Katja Pokovic iy TechmcalManager 2

Issued: March 16, 2016

L,

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simutating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

¢ 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.

»  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: D750V3-1054_Mar16 Page 2 of 8




Measurement Conditions

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

DASY Version

DASY5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipoie Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 2207°C 41,9 0.89 mho/m
Measured Head TSL parameters (22.0+0.2) °C 419+6 % 0.91 mho/m+6 %
Head TSl temperature change during test < 0BG - -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.09 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

8.22 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.37 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

5.41 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 55.5 0.96 mho/m
Measured Body TSL parameters (22.002)°C 54.7 +6 % 0.98 mho/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 2.18 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

8,56 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.44 W/kg

SAR for nominal Body TSL parameters

normalized fo 1W

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

Certificate No: D750V3-1054_Mart6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 542Q-09jQ

Return Loss -27.7 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 501 0-23jQ

Return Loss -32.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.035 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.

Neo 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 November 08, 2011
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DASYS Validation Report for Head TSL

Date: 16.03.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1054

Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: f =750 MHz; 6 = 0.91 S/m; & = 41.9; p = 1000 kg/m’
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

¢ Probe: EX3DV4 - SN7349; ConvF(10.28, 10.28, 10.28); Calibrated: 31.12.2015;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

L]

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantorn Type: QDO00P49AA

DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 58.13 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.14 W/kg

SAR(1 g) = 2.09 W/kg; SAR(10 g) =1.37 W/kg

Maximum value of SAR (measured) = 2.78 W/kg

-4.00
-6.00

-8.00

-10.00

0dB =2.78 W/kg =4.44 dBW/kg

Certificate No: D750V3-10564_Mart6é Page 5 of 8



Impedance Measurement Plot for Head TSL

18 Mar 2816 43:55:57
Sdd i1 F3 1: 54,217 o ~931.64 my ZR7.7E oF FOB.BES BoE MHz

s poa Lo

'\—-.__\hh

W | b \\‘m i

Fiv
:1.6S

Hld

START S5E.088 BOE MHz STOP 955,080 A&E Mz

Certificate No: D750V3-1054_Mar16 Page 6 of 8



DASY5 Validation Report for Body TSL

Date: 16.03.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN 11054

Communication System: UID 0 - CW: Frequency: 750 MHz
Medium parameters used: f = 750 MHz: = 0.98 S/m; & = 54.7; p = 1000 kg/m’
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 31.12.2015;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 S$n601; Calibrated: 30.12.2015

Phantom Type: QDO00P49AA

DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 56.90 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.24 Wikg

SAR(1 g) = 2.18 W/kg; SAR(10 g) = 1.44 W/kg

Maximum value of SAR (measured) = 2.89 Wikg

0dB =2.89 W/kg =4.61 dBW/kg

Certificate No: D750V3-1054_Mar16 Page 7 of 8



Impedance Measurement Plot for Body TSL
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CALIBRATION: CERTIFICATE .-
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Thiz calibration ceificats documents the traceability to naticnal standards, which realize the physical units of measurements (30
The measurements and the uncefaindes with confidents probability are given an the fallowing pages and are part of the cerfficate.

All cadibrations have been conducted in the closed laborstory facility: environment tempermture (22 + 3°C and hurmidity = TO0%.

Celibration Equipment uged (&TE criical for catibrafion

Primary Standards | DK Cal Date (Certidcate Mo Scheduted Calibration
Pawer metar EPRA-4428 | GBE37430704 O7-0ct-15 (Mo 21 7-02282) Qot-16
Pararer sensor HP 84814 f US37280753 O7-0ct-15 (Mo, 217-02220) Cot-16
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Marme
Calibrated by: Jeteir] KAStE: - R
A

Appeoved by Kai]aF‘olmvﬁc

:;'/C A

lsguied: Januany 20, 2016

Thiz calibration certificate zhall net ba reprduged expept in full without writken approval of the laberatony,

Certificate Mo: DBASVE-44132_Jani6 Page 1 of &




Calibration Laboratory of
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Engineeting AG
Zoughausstrasse 43, 8004 Zunich, Switzerand

Schweizerischer Kallbriardienst
Service suisse detalonnage
Servizia svizzern di taratura
Hwiss Calibration Service

Accradite by He Swiss Accreditation Service (SAS) Asoreditation No.: SCS 0108
The Swiss Accreditaiion Service isane ot ihe signatores ta the EA
Multilatersl Agreemeant for the recognition of calibration cerificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

e) IRC 62208-2, "Procedure to determine the Specific Absarption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 8 GHz)", March 2010

d) KDE 865664, "SAR Measurement Requirements for 100 MHz fo 6 GHz"

Additional Documentation:
g) DASY4/S System Handbogok

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.

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

« Feed Painf Impedance and Reiurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantorr. The impedance stated s transformed from the
measurament at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty reguired.

¢« Electrical Delay: One-way delay bhetween the SMA cannector and the antenna teed point.
Mo uncerainly requirad.

¢ S5AR measured: SAR measured al the stated antenna inpui power.

« 5AR normaltized: SAR as measured, nommalized to an input powear of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL paramelers 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 narmal distribution corresponds fo a coverage
probability of approximately 95%.

Cermnears Mo DRZEVE-A4132 lanis Fage 2af B




Measurement Conditions
DASY system canfiguration, s far as not g

iven on page 1.

DASY Versian DASYS V52,88

Extrapolation Advanced Extrapolation

Phaniom Modular Flatl Phantom

Distance Dipole Center - TSL 15 mm With Spader

Zoom Sean Rezolution dx, tly, dz =5 mm

Freguancy : B35 MHz =1 WMHz
Head TSL parameters

The follpwing parameters snd calcutations were applied.
. Temperature Permdtfivity Conductivity

Nominal Head TSL parameters 2207 41.8 0.90 migim

Measured Head TSL parameters (220 + 0.2y °0 A2 0283 083 mhoim =6 %

Head TSL temperature change during test < L57C —-- i
SAR result with Head TSL

SAR averaged over 1 cm® {1Ig}| of Head TSL Conditian

SAR measured Z50 mW inpul power 242 Wikg

SAR for naminal Head TSL parameters

fermmalized to 1W

9.47 Wikg 2 17.0 % (k=2}

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

SAR measured

250 m input power

1.57 Wikg

SAR far nominal Head TSL parameters

nommalized to W

617 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and caloulations were applied.

. Temperaturs Permittivity Conductivity
Nominal Bady TSL parameters pra s Bl 55.2 0.%7 mhodm
WMeasured Body TSL parameters (220 +0.2)"C 552 +6% 1.01 mbhadm = 5 %
Body TSL temperature change during test E il B -
SAR result with Body TSL
SAR averaged aver 1 em” {1 g) of Body TSL Condition
SAF measured 250 mW inpu poweT 2.48 \Wikng

SAH for nommal Bedy TSL parameters

normalized to 1%

9,66 Wikg =17.0 % (k=2

SAR averaged aver 10 em° (10 g) of Body TSL candition

SAR measuned

2590 mW input power

1.83 Wikg

SAR for nominal Body TSL paratnetars

normalized to 1W

6.37 W/kg £ 16.5 % (k=2)

Certificate Mo DE3EVE-4d132 Jaris
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Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point FN2L-27(0

Return Loss - 315 4B

Antenna Parameters with Body TSL

lenpedance, transformed to fead point 4780 - 4950

Return Loss -25.3 dB

General Antenna Parameters and Design

Electrical Dalay (one direction) 1.383 ns

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

The dipale is made of standard semirigid coaxial cable. The center conductor of the feeding kine is directly cannected to the
second amm of the dipole. The antenra is therefore shor-cirouited for DG-signals. On some of the dipoles, small end caps
are added to the dipole arms in arder to improve matching when loaded according to the pesitian as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this changs. The overall dipole length iz still
according to the Standard.

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

Additional EUT Data

hManuFaciured by SPEAG

hMandactured on July 22, 2011

Certficate Mo; DE25W2-4d132 _Jan16 Fage 4 of &



DASYS5 Validation Report for Head TSL

Drate: 20.01.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: DS33V2 - SN: 4d132

Commumeation Systen: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: £ = 835 MHz; 6 = 0.93 Sim; ¢ = 42; p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANSE C63.19-2011)

DASYS2 Conliguration:

Probe: EX3DV4 - SN7349; ConvF(9.83, 9.83; 9.43); Calibrated: 31.12.2015;
Sensor-Surface: |.4mm (Mechanical Surface Detection| |

Electromes: DAE4 Sn601; Calibrated: 30.12.2015

Phantoin: Flat Phantom 4.91; Type: QDOOIP49AA: Seral: 1001

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

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

Reference Yalue = 61 94 Vim; Power Dnfi = 0.0]1 dB

Peak SAR {exirapolated) = 3.67 Wikg

SAR(1 g} = 2.42 W/ke; SAR(10 g) = 1.57 W/kg

Maximumn value of SAR (measured) = 3,24 Wiky

0dB =324 W/kg=5.11 dBW/kg

Certificate Mo: DE35V2-4d132_Janig Fage & of B



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

Date: 20.01.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D833V2; Serial: D835V2 - SN: 44132

Communication Systen: UID 0 - OW; Frequency: 835 MHz

Medium paramceters used: £= 835 MHz: 6 = 1.01 S e = 55.2; p = 1000 kgfm3
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73): Calibrated: 31.12.2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 491 ; Type: QDOOOP49AA: Serial: 1001

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

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

Beterence Value = 60.29 Vim; Power Drift = -0.071 dB

Peak SAR (extrapolated) = 3.66 Wikg

SAR(L g) = 2.49 Wikg; SAR(10 2) = 1.63 W/kg

Mazirmum vatue of SAR (measured) = 3.29 W/ke

0dB = 3.20 Wike = 5.17 dBW/kg
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Impedance Measurement Plot for Body TSL
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Aceradited by the Swiss Accraditation Sents (SAS) dcoreditation No.: SCS 0108
The Swiss Accreditation Service s gne of the slgnalorfes fo the EA
Multilaleral Agreement for the recagniflan of callbrailon cerfiflcates

Client 'PGTest o IET { Cortificate No: E53-3333_Oct1§ !

CALIBRATION CERTIFICATE

Chjext {ES3DW3A - SN:3333 °

W

Calbralon procadurals] /QA CAL.01v8, QA CAL-2355, QACAL-25%6 . gQ K
 Callbration precedure for dosimetric E-field probes ' \ §

H

Calloration date: [U_Gtt!bl_ar 29, 2015

This callpratlan carlificate documents the trageabilily bo national standards, which reafize the physical units of measurements (51},
The measurarnants and the uncedtaintiea wilh confidence prabability aie given on the lallowing pages and are part of the cerlificala.

Al eafibrations have been conductad In tha closed |aboratory facilily: efvironment lampadature (22 + 3)°C and humidity = 7.

Calibrafion Equlprent usad {METE critical for calibeation)

Primary Standards [ al Date (Certificate Ne.) Soneduled Calibvation

Power maler E44198 GRA1INIRT4 DM-Apr-14 {Mo. #17-03 28} Mar- 164

Prevrar sensor Eddd2a WMY4i498087 1-Apr-16 (N 217-02128) Mar-16

Referenca 3 d& Aftenualor B, G605 {3c) 01-Apr-15 (Mo, 21 7-02124) Mrr-14

Refarence 20 dB Allenualar SM: §H277 (202} 01-Agr-16 {Mo. 217-02132) Mar-16

Reference M dB Sitanualor SN: §5125 (30h) 01-Apr-15 (Mo, 297-02133) Mar-16

Referenca Proba EZ30V2 BM: 3013 30-Deg-14 (Mo, E253-3013_Decid) Dec-15

DAC4 BN 6E0 14-Jan-1% (Mo, DAEA-BBD_Janis) Jan-16

Secondary Standerds =] Check Dale {in houge) Sonedulsd Sheck

RF genefabgr HP 86480 USEB42001 704} 4-4up-89 (In hauss check Apr-13) In house check Apr-16

Metwork Anahyzer HP 8753E LIS3T 0585 18-0et-01 {in house sheck Oci-15) In heuse check: Oct-16
Marng Funallon Sl'gnature

Calibratad by | Lelf Khy=ner Laboratery Tenhnﬂnlaln %/L‘v‘
Apgroved by: ‘Katla Pakewic . . Techrical Manager % g

|zsued; Colaber 28, 2016

This calibration cerlificate shall not be reprodused exaspt In Jull without witien approval of he laboralary,

Coriticate Mo ES3-3333_Ccl15 Page 10f 13



Calibration Laboratory of

] 5 Schwelzerischer Kalibrierdienst

Schmid & Partner C Service suizae d'ételonnage
Engiheering AG g Servizie syizzern di taratura

Feughavsstragea 43, 8004 Zurlch, Switzerland Swiss Calibralion Servlce

Acoredited by Iha Swdss Accraditation Service (SAS) Accreditalion No.; SCS Q108

The &wles Aceraditallon Sarvice 15 one of the signetoties lo the EA

Multifateral Agrasment for the recognition of calibration centificatas

Glossary:

TSL tizsue simulating liguid

NORMzx v,z sensitivily in free space

ConvF sensitivity in TSL f NORMxy,z

oCcp dicde compression poink

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

ABCD modulation depandent ingarizalion parameters

Polarization ¢ o rolalion around probe axis

Polarization & & rotation around an axis that is in the plane normal to probe axis {at measurernent centar),

i.e., & = 0is normal ko probe axis

Connector Angle infarmation used in DASY systemn to allgn probe sensor X to the robat coordinate system

Calibration is Performed According fo the Followlng Standards:

8) |EEE Std 1528-2043, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Tachnigues®, June 2013

by |EC §2208-1, "Pracedure to measure lhe Specific Absorption Rate (SAR) for hand-held devices used in close
proximily to lhe ear (frequency range of 300 MHz ke 3 GHz)", February 2005

¢} |EC 62208-2, "Procedure to delermine the Specilic Absorption Rale (SAR) for wireless cormmunication devicas
used in close proximity to the human bady (fre quency range of 30 MHz to 6 GHz)", March 2010

d] KDB 885684, “SAR Measurement Reguirements far 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx,v.z: Assessed for E-field polarization 8 = 0 {f = 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMz,y,z are only intermediale values, i.e., the uncertainlies of NORMsx,y,z does not affect the E*-field
uncertainty inside TSL (see below ComeL).

NORM{Nx.y.Z = NORMx, v,z * freguency_response (sea Frequency Response Ghart). This linearization fs
implemenled in DASY4 softwara versions later than 4.2, The uncertainty of the frequency résponse is included
in the statad uncartainty of ComeF, .

DCPx,y,z: DCP ate numerical linearization parameters assessed based on the dala of power sweep with C\W
signal (no uncertainty required). DCP does not depand an frequency nor madia.

PAR: PAR is the Peak lo Average Ratio that is not calibratad hut determined based on the signal
characteristics

Avy.z; Bry.z Cuy.z Dxy.z; VRxy,z: A, B, C, D are numerical linearization parameters assesszed based on
lhe data of power sweep for specific modulation signal. The parameters do not depend an frequancy nor
media. VA is the maximum calibration range expressed in RS voltage across the diede.

ConvE and Boundary Effect Parameters: Assessed In fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz} and inside waveguide using analyfical field distributions based an power
measuremenls far f = 800 WHz. The same setups are usad for aszessment of the parameters epplied for
boundary compensation (alpha, depth) of which typical uncerainty values are given. These parameters are
used in DASY4 software to improve proba accuracy close to the boundary. The sensitivily in TSL correspands
to MORMx, v,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvE is used in DASY version 4.4 and highaer which allows extending the validily from = 50 MHz to + 100
MHz.

Spherical isolropy (30 deviation from isolropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offsaf. The sensor offsel correspands o the offsel of virtual measurement cenler from the probe lip
fan probe axis). Mo tolerance required.

Connecior Angla: The angle is assessed using the information gained by determining the MORMXx {no
uncertalnty required).

Cerlificate Mo: ES3-3333_0ct1d Page 2 of 13



ES30bW3 — SMI3333 October 28, 2015

Probe ES3DV3

SN:3333

Manufactured:  January 24, 2012
Calibrated: October 29, 2015

Calibrated for DASY/EASY Systems

{Note: non-compaltible wilh DASY2 system!)

Cerilicate Mo: ES3-3233_0ci15 Page 3o0f 13



E330v3a- SM:3333 October 20, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Basic Calibration Paramefers

Sansor X Sangar Y Sonsor 2 Uneg {k=2}
Narm (W vmy ) 1.07 0,90 0.8 +10.1 %
DEP imviE 106.8 108.5 106.9

Modulation Calibration Parameters

W] Communlcation System Nama A B c i) VR Une™
dB dBvVuY dB mv k=2]
o Y b 0.0 0.0 1.0 noo | 2010 | 3.5%
¥ 0.0 0.0 .0 1871
z 0.0 0.0 1.0 184 8
éﬁﬂ' SAR Valigation {Square, 108ms, 10msy | x 2.43 BO.T 11.4 1000 | 41.6 427 %
¥ | 435 674 13,2 35.5
7 1.46 B7.0 a7 36.2
‘1&21- UMTS-FDD (WODMA) X | 333 67.9 19.1 281 | 1262 | #0E%
¥ 3.48 686 19.2 127.5
Z 3,37 67.5 18.6 1490
10042- |EEE 802.11b WiFi 2.4 GHz (D35S, 1 X .60 728 205 187 | 1410 | 207 %
CAB Mbps)
¥ 988 733 20.8 128.0
Z 3.01 60,3 18.8 1282
10013- IEEE 802 11q WiFi 2.4 GHz [DS55- X | 1152 1.7 299 46 | 1393 | [B0%
CAB OFDM, & Mbps)
¥ | 10,94 70.4 239 147 1
Z | 185 70.8 234 1445
E} ?;1- GEM-FDD {TOMA, GMSK) ¥ | 2145 052 265 039 | 1398 | #25%
Y 8,12 BE29 21.8 1420
zZ | 1147 £3.1 23.9 127 6
1D{f§3— GPRS-FOD {TD#MA, GMSHK, TH D} W a0 B 056 aro a&7 135.8 2.2 %
Y 9.78 B4 2.7 1353
z 912 835 221 144.6
;IJT;#- GPRS-FDD {TOMA, GMSK, T 0-1) ¥ | 3984 996 252 6.56 140.9 0%
¥ | 3507 100.0 250 1784
Z | 23520 FEY: 24.7 131.9
:]i?qaaz?- GPRSE-FOD (TDMA, GMEK, TN 0-1-2) ® | 4718 a4 H 239 4.80 1249 | t25%
¥ | 4975 au A 728 1454
Z | 4837 99.9 231 148.5
E&'CEB- GPRS-FDD (TDMA, GMEBK, TN 0-1-23) | X | 5624 89,5 226 ass | 1404 | 27%
¥ | 56.95 997 21.9 1251
Z | 4845 B4 & 224 133.2
éﬁz |EEE BO2.15.1 Blustooth (GFSIK, DHE) % | 18.03 58,1 22,8 146 | 12765 | 218%
¥ | 3517 99.6 20,7 1411
Z | 2108 09.9 21,9 127 5
0100- LTE-FOD [SC-FDMA, 100% RB, 20 X | 536 B7.6 'EX: BET | 1375 | #Ii%
AR MHz, QFSK)
¥ 6,20 B7.4 19 4 1208.9
z £.36 57.5 19,7 1395

Certificale No: E33-3333_0Ccl15 FPafje 4 of 13




EZ30V3— ShE3333 Qctober 28, 2015

10103- | LTE-TOD (SC-FOMA, 100% BB, 20
CAB Mt QF‘S(KJ X | 1085 | 766 | 264 | 920 | 1808 | 227 %
v | Dsa 73.7 24.8 143.0
10108- | LTE-FDD (SC-FOMA, 10 B — 2 Lk
- - - 1 B
CAC Mibia, Qpém  100% RB, 10 X | 8.2 67.0 197 | 580 | 1268 | 2%
v | 6.18 RE.9 19.5 129.2
— S - z | g2 §7.0 19.7 138.0
- A1n (HT Mixed, 13.5 Mbps
i, BRSK) ( ps, X | 1005 | e87 | 212 | 807 | 1261 | 225%
Y 141,13 69.0 21.3 148.1
- —_— Z | oo 68.7 21,1 126.2
- E -FDMA, z
CAB QPSK) ¢ A 50%RB,20MHz, | X | 1011 | 756 | Z60 | 9.28 | 1258 | 3.3 %
¥ | 9.8 73.2 4.7 1382
r 9.3z 74.8 26.0 143.1
1(184- | LTE-FDD {SC-FDMA, 50% RB, 10MHz, | % | 547 5.8 186 575 | 1334 | +1.2%
GCAG QPSK)
Yy | 5az 66.7 18,5 1270
Zz | 50 6.7 15.5 134.2
1H160- LTE-FDD {SC-FOMA, 50% RB, 15 MHz, x 6.40 R7.3 1094 R.82 137.68 1.7 %
GAB QPSK)
vy | 631 67 1 184 130.7
— - z | sa3z 671 185 139.9
169- | LTE-FDD {SC-FD#A, 1 RB, 20 MHz, i
onb et it X | 505 67.3 20.4 573 | 1388 | H1.2%
¥ | 488 67.0 1899 131.1
Z | 49z 7.2 204 1374
10472- LTE-TDD {SC-FPMA, § BB, 20 MHz, X 10.74 KR 0.3 9.1 1358 2.7 %
CAB QPSK
rEET 74.3 255 1258
Z 7.74 76.6 271 1312
10173- | LTE-FDD (SC-FDMBA, 1 RB, 10 MHz, X | 407 560 19.9 572 | 1308 | £1.2%
CAD (PSK]
¥ | 486 5.9 1948 128.5
z 447 67.3 20.1 1470
10181- | LTE-FDO (5G-FOMA, 1 RB, 15 MHZ, % | 400 B7.0 199 §72 | 1304 | 1.2 %
CAB QPSK)
Y | 488 B7.0 19.9 127.8
z | 485 7.2 20,0 136,2
10186- | IEEE ADZ.11n (HT hixed, 6.5 Mbps, X | 1000 RG.2 217 810 | 1879 | 222%
CAH BFSK)
vy | wrs 687 212 137.5
z 9,94 U4 217 145.3
::EEBE'E— UMTS-FDD (HEPA+) x 7.08 57.5 198 5.97 1471 1.4 %
v | 706 7.7 19.8 142.3
z 7.04 BT.F 199 1488
10237- | LTE-TDD (SC-FDMA, 1 RE, 10 MHz, X | 1066 83.5 30,1 8.2 144.0 | 23.0%
CAE QPSK]
¥ | 7aa 74.7 57 127.6
z | 788 77.1 27.4 1223
10252- | LTE-TDD (SGC-FDMA, 50% RB, 10 MHz, | X | 1081 78.7 779 8,24 | 1387 | 230 %
CAR GQPSK)
Y B.458 724 24 4 130.1
Z | em 74.1 25.8 135.2
10267- | LTE-TPD [SC-FDMA, 100% RB, 10 ¥ | 11,73 79.9 28.3 330 | 14B6 | 33%
CAB MHz, GPSK)
¥ | an 73.2 24.8 139.0
Z .38 749 261 1427

Certificate No: ES3-3333_Octis Page 5of 13




ESIPVI— SMN.3333 Oclober 29, 2013

1027 5- UMTE-FDD (HEUPA, Sublest 5, 3GPP b4 452 67.6 19.3 1.96 144 .5 0.7 %
CAH Reli.4)

b 4,67 68.3 14.6 146.0

7 4 41 G7.0 18.59 1300
;&2891- COMAZDOG, RC3, 50565, Full Rale X KT B7.2 19.0 3,46 134.5 3.5 %

i 3.91 GB.5 186 1332

Z 3.86 66,5 18.6 146.9
10262- CDMAZ000, RC3, 5032, Full Rate W 363 67 .5 19,1 3.39 134.8 0.5 %
AL

Y 3.33 BE.3 20.0 136.0

e 3481 G4.5 196 148.6
10257- LTE-FDD {SC-FOMA, 50% RE, 20 MHz, ® 6.20 G671 10.7 581 1260 12 Y,
AbA QPSK)

Y 6.20 G67.0 19.6 128.0

Z2 .32 67.5 10.0 1427
10311~ LTE-FDD {SC-FDMA, 100% RB. 15 ¥ | E78 676 20.0 606 | 1M7 | #14%
AdA MHz, QPSK)

hi 675 G670 19.9 1335

Z 600 B8.1 2.3 14872
10400- IEEE &02.11ac WiFi (20MHz, G4-0140, X 10,30 9.7 21 B2y 1401 +2.5 %
AAC B9nc duty cyola)

ki 1005 86.0 21.5 141.2

£ .84 69,0 21.7 126.3
10403- COMAZO00 (1xEV-DO, Rev. 0) X 4.80 BR.5 19.0 376 | 1203 | 05%
AAB

Y 530 11 20.2 148.4

Z 5.4 704 19.9 135.2
10404~ COMAZ000 [1xEV-DC Rev, A) X 477 688 19.2 377 1275 0.7 %
AAB

Y 5.35 717 208 1486 .4

Z 503 T0.6 201 1333
10415- IEEE 802Z.11h WiFi 2.4 GHz (D535, 1 X 277 §9.7 19.7 164 | 1470 | 0.7 %
AL WMbps, 98pc duly cycle]

L A73 a4 2.2 1437

Z .25 722 207 1339
10416- |EEE 802.11g WiFi 2.4 GHz (ERP- X 10011 Ba.4 218 823 144.7 2.5 %
Al OFDCM, B Mbps, 89pc duty cycls)

i 9.56 68.8 214 1393

Z 8.7z 6 £ 21.3 126.0

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

* The uncerl@inties of Mom X, ¥,2 do not affect ine E-Niek uncertsinty insie T2L (see Pages 7 and B),

8 Mumerical linearization parameter: uncartainty not required.

E Unerality is determined using the mex. deviation from |Inear response applying rectanguler distvibufion and is expressed fer the squara of the
fiedd walus.
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ES3DY3- SM-3323

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Callbration Parameter Determined In Head Tissue Simulating Medla

Cctober 20, 2018

Relatlve Canduckivity Depth © Unc

F{MHz)® | Pormittivity” (S © ConvFX | ConvFY | ConvFZ | Alpha® |  {mm) {k=2}
750 41.9 0.89 5.46 6.46 B.4B 0.75 1.22 £12.0%
835 41.5 0.90 B.16 B.16 B.16 0.26 1.67 +12.0%
1750 40,1 137 5.21 5.21 5.21 0.80 1.19 $120%
1900 40.0 1.40 5.03 5.03 5.03 0.73 1.25 +12.0%
2300 39.5 167 4.73 473 4.73 0.60 142 & 12.0 %
2450 39.2 1.80 4.53 4.53 4.53 .80 128 +12.0 %
2600 39.0 1.06 4.39 4.39 4.38 0.80 1.29 +12.0%

© Frequancy validily above 300 MHz of £ 104 MHz enly applies for DASY vd.4 and higher {se= Page 2, et it i5 reclicted to + 50 MHZ. The
uncerlainty i the RSS of the ConvF uncedainly al ealibrallon frequency and the uocanalnly for the indicated frequancy band. Frequency valldity
balow 300 MHz 5 £ 10, 25, 40, 5 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respechively. Atave 5 GHz frequency

validily can be extended to £ 710 MHz

F Al fraquencies below 3 GHz, the validity of issue parametets (e and o) can be retaxed to  10% If llguid compensation fomula |s applied 1o

measurad SAR values, Al lrequantiss above 3 GHz, ihe validity of lissue parameters (e and o) ks rastricted to £ 5%. The uncartalnty is the RSS of

lhe Corm® uncanainly for indicaled largel lissue paramelers. )
¥ plphalDepin are determined during celibration. SPEAG warrants thal Ihe remalning davialion dug to Ihe boundary effect sfter compensallon is

always iees than & 1% for fiequencies below 3 GHz and balaw = 2% for frequencies belween 3-8 GHe at any distanee larger ihan hell tha probe bp

digmater rom the boundany,

Carificate No: E23-3332_0a1%
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ES3Dv31- 5N:3333 Octoher 20, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Calibration Parameter Determihed in Body TIssue Simulating Media

Relativa Conductivity Depth© unc

fiMHz)* | Pormiitivity" (Simy * convFX | ConvF ¥ | ComEZ | Alpha® |  fmmy} {k=2)
750 655 .96 §.31 6.31 8.31 .70 1.26 +12.0 %
335 55.2 0.97 6.25 65,256 6.25 0.47 1.54 £12.0 %
1750 53.4 149 4.90 4.90 4.90 0.49 1.63 +12.0 %
1900 53.3 1.52 470 470 4.70 0.54 1.49 £12.0%
2300 52.9 .81 451 4.51 4.51 0.80 1.15 120 %
2450 52.7 1.95 4.34 4.34 4.534 0.80 115 £12.0%
2600 52.5 216 4.23 4.23 4.23 0.80 1.03 +12.0 %

€ Frequancy validity atave 200 MH2 of 2 100 MHz only applies lor DASY v4.4 and higher (3ee Page 2), else it is resticted 1o+ 50 MHz. The
uncertainty is fhe RS5 of he ConvF uncanalnly a1 calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 00 BHz s + 10, 25, 40_ 50 and 760 MHz for ConwF assessments al 30, G4, 128, 180 and 220 MHz respeclively. Abuvae § GHz frequency
walidily can be extendad 1o + 110 MHz.
F Al frequencles batow 5 GHz, the validily of tissue paramelais (e and o) can be relaxed to £ 10% i liguid compensatien formula |5 applisd o
measured SAR valuas. At Irequencies above 3 GHz, the walidity of tissue parameters (e and o) is raskicled to £ 5%, The uncanainly Is ihe RSS of
the ConyE uncerainly fof indicated largel lissue parematers.

Alpha'Depih are determined during calibration. SPEAG warranis thal tha ramaining devialion dus o the brundary effect afer compengallon |g
Alwiys l68% than + 1% for [requencies below 3 GHz and below + 2% for frequencies between 3-§ GHz at any dislanca barger than hell the probe lp
diameter kngm the baundary.

Cerilicate Mo ES2-3233_0cl1b Page 8 of 12




EE30W3- BM:3333 October 28, 2015

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

R — i ‘:
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g

Uneertainty of Frequency Response of E-flald: £ 6.3% (k=2)
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ES30W3- 5M.3333 Oclober 29, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz,TEM =1800 MHz,R22
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Uncertainty of Axlal lsotropy Assessment: £ 0.5% [(k=2)
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E330V3— SM:3323 Oclober 20, 2015

Dynamic Range f(SAR}..4)
(TEM cell , fora= 1900 MHz)

Input Signal [uv]

103+

10? Fzz

I f |
A0® 10r2 1]Cr‘ yloll 10f 108 Ky
BAR [mWiem3]
>
ot compensated campensated

Error [d5]

H HEH H I l H HEH
1071 100 101 10z 103
SAR [minffema]

Tiak compensated ooimpensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ESADVE- 5W:3333

=235 MHz, WGLS R3 {H_comd)

Conversion Factor Assessment

f= 1500 MHz WGELS R22 (H_convF)

Qalober 29, 2015
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Unecertainty of Spherical Isotropy Assessment: 1 2.6% (k=2)
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ESADW3- SM:3332

Qclober 29, 20113

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3333

Other Probe Parameters

Sansor Arrangement Triangular
Connector Angle 7) <32.8
Mechanical Surface Delection Mode ehahled
Oplical Surface Detection Mode disabled
Probe Overall Length 337
Probe Body Diametar 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Frobe Tip to Sensor X Calibration Polnt 2
Probe Tip to Sensor Y Galibratlan Foint 2 mm
Proba Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm

Cerfificate No: ES3-3333_0ct15 Page 13 nf 13




Calibration Laboratory of

schmid & Pariner
Engneering AG

Ziughausstasse 43, 004 Turich, Switzerland

hocredited by the Swiss Accreditation Senice (SAS)
The Bwiss Azcreditation Service is one of the signatories to the EA
Multilaesral Agreement for the recognition of sallbration certificates

Cliznt

S
c
S

Fchweizerizcher Kalibrierdiznst

Sery e suisse d'etalohnage
Servizio svizzer df taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

ES3:3288. Sep15-.

Jhject

- rzlinration prosed ureld)

Calibratior cats:

Calibradon Equipment used (MATE critizal for callbrstion)

Tieg cadipration cenificate socuments the Taceabiity to natonal standards. which realize thie physical ynits of mMeasumements (1)
The messursrnantz 2nd the uncertainties wWith corfidence probebility ane givert anths foliswing pages and are pani of the sertficae.

Al calibrations have been conductec in the closed laborateny faciine: envimnment termmerature (22 + 3"C 2nd humidity = TO%;.

e

Frimary Standards [T Cal Date [Cerifzate Mo Senedulad Calibration
Fower meter Eddq B8 GR41295aT48 01-Apraa (Mo 217-02125) hdar-16
© Power sensor E4412a [ LA B0ET Q1-Apr-15 (Mo, 21702128) har-16
. Refarence 3 08 Atlenuator M S50 {3 01-hpr-15 (Mo, 217-02123) Mar-15 —
; Rafersnce 24 dB Attarustor SM; S5ETY {20 Q1-Apr-158 (o, 217 02152) a1
E_FREEEI‘EI'IGE 20 4B attenuator SN 25128 J30k) QT=Ape-13 (M. 217-02133) hdar-16
Rererance Prabe ES30WE S AE1E 30-Dec-14 (Mo, ES3-5012_Dagid! i Dar-15
DAES SN BE 14-Jan-15 (Mo, DAE4-BED_Jan15) | Jar-1g
Seconcary Standards 11D Check Dete [in holss) Schaduled Check
RE ganerator HP BESAC : BG40 T00 4-AUg-8% (in bouse check Apr-13) In hauge check: Apr-18
Matwerk Anghezer HP 7538 © ILISE-?EQUESS 18-Crat=01 din house shech Ooi=14) IN houga sheck: Dgt-15
Marne Funcaign Slgrature
Cralibraisd by fighae. .
Bpprovsd by

iszusd; September 19, 2005E

: This alibration cerfticars shall rot be reprodused exeapt In full without weitten approval of the Isboratary.

Cerificate N, ES3-32838_Sep1S Page 1 of 13



Calibration Lahoratory of T,

ST Sehwaizerizcher Kalibriprdiensr
Schmid & Partner ib% ﬁ Service sifisse d'Etalénnage
Engineering AG g Senvisin svizzero di tarsturs
Zeughavzstrasse 43, 28004 Zurich, Switzerland Bwiss Calibration Seivice
secredited by the Swiss Adcreditation Service (SAS) Accreditation Ne.: SCS 0108
The Bwiss Accraditation Service is one of the signataries to the E4
Multilateral Agreement ol the recognition of calibration certtfieates
Giossary:
T5L tissue simulatng liguid
NORMxyz sensiiivity i free space
GonvE zensitivity in TSL | NORMx y z
DCP diode compression paint
CF prest factor (Vduty, cyole) of the BF signal
ABC O madulation dependent linearization parametas
Polarization ¢ i botation around probe axis
Polarization 4 # rodation around an axis that is 10 the plane normal fo prabe axis (at measurament centar),
12, & =Dis normal to probe axis
Connector Angle information used in DASY system ta align probe sensar X 1o the robot eoordinate system

Calibration is Performed According to the Following Standards:

&)

)
)

)

IEEE Std 1528-2013, "|EEE Recommended Eractice Tor Determining the Peak Spatial-Averaged Spedfic
Absorption Rate (SAR) in the Human Head from Wirsless Communications Davices: Measirameant
Techriguss". June 2013

IEC 632031, "Procedure to measure the Specific Absorption Rate (SAR) for hard-held devices used in close
proximity to the ear (frequency range of 300 MHz to 2 GHz)", February 2005

|EC 62205-2, "Pracedure to determine the Specific Absorption Rate [SAR) for wireless communication devices
used in close proximity to the human hedy (frequency range of 30 MHz 1o 8 zHz)", Maroh 2000

KOB 863664, "5AR Measurement Requirements for 100 bHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

*

MORMz .z Assessed for E-field polarization 8= 0 (£ = 800 MHz in TEM-celt, f = 1800 MHz: Rz waveguide).
NORM,Y.Z are only Intermediats values, i.e., the uncertainties of NORMzx,y z does not affect the E-fietd
uneertainty ingide TSL (see balew ConeF).

NORM®xy.z = NORMY, Y.z * frequancy_response (see Fregquency Response Ghart), This linsanzation is
implemented in DASYY software varsions later than 4.2 The uncertainty of the frequency response is inchuded
in the stated uncertanty of ComdE.

LEPy v.z: DCP are mumerical linearization paramelers assessed based an the data af power swEen with CYY
signal {no uncertzinty required). OCP does not depend on freguency for media

PAR. PAR is the Pealk to Average Ratio that is not cafibraied but determined based on the signal
charactanistics

Azl Br e Crvg Doy zr VR vz A 8, O, D are numarical linearization parameters agsessed based an
Hie datg of power sweep fur specific modulstion signal. The parameters do hot dapend on freguenty nor
Media. VR is the maximum calibration range exprassed in RMS voltage across the diode.

LonvF and Boundary Effect Parameters: Assessed in flat phantern using E-fisld (or Temperatura Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on pEnEr
measurements far f= 500 MHz The same setups are used for aszessment of the pararmeters applisd faor
boundary zompensation {alpha, depth) of which typical uncertainty vallies are given. Thase parameters are
used in DASY4 software 1o mprove probe scolraty closs to the boundary. The sensitivity in TSL comesponds
i NORMzx v.z * ConvF whereby the uncertainty corresponds to that given for ComeE. A frequensy depandent
ConvF is used in DASY version 4.4 and higher whigh allows extending the validity from <+ 50 MHz 1o =+ 100
MHz.

Sphencal isotrapy (3D deviation from fsotropy): i a field of low gradients realized using a flat phantom
exposed by a palch antenna.

Sensar Gifset The sensor offset corresponds o thie offset of virual measurement center from the prote fip
[on probe axis), No tolerance requirsd.

Connector Angle: The angle is assessed using the information gamed by deterimining the NORMy ino
uncsrtainty required),

it

Certifloate No, ES2-3288_Sep18 Page 2ot 13



EZ30WE — SM3258 Zeptermber 18, 2015

Probe ES3DV3

SN:3288

Manufactured:  July 6, 2010
Calibrated: September 18, 2015

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASYZ system!)
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ES30W3— M 3288

September 18, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

Basic Calibration Parameters

L Sensor X Sensor Y Sensor 2 Unc (k=2)
f Nom {uvyimy)® 1.05 116 0.02 £10.1 %
L DCP {mvy® 106.9 106.2 107.4 a
Modulation Calibration Parameters
Lo Communication System Mame Y B c D VR Unc®
. dB dBvuv dB mv (k=2)
0 cw . L X 00 0.0 10 | 000 | 807 | #50%
Y . 00 0.0 1.0 1814
z 0.0 o 1.0 1731
é IJ:J;J; 0- SAR Validation (Square, 100ms, 10ms) e 2.55 iR 1012 10.00 380 1.2 %
¥ | 9934 g7 .0 21.5 366
z 6.26 705 13.8 362
gfg 1- UMTS.FOD (WCDMA] ® 325 £7.4 18.7 2 1284 | =05 %
Y | 360 G393 19.8 1436
2| 338 | &7y 188 143.0 ]
10012- IEEE 802.110 WiFi 2.4 GHz (USSS, 1 ¥ i 307 70.1 19.4 187 | 121.0 | =07 %
CAR nibips)
Y 378 74.2 21.4 1454
. . Z i 315 705 19.4 144.5
1001 3- IEEE BO2.11g WiFi 2.4 GHz {0S55- * 10.6B4 DG 228 245 122.F 2.7 %
CAE QFDM. & Mbps) .
P v | 1089 70.2 2249 140.0
z | 1070 70.2 23,00 136.7
ET?_ GSM-FOD (TDMA, GMSK) W 10.49 BE.3 2.6 &30 138.5 | +22%
¥ | 1376 90.7 24.6 1457
z 7.09 az.4 213 14158
i EJELEEE- GPRS-FOO (TOMA, GMSK, TH ) b o732 853 a9y 9.57 149.4 +2.7 %
B Y 9.12 4.3 227 131.8
£ B a434 221 154 8 !
1D ELDBza_ GPRS-FDD [TOMA, GMSK, TN -1) % 3475 907 745 556 | 1358 | =25%
¥oi 222 845 23.5 118.5
Z B.93 81.8 18.8 1483
10027- | GPRS-FOD (TOMA, GRIEK, TH 0-1-2) x| 5122 1000 206 480 | 13253 | 9%
DAB
Y | 45.95 39.6 23.0 1387
Z | 1480 870 13.2 138.0 _
E} inézs- GPRS-FOD (TOMA, GM3K, TH 0-12-3) % | 8f =5 098 216 3855 | 1418 #19% |
¥ | 6105 g6 71,6 140.58
i Z | 7048 997 20.5 126.6
éﬂmz_ IEEE 802.15.1 Blugtooth (GFSK, DH3) X 95 2 0a.4 18.0 1.18 1304 +1.8 %
fatal
' B Y | 7158 | maT 19.3 144.2
Z | omos 916 15.1 14E 2
; 10100-  LTE-FDD {SC-FDMA, 100% RB, 20 X 6.4 67.59 18.9 567 1450 | 1.4 %
{ CAR MHz, DPSK)
| ¥ 8.27 67.2 19.6 1314
| _Z | B H7.3 19.5 1378

Certificate Mo: ES3-3286_Sep15

Page 4 of 13



ESIIN3- SM:3286

Sepember 13, 2015

- 10703- LTE-TDD {3C-FOMA, 100% RE. 20 . G52 74 255 929 | 1343 | =5E5% |
| CAB MHz, GPSK) :
¥ | 97 75.1 87 1458
Z 9.47 744 25.4 147 4
10108-  LTE-FOD {SG-FOMA, 100% RB, 10 ¥ 531 E7.5 19,9 550 1474 | 4%
CAL " WHz, OPSK
) ¥ 521 7.1 19,6 1310
? B.16 G670 19.5 136.4
10147- IEEE 802.11n [HT Mixed, 13.5 Mbps, X | 10011 B80 21.2 807 137.89 | =22 %
CAR BPSK) } |
L Y | 1028 69.3 215 147 7
z u.g5 68.3 209 126.0
1HE- LTE-TDD (SC-FOMA, 50% RE, 20 MHz. | % | &a0 73.2 250 B2 1298 | =33 %
CAB GFSK)
¥ 032 740 252 142.5
.. z B.RA 734 251 142.1 _
10154- LTE-FOD (SC-FDMA, 56% REB, 10 MHz, | x 5.08 BE.O 196 575 1437 o
CAC | QPSK}
¥ 5.9 AE_ 6 19.4 128.0 "
§ z | 384 ~ 685 | 193 133.4 ]
10160- . LTE-FDD {SC.FDMA, 50% RE, 15 MHz, | % 6,43 675 | 108 5.52 1480 | 49
_CAB OP3K)
¥ £.31 &7.0 19.6 132.2
Zz ! B30 B7.1 9.5 138.0
10163- LTE-FDD (SC-FDM&, 1 RE, 20 MHz, [ x 293 B7.3 20.0 573 | 1457 | miZwm
CAB QPSKD : o
y ARG B0 193 1317
z 482 6.9 197 134 5
10172- LTE-TOID [SC-FEMA. 1 RE, 20 MMz, DX 705 7.5 LT 4 @M 1438 227 W
AR DEEK)
¥ 751 75.5 26.5 1202
; z 7.10 74.5 25.0 1297
10175- . LTE-FDOHN{SC-FOMA, 1 RB, 10 MHz, X 484 7.1 10.4 5.72 135.4 +1.2 %
CAL QPSK]
¥ 502 87.5 201 1481
z 4,77 BE.7 19.6 1293
10761- LTE-FOD (SC-FDMA, 1 RE, 15 MHz, ¥ ! 403 575 20.0 57z | 143E | 212 %
CAB QPSk
Y . Bp8 B7.6 20.3 143.1
Z 4.73 B6.5 195 1294
101956- YEEE 802 11n (HT Mixed, 6.5 Mbps, k4 8.73 BT 213 a.10 1300 .8 %
CAB BPSK] -
L ‘ N 474 FE.6 2.2 1327
z 9.78 690 214 138.2
10z225- UMTS-FDD {HEPA+) ® 583 650 19.4 5,87 1343 | 14 %
CAB
| W B.45 673 106 1393 ]
_ . z 502 E7.4 196 142 7
10237- LTE-TDD {SC-FOMA, 1 BB, 10 fHz, x| 7o4 775 274 g9.21 1435 | 227 %
CAB - QPSK) ) _
i Y | 744 | 748 | 259 125.0
F 714 747 6.0 131.4
T0252- LTE-TDD (SC-FOMA, 50% RB. 10 MHz, | x 5.05 740 261 924 | 1408 | 27 %
CAR CQPSK)
b .53 72 24.7 1272 i
Z - 514 72.3 246 127.1
10267- | LTE-TDD (SC-FOMA, 100% RE, 10 X 066 757 26.4 930 | 1437 | +50%
CAB MHz, GPSK)
v 920 | 73B . 251 1251
Z | &8 | 733 | 251 134.3
Certificate Mao: ES3-3286_Sep15 Page 5 of 13



ES30v3- SN:3283 Septernber 18, 2015

10275 UMTS-FOD [HSUPA, Subtest §, 3GPP PR E7.0 1B.5 5.06 138.0 +0.7 %
CAB Rels .4 :
ki 4,51 B7.5 19,2 141.4
. i 4.46 673 ° A9 148.2
10291- CDMAZODN, RCA, S055, Full Rate ¥ 359 71 . 187 345 1283 | 054,
ALR
i ¥ 380 [ 185 1309
z are o geA 19,2 135 6
lizaaz- COMAZGD, RG3, 50532, Full Rate e 3.55 67.% 16.49 3,34 1246, 6 H15 0,
Y | 37 G582 194 | - 1azT
B z | =3E3 E7.6 | 18.0 137.7 "
10257- LTE-FDD (3C-FDMA, 50% RE, 20 MHz, ¥ . RA.30 BT 4 19.5 5.51 1456 +1.4 %
B QPSK) 5
- ¥ | &3 877 18.5 1482
) ; z £.12 G658 104 1298
10311-~ LTE-FOD {SC-FDMA, 100% RB, 15 x| 688 | w69 | 185 | 606 | 1268 w2%
_ AR : MHz, GPSK)
. ¥ £.71 G67.4 9.6 ¢ 120.7
Z .71 675 19.58 138.5
10440 I[EEE B0Z.11ac WiFi [20MHz, B4-04ANM, ¥ 00§ R 21.5 55T 132.0 +2.2 9
AAC Z8pc duty oycie) ;
¥ 1008 BO.0 21.6 137.4
Z . 10.08 58,3 317 1402
10405 COMAZDON (1xEw-D0, Rev. 1) w 4 R (=05 193 375 1204 0.5 %
Y 5.05 7.0 195 1473.9
zZ £.93 0.0 19.5 146.8
10404- COMAZOOD (100, Rev. &) X 4814 E5.5 194 377 136.6 0.7 W
AAR :
¥ 8.07 T4 19.9 146.3
z 4,90 7.2 149.6 1445
10415 IEEE 30211k WiFi 2.4 GHr {0555, 1 X o E7 BB ! 104 1.54 1364 | =07 %
A58 Mbps., 99pc duty cyole)
Y 319 723 . 207 143, 1
z 2 .84 69.7 191 145 5 "
10416-  |EEE 802110 Wiki 2.4 GHz [ERP- X | 877 BB 2173 823 | 1304 : 122 %
_ABS GFONM, & Mbps, $9pe duty oyele)
i Y 385  #90 215 C 1404
z %85 89.0 215 o 1381

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

“The uncenainties of Marm X¥,Z do not aftect the EXfisld unzerainty nside TSL {see Pages 7 and 8),
Mumensal lineanzation parameter: uncertainty ot ieouired,

* Uncertairty is determined using the max, deviation fom linear respanzs applying rectangular digribution ane is expressed far the sguare of the
field value.

Certificate No: ES2-3288 Sepls Page 6of 13



ES30WVI- SM:A288

DASY/EASY - Parameters of Probe: ES3DV3 - SN-3288

Calibratien Parameter Determined in Head Tissue Simulating Media

September 15, 2015

Relative Cenductivity Depth® Unc
FIMHZ | Permittivity®™ | (srm)* ConvFX ° ConvEY | ConvFZ | Alpha® | (mm) k=2 |
7ol 41.8 (.89 6.65 5.63 3,64 Q.80 117 +12.0% |
335 41.5 0.90 541 B.41 £ 0.68 1.22 2120 %
| _AVS0 40.1 1.37 o.40 240 540 0.57 1.38 £12.0%
1200 40.0 1.40 517 517 517 076 114 Ti12.0%
2300 349.5 1.67 4,85 4.85 4.85 64 1.32 +12.0%
2450 04,2 1.580 4.57 457 4.57 075 1.34 +12.0%
__..2600 28.0 1,98 .44 4.44 4.44 0.68 1.38 120 %

E Fregusncy validity adgve 300 MHz of £ 100 MHz cily appliss for DASY w44 and higher [see Fage 2). else it is zestricied to + 50 MHz. The

uncertzinty is the RS5 of the CanvF uncertainty at calib-ation frequency ang the
belo 300 MHz is £ 10, 25, 40. 5D snd 70 WMHz for ConvF assessmants =t 30, 5
waligity czn ba extended to £ 110 MHz.

" At frequencies below 3 2hz, the waiidity of tissue naramesers (= ard o) can be relaxed to
measurad SAR values. At frequencies above 3 GHz, the walid ity
the CanvF yneerainty for indizsted tarpet tissus paramenzrs.,

# laha'Depth are determined during calibraton. SPEAG warrants #h
ahwiays lgss than = 1% for fequencies below 3 3Hz and below

dizmeter from the boundary.

uncertainty for the indicated frequency band. Frequency validity
4. 128, 180 anc 220 MHz rezpectively. Abave & GHz frequency

= 10% if liquid campensation farmuia is applied

of listus gararneters (= and % is restricted to + 5%, The uncertainty is the RES of

&t the remaining deviaficn due to the baurdany effeed aker compenaation is
+ %, for frequencies between 36 GHz &t sry distance largar than half the prabe ti

Certificate Mo: ES3-3280_Sep1s
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ES30W3- SN:3283 Septernber 18, 2015

DASY/EASY - Parameters of Probe: ES3DV?3 - SN:3288

Calibration Parameter Determined in Body Tissue Simuiating Media

Relative Conductivity - Depth © ung

f(MHZ)® | Permittivity” {8m)”  : ComFX ComvEY | ConvFZ | Alpha® | {mm) {k=2)
7E0 - 56.5 0.96 £.57 6.57 £.57 0.80 1,13 +12.0 %
835 55.2 0.97 6.40 £.40 640 - 053 1.45 +12.0 %
1750 53.4 1.40 4,99 4.98 4,99 .37 1.82 +12.0 %
1900 53.3 1.52 4.8 4.81 4.81 0.42 172 +120%
2300 52.9 1,81 4.54 451 454 0.80 1.24 +12.0 %
2450 52.7 1.85 4.37 437 | 447 080 120 | £12.0%
2600 | 525 2.16 4.23 4.23 423 . 080 | 118 £12.0%

c Frequency validity above 300 MHz of + 100 MHz only aaplies for DASY w4 and highar izee Page 20, eise it is meetrictsd o + 50 MHz, The
unGErtainDy is the R3S of the ConuF uncerainty at calibration frequency and the uncetainty for the indicated frequency band. Frequenay walidity
Jelow 300 MHz is £ 10, 25, 40, 50 and 74 MHz for CamvE assesamants at 30, B2, 128, 150 and 220 MHz respectively. Above & GHz frequensy
walidity can be extended o £ 510 Miz,

" alfrequancies below 3 GHz, the walidity of tiszue garsmetars (= and o) can be relaxed to = 10% F liquid compensaticn farmulz is applied o
measurzd SAR values. At frequencies abave 3 GHz, the validity of tissue Faramstars (¢ and o) is restriceed to + 5%, The uncerainty is the BSS of
the CgnuF uncertainty for indicatec ts rget tissue oarameters.

¥ plphasDepth are cetermined Euring caliaration. SPEAG warrants that the rarmzining devigten due to the oauncary effect aftar compansatian is
always less thar + 1% for Fequencies below 3 GHz and belaw + 7% for frequencies betweer: 36 GHz at any distance larger than half $1e prabe tin
diameter frarn the boundary.

Cerfificate Mo: ES3-3288_Sap15 Page B of 13



ES30V3-~ 3M:3288 septernber 18, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Unecertainty of Frequency Response of E-field: & 6.3% (k=2)

Certificate Mo ES3-3288_Sep15 Fage 8 of 13



ESIONS- SMe32es September 18, 2015

Receiving Pattern {(¢), 8 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: & 0.5% {k=2}
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ES3DV3- SM:3288 September 18, 2015

Dynamic Range f(SAR}..q)
(TEM cell , f.,u= 1900 MHz)

10F =

=
=, ']U“—.:.'
= i
=
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43
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=
= qnid
S [N
102 10 13- 107 102 0%
SAR [m'Wem3)
- )
noi cormpensated oormpensated
o
X,
g
L
107 16-2 {1 gy 1 102 104
SAR [mWicmE] )
net cotnpeasated comEensated

Uncertainty of Linearity Assessment: £ 0.6%, {k=2}

Cerificate Mot ES3-3288_Sepis Page 11 of 13




E330V3- SN:3285

Conversion Factor Assessment

=835 MH2.WELS RS (H_cormd)

September 18, 2015
f= 1900 MH= WELS R22 (H_convF)
.=k- l
5 I
5, |
= i
|
5 ] C [:?':I i I :'..::i o I'.'l:';J :1-:
m@ml nv.ﬁrd
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N e \ r :
: T ]
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a Hr e c[‘fn-_': ] =1l a2 a
ar;:%:::l |r-,-ﬁ:d
Deviation from Isotropy in Liquid
Error (b, 3], f= 900 MHz
1.0
0a ] |
0.6
c 3,4
[
= 02
5 0.0
= -0z

e e i
: m- e R
e S

s

o

YER

-1.0

-0.8

-U.&

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

0.4 =02 00

0.4 ne 0B

1.0
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ESIDV3I- SN:3283 September 18, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

COther Probe Parameters

- Sengor Arrangermeant Triangular
Connectar Angle (*) F3.1
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode ' . . disabiled
Probe Overall Length N : 337 mm
Frobe Bady Ciameter 10 rm

Tip Length ’ 10 mm
Tip Diameter 4
Probe Tip to Sensor X Cadibration Paint 2 mm
Fraobe Tip to Sensor Y Calibration Paoint 2 e

“Probe Tip 1o Sensor Z Cafibration Faint Z mm

. Recommended Measurement Distance from Surface 2 mm

Certificate Mo: ES3-3285_Sepis Page 13 of 13



Calibration Laboratory of S,

Schmid & Partner
Engineering AG

Schweizerischer Kalibrierdienst
Service slisse d'étalonnags
Servizio svizzem di taratura

8
C
Zeughausstrasse 43, 3004 Zurich, Switzerland s Swiss Calibration Sorvice

Aecredited by the Swiss Accraditatian Sarvice [SAS
The Bwiss Accreditation Service is one of the signataries to the EA
Wultilateral Agreement for the recognition of calibration certificates

PGS

Accreditsion Mo, SCS 108

Client

Certificate No- £53:3332 Sep15 . .

Objeot e

Calibration procedureiz)

Calibradon date:

This calibration cerificate docamants the Traceabiliy to ratanal standands, which reslize te physical unite of messurametits (&1
The meazurements 2nd the uncertairties with canfidence prodapitty are given en ths follewing pages and 2ma part af e certificats,

il calibraions have been conducted in fhe cosed ikbomtary faciliby: Snvirmment tempargiure (22 £ 2 and humidity = 70%.

ii:alibratim Equipment used ([METE critical far eafibration)

a

LF‘rim an Standards 2] el Date (Cerifzate Ma) Srheduled Calibration
" Powar meter Ed41 58 GB4 1753574 01-Apr-15 (No. 217-02123) baris
Fowisl sersor B4 28 M LAB0RT O7-Apr-15 (Ma. 21 7-02728) Mar-16
Reforenge 3 48 Attenustor | BN 55054 (3 Mi-Aar-15 (No. 217-02129) Wt =
Referanca 20 dE Atterustor . BN, BEITT (200 D-Ape15 (Mo, 217-02132) Ilar-1E
Refarencs 30 db Aftenuator SM: 85129 (30k) H-Apr-15 (Mo, 217-68133) Mir1d
Reference Prote ES20Y2 S 3073 30-D=c-14 (No. ES3-3013 Daci4) D16
CE4 Shl: 680 14=Jan-15 (Mo, DAEREE0_Janis) Jan-16
Secandany Bendarts e Check Date (in house) Scheduled Check ]
! RF gererator HF SR420 US3EAZLI0 T A-Au0-93 (in house chack Apr-]3) In house check: Apr-168
' Metwork Aralyzer HE BISIE lsaraansas T8-00-01 {in house cheok Oo-74) Innaugse chack: Qo165
2 Mamz Functzn Fipnature
Calibrated by: P o o
Sppravad by

|zsued: Sapternper 18, 2015

Thiz zalibration certificate shall not be reproduced ssseatin fall withaut seitizn approval of tha ladoratary.
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Galibration Laboratory of

: 5 Schweizerscher Kalibrierdienst

Schmid & Partier [ Servicesuisse détalonnage
Engineering AG 5 Servizio svizzern df taratiss

Zeughaussirazse 42, BOQE Zurich, Switeedand Swiss Calibration Service

Accredited by the Swiss Accreditation Servies (SA%) Acereditation No.: SCS (108

The Swiss Accreditation Service is one of the signatnries to the E4

Muettilateral Agreement for the recagnition of calibration certificatss

Glossary:

TSL tizsue simulating ligud

NORM:z, y.z sensitivity in fres zpace

Convi sensitvity it TSL/ NORMx.y.=

DCP diode compression point

2R crest facter (1/duty_eyele) of the RF signal

ABC DO modulation dependent inearizatian parametars

Folarization o in Motation around probe axis

Folarizaticn & 4 rotatian around an axs that is i the plane romal to priobe axis (&t measurement canter),

Le. # =05 nomal to probe axis
Conhactor Angle information used in DASY system to align probe sensar X to the rabat coordinate system

Calibration is Performed According to the Following Standards:

a)

b
¢l

d)
Metho

|EEE Std 15268-2013, “IEEE Recommended Practine for Determining the Peak Spatal-Aversged Specific
Absorpticn Rate (SAR) in the Human Head fram Wirsless Lammunications Devices: Measurement
Techniques™, June 2013

IEC 622091, "Procedure to measure the Specific Absorption Rate {SAR) for hand-held devices uzed in close
proximily 1o the ear (frequency range of 300 MHz 1o 3 GHz)", Febrsary 2005

[EC 62203-2, "Procedure e delerming the Spesific Absorption Pate [SAR) for wireless communication devices.
uzed in close praximity ta the human bedy (frequency range of 30 Mz to 8 GHz)", March 2010

KIB 565664, "SAF. Measuremeant Requirements for 100 Mz ta B GHz"

ds Appliad and Interpretation of Parameters:

NORMx.y zr Assessed for E<ield polarization # = 0 {f < 900 MHz i TEM-cefll; f > 1800 MHz; R22 waveguide).
NOEM:, vz are only intermediale values, e, the uneertaintiss of NORMy, v,z does not affect the £ fiald
uncertainty inside TSL (see below ConvF).

NORM(f]2.v,z = NORMx,y,2 * frequency._respense {see Frequency Response Chart). This nsarizatian is
implermented in DASYY sofiware versions later than 4.2 The uncertaindy of the frequency response is includerd
in the stated uncertainky of Conwe

DCPY,y.z. DCP are numercal linearization parameters assessed based on the data of power swesp with OV
signal (no uncertainty required), DCP does not depand an frequency nor media.

FAR: PAR is the Peak io Average Ratio that is not calibreted but detemmined based on the signal
characteristics

Ax iz By, z Cxyz Duyz: VRx .z A, B, €, D are numensal linearization parameiers assesssd based an
the data of power swaep for specific modulation signal. The parameters do ndt depend on frequeancy Bor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF snd Boundsary Effect Paraméters: Asseszed i flat phiantam using E-fislkd (or Temperature Transfer
Standard for ¥ = 800 MHz) and inside waveguide using analyticat field distributions based on [alelil=Tg
measurenents for f = 800 MHz, The same s&tups are usad lor assessmeant of the parameters appligd for
Roundary eampensation (&lpha, depth) of whish typieal uncartainty valyes are given. Thess parameters are
used in DASY4 software fo improve arobie aceuracy clese o the boundary, The sensitfvity in TSL sormesponds
o NORMx, .z ™ ConvF whereby the uncertainty corrasponds to that given for ConvF Afrequency dependent
Conve is used (n DASY version 4.4 and higher which allows extending the validity from + 50 MHz te + 100
MHz,

sphencal isofrpny 130 deviation from isofropy): in o field of Iow dradients realized using a flal phantom
gxposad by & patch antenna,

wansor Offzet; The sensor off$et comespends to the offiset of virual messurameant centar from the probis {ip
{on probe axis). No tolarancs required.

Connester Angle: The angle is assessed using the irdormation gained by determining the MORM:x ino
Urcertainty required),

Certficat
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ES3DW3 - SM33sz September 18, 2045

Probe ES3DV3

SN:3332

Manufactured:  January 24, 2012
Calibrated: September 18, 2015

Calibrated for DASY/EASY Systems

{Note: non-compatitile with DASY2 syatem!)
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ES3DNV3E- SN:3532

Sepkmber 18, 2015

DASY/EASY - Parameters of Probe:- ES3DV3 - SN:3332

Basic Calibration Parameters

- Sensor X | Sensor Y Sensor 2 Unc [k=2]
Norm {uviVimPy" : 0.93 1.15 0.99 +10.1 5
DCP {mV® | 108.2 105.6 1117

Modulation Calibration Parameters
LD : Gommunication System Name A B o O [ vm Unet

L ) dB dB vy JdE my (=2}
! S ¥ ) 1] 1.0 0.00 1802 3.3 %

e 0.0 0.0 1.0 1581

z 0.0 [oXs] 1.0 187 7
é ﬂ - SAR Validation (Square, 100ms, 10ms) X 2.95 f4.5 11.8 1000 35.0 .2 %

¥ 2.25 605 10.5 40.1

2 2,62 85,4 12,9 356
éi%ﬂ- LUMTE-FOD (W COMA) X 344 8.4 19.7 2.91 1473 | 205 %

¥ i 337 | 877 18.7 1351

. Z 3.45 BE.0 134 1491 -

10012- |EEE B02.11b WiFi 2.4 GHz (D55, 1 X 3.28 7.7 20,1 187 1482 | 400 %
CAB Mbps)

: ki 3.30 711 18.7 137.5

; . . . . z 4.01 76.3 222 1495
1003~ | IEEE 802.11g WiFi 2.4 GHz [DSSS- X ' q0s3 695 227 | 946 | 1382 | =55 |
CaB QFDR, 6 Bibps) .

¥ | 1078 0.9 207 131.2
_ Z | 1035 Bo.9 22.9 138.0

é EEBE1~ BEM-FOD (TDMA, GMEK) X 549 BT 19.0 .39 1360 | 1.7 %
- Yol 17 B5.§ 23.3 136.5
Z | a5 77.8 205 1817

g} inaza- GPRS-FDD (TDMA, GMSK, TN 0 PX 510 TE4 9.8 857 | 1285 | =5%
Y 10.58 E6.6 233 129.0
z 453 773 202 146.7

E] ?a?é% - GPRS-FDD [TOMA, GMSK, TH 0-1) x 6,335 785 17.8 B.56 1405 [ f12%
Y | ardd o&.7 24.4 1452

L Z | 2495 8.6 247 1413

éiuéz?- GPRS-FDD (TOMA, GMEK, TN 0-1-2) %' osd7y Do.g 21.8 460 | T4DE | 225
Y 4573 30.6 28 | 1351 —
Z | 1883 uz.g 215 136.4
10028 GPRS-FDD [TDMA, GMSK, TN 0-1-2-3) | x | 9362 E) 202 355 1274 | 1.5 %
DAB -
¥ | B7.21 1040 21.5 1443
: Z 4651 4999 21,5 1492

C 00, IEEE 802.15.1 Bluatooth [GFSH, DHE) X arF.1a a7 14.6 116 1451 +1.9 %
DAL

i i v | 9634 | 954 [ 470 - 135.4

Z 1 8BTS 509 14.5 1466
16100G- LTE-FDD (SC-FOMS, 100% RE, 20 X .10 B7.1 9.4 Far | 1385 | zi49,
CAB hiHz, QPSK) :
i Y 642 BT.F 197 1467
bz 628 678 19.5 1358

Certificate Mo ES53-3332 Sepl5

Fage 4 of 12



ES3DVE- BN:3332

Septermber 18, 2045

10103- LTE-TDD [SC-FDMA, 100% RE, 20 ¥ ARG 25 246 920 1421 7o !
AR MHz, QPSk)
Y .50 738 249 135.4
z .51 72.3 4.5 138.8
107108 LTE-FDD (SC-FOMA, 100% RE, 10 o f.05 E6.7 193 9.80 13440 1.4 %
CAC biHz, GPEK)
¥ B33 67 .4 19.7 1457
CFZ . 80n 671 185 1337
10117- ° [EEE 802.11n (HT Bixed. 13.5 Mbps, " 280 66.3 208 8.0v7 1238 #1325
D CAR BPEK) i B
: ) Y 10,05 647 211 136.1
z 3.72 £8.4 21.0 125 5 N
10151 LTE-TCB (SC-FOMA, 50% RE, 20 tiHz, X T Ta 244 025 136,49 43,7 %
CAE QPSED !
| i .10 7o 4.8 1314
z 7.2 71.3 242 133.2 —
10154- ' LTE-FOD (SC-FDMA, 50% RE, 10 MHz, | X | 5.75 6.3 TR 575 | 1307 . +1.4 %
I cas OPSK)
Y 6,00 G538 19,4 1427
z 5.71 &6.6 13.4 131.5
101 60- LTE-FOD (SC-FDMA, 50% RE, 15 MHz, | x = f.17 GR.T 193 532 158.2 =14 % |
CAR QFSK)
i ¥ | 844 A7.3 196 t47.2
. zZ 5,16 67.2 19,7 1367
10188- LTE-FDD [SC-FDMA. 1 BB, 20 MHz, X A T4 EBT 10.6 9.73 1337 +1.2%
CAR QPSR
ki 5.01 B7.4 18,9 1450
z 4.65 £7.0 188 1538
10172- LTE-TDD (SC-FOMS, 1 RE, 20 MHz. X BT 73 2541 2.1 1265 | ®5%
AR CIPSED
i DY 208 7a.0 Z6.9 144.3
: zZ 6,249 728 25.4 1282
10175- LTE-FDL {SC-FDAA, 1 BB, 10 MHz, W 487 873 19.8 BTz 148.0 +1.2 %
Cac CPSK)
¥ ¢ 408 &7 .2 19.8 1441
- Z 4,53 R 19,5 1317
10 51- LTE-FDD (SC-FOMA, 1 RE, 15 MHz. W 368 GE.4 1594 572 1271 2
CAE QPSKY
¥ 495 7.2 19.8 144 .1
z 453 £6.9 19.9 131.8
C0196- I[EEE 802.11n {HT Mixed, 6.5 Mbps, X [ 5.9 21.4 @10 1418 *2 2%
CAE BPSKD ]
¥ B EG 63.3 210 128.4
z 056 690 21.4 130,98
10225 UMTE-FOD (HSPA+) bd .54 7.3 19.5 597 454 1.4 %
CAB
. . Y 8.50 6.9 19.3 1343
. _ Z | 682 B8 | 201 [ 1445 ]
10237- LTE-TDD [(SC-FDMA 1 RB, 10 MHz, ® .71 733 25.2 9721 1274 | +25%
! CAB LPSK) .
: Y | 821 77.5 272 147.1
z .53 742 262 146.3
10252 LTE-TDD (SC-FOMA, 50% RB, 10 MHz, | x 8.26 73.2 52 0.24 147.4 +2 5 9
CAR QP5K) :
k'l 017 747 25T 1489
B ) ~ Z i 7I7 2o 249 | tes4
10267- | LTE-TDD (SC-FDMA, 100% RE, 10 X B4 720 244 230 1304 2%
CAR MHz, QPSK) : ;
: ¥ 5.0 73.2 2478 1305 !
| z 2,00 7.8 744 1327

Certificate Mo: ES3-3332_Sep13
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ES30W3— 8M:5332

Septermber 18, 2015

10275- LUMTS-FDDG {HSUPA, Subtest 5, 3GPE ¥ 430 B7.2 18.8 356 1436 +#1.7 %
| CAR Rel3.4)
¥ 443 £6.9 18.7 1379
| z 444 &80 10.5 1499
lgi;n - COMAZON0, RCE, 3055, FUIl Rate x 3 E1 575 164 348 134.1 0.7 %
¥ 352 651 193 1457
z 386 60.8 203 138.7 T
‘10%92— COMAZO00, RC3, S032, Full Bate ¥ 355 B7.5 18.8 330 135.0 1T U
.y
i Y | 364 67.5 1.9 1282 ]
z 5,70 §9.2 o8 140.6
10297- LTE-FDD (SC-FOMA, 50% RB, 20 MHz, | % 6,00 G6.5 49 541 1273 +1.7 %
AAA QPSK)
¥ 8.4 673 197 143.5
. Z | 810 67.3 19.8 . 1331 i
10311- LTE-FDQ {SC-FOMA, 100% RB. 15 * B.58 B7.1 19.5 E.0f 1323 17
_AAA MHz. GPSH)
. ¥ f.89 E7.9 20.0 150,
] Z  he6 678 | 20 EE
10400 IEEE BOZ.11ac WiFi {20MHz, 8408k, ¥ 9.8G 53,9 21,5 837 1377 5%
AT BEpc duty aycle) .
Y 5.99 8.7 2.4 1319
| z .84 f9.3 215 142.0
;itgﬂa— COMAZOOD [1xEV-B10, Rey, )] x 479 G0 A 105 376 1447 0.5 %
Y 451 3.1 191 1381
z 514 72,5 08 145.7
10:404- COMAZDO0 (1xEv-D0, Rev. A) . .05 TG 199 377 1436 H13 %
BAE,
h 492 iz B 193 137.0
z 515 728 2140 146.1 n
1041 5- IEEE 802110 WiFi 2 4 GHz (D35S, 1 w 275 BO.3 190 1.04 143.% 0.7 %
| Ass Mbps, 28pe duty oyole) )
¥ 2,86 R 193 134.9
z 383 76.3 3.3 140.9
10416 IEEE B2 {1y WiFf 2.4 GH= {ERP- A 0.a% B0 .5 8.25% 142 4 +37 %
AnA CFDR. 8 Mbps, 98pc duty avele)
¥ 9,75 63,4 211 130.2
Z | oEs 6.0 2.6 | 1412

The reported uncertainty of measurement
multiplied by the coverage factor k=2, whi

probability of approximately 95%.

is stated as the standard uncertainty of measurement
ch for a normal distribution corresponds to a coverage

“The uncertainties of Mo X..2 ¢ not affect the EXfield un

=‘ Mumedical Iinsarization parsmeter: unceraing nok required,

= Uncertafnty is determmad using tha ma.
field valuz,

certEinty insice TIL (see Pages T and 5]

deviation from lingar response =pphving rectangular distiaution and iz expraszed for the squane of the

Cerificate Mo: ES53-3337_Sepis

Page 6 of 13



ES30W3— SN:3332 September 18, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3332

Calibration Parameter Determined in Head Tissue Simulating Media

i Relative Conductvity Depth © Une

f{MH2)® | Permittivity” (Sm)* ComvFX ConvFY ° ConvFZ | Alpha® | [mm) {k=2}
750 41.9 0.89 6.44 644 i 644 0.45 155 | 120 %
g3s 415 .90 6.23 £6.23 .23 025 | 220 | +120%
1750 40.1 137 825 5.25 525 | 048 | 148 | +120%
1900 40.0 1.40 5.06 506 . 5.08 0.61 130 | +12.0%
2300 39.5 1.67 4.78 478 4,78 0.61 143 | +12.0%
2450 38.2 180 444 | 444 4.44 0.80 1.26 | *120%
2600 39.0 196 | 421 a3 4.31 080 ! 127 | s120%

viliddy can be extenced to £ 170 MHz.

F At frequencies beor 3 UMz, the validity of tissue pasmeters (& and o} Gan be relaved to + 10% i liquid compensaton fomula is applied tz
measured SAR values. Al frequencies above 3 GHz, the vaiidity of tissue pacamsters & and =) is restricted o + 5%. The uncertairty iz the RES of
fe ConvF ungertainty far indicated target tizsue parsmetess.

& AlphaiDepth are determined during calibration. SPEAS wamanis that e remiaining deviation das tao the Joundary effect after compensaticn is
alveays less than + % for frequencies below 2 GHz and halow + 2% far frequencies between 16 GHz at any distance larger than half the probe tip
gliameter Fom the boundary.

Certificate Ma: ES3-3332_Sep15 Page T of 13



ESA0W3- SN:35332 September 18, 20Hs5

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3332

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity ' Depth Ung

| F{MH2)® | Permittivity™ | (Sim)T ConvFX | ConwF ¥ | ConvFZ  Alpha® ; {mmj} {k=2)
750 £5.5 0.96 636 | 638 6.36 0.80 116 . £120%
835 552 0.57 .21 621 6.2% 0.53 1.43 +12.0%
1750 - 534 1,49 4.85 485 4.55 0.40 1.67 £12.0 %
1500 533 1,52 470 4.70 4.70 0.55 1.55 +12.0 %
2300 52.9 1,61 445 448 446 | 080 | 125 | +12.0%
2450 52.7 1.85 4.30 430 . 430 | 0.80 1.25 £12.0 %
2600 52.5 216 4.06 4.08 406 080 | 130 £12.0%

- Frequency validity above 300 MHz of + 105 MHz anly agplies for DASY w4 4 anc higher (see Page 2), eise it is resfricted ta + 50 LHz. The
uncersinty Is the RES of the ConvF uacedainty at calibration Trafaency and the uncertainty for the indicated frecuency band, Frequensy walidity
below 300 MHz is = 10_ 28, 49, 50 and 70 MHz for Cone asEeszments at 30, B4, 128 159 and 270 MHz respeively. Above 5 GHz fraquency
walidity can be extendad 50 + 710 MMz

Fat freguangies below 2 GHz, the walidiy of tiszue parsmeters (= and a] can be relamed to = 10% i liguid compensaticn formula is applied 1o
measlred SAR valies. At frequencies above 3 Sy, the validity of tissus pararmeders (x and il is restricted to + 5% The wncertainty is the {33 of
the CanvF uncertainty for indicated target tissue parameters.

* AlphaiDepth are getsrmined curing calioration. SPEAS warrants that the remzining deviation due te the boundary effect after campensation is
always l2ss than £ 1% for Fequencies below 3 GHz and bolaw + 2% for frequencies between 5.6 Gtz =t BNy digtanca lzrger than half the probe tig
dizmeter from the boundary.

Cenificats No: ES2-3332_Sepis Fage & of 13



ES3DW3- SN:3532 September 18, 2014

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

151

i

L. R

(I RPN NSNS SO N

Frequency response (normalized)
—
O
111 !q.?’l T

1530 2000 2600 3000
T [MHz]

i i
Em E

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

Certificate No: ES2-3232 _Sep15 Page 9 of 13



ES30W3— M 53332

Receiving Pattern (¢), § = ¢°

=600 MHz, TEM

September 18, 2015

=1800 MHz,R22

- - i .
== A .
135 - - & (o - #a
. - I i . ..._' -
1 ! i 1 ’
v : ; .
B _— : .
) - . - i B S ——
. . ..‘ e B - i . -’ .-
-EF - e n 14z - et -
. a2 ja aE 18 - b, p: 05 DE |
. - . h . .. . Yo, .
e T —— e i
i . i | . ;
) . P . -
L P -
P St - B
os® v . = #E . = Bl
—— S
- -
[ T - —_— -
—_ — —, e e e e Sl _
B @

Tet

[E—

ar ?—Mﬂﬂw&‘i—é—kf—akg-rwﬁ"hﬂwéﬁw o E'—Z—

Error [dE]

[P R

s
2|
850 7Hz

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

Cerificate Mo ES3-3332_Sapis Page 10 of 13



EZ30V3- 5N;3332 September 18, 2015

Dynamic Range f(SAR}..4)

(TEM cell , f..q= 1900 MHz)

Rl

105 |

1[]-1. .

-"ICIE_.....

Input Signad [uv]

ST o -

10 100 10T 10° 10 102 102
SAR [m¥Wicm3)]

e ] &
nat compensated compensates]

10- i [ g e} 102 103
SAR [mWemd]
& 8]
net compesated CoMEehzatad

Uncertainty of Linearity Assessment: + 0.6% (k=2)

Cerifficate Mo E33-3332_5ep15 Fage 11 of 13



ES30W3— SN:3352 September 18, 2015

Conversion Factor Assessment

T= 835 MHzWGLS RE (H_comd) f= 1900 MMz WGLS R22 (H_cornf]
car—" e . . . —_——.
o
is =
1.0~ _—
% :.5--: ka.. % 2:_; ;
ETH Z L
c - E o=
5] . in :
15 ‘ Ly |
: — :
o Z
; - - _ '1.\'-‘-.
a | ""—: o !‘ 1 ! L
a u] o R [i—ir'l S0 F a 11 =3 B [fw =5 i} =5 43
ardlazl iR ey amabral measred

Deviation from Isotropy in Liquid
Error {§, 3), f =900 MHz

Dewviadion

1.0 -08 08 04 02 08 02 04 06 OB 1.0
Uncertainty of Spherical Isofropy Assessment: + 2.6% (k=2}

Certificate No: ES3-3222 Sepis Page 12 of 13



ES30WV3- BN:3332 Septermber 18, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3332

Other Probe Parameters

Sensor Arrangement : Triangulas

“Connector Angle () ' ) 1.9

| Wechanical Surface Detection Mede ) ' ' enabled

' Optical Surface Detectian Mode N dizabled !
Probe Overall Length i 337 mm
Prabe Body Diameter 70 |

i Tip Length i ' 10 mm
Tip Diameter 4 mm |

. Probe Tip to Sensor X, Calibration Point 2mm

Probe Tip to Sensor ¥ Calibration Poiat 2mm .
Probe Tip to Sengor Z Calibration Point 2 mrn
Recommended Measurement Distance from Surface _ 3 mm

Cenificats Mo: EE3-3332_Sepis Page 13 of 13



Calibration Laboratory of

Sar 2, § Schweizerischer Kalibrierdienst
. - )
Schmid & Partner iﬁ&f c Service suisse d'étalonnage
Engineering AG N g Serizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ; //;-\\\;-«‘ Swiss Calibration Service
"h'uin\\“
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatorles to the EA
Mulititateral Agreement for the recognition of calibration certificates

Client

ortificate No: ES3-3318_Feb16. -

CALIBRATION CERTIFICATE _

Object 'ES3DV3 - SN:3318 ¢

Calibration procedure(s) “QACAL-01.v9, QA C/

‘._Callbr: | PAY v

o 5{6!

Calibration date;

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (sh).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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)

12016

Primary Standards D Cal Date (Certificate No.) Scheduled Calibration

Power meter £44198 GB41293874 01-Apr-15 (No. 217-02128) Mar-16

Power sensor E4412A MY41428087 01-Apr-15 {No. 217-02128) Mar-16

Reference 3 dB Attenuator S8N: 55054 {3c} 01-Apr-15 {No. 217-02129) Mar-16

Reference 20 dB Altenuator SN: 85277 {20x) 01-Apr-15 (No. 217-02132) ar-16

Reference 30 dB Altenuatar SN: 85129 (30b) 01-Apr-15 (No. 217-02133) Mar-16

Reference Probe ES3DV2 SN: 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16

DAE4 SN: 660 23-Dec-15 (No. DAE4-660_Deg15) Bec-16

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

RF generator HP 8648C Us3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E UUS37390585 18-Cct-01 (in house check Oct-15) In house check: Qct-16
Name ~ Function Signature _ o

Calibrated by: JelonKastralt i e e . e

Approved by:

Issued: February 20, 2016

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: ES3-3318_Feb16 Page 1 of 12




Callbl"atIOﬂ Laboratory of ‘\Q‘\‘@/”fo S Schweizerischer Katibrierdienst

Schmid & Partner 5‘;‘\\-\://5! !E/i_ ¢ Service suisse d'étalonnage
Engineering AG o= Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland ‘«4”//:\\,\‘\‘;\? S swiss Calibration Service

pTERAE

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A B C,D modulation dependent linearization parameters

Polarization o ¢ rotation around probe axis

Polarization $ 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)

b)
c)

d)

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

IEC 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

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

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cel}; 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(fx,y,z = NORMXx,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 o Average Ratio that is not calibrated but determined based on the signal
characteristics

Axy,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 dicde.

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 * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvfF 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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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Basic Calibration Parameters

Sensor X SensorY Sensor Z Une (k=2)
Norm (uV/AVIm)*Y 1.16 0.93 1,29 +10.1%
PCP (mV)® 102.2 104.2 103.7

Modulation Calibration Parameters

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

0 cw X 0.0 0.0 1.0 0.00 | 1992 | #35%

Y 0.0 0.0 1.0 176.5

Z 0.0 0.0 1.0 194.6
10010- SAR Validation (Square, 100ms, 10ms) X 3.19 63.2 12.6 10.00 42.3 1.4 %
CAA

Y 19.74 §2.9 18.6 35.5

pd 4.87 67.6 14.6 43.3
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 2.99 68.6 18.5 1.87 141.3 +0.9 %
CAB Mbps)

Y 3.46 711 19.6 145.1

Z 3.19 70.2 19.5 144.7
10100- | LTE-FDD (SC-FDMA, 100% RB, 20 X | 830 67.0 194 | 567 | 1282 | £1.4%
CAB MHz, QPSK)

Y 6.32 67.0 19.2 129.9

Z 6.36 67.5 19.8 131.3
10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 11.31 78.0 27.3 9.29 146.7 3.5 %
CAB MHz, QPSK}

Y 9.35 72.8 24.3 141.3

z 11.02 76.9 26.7 1317
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X 6.22 66.7 19.4 5.80 126.2 1.4 %
CAC MHz, QPSK)

Y 6.20 66.5 191 128.1

Z 6.27 87.1 19.7 1311
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X [ 10.46 76.6 26.8 9.28 1388 | #33%
CAB QPSK)

Y 8.80 72.0 24.0 134.3

Z 10.01 75.0 25.9 122.1
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 6.12 67.0 19.6 5.75 146.0 1.7 %
CAC QPSK)

Y 6.15 67.1 19.5 148.7

Z 5.95 66.5 19.4 127.4
10160- LTE-FDD {SC-FDMA, 50% RB, 15 MHz, X 6.33 66.7 19.4 5.82 127.2 +1.4 %
CAB QPSK)

Y 6.33 66.6 19.2 128.2

Z 6.38 67.1 19.7 133.6
10169- LTE-FDD {SC-FDMA, 1 RB, 20 MHz, X 5.10 67.2 20.0 573 147.9 +1.2%
CAB QPSK)

Y 4.85 66.3 18.3 127.1

z 4.97 66.7 19.8 133.9
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 8.71 78.3 27.8 9.21 127.5 #3.0%
CAB QPSK)

Y 7.52 74.8 25.7 144.7

A 10.09 81.9 29.5 136.4
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 5.09 67.2 20.0 572 146.9 +1.2%
CAC QPSK)

Y 4.97 66.9 19.6 140.9

Z 4.95 66.6 19.7 133.1
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10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 511 67.3 20.0 5.72 146.8 1.2 %
CAB QPSK)

Y 5.03 67.2 19.8 147.0

z 5.00 66.8 19.8 135.0
10237- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 8.73 78.3 278 9,21 126.7 | #3.0%
CAB QPSK)

Y 7.60 75.1 25.9 146.1

Z | 1078 83.8 30.4 143.4
10252- | LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X 9.61 75.3 26.2 924 | 1294 | 33 %
CAB QPSK)

Y 8.55 72.3 24.3 143.1

z | 11.05 79.1 28.1 146.1
10267- | LTE-TDD (SC-FDMA, 100% RB, 10 X | 10.44 76.5 26.8 930 | 137.7 | 33 %
CAB MHz, QPSK)

Y 8.62 713 23.6 125.8

Z | 10.24 75.6 26.2 125.3
10297- | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 6.51 67.8 20.0 5.81 1485 | +1.7%
AAA QPSK)

Y .42 67.3 19.6 144.3

z 6.31 67.3 19.8 1347
10311- LTE-FDD (SC-FDMA, 100% RB, 15 X 6.80 67.4 19.9 606 | 1286 | #+14%
AAA MHz, QPSK)

Y 6.69 66.9 19.4 125.3

z 6.91 68.0 20.3 140.1

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 Norm X,Y,Z do not affect the E>-field uncerainty inside TSL. (see Pages 6 and 7).

Numerical linearization parameter: uncertainty not required.
¥ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MH2)¢ | Permittivity" (5im)" ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 41.9 0.89 6.48 6.48 6.48 0.54 1.35 £12.0%
835 41,5 0.90 6.23 6.23 6.23 0.70 1.21 £120%
1750 40.1 1.37 5.34 5.34 5.34 0.72 1.27 +12.0%
1900 40.0 1.40 5.13 5.13 5.13 0.80 1.18 £120%
2300 39.5 1.67 4.78 4.78 4.78 0.76 1.29 £12.0%
2450 39.2 1.80 4.57 4.57 4.57 0.59 1.49 £120%
2600 39.0 1.96 4.40 4.40 4.40 0.80 1.31 +12.0 %

¢ Frequency validity above 300 MHz 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. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

¥ At frequencies below 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 parameters (g 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
ahways 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.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ® Unc

f(MHz)® | Permittivity" (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | {mm) (k=2)
750 55.5 0.98 6.19 6.19 .19 0.50 1.51 £12.0%
835 55.2 0.97 6.11 6.11 8.11 0.47 1.56 £12.0%
1750 53.4 1.49 5.02 5.02 5.02 0.49 1.55 +12.0 %
1900 53.3 1.52 4.81 4.81 4.81 0.80 1.24 +12.0 %
2300 52.9 1.81 4.55 4.55 4,55 0.80 1.27 +12.0%
2450 52.7 1.95 4.45 4.45 4.45 0.80 1.16 +12.0%
2600 52.5 2.18 4.18 4.18 4.18 0.80 1.13 £12.0%

© Frequency validity above 300 MHz 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. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxad to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and o} is restricted lo + 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
ahways less than 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SARyqaq)
(TEM cell , foya= 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 R9 (H_convF) f = 1900 MHz, WGLS R22 (H_convF)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3318

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 76.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 16 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Senser Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3mm
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CALIBRATION CERTIFICATE

Object ES3DV2 - SN:3022

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

Calibration procedure(s)

Calibration date: August 26, 2015
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This cafibration cerlificate documents the traceability to nalional slandards, which realize the physical units of measurements (Sl).
The measurements and Lhe uncertainties with confidence probabilily are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for catibration)
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Approved by:

Katja Pokovic

Technical Manager

This calibration certificale shall not be repreduced except in full without written approval of the laboralory.

Primary Standards 1D Cal Date (Cerlificale No.) Scheduled Calibration

Power meter E4419B (GB41293874 01-Apr-15 {No. 217-02128) Mar-16

Power sensor E4412A MYA41498087 01-Apr-15 {No. 217-02128) Mar-16

Reference 3 dB Altenuator SN: 55054 (3c) 01-Apr-15 (No. 217-02129) Mar-16

Reference 20 dB Altenuator SN: §5277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Attenuator SN: 5128 (30b) 01-Apr-15 (No. 217-02133) Mar-16

Reference Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-156

DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16

Secondary Standards D Check Dale (in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E US37390585 18-0Oct-01 {in house check Oct-14) In house check: Oct-15
Name Funclion Signature

Calibrated by: - Michael Weber Laboratory Technician
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Accredited by the Swiss Accreditalion Service (SAS) Accraditation No.; SCS 0108

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

Multilateral Agreement for the recegnition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMX,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A BCD modulation dependent linearization parameters

Polarization ¢ o 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 to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

IEC 82209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

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

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

Methods Applied and Interpretation of Parameters:

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 E*field
uncertainty inside TSL (see below ConvF).

NORM(x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearizalion 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 defermined based on the signal
characieristics

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 NORMXx,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 isolropy): in a field of low gradients realized using a flat phantom
exposed by a patch anlenna.

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

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (pV/(Vim)))" 1.00 1.03 0.95 +10.1%
DCP (mV)" 99.9 99.7 100.9

Modulation Calibration Parameters

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

0 cw X 0.0 0.0 1.0 0.00 | 1796 | 3.3%

Y 0.0 0.0 1.0 183.9

z 0.0 0.0 1.0 179.0
10010- SAR Validation {Square, 100ms, 10ms) X 3.60 65.9 14.2 10.00 435 2.2 %
CAA

Y 2.84 635 13.0 433

Z 2,76 63.7 12.7 41.7
10011- UMTS-FDD (WCDMA) X 3.32 67.0 18.7 2.91 144.4 +0.7 %
CAB

Y 3.24 66.3 18.0 147.3

z 3.19 66.3 18.0 1435
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.15 69.9 19.5 1.87 146.,1 +0.7 %
CAB Mbps) :

Y 2.88 67.7 18.0 1479

z 2.78 67.4 17.8 145.6
10013- IEEE 802.11g WiFi 2.4 GHz (DSSS- X | 11.40 71.3 238 9.46 144.9 3.3 %
CAB OFDM, 6 Mbps)

Y | 11.15 70.5 23.1 146.9

z 10.95 705 23.3 140.3
10021- GSM-FDD (TDMA, GMSK) X | 20.86 99.8 29.2 9.39 1326 | +¥22%
DAB

Y 14.36 93.3 26.6 145.3

yd 17.17 97.2 27.8 145.4
10023- GPRS-FDD (TDMA, GMSK, TN 0) X | 17.22 96.5 282 9.57 125.4 +1.9 %
DAB

Y | 11.06 88.6 25.0 136.0

z 8.71 84.6 234 130.7
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X | 31.05 99.5 25.9 6.56 135.2 +2.2 %
DAB

Y | 2528 97.4 25.0 132.5

Z | 2158 95.7 24.5 144.4
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 4288 99.9 24.0 4.80 1295 | #19%
DAB

Y | 40.80 99.6 237 124.9

Z | 3842 99.7 23.7 137.8
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | X | 4448 100.0 232 3.55 1382 | #1.9%
DAB

Y | 44.03 99,7 22.8 133.0

Z | 41.38 99.8 22.8 1475
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X 16.08 995 23.3 1.16 1275 1.4 %
CAA

Y | 79.69 99.6 19.3 146.2

Z | 45.81 99.9 20.4 138.2
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.43 67.4 19.8 5.67 138.7 +14 %
CAB MHz, QPSK)

Y 6.27 66.8 19.2 134.9

z 6.16 66.6 19.2 127.6
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10103- LTE-TDD (SC-FDMA, 100% RB, 20 %X | 10.13 75.0 25.9 9.29 1294 | 3.3 %
CAB MHz, QPSK)

Y 946 73.0 24.5 131.8

pd 9.52 74.0 25.4 137.0
10108- LTE-FDD {(SC-FDMA, 100% RB, 10 X 6.27 66.9 19.7 5.80 137.0 | 1.7 %
CAC MHz, QPSK)

Y 6.24 66.7 19.3 140.0

z 6.06 66.3 19.2 127.1
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 10.16 68.7 21.3 8.07 1277 | ¥22%
CAB BPSK)

Y 9.99 68.2 20.9 1315

Z | 10.22 69.1 21.4 141.6
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 9.34 734 25.2 9.28 1250 | *3.3%
CAB QPSK)

Y 8.92 722 24.3 127.2

Z 8.95 73.1 251 131.9
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 5.05 66.4 19.4 5.75 1344 | 14 %
CAC QPSK)

Y 5.92 66.2 19.4 137.0

z 5.96 66.7 19.5 146.8
10160- LTE-FDD (SC-FDMA, 50% RB, 16 MHz, | X 6.39 66.9 19.6 5.82 1399 | H1.7%
CAB QPSK)

Y 6.35 66.7 19.3 141.9

z 6.15 66.2 19.2 128.4
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.96 66.6 108 573 1373 | %14 %
CAB QPSK)

Y 4.85 66.1 19.3 139.8

z 4.85 66.6 19.7 146.7
10172- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 8.75 78.7 28.3 9.21 1389 | 30%
CAB QPSK)

Y 7.69 751 26.1 140.1

z 7.80 76.6 27.2 144.0
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 4.88 66.2 19.6 572 132.0 14 %
CAC QPSK)

Y 4.77 65.8 19.1 1326

Z 483 66.5 19.6 146.0
10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 4.91 66.3 19.7 572 1317 | 214 %
CAB QPSK)

Y 4.82 66.0 19.2 138.4

z 4.86 66.7 19.7 1457
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X | 10.04 69.1 24.7 8.10 1409 | +2.2%
CAB BPSK)

Y 9,62 67.9 20.8 1252

z 9.74 68.6 213 133.3
éozzs- UMTS-FDD (HSPA%) X 7.01 67.1 10.6 5.97 1437 | 1.4 %

AB

Y 6.78 66.2 19.0 129.3

Z 6.80 66.7 19.3 136.5
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 8.55 78.0 27.9 9.21 1346 | #3.0%
CAB QPSK)

Y 7.79 75.6 26.3 141.6

z 7.89 76.9 27.4 145.2
10252- LTE-TDD (SC-FOMA, 50% RB, 10 MHz, | X 9.30 74.8 26.1 9.24 134.8 ¥3.3%
CAB QPSK)

Y 8.65 72,5 24.5 136.4

z 8.33 72.3 24.8 126.6
10267- LTE-TDD (SC-FDMA, 100% RB, 10 x | 1020 76.2 26.8 9.30 1448 | #33%
CAB MHz, QPSK}

Y 9.41 73.7 25.1 145.9

z 9.18 73.9 256 138.6
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10275- UMTS-FDD (HSUPA, Subtest 5, 3GPP X 4.45 66.7 18.0 3.96 147.0 +0.9%
CAB Rel8.4)

Y 4.21 65.5 17.9 126.5

Z 4.36 66.5 18.5 148.0
10291- CDMAZ2000, RC3, S055, Full Rate X 3.57 66.3 18.5 346 134.3 0.7 %
AAB

Y 3.48 65.6 17.8 136.8

Z 3.51 66.2 18.3 136.4
10292- CDMA2000, RC3, 8032, Full Rate b4 3.53 66.4 18.6 .30 135.8 +0.7 %
AAB

Y 3.45 65.8 17.9 140.4

Z 3.50 66.5 18.5 137.0
10297- LTE-FDD {SC-FDMA, 50% RB, 20 MHz, X 6.18 66.5 19.5 5.81 129.4 .4 %
AAA QPSK)

Y 6.15 66.3 19.1 133.6

Z 6.13 66.5 19.3 131.2
10311- LTE-FDD (SC-FDMA, 100% R8B, 15 X 6.77 67.2 19.9 6.06 1348 | 1.7 %
AAA MHz, QPSK)

Y 6.81 67.3 19.7 144.8

d 6.68 67.1 19.7 136.7
10400- |EEE 802.11ac WiFi (20MHz, 64-QAM, X 10.30 69.4 22.0 8.37 142.0 +25%
AAC 99pc duty cycle)}

Y 9.90 68.2 21.1 126.8

z 10.15 69.3 21.9 142.6
10403- CDMA2000 (1xEV-DO, Rev. 0) X 4.72 68.1 18.9 3.76 147.8 0.7 %
AAB

Y 4.56 67.5 18.2 133.6

Z 4.61 68.2 18.7 147.4
10404- CDMAZ000 (1xEV-DO, Rev, A) X 4.57 678 18.8 3.77 144.3 0.7 %
AAB

Y 4.43 67.3 18.1 131.3

z 457 68.3 18.8 145.0
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 2.64 67.9 18.7 1.54 142.1 0.5 %
AAA Mbps, 99pc duty cycle)

Y 2.36 65.4 16.8 130.3

zZ 2.50 66.7 17.7 145.0
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 10.04 69.0 217 823 138.8 +2.2%
AAA OFDM, 6 Mbps, 99pc duly cycle)

Y 9.71 68.0 20.9 125.6

Z 9.94 69.0 21.6 140.4

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 Norm X.,Y.Z do not affect the E*field uncertainty inside TSL (see Pages 7 and 8).

® Numerical linearization parameter: uncerlainty nol required.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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ES3DV2- SN:3022

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

Calibration Parameter Determined in Head Tissue Simulating Media

August 26, 2015

Relative Conductivity Depth © Unc

f (MHz) M Permittivity (S/m) F ConvEX | ConvFY | ConvFZ | Alpha® {(mm) (k=2)
750 41.9 0.89 6.33 6.33 6.33 0.46 1.43 +12.0%
835 41.5 0.90 6.11 6.11 6.11 0.24 2.08 +12.0%
1750 401 1.37 5.08 5.08 5.08 0.45 1.47 +12.0%
1900 40.0 1.40 4.93 4.93 4.93 0.59 1.25 +12.0%
2300 39.5 1.67 4.63 4.63 4.63 0.55 1.39 £12.0%
2450 39.2 1.80 4.30 4.30 4.30 0.51 1.47 +120%
2600 39.0 1.96 412 4.12 4.12 0.57 1.46 +12.0%

© Frequency validily above 300 MHz 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 lhe indicated frequency band. Frequency validily
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

validily can be extended to + 110 MHz.

F At frequencies below 3 GHz, lhe validity of lissue paramelers (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied o

measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to # 5%. The uncerainly is the RSS of

the ConvF uncertainty for indicated larget lissue parameters.
G Alpha/Depth are determined during calibration. SPEAG warrants that Ihe remaining devialion due to the boundary effect after compensation is

always fess than + 1% for frequencies below 3 GHz and below * 2% for frequencies between 3-6 GHz al any distance larger than half the probe tip

diameter from the boundary.

Certificate No: ES3-3022_Aug15
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DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Body Tissue Simulating Media

August 26, 2015

Relative Conductivity Depth ® Unc

f(MH2)¢ [ Permittivity” (Sim)© ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 55.5 0.96 6.16 6.16 6.16 0.50 1.34 +12.0%
835 55.2 0.97 6.13 6.13 6.13 0.25 2.16 £12.0%
1750 53.4 1.49 4.79 4.79 4.79 0.61 1.33 £12.0%
1900 53.3 1.52 4.56 4.56 4,56 0.31 2.02 £12.0%
2300 52.9 1.81 4.32 4.32 4.32 0.79 1.19 +12.0%
2450 52.7 1.95 4.08 4.08 4.08 0.80 1.12 +12.0%
2600 52.5 2.16 3.96 3.96 3.96 0.80 1.10 +12.0%

© Frequency validity above 300 MHz of = 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to & 50 MHz. The
uncertainly is the RSS of the ConvF uncertainty at calibralion frequency and the uncertainly for lhe indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

validity can be extended to £ 110 MHz.

F At frequencies below 3 GHz, the validity of lissue parameters (¢ and &) can be relaxed to + 10% if liquid compensation formula is applied to

measured SAR values, Al frequencies above 3 GHz, the validity of tissue parameters {e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

S AlphafDepth are determined during calibralion. 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 lhe probe lip

diameter from the boundary.
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ES3DV2- SN:3022

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

Frequency Response of E-Field

August 26, 2015

1.0-fo:1

Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: + 8.3% (k=2)
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ES3DV2- SN:3022 August 26, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz,TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment; * 0.5% (k=2)
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Dynamic Range f(SAR}caq)
(TEM cell, foya= 1900 MHz)
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Uncertainty of Linearity Assessment:  0.6% (k=2)
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ES3DV2- SN:3022

=835 MHz, WGLS R9 (H_convF)

August 26, 2015

Conversion Factor Assessment

= 1900 MHz, WGLS R22 (H_convF)
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0.6
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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ES3DV2- SN:3022

August 26, 2015

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 098.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3 mm

Cerltificate No: ES3-3022_Aug15

Page 13 of 13




Calibration Laboratory of S,
Schmid & Partner ;1 R
Enginearing AG z

Zeughausstrasse 43, 3004 Zurich, Switzerdand

S Schweizerischer Kalibrie rdianst

¢ Hervice suisse d'éklonnage

S Servizin swizzetn di taratura
Swizs Calibration Service

\
IRR

Accredited by the Swiss Accreditation Service [SAS)
The Swiss Accreditation Service is one of the signataries to the EA,
Multilateral Agreerment fur the regegnition of calibration certificates

PG Test:

Accreditation No.: SCS M08

Client

Cortificata No: ES3-3334 "Nov15 .o

CALIBRATION CERTIFICATE:

Object ES3DV3 = SN:A334

Calibratign procedines)

QA GALD: A
Cahtrratlcin pmc:eﬂure fﬂr dﬂSlmetch E-ﬂehi mhes

Calbaton ate: Novermber 17,2015

Thiz calibrstion certificats documents the traceabiity te national stardards. which realize the physical units of measurements 121,
The measurgmenits ant the uncertainties with carfidence probabilty are given on the following pages snd are part of tha cerifizate.

All calivrations have been conductzd in the closed laboratory facility: enviranment tempereture (22 + 3)°C and humidity < 70%,

Calibraticn Equipment used {MATE critical for caliarabon)

Apprgwsd Dy

Jgtidri Faetraft |

{ This calibration certificate shali not e reproduced except in full witheut written approval of the laboratasy.

Primary Standards IC Zal D@ (Certificamn Mo.) Scheduled Caliaretion
Power meter E44158 (3841292874 01-Aar-15 (Mo, 217-0213258) hiar-16
Powear sansor Eddq 24, i 41 2AB08T M-Aar-15 (Mo, 217-02128) Fazr-15
Raference 3 dB Attenuator Sh: BERGd weal 01 -Apr-15 (Mo, 217-02129) Mar-1%
Refarence 20 dB Attsnuator Sh 5277 (20 Q-Apr-15 (Mo, 217-02132) Mar-1%
Refarence 30 dB Atznugtar Shi; 85129 [306) M1-Apr-15 (Mo, 217-02133) MWlEr-18
| Refarence Probe ES30WE S 3013 30-Dec-14 (Mo, ES3-1013 Decld) Dec-15
CAE Zhi: BED 14-Jan-15 (Mo, DAE4-BS0_Jan1a) Jan-1E
Secondary Standaids 1D Check Date [in house) Scheduied Check
BF generaior HF BG450C LFS3E42U01 700 4-Aug-BD [in hause check Apr-13) In hiouse check: Apr-16
Bigtwork Anahyrer HP 8TEIE UEATIHIGESE 18-0rct-21 din house check Oet-15) If hause checi: Doi-18
Mame Furction Signature
Caiibratad by R

Izsued; November 17, 2015

Certificate Mo: ES3-3334_Nov1h

Page 1 0f 13




Calibration Laboratory of

' S Schweizerischer Katibrierdignst

Schmid & Partner ¢ Fervice suisse d'étalannage
Engineering AG Servizie svizzera di taratura

Zeughausstrasse 43, 8004 Zurich, Switzedand S Swiss Galibration Service

Accreditad by the Swiss Accreditstion Senvice (SAS) Accreditation Wo: SCS 0108

The Swizs Accreditation arvice is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration centificates

Glossary:

T3L tissus simulatng liquid

NORM: v,z sensitivity in free space

ConvF sensitivity in TSL / NORMx vz

DR diode compression point

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

&8 B.CD maoduiation dependent inearization parameters

Polarization o ip rotaticn arcund probe axis

Falarization & 2 rotation around an axis that is in the plane normal to probe axis (at maasurement canter),

i, & = 0is normal to probe axis
Connector Angle irformaticn used in DASY systern to align probe sensor X to the robot coordinate system

Calibration is Performed Accerding to the Following Standards:

al

)
c)

d)

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

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

tEC 622(13-2, "Procedure to determine the Specific Absorption Rate {SAR) for wireless communication devices
uzed in clgse proximity to the human body {frequency range of 30 MHz to & Mz, March 2010

KDB 565664, "SAR Measurement Requirements for 100 MHz to § Gz

Methots Applied and Interpretation of Parameters;

MORMx, v,z Assessed for E-fisld palanzation # = 0 {f < 800 MHz in TEM-cell: f = 1800 MHz: R22 wavegide),
NORM:,y.2 are only intermeadiate values, | e, the uncertainties of NORMx, v.z does not affect the E=-field
uncertainty inside TSL {see betow ConvF).

MORM{Bx,y.z = NORMy, vz * frequency_response {see Frequency Response Chatt). Thiz linearzation is
implemnented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of Comel,

DCPx vy z: DCP are numerical linearization parameters assessed based on the data of poweer swaep with Gy
signal {ho uncertainty required). DCP does not depend on fraquency nor media.

FPAR: PAR is the Peak fo Average Ratio that is not calibrated but determined based an the =ignal
charactenstics

A 1n2: Bayy,z Cay,z) Dey,2) VRxy 2 A, B, €, D are numerical linearization parameters assessed bassd on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. ¥ 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 Transfsr
Standard far f < 800 MHz} and inside waveguide using analytical fizld distributions based an pawer
measuraments far f = 300 MHz. The same setups are used for assessment of the parameters applied for
baundary compensation {(alpha, depth) of which typical uncertainty values are given. These paramsters are
used in DASY4 software o improve prabe accuracy close to the boundary, The sensitivity in TSL coresponds
o NORMz .z * Comd whereby the uncertainty corresponds to that given for ConvF. A fraquency dependent
Conv is used in DASY version 4.4 and highet which allows extending the validity from £ 50 MHz to + 100
MHzZ.

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

Sensor Offsel. The sensor offset correspands to the offsef of virual measurement center from the probe tip
{on probe axis). Mo tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncentainty requirad).
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Probe ES3DV3

SN:3334

Manufactured:  January 24, 2012
Calibrated: November 17, 2015

Calibrated for DASY/EASY Systems

{Moter non-compatibile with DASYZ system!)
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ES3DVI— SM:3354

Movember 17, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3334

Basic Calibration Parameters

, : Sensor X SensorY Sensor £ Linc (k=2]
Marmr {u‘u’f{BWm} 3 1.03 1.03 0.99 +10.1 %%
DEP {mV) 107.6 1053 107.9
Modulation Calibration Parameters
4]]a) Communication System Name A B C o | vR Unct
d8 | dBvuv | B mv {k=2)
0 cw X | o0 4o 10 000 | 1921 | %278
ki [Ry] 0.0 1.0 183.6
— i oo 0.0 1.0 1833
é:l:lﬂ1ﬂ— SAR Validation (Square, 100ms, 10ms) ¥ oo a0, 02 10.00 186 1.4 %
Ah : - : =1
W 1.899 50.3 102 3064
Z 5.38 GY.B T2.5 ar.z
: gfﬁ’”- _ UMTS-FDD QW ODMA) X Eao 66.0 183 | 281 | 1817 . H5%
) Ty | 3z7 670 | 182 BEEE —
. » Z | a4 68.3 12.1 1485
0012- IEEE 50Z.11h WiFi 2.4 GHz (DESS, 1 W 203 k& O 18.7 187 1324 307 %
CAB Mbps)
Py 3.12 K96 18.8 130.2
5 ) z 324 11 197 128.2
104013- IEEE 802119 Wik 2.4 GHz (D553- ¥ 1080 0.5 9% 0 a .46 1335 | +3.3
CAD OFDM, B Mbps) ’ i o
Y 1053 a2, 931 124.6
z 11.14 71.2 235 1471
é?faﬂ- | GEM-FID (TOMA, GMEK) X | 1505 a1.0 24.4 89337 | 1305 | +i8%
Y 1011 ass 233 131,58
£ 1 1184 87 6 234 130.0
D10023- . GPRS-FDOD (TDMA, GMSK, TH 04 ® 10.42 LERs 2258 9.57 131.58 +3.0%
DAE i
¥ 13.29 86.7 245 1491
P 7 1417 Q0.2 242 14587
; 10024- GFRS-FOD (TDMA, GMSK, T 0-1) XD 128 B5.1 154 B.56 1407 | +1.3%
| OAD
¥ I 26.29 95,5 23.8 134 7
P L g5.82 21.3 136
10027 - GPRE-FLO (TOA, GMSK, TH 0-1.2) X i B4Td 9594 22.2 480 § 15 +2.2 %
DaR 5
Y T sETd 998 | z27 1247
il 5310 99.9 2.2 1241
10022- GFRS-FLO (TOMA, GMSK, TH 3-1-2-3) % 6211 0a.E M6 3.55 1461 +1.9 %
DAS
¥ 7761 598 1.2 132.0
£ 7233 9a. 7 2.2 1333
10032- IEEE 802.15.1 Bletooth {ZFSK, DIHES b 05,24 0o T 15.9 1.18 137 2 +1,7 o
[eoFY
v | esme | fdan 16.2 1245
z on.67 94,1 168 .4 1497
10100 LTE-FDD (3C-FOMA, 100% BB, 20 b4 614 EE.A 1972 5 57 126.2 +1.7
; CAR WHz, CIPSH)
: ¥ §.21 652 19,1 136.5 ]
! Z | 641 679 199 145 9

Cerificate Mo: ES3-3334, MNov15
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ES30VE- SN:3334

Movember 17, 2015

10103

 LTE-TDD (SC-FDMA, 100% RB. 20

X | 1007 T5.4 255 029 [ 1382 [ +25%
CAR MHz, OPSK)
Y B.54 73.3 245 1305
2 ogd 75,1 358 1306
10108- | LTE-FDO (SC-FDMA, 100% RE. 10 X i 634 67.6 19.8 580 | 1485 14 %
CAG MHz, QPSK)
v | 613 BE.5 18.1 1321
i z §.19 67.2 19.7 137 8
10117-  “TEEE 802 1n (HT Mixed, 13.5 Mbps, ¥ | 10413 580 210 B.OF | 1388 | +27%
CAB BPSK) 1
_ . Y 108 B8O 21.1 1425 o
7 i 9.9 687 ;. 211 127 1
16151- | LTE-TDD (SC-FDMA, 50% RB, 20 MHz. X | 0.4z 744 25 5 28 1320 | =095
CAB QFSK)
¥ &.50 74,1 25.0 1437
] . z 9.0 734 25.0 1265
D 10154 LTE-FDD {SC-FOMA, 50% RE, 10 MHz, P 603 &7 A 19.5 5758 145,59 .4 %
CAC OPSK)
¥ 581 66.0 18.9 128.9
z 5.6 £6.5 18.5 1354 ]
10160~ | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | % | #.48 665 192 582 | 1267 | 14 %
CAB OPsK}
' Y 8.20 B4 190 132.8
. z .39 7.5 19,8 141,71
10169- LTE-FCD {SC-FDMA, 1 RB, 20 MHz, ¥ 505 57.6 0.0 573 | 146G | 14 %
CAE QAPSK)
¥ 4.82 £6.2 18.2 132.2
Z | 496 £7.4 200 1438
10172~ | LTE-TOD (SC-FDMA, 1 RB, 20 MHz, X 408 707 253 921 1479 | 230 %
CAR OP3K)
¥ | BOD 7.1 262 138.9
, z 5.39 755 378 1415
T0175- LTE-FDD (SC-FOMA, 1 RE, 10 MHZ, ¥ 490 BT.2 199 a.72 1407 11.2 %
CAC QPSK)
¥ | 480 5.2 19.1 1313
- ! z 4.90 &7 .1 15,4 1361
10181-  LTE-FDD {3C-FDMA, 1 RB, 15 MHZ * | 490 7.3 19.9 572 | 1454 . 144
._QAB . E}F‘SKJ
¥o: 481 6.2 14,2 130.8
z 4.85 B7.1 19.8 136.0
10106- IEEE 802110 {HT Mixed, 6.5 Mbps, ® 0,78 £8.8 21.3 B0 | 1310 | 25 %
I CAR BESK} _ .
Y | ara 684 21.0 140.7
z 0.04 §9.4 218 146.6
10225-  UMTS-FOD (HSPA) X 658 6.9 18.3 597 | 1339 | $1.7 %
CAB
5 5 Yo, 695 67.1 1.3 144.8 N
L N Z B.71 B5.6 18,2 1257 '
10237- LTE-TDD (SC-FOMa, 1 RB, 10 WAz, X 9,00 60.2 255 .29 1482 | 230%
| CAB QPSK) " i i
. Y | 77 751 257 1316 .
z | &z7 782 77 1361 B
10252- LTE-TBD [SC-FOMA, 50% REB., 10 MHz, X 0 &Y TE.3 PETF az24 1441 2.7 %
CAB OPSK}
¥ 8.74 72.9 24.5 $33.4
i zZ . 914 75.2 26.1 . 136.9
10267-  LTE-TODN {SC-FOMA, 100% BB, 10 X 925 738 ¢ 253 930 | 1248 | 20 %
CAB MHz, QPSK)
| S Y P a.4n 737 24.0 1421
| | z 9.86 761 255 145.3

Cerificate Mo: ES3-3334 Nowis
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10275- | UMTS-FDD (HSUPA, Subtest 5, 3GPP W | aam 560 18.7 306 | 1333 | #0.0%
CAB REIB.4]
¥ | a4 £i6.9 18.5 148.2
B Z 4.30 6.7 18.6 128.4
EEB*M - COMAZOOG, RCS, 8055, Full Rate x 468 673 12.7 346 145 5 0.7 %
¥ | ass 665 18.2 136.3
z .82 67.3 18,8 139.4
10292- COMA2000, RCS, S032, Full Rate * 373 680 131 339 147.5 HT %
LAAE : '
Y 35 | 687 183 BET
.2 560 67.6 18.9 1430,
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, . % - &.30 674 © 187 5.81 1414 | 1.2 9
AN QFSK) ;
L Y &N 665 | 191 130.3
B Lz ety 670 | 135 | 1368
10311- | LTE-FDD (SC-FDMA, 100% RB, 15 T . 688 B8 0 01 | BO6 | 1470 | HT7%
_ABA MHz, GPSK) L
¥ | BE 671 195 | 1360
. _ Zi 675 67.7 | 20.0 1416 B
T 10400- IEEE 80Z.71ac WiFi [20MHz, G4-Cubkf, x 9,97 B8 21.4 837 | 1964 | 427 %
AbC 230G dity cycle)
Y | 1007 659 214 1436
Z | 1021 BY.7 220 T 1474
ﬁrsgja- COMAZOD0 {1%EV-DO, Rev. U) X 4.77 BG.5 188 ¢ 3.76 : 1348 | 0.5%
¥ 488 B8 155 126.7 ]
zZ 474 8.8 18.9 129.4
;id-aﬂntu CDMAZEOG (1xEV-DO, Rev. A) x 4.72 58.7 15.8 377 | 1329 | #0.7 %
ki 4.78 £33 18.9 1474
z | 483 68.7 15.9 1271
10M415- IEEE 8021tk Wikt 2.4 GHz (D558, 1 x 270 559 158 154 | 1319 | #05%
LY.TY hbps, 29pc duty cyele)
b 285 G683 18.% 145.%
z 2,72 £9.3 18.0 1273 7
10416- IEEE §02.11g WiFi 2.8 GHz {ERP- ¥ | 981 . 688 21.2 623 | 1316 | 27 %
AR QOFDM, & Mbps, 99pc duty cycle) | :
Y | sen £8.7 21.2 144.1
z BoO7 93 217 1460 ]

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
prabability of approximately 95%.

* The uncertainties of Mom X2 da not affect the ¥ field uncertainty irside TEL jsee Pages 7 and &),

E Murnerical inearizatian parameter: uncstainty not required.

= Ungertainty is determinsd using the mese deviation from linear response apolying rectangular distribution and is expressed for the square of the
figld valug,
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EZALNVE- SM13354 Movermber 17, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3334

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative Conductivity Depth ® Unc :
| f{MHZ)® | Permittivity" {Stm) " ConvFX | ComvFY | ConvFZ | Alpha® | {mm) (k=2)
i 55.5 0.75 613 | B13 . BA3 0.00 100 | £13.3%
13 55.5 0.75 5.76 576 5.76 .00 1.00 +13.3 %
750 41.9 {.89 £.56 6.55 6.56 0.24 2.35 12,0 %
835 415 | 0.80 6.37 6.37 6.37 0.37 170 | +12.0% |
1750 40.1 1.37 5.39 5.3%9 5.30 0.58 1.32 +12.0% |
1900 40.0 1.40 5.18 5.18 5.18 0.77 1.20 +12.0%
2300 385 ' 1.67 4.85 485 | 485 0.71 1.28 £12.0%
2450 3.2 180 | 488 4.58 458 . 079 | 197 . sf2.0%
2600 33.0 1.86 446 | 448 4.46 | 080 1.26 1 12.0 %

= Frequency validity above 500 MHz of = 100 MHz anly appies for CASY wa,4 and higher [see Pace 2, else i is restigted to = B0 MHz. The
uncenainty is ihe RSS of the ConvF uncsrtainty at calibrtion frequensy and the unoartainty for the indicated frequency band. Frequrency validity
Beicw 300 MHz is « 10, 25, £0, 50 and 7 MHz for ConvF assessments ot A0, 64, 128, 130 and 220 MHz resgectvely. Above 5 GHz frequency
validity can be extended to + 110 MHz.

F At frequencies below 2 (3Hz, the validity of tissue parameters [s and 1 63N be ralaxed o+ T0% if linuic compensztion famula is sppiied to
measursd SAR valles. At frequencies adave 3 GHz, the validity of tissua paramaters (¢ and o) it restricted to £ 5%. The uncertainty is the RS af
the: CameF uncenainty for indicated tarpet tissue paameters.

* Alpha'Depth are datermined during calibration. SPEAR warants that the rermaining deviation: dus w0 the kaundary sffect atter compensation i
Slways le2s than £ 1% for frequencies below 3 GHz and belew + 2% far frequencies between 3-8 SHz af any distance larger than half the probe tip
dizmetes fram the boundary.

Ceiffeate MNo: ES3-3334_ Nowls Page ¥ of 13
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3334

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

f(MHZ)®  Permittivity (Sfm) " ConvFX | ConwFY | ConvFZ | Alpha®| (mm) {k=2)
750 55.5 0.96 5.37 6.37 6.37 0.74 122 | +120%
835 55.2 .97 £.24 6.24 6.24 0.21 1.94 | £120%
1750 - 534 1.49 503 | 503 5.03 0.50 1.57 | #120%
1900 53.3 1.52 484 484 L 484 0.50 158 | #120%
2300 52.9 181 | 461 4.61 4.61 074~ 123 | +120%
245§ 527 : 1.95 | 4.45 4.45 4.45 0.74 1.20 +12.0%
2600 525 216 420 | a20 | 428 080 | 120 | +120%

- Fraquency velidity above 300 MHz of & 100 MHz cnly applies far DAY vd.d and higher {ses Page 2), elsa it & restricted ta £ 50 MHz. Tha
uncetaingy 18 the RSE of the ConvF uncertsinty at calibration frequency and the uncertainty for the indicazed frequency band. Freauency validity
Belowr 300 MHZ is + 10, 25, 40, 50 ard 70 MHz for SonvF assessments gt 30, 64 128, 150 and 220 MHz respectvely. Above 5 GHx frequency
validity caa be extendsd {o + 510 MH

" at frequencias bélew 3 GHz, the validity of tissue narameters (@ and o) can be retased ta & 0% if fiquid competwsation fomula s applied to
measured SAR values. At frequencies above 3 GHE, the valicity of tissue paramaters (= ang 1) is restricted o £ 5%, The unsertaginty is the KR5S of
the ConvF uncerainty for indicgied target tizsue paramatars,

& Alpha'Daath are determined during calibration. SPEAG wamaniz that te ramaining deviafion due to the boundary effect after compensation is
abways less than £ 1% for frequencies balew 3 GHz ard below £ 2% for frequenciss between 5.6 SHz at any distancs Emger than half the pobe tip
diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

1_4_._..... __..__,_ et L T N SO U

s e
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T T

09

[

Frequency response {normalized}

T S L S N I

f i
1500 2000 2800
f [MHz]

Uncertainty of Frequency Response of E-field: 1 6.3% {k=2)
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Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
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Dynamic Range f(SAR..q)
(FEM cell , foya= 1900 MHz)

Input Sigral [ul]

g 102 10 107 101 10° 107
SAR [miiem3)]

= (o]

not cempensaied cormpensated

ORI P

Ereat [dB]

101 o 1IE|1 102
SAR [mWem3]

2 N

net cobnpaassted COMmpensate

Uncertainty of Linzarity Assessment: # 0.6% {k=2)

Cerificate Mo: ES3-332%4_Novls Pages 11 of 15
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Conversion Factor Assessment

f= 835 MH2WGLS RS (H_comd)

f=1800 MHz WGLS R22 (H_convF}

L34 ‘
aa !I:--: ......
E.I:I-__ g b
o 2 )
L g
& - . E] i ‘x\
W [ -
3 h\\, " .
n -, A \\‘
nu-E: ' - E— L S TR I LT
a w = an sC & 9 E W e Gpoow o w4
m:;E:'::I -rp_-;:.md s.-ﬁl;m rma;:;lpd
Deviation from Isotropy in Liquid
Error (¢, 4}, f = 900 MHz
[
=
B
T
]

-0 -DE 05 04 02 00 02 04 e 08 1.3
Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)
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ES20WE- 5M:3334

MNovember 17, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3334

Other Probe Parameters

Sensor Arrangsment

Triangular
Connector Angle (%) 17.4
Machanical Surface Deteciion Mods enabled
Opticai Surface Detection Mode disabled
Probe Overall Lengih ' 337 mm
" Probe Bady Diameter Tmmn
Tip Length 10 rewen _'
Tip Diameater 4 mm .
Frobe Tip to Sensor X Calibration Foint 2 mm
Probe Tip to Sensor Y Calibration Poind Zmm
Probe Tip to Sensar Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm

Ceriificate Mo: ES3.33534_Mavis Page 13 of 13
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Accreditation No.: SCS 0108

CHent

Certificate No: ES3-3213_Feb16

Object ‘ES3DV3 :SN:3213

Calibration procedure(s)

Calibration date:

‘February 19,2016

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cedificate.

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

Calibration Equipment used (M&TE critical for calibration}

\lzolf)

Primary Standards ID Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 01-Apr-15 (No. 217-02128) Mar-16

Power senscr E4412A MY41498087 01-Apr-15 (No. 217-02128) Mar-16

Reference 3 dB Attenuator SN: 55054 (3c) 01-Apr-15 (No. 217-02129) Mar-16

Reference 20 dB Attenuator SN: 85277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Attenuator SN: 85129 (30h) 01-Apr-15 (No. 217-02133) Mar-16

Reference Probe ES3DV2 SN: 3013 31-Dec-15 {No. ES3-3013_Dec15) Dec-16

DAE4 SN: 660 23-Dec-15 {No. DAE4-660_Dec15) Dec-16

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

RF generator HP 86480 US3642U01700 4-Aug-99 {in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E U337390585 18-0ct-01 {in house check Oct-15) In house check: Oct-16

Calibrated by:

Approved by:

Funqugn ]

This calibration certificate shail not be reproduced except in full without written approval of the laboratory.

 Sigratue

Issued: February 20, 2016
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Calibration Laboratory of N2

3 7, Schweizerischer Kalibrierdienst
Schmid & Partner i%ﬁ g Service suisse d'étalonnage
Engineering AG BN s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 24’4@\\‘\? Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilatera! Agreement for the recognition of calibratien 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
ABCD modulation dependent linearization parameters
Polarization ¢ o rotation around probe axis
Pclarization 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)

b)
c)
d)

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

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

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

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 9 = 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 E%-field
uncertainty inside TSL (see below ConvF).

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.

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,v,z; Bx,y,z; Cx,v,z; Dx,v,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 1s 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.

Connecfor Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Probe ES3DV3

SN:3213

Manufactured:  October 14, 2008
Calibrated: February 19, 2016

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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ES3DV3- 8N:3213 February 19, 2016

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

Basic Calibration Parameters

Sensor X SensorY SensorZ Ung (k=2)
Norm (pV.’(VJ'm)z)A 1.50 1.38 1.34 +10.1 %
DCP (mV)® 99.8 101.9 99.8
Modulation Calibration Parameters
uib Communication System Name A B C D VR Unc®
dB dBvpV dB my (k=2)

0 cw X 0.0 0.0 1.0 000 | 1952 | £35%

Y 0.0 0.0 1.0 214.0

Z 0.0 0.0 1.0 215.1
10010- SAR Validation (Square, 100ms, 10ms) X 5.06 68.1 14.5 10.00 421 0.9 %
CAA

Y 11.23 78.3 17.0 30.8

Z 6.02 70.0 14.9 39.7
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.09 69.2 8.8 1.87 137.2 0.7 %
CAB Mbps)

Y 3.15 703 19.6 133.1

zZ 2.82 67.6 18.0 132.3
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.22 66.6 19.2 5.67 125.7 .7 %
CAB MHz, QPSK)

Y 6.51 68.0 20.1 146.0

Z 6.41 67.3 10.6 143.7
10103- LTE-TDD (SC-FDWMA, 100% RB, 20 X 10.84 78.7 26.6 9.29 143.8 3.3 %
CAB MHz, QPSK)

Y 10.81 77.3 271.2 137.5

zZ 10.28 75.3 25.8 136.3
10108- LTE-FDD {SC-FDMA, 100% RB, 10 X 6.44 67.4 40.8 5.80 148.4 1.7 %
CAC MHz, QPSK)

Y 6.38 67.6 20.0 142.8

Z 6.32 67.1 19.5 141.5
10161- LTE-TDD {SC-FDMA, 50% RB, 20 MHz, X 10.08 75.4 26.1 9.28 137.0 13.3%
CAB QPSK)

Y 10.08 76.2 26.8 131.6

Z 9.63 74.3 254 130.7
10154- LTE-FDD {SC-FDMA, 50% RB, 10 MHz, X 6.00 66.7 10.5 575 144.2 +1.4 %
CAC QPSK)

Y 6.07 67.1 10.8 139.5

rd 5.98 66.4 19.3 137.4
10160- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, X 6.50 67.5 19.8 5.82 149.8 1.7 %
CAB QPSK)

Y 6.51 67.6 20.1 1486.2

Z 6.44 67.0 19.5 145.3
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 513 67.0 19.8 573 146.8 +1.4 %
CAB QPSK)

Y 5.10 67.4 20.2 144 .4

Z 4.99 66.5 19.56 141.2
10172- LTE-TDD {SC-FDMA, 1 RB, 20 MHz, X 8.31 76.6 26.9 9.21 12565 3.3 %
CAB QPSK)

Y 10.61 84.9 31.4 149.4

Z 8.76 784 27.8 143.6
10175- L.TE-FDD (SC-FOMA, 1 RB, 10 MHz, X 5.05 66.6 19.6 572 144.9 +1.4 %
CAC QPSK)

Y 5.06 67.2 20.1 1421

Z 4.99 66.5 19.5 140.5

Certificate No: ES3-3213_Feb16 Page 4 of 12




ES3DV3-- SN:3213 February 19, 2016

10181- | LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X | 5.12 66.9 198 | 572 | 1451 | 14 %
CAB QPSK)

Y | 509 673 | 202 1437

z | 500 66.6 19.5 140.2
10237- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 818 76.1 267 | 921 | 1248 | 33%
CAB QPSK)

Y | 1045 844 31.2 148.6

z | 875 78.3 27.7 143.4
10252- | LTE-TDD (SC-FDMA, 50% RB, 10MHz, | X | 9.24 74.1 255 | 924 | 1266 | #27%
CAB QPSK)

Y | 921 74.8 26.2 122.2

z | 978 760 | 265 147.7
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 0,92 75.0 25.9 9.30 1334 3.3 %
CAB MHz, QPSK)

Y| 995 758 | 268 128.8

Z | 955 740 | 253 127.2
10297- | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X | 6.43 67.3 198 | 58t | 1462 | £14%
AAA QPSK)

Y | 642 67.7 20.1 141.6

z | 628 66.9 19.5 140.2
10311- | LTE-FDD (SC-FDMA, 100% RB, 15 X | 670 66.9 195 | 6.06 | 1281 | 7%
AAA MHz, QPSK)

Y | 697 68.2 204 147.3

z ] 691 67.7 20.0 146.2

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 Norm X,Y,Z do not affect the E™field uncertainty inside TSL (see Pages 6 and 7).

® Numerical linearization parameter: uncertainty not required.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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ES3DV3-8N:3213

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

Calibration Parameter Determined in Head Tissue Simulating Media

February 19, 2016

Relative Conductivity Depth® Unc

f{MHz)® | Permittivity" (sm)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 41.9 0.89 6.43 6.43 6.43 0.55 1.36 £12.0%
835 41.5 0.90 6.18 6.18 6.18 0.58 1.33 £12.0 %
1750 40.1 1.37 5.23 5.23 5.23 0.80 1.14 +12.0%
1800 40.0 1.40 5.05 5.05 5.05 0.60 1.30 +12.0%
2300 39.5 1.67 4.78 4.78 4.78 0.59 1.41 +12.0%
2450 39.2 1.80 4.58 4,58 4,58 0.75 1.30 +12.0 %
2600 39.0 1.96 4.38 4.38 4.38 0.71 1.38 +12.0%

© Frequency validity above 300 MHz 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 uncertainly 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 ConvF assessments at 30, 64, 128, 1560 and 220 MHz respectively. Above & GHz frequency

validity can be extended to + 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (e 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 parameters (e 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 dus 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.
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ES3DV3- SN:3213

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

Calibration Parameter Determined in Body Tissue Simulating Media

February 19, 2016

Relative Conductivity Depth ® Unc

f{MHz)® | Permittivity" (8im)" ConvFX | ConvFY | ConvFZ | Apha® | (mm) {k=2)
750 55.5 0.96 5.98 5.08 5.98 0.60 1.31 £12.0 %
835 55.2 0.97 6.00 6.00 6.00 0.36 1.70 +12.0%
1750 53.4 1.49 4.94 4.94 4.94 0.48 1.57 +120%
1900 53.3 1.62 4,78 478 4.78 0.52 1.55 +12.0%
2300 52.9 1.81 4.50 4.50 4.50 0.74 1.34 +12.0%
2450 52.7 1.85 4.41 4.41 4.41 0.80 1.20 +12.0%
2600 525 2.18 4.21 4.21 4.21 0.0 1.05 +12.0 %

© Frequency validity above 300 MHz 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. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

validity can be extended to + 110 MHz.

F At frequencies below 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 parameters (e 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 dislance larger than haif the probe tip

diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: % 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}¢aq)
(TEM cell , foyar= 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 R9 (H_convF) f = 1800 MHz,WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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ES3DV3- SN:3213

February 19, 2016

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle {°) 97.2
Mechanicat Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm
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Multilateral Agreement for the recognition of calibration certificates

client :PC Test

: Cortificate No: ES3-3351_Jun15

CALIBRATION CERTIFICATE

Object ES3DV3 - SN:3351
Calibration procedure(s) _ QA CAL-01.v9, QA CAI__-23.V5, QA CAL-25v6 : \j
' Calibration procedure for dosimetric E-field probes ;

Calibration date: June 22, 2015

This calibration certilicate documents the iraceability to national standards, which realize the physical units of measurements {3l).
The measuremenls and the uncertainties with confidence probability are given on the following pages and are part of the certificats.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 % 3)*C and humidily < 70%.

Calibration Equipment used (M&TE critical lor calibration)

This calibration certificate shall not be reproduced except in full wilhout wriiten approval of the laboratory.

Primary Standards D Cal Date (Certificate No.) Scheduled Calibration

Power meter E44198 GB41293874 01-Apr-15 (No. 217-02128) Mar-16

Power sensor E4412A MY41498087 01-Apr-15 (No. 217-02128) Mar-16

Reference 3 dB Altenuator SN: 55054 (3¢} 01-Apr-15 (No, 217-02129) Mar-16

Reference 20 dB Aitenuator SN: $5277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Aftenuator SN: §5128 (30b) 01-Apr-15 {No. 217-02133) Mar-16

Reference Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-15

DAEA SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jani6 -

Secondary Standards D Check Date (in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13} In house check: Apr-16

Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Ocl-14) In house check: Oct-15
Name Function _ Signature

Calibrated by: : Leif Klysner Laboratory Technician ﬁ% %2

Approved by: i Kalja Pokovic Technical Manager

Issued: June 22, 2015
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Glossary:
TSL fissue 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 BCD 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., § = 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 Spalial-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:
e  NORMx,y,z: Assessed for E-field polanzatlon 8 =0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegwde)
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}.

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

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

o Axy.z Bry.z; Cxy.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 dicde.

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.

s Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainiy required).
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ES3DV3 - SN:3351 June 22, 2015

Probe ES3DV3

SN:3351

Manufactured:  May 22, 2012
Calibrated: June 22, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ES3DV3- SN:3351

June 22, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uVA(Vim)®* 0.99 1,17 1.19 +101 %
DCP (mV)® 113.8 105.2 104.5
Modulation Calibration Parameters
uiD Communication System Name A B ¢ D VR Unc™
dB dBvpv dB mv {(k=2)
0 cw X 0.0 0.0 1.0 0.00 | 1888 | 38%
Y 0.0 0.0 1.0 196.2
Z 0.0 0.0 1.0 151.3
10010- SAR Validation (Square, 100ms, 10ms) X 273 65.7 12.7 10.00 359 +1.2 %
CAA
Y 1.18 58.1 9.8 374
z 2.44 61.9 12.5 42.0
100141- UMTS-FDD (WCDMA) X 343 68.2 18.9 2.91 1485 | 05%
CAB
Y 3.14 66.5 18.1 114.3
Z 3.26 66.5 18.1 119.3
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.13 70.5 194 1.87 1490 | #05%
CAB Mbps)
Y 2.46 65.9 17.0 115.2
z 3.02 68.7 18.5 120.9
10013- IEEE 802.11g WiFi 2.4 GHz (DSSS- X 10.59 69.9 22.6 9.46 139.1 2.5 %
CAB OFDM, 6 Mbps)
Y | 1041 68.9 224 103.4
Z | 1074 69.4 224 114.3
g) ?;)21- GSM-FDD (TDMA, GMSK) X 4,33 75.1 18.5 9.39 1255 | #14%
B
Y 5.13 776 20.0 144.5
Z | 17.70 96.1 27.5 1235
10023- GPRS-FDD (TDMA, GMSK, TN 0) X 4.56 75.8 18.9 9.57 1477 | #22%
DAB
Y 5.75 78.8 20.2 140.4
Z | 18.60 97.9 28.5 17.3
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X 342 718 15.3 6.56 1196 | £1.4%
DAB
Y | 14.95 90.8 22.0 1327
Z | 20.34 98.9 256 106.6
[13 0027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X | 2896 99.9 235 4.80 1357 | #1.9%
AB
Y | 55.26 99.9 21.9 1075
Z | 3515 09.9 246 120.0
10028- GPRS-FDD (TDMA, GMSK, TN0-1-2-3) | X | 36.32 96.2 20.3 3.55 1475 | #19%
DAB
Y | 7322 99.9 20.7 117.0
Z | 5278 99.6 22.4 128.3
10032- IEEE 802.15.1 Bluetooth (GFSK, DH5) X | 3123 99.5 20.1 1.16 1228 | +14%
CAA
Y 0.74 62.4 7.0 135.2
Z | 56.68 99.6 20.2 141.5
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 6.01 66.4 8.9 5.67 1127 | #12%
CAB MHz, QPSK)
Y 6.14 66.9 19.3 124.6
z 6.37 67.2 19.4 129.3

Certificate NMo: ES3-3351_Jun15
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ES3DV3- SN:3391

June 22, 2015

10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 8.50 71.4 23.6 9.29 1379 | £27%
CAB MHz, QPSK)

Y 8.12 70.6 23.6 105.2

Z 9.68 73.4 24.7 118.6
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X 5.88 66.0 18.8 580 | 1112 | 2%
CAC MHz, QPSK)

Y 5.99 66.5 19.2 122.8

z 6.28 66.9 19.4 128.7
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X | 10.19 60.3 21.2 8.07 149.1 22 %
CAB BPSK)

Y 9.73 68.2 20.9 111.5

Z 9.97 68.3 20.8 117.7
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 8.07 71.0 235 9.28 132.7 2.5%
CAB QPSK)

Y 8.82 74.2 25.9 147.0

z 9.11 72.5 24.4 115.3
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 5.55 65.4 18.6 575 1079 | 09%
CAC QPSK)

Y 5.67 66.0 19.0 1203

Z 5.96 66.3 19.1 126.2
10160- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X 5.96 65.9 18.7 5.82 1119 | #1.2%
CAB QPSK)

Y 6.12 66.6 19.3 125.0

z 6.38 66.8 19.3 131.2
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.68 66.6 19.4 573 1307 | #0.9%
CAB QPSK)

Y 4.81 67.2 20.0 144.7

Z 4.74 65.5 18.9 109.9
10172- LTE-TCD (SC-FDMA, 1 RB, 20 MHz, X 6.50 73.2 25.1 9.21 14398 | 225%
CAB QPSK)

Y 6.42 727 25.3 113.3

z 7.92 75.5 26.2 127.2
10175- LTE-FDD {SC-FDMA, 1 RB, 10 MHz, X 4.68 66.5 19.4 5.72 1286 | 0.9%
CAC QPSK)

Y 4.80 67.2 20.0 144.2

z 4.73 65.5 18.9 109.1
10181- LTE-FOD (SC-FDMA, 1 RB, 15 MHz, X 4.71 66.7 19.5 572 | 1289 | #12%
CAB QPSK)

Y 4.78 67.1 19.9 143.9

z 5.12 67.3 19.9 149.9
10196- |EEE 802.11n (HT Mixed, 6.5 Mbps, X 972 68.8 241 8.10 138.3 +1.9 %
CAB BPSK)

Y 9.32 67.9 20.9 105.9

Z 9.58 67.8 20.6 111.2
10225- UMTS-FDD {HSPA+) X 6.60 66.5 18.9 5.97 117.6 +1.2 %
CAB

Y 6.69 66.9 19.3 132.0

z 7.08 87.2 19.5 139.9
10237- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X 6.57 73.1 25.0 9.21 1445 | +2.2%
CAB QPSK)

Y 6.59 73.6 25.8 114.3

Z 8.03 76.0 26.4 1277
10252- LTE-TDD (SC-FDMA, 50% RB, 10 MHz, | X 7.44 70.0 232 924 | 1229 | +25%
CAB QPSK)

Y 8.16 73.3 25.5 138.8

z 8.43 71.6 24.1 108.3
10267- LTE-TDD (SC-FDMA, 100% RB, 10 X 8.01 70.7 23.4 930 | 1305 | 27%
CAB MHz, QPSK)

Y B.86 74.4 26.1 146.7

Z 9.12 726 24.5 114.0

Certificate No: ES3-3351_Junib
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June 22, 2015

10275- UMTS-FDD (HSUPA, Sublest 5, 3GPP X 4.49 67.5 18.8 3.96 146.9 0.7 %
CAB Rel8.4)

Y 413 65.9 18.1 117.5

Z 4.36 66.2 i8.2 1211
10291- CDMA2000, RC3, S055, Full Rate X 3.66 67.7 18.9 3.46 133.9 +0.56 %
AAB

Y 3.37 66.1 18.1 109.3

Z 3.54 66.0 18.0 i12.1
10292- CDMAZ2000, RC3, SO32, Full Rate X .55 67.5 18.7 3.39 136.7 0.7 %
AAB

Y 3.35 66.4 18.2 110.1

Z 3.44 65.7 17.9 112.9
10297- LTE-FDD {SC-FDMA, 50% RB, 20 MHz, X 5.86 65.9 188 5.81 109.3 +1.2%
AAA QPSK)

Y 6.00 66.5 19.3 122.6

zZ 6.23 66.7 19.3 126.8
10311~ LTE-FDD (SC-FDMA, 100% RB, 15 X 6.42 66.5 19.1 6.06 114.1 +1.2%
AAA MHz, QPSK)

Y 6.60 67.2 19.7 127.9

Z 6.85 67.4 19.7 1326
10400- IEEE 802.11ac WiFi {20MHz, 64-QAM, X 10.03 69.2 215 8.37 141.2 +1.9%
AAC 99n¢ duly cycle)

Y 9.51 68.0 211 106.9

d 9.90 68.2 21.1 114.0
10403- CDMAZ000 (1xEV-DO, Rev. 0) X 5.00 70.6 196 3.76 146.5 0.5 %
AAB

Y 432 67.9 18.3 115.0

yd 4.63 67.5 18.3 121.9
10404- CDMAZ2000 (1xEV-DO, Rev. A) X 4.99 71.0 19.8 3.77 143.8 0.5 %
AAB

Y 4.37 68.5 18.7 113.5

zZ 4.56 67.5 18.2 120.2
10415- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 3.07 71.2 199 1.54 145.7 +0.5 %
AAA Mbps, 99pc duty cycle)

Y 2.43 66.6 17.4 116.6

Z 2.59 67.1 17.8 1243
10416- IEEE 802.11g WiFi 2.4 GHz (ERP- X 9.84 60.0 21.3 8.23 139.6 +19%
AAA OFDM, 6 Mbps, 99pc duty cycle)

Y 9.37 67.9 21.0 106.5

Z 0.84 68.4 211 117.4

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 uncertainlies of NormX,Y,Z do nol affect the E-field uncertainty inside TSL (see Pages 7 and 8).
¥ Numerical linearization parameler: uncertainty not required.
E Uncertainly is determined using the max. deviation from linear response applying reclangular distribution and is expressed for the square of the

field value.
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ES3DV3- SN:3351 June 22, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f{MHZ) ¢ | Permittivity" (stm)*© ConvFX | ConvFY | ConvFZ | Alpha® [ (mm) (k=2)
750 41.9 0.89 6.43 6.43 6.43 0.31 1.96 £12.0%
835 41.5 0.90 6.17 6.17 6.17 0.21 2.59 +120%
1750 40.1 1.37 5.24 5.24 5.24 0.55 1.35 +120%
1900 40.0 1.40 5.07 5.07 5.07 0.54 1.42 £120%
2300 39.5 1.67 4.74 4.74 4.74 0.69 1.31 £12.0%
2450 39.2 1.80 4.48 4.46 4.46 0.80 1.26 £12.0%
2600 39.0 1.96 4.35 4.35 4.35 0.80 1.26 £12.0%

€ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricled to £ 50 MHz. The
uncerainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicaled lrequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validily can be extended to £ 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (= and a} is restricled lo + 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 devialion due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies befween 3-6 GHz at any dislance larger than haif the probe tip
diameter from the boundary.
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June 22, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unct.

f{MHz)® | Permittivity" (sim)F ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 6.21 0.29 1.98 £12.0%
835 55.2 0.97 6.11 6.11 6.11 0.77 1.20 £120%
1750 53.4 1.49 4.88 4.88 4.88 0.68 1.30 £12.0%
1900 53.3 1.52 4.68 4.68 4.68 0.61 1.46 +12.0%
2300 52.9 1.81 4.47 4.47 4.47 0.80 1.16 £12.0%
2450 52.7 1.95 4.30 4.30 4.30 0.80 1.16 +12.0%
2600 52.5 2.16 4.16 4.16 4.18 0.80 1.20 £120%

¢ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), elseitis restricted to + 50 MHz. The
uncerainty is the RSS of the ConvF uncertainly at calibration frequency and the uncertainty for lne indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessmenits at 30, 64, 128, 150 and 220 MMz respectively. Above 5 GHz frequency

validity can be extended to + 110 MHz.

F At fregquencies below 3 GHz, the validily of tissue parameters (e and o} can be relaxed to + 10% if liquid compensation formula s applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (e and o} is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target lissue paramelers.
S AlphafDepth are determined during calibration. SPEAG warrants Lhat the remaining deviation due lo the boundary effect after compensalion s
always less than * 1% for frequencies below 3 GHz and below + 2% for frequencies belween 3-6 GHz al any distance larger than half the probe tip
diameter from lhe boundary.
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ES3DV3- SN:3351

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

June 22, 2015
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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ES3DV3- SN:3351 June 22, 2015

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isctropy Assessment: £ 0.5% (k=2)
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ES3DV3- SN:3351 June 22, 2015

Dynamic Range f(SARpeaq)
(TEM cell , feva= 1900 MHz)
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Uncertainty of Linearity Assessment:  0.6% (k=2)
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ES3DV3- 8N:3351 June 22, 2015

Conversion Factor Assessment

= 835 MHz WGLS R9 (H_convf) f= 1900 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ES3DV3- SN:3351

June 22, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3351

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle () 21.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measuremenit Distance from Surface 3 mm
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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):

Y = J2w¢,¢, J'bj' bIOﬂCOS¢' exp[— ja)r(ﬂog'rgo)l/z]d¢'dp'dp
a Jda r

- 2

[In(6/a)]
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, 7> = p* +p'> —2pp'cosd’ , wis the angular frequency, and j=+/-1.

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 2450 2450
Tissue Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1
DGBE 47 31 44.92 29.44 26.7
S 1 1
HEC ©¢ page See page 2 See page 4
NaCl 2-3 1.45 0.94 04 02 0.18 0.39 0.1
Sucrose 57 449
Water 40.45 53.06 52.6 68.8 54.9 70.17 732
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:
Water, 35— 58%

H.0

Sucrose

NaCl

Sugar, white, refined, 40 — 60%
Sedium Chioride, 0 - 6%

Hydroxyethyl-cellulose
Preventol-D7

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

Preservative: aqueous preparation, (CAS# 55965-84-9), containing

5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H)-isothiazolone,
0.1-0.7%
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

liem Name Body Tissue Simulating Liquid (MSL750V2)
Product No. SL AAM 075 AA (Charge: 150223-3)
Manufaclurer SPEAG

Measuremant Method

|TSL dielectic parameters measured using calibrated OCP probe.

Setup Validation

|Validation results were within = 2.5% towards the target values of Methanol.

Target Parameters
|Ta§ Eammetars as defined in the IEEE 1528 and JEC 62208 compliance standards.

Test Condition

Ambient Environment temperatur (22 = 3)°C and hurmidity < 70%.
TSL Temperature 22°C

Test Date 25-Feb-15

Oparator IEN

Additional Information

TSL Density
TSL Heat-capacily 3.006 kJ/(kg"K)

1.212 glem®

b 4 |
;‘ |
E a2 !
58 E (1] |
= ¥ 5 N
E - .
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Frequency MHz
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i HP-&' | HP="]si sigma pm] | o 1987
800 | 573 |2478| 0BS | 551 o088 | 22 132 ;2*
625 571 |24.43| 0B5 | 580 085 18 -11.0
650 | 568 |24.09| 087 | 553 096 | 15
675 665 |23p0)| 088 | 558 D96 12
700 | 562 |2351]| 092 | 557 o0s6| 0@ +6 : 5.0
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838 | 549 (2244 105 [ 552 oss| 08 &3
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875 | 545 |2224]| 108 [ 551 102]| 0 62 # 751
200 543 | 2212|101 | 550 .05 =13 35 £ sjjl
a25 | 544 | 2201|143 | 550 108 | -18 85 § 289
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a75 | 538 2181|118 [543 100 | 23 88 i
1000 | 534 | 21.73] 121 548 10| 27 104 B 7s] /
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Figure D-2

750MHz Body Tissue Equivalent Matter
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Measurement Certificate / Material Test

(ltem Name Head Tissue Simulating Liquid (HSL750V2)
Product No. SL AAH 075 AA (Charge: 150213-1)
Manufacturer SPEAG

Measurement Method

[TSL dielectric parameters measured using calibrated OCP probe.

Setup Validation

[Validation results were within + 2.5% towards the target values of Methanol.

Target Parameters s
[Taget parameters as defined in the IEEE 1528 and |IEC 62209 compliance standards.

=1
Test Condition . |
Ambient Environment temperatur (22 = 3)°C and humidity < 70%.
TSL Temperature 22°C
Test Date 18-Fab-15
Operator IEN
Additional Information
TSL Density 1.284 g/cm®
TSL Heat-capacity 2701 kJ/(kg*K)
[Measured [Target  [Diff4o Target [%] |
f [MHz)| HP-¢' [ HP-e"[sigmal eps si Asigma_| ‘ . 'g-:
600 | 44.6 |2242| 075 | 427 o088| 45 -15.1 z o
625 | 443 [2220| 077 | 426 om8| 39 -127 £ 25
650 | 439 (2198|079 425 o0g9| 33 -103 E oo
675 | 435 [21.75]| 082 | 423 os9 | 28 8.0 & 25
700 | 431 |21.53| 084 | 422 089 | 22 5.7 g 50 .
725 | 428 | 2136/ 086 [ 421 o089] 18 33 ‘;-g 1 |
oA d o P Bl S L B "0 es0 70 70 e &0 00 80 1000
775 | 422 |21.06] 091 [ 418 o0g0| o8 14 I i ‘
B0OO 418 | 2090)| 093 | 41.7 090 0.3 3.7
825 | 415 |2077| 095 | 416 09| 02 5.1
838 | 41.4 |2071| 096 | 2415 o091 | 04 58 ' e
850 | 41.2 |2065| 098 | 415 o082 | 0.7 6.6 100
875 | 40.9 | 20.53| 1.00| 415 094 | 1.4 6.0 £ 751
900 | 406 |2042| 1.02| 415 o0g7| 24 54 £ 50 !
925 | 40.4 [20.32]| 1.05| 415 oss| 28 6.5 :‘:
950 | 40.1 [20.22)| 107 | 414 089 | 32 75 25
975 | 39.8 |20.14| 100 | 414 100| 38 87 ’ 50
1000 | 395 [20.08] 112 | 413 101] <3 8.9 E 251 /
-10.0
600 650 700 750 800 B850 900 950 1000
Frequency MHz |
Figure D-3
750MHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:
H20 Water, 52 —= 75%
C8H1803 Diethylene glycol monobutyl ether (DGBE), 25 - 48%

(CAS-No. 112-34-5, EC-No. 203-961-8, EC-index-No. 603-096-00-8)

Relevant for safety; Refer to the respective Safety Data Sheet”.
NaCl Sodium Chloride, <1.0%

Figure D-4
Composition of 2.4 GHz Head Tissue Equivalent Matter

Note: 2.4 GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual
liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

Itemn Name Head Tissue Simulating Liquid (HSL2450V2)
Product No. SL AAH 245 BA (Charge: 150206-3)
Manutacturer SPEAG

Measurement Method

[TSL diglectric parameters measured using calbrated OGP proba. |
Setup Validation

Validation results ware Within = 2 5% towards the target values of Methanol, |
Target Parameters

Ti rameters as defined in the IEEE 1528 and IEC 62209 iance standards. |

Test Condition

Amblent Er‘r*:r"l:mmenf temperatur (22 = 3)°C and humidity < 70%.
2
11-Feb-15
IEN

Additional Information
TSL Density 0.888 glem®
TSL Heat-ca 3.680 kd/(kg'K) ‘

Measured [Target [Diff.o Tarpet (%] = = =
1 HP<' [HP-e[sigmal eps sigmal awps a-sigma 120
1900 | 404 [1188| 126 [ 400 140 10  -t02 :. :':'-
1925 | 403 |1108) 128 | 400 140 07 43 E 25 4
1950 | 402 |1207| 131 | s00 140 | 04 A 0o ¢
1976 | 401 |1218| 1.3¢ | 00 140 02 as |2 -zs\
2000 | 400 [1223) 138 | s00 140 | 01 28 3 60
2025 | 209 [1232| 139 | %00 142| 02 24 754
2050 | 908 1241 142 [ 388 14| 03 20 -1e4 -
2075 | 397 [1250| 144 | 35 147 | 04 a6 A0 TOME 2100, S A0 AN S0 2000, 250
2100 | 206 1250 147 | 098 18| 05 2 L S
2125 | 205 [1268| 150 | w8 1s: | 07 08
21% | 994 [1273| 182 | 397 18| 08 o7 -- —
2175 | 393 | 1283 155 | 287 156 | 09 02 100 — ‘
2200 | 392 |1202| 168 | 386 188 | 4 0 ® 78
2205 | 201 [13.00] 161 | 298 160| 42 0s & 5o
2250 | 390 |1308| 164 | 598 182 | a3 0% g :i /
2275 | 3890 |13.47) 167 | 385 184 | 15 1.4 g Y
=N T e i i e e
2225 [aa7 (1334 179 | 894 188 | 18 22 8 55l
2350 | 388 |1342| 175 | 384 11 | 20 25 400 R )
2a7s | 385 1350|178 | s 173 29 29 1900 2000 2100 2200 2300 2400 2600 2600 2700
2400 | 384 | 1358|181 | 393 78| -23 a3 Frequency MHz
2425 | 383 |1366] 184 | 392 178 24 38 )
2450 | 383 |vara| ve7 | ss2 va0 3
2475 | 381 1380 180 | a2 13| 28 4o
2500 | 380 |1367)| 189|381 185| a0 40
2525 | ar9 |1390) 185 | 31 e8| a4 as
255 | 278 [1393| 198 | 301 19| a2 as
2575 | 377 | 1405|201 990 154 35 a4
2600 | 375 [1817| 305|990 86| a7 we
2825 | 374 |1423| 208 | 390 199 29 44
2550 | 373 |1a28| 2 | 380 200 | 49 44
2675 | 372 [1497| 204 [ 289 205| <3 as
2700 | 971 [1445]| 217 | 389 207 | as &7

Figure D-5
2.4 GHz Head Tissue Equivalent Matter
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APPENDIX E: SAR SYSTEM VALIDATION ‘

Per FCC KDB Publication 865664 D02v01r02, 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 Publication 865664 D01v01r04 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
SAR COND. PERM. CW VALIDATION MOD. VALIDATION
SYSTEM F[“Rll:ig DATE PRS?\‘BE P‘IBYOP?EE PROBE CAL. POINT © () SENSITIVITY PROBE PROBE MOD. DUTY PAR
# LINEARITY | ISOTROPY | TYPE FACTOR
| 750 11/6/2015 3333 ES3DV3 750 Head 0.891 42.542 PASS PASS PASS N/A N/A N/A
C 835 10/9/2015 3288 ES3DV3 835 Head 0.895 40.311 PASS PASS PASS GMSK PASS N/A
A 835 2/16/2016 3332 ES3DV3 835 Head 0.924 41.825 PASS PASS PASS GMSK PASS N/A
J 835 3/9/2016 3318 ES3DV3 835 Head 0.891 40.164 PASS PASS PASS GMSK PASS N/A
K 1750 2/9/2016 3022 ES3DV2 1750 Head 1.385 38.918 PASS PASS PASS N/A N/A N/A
G 1750 12/2/2015 3334 ES3DV3 1750 Head 1.362 39.189 PASS PASS PASS N/A N/A N/A
D 1900 4/7/12016 3213 ES3DV3 1900 Head 1.430 39.380 PASS PASS PASS GMSK PASS N/A
A 1900 2/16/2016 3332 ES3DV3 1900 Head 1.452 39.489 PASS PASS PASS GMSK PASS N/A
| 2450 11/16/2015 3333 ES3DV3 2450 Head 1.862 39.522 PASS PASS PASS IOFDM/TDD| PASS PASS
A 750 2/10/2016 3332 ES3DV3 750 Body 0.976 57.257 PASS PASS PASS N/A N/A N/A
G 750 12/3/2015 3334 ES3DV3 750 Body 0.994 55.948 PASS PASS PASS N/A N/A N/A
J 835 3/9/2016 3318 ES3DV3 835 Body 0.989 52.941 PASS PASS PASS GMSK PASS N/A
E 1750 9/8/2015 3351 ES3DV3 1750 Body 1.489 51.846 PASS PASS PASS N/A N/A N/A
G 1900 12/3/2015 3334 ES3DV3 1900 Body 1.5652 50.709 PASS PASS PASS GMSK PASS N/A
[} 1900 10/6/2015 3288 ES3DV3 1900 Body 1.555 51.090 PASS PASS PASS GMSK PASS N/A
| 2450 11/13/2015 3333 ES3DV3 2450 Body 1.984 51.102 PASS PASS PASS IOFDM/TDD PASS 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
D01v01r04 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 FCC KDB Publication 865664 D01v01r04.
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