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ID Device Type/Model N‘T’J?:Sér Manufacturer (ézl;gfrlac g?g
0236 DOSimF?rtggeE'ﬁe'd EX3DV4 3978 SPEAG | e .
0277 65;')' d'\ggjnsgisggg D750V3 1136 SPEAG | 1 o
0278 oo d'\gggnsgisggre‘ D835V2 4192 SPEAG | L3 .
0280 Lro0 iz %ﬁfﬁ? D1750V2 1133 SPEAG | L3 .
0281 1\?;"? d';/lt:;fw SDXSE)‘EI(T D1900V2 5d197 SPEAG | s o
0283 23;"? d';/lt:;fw SDXSE)‘EI(T D2300V2 1046 SPEAG | i .
0284 2\‘/52'? d';/lt:;fw SDXSE)‘EI(T D2600V2 1100 SPEAG | i .

Dipole calibration

According to the KDB 865664 D01, a dipole must be calibrated using a fully validated SAR system according to the
tissue dielectric parameters and SAR probe calibration frequency required for device testing. However, instead of the
typical annual calibration recommended by measurement standards, longer calibration intervals of up to three years
may be considered when it is demonstrated that the SAR target, impedance and return loss of a dipole have remain

stable according to the following requirements.

1. When the most recent return-loss result, measured at least annually, deviates by more than 20% from the
previous measurement (i.e. value in dB x 0.2) or not meeting the required 20 dB minimum return-loss

requirement.

2. When the most recent measurement of the real or imaginary parts of the impedance, measured at least
annually, deviates by more than 5 Q from the previous measurement
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The below results show the latest return loss and impedance measurements for each dipole performed by the lab:

ID #0277 Dipole 750 MHz Body TSL
Return Loss [dB] Impedance [Q] Date
Original Calibration -29.2 499-3.5] 2019-01-17
Last Measurement -31.9 50.7 - 2.5] 2020-05-28
ID #0278 Dipole 835 MHz Body TSL
Return Loss [dB] Impedance [Q] Date
Original Calibration -24.2 47.1-5.2] 2019-01-17
Last Measurement -24.2 46.1-45] 2020-05-28
ID #0280 Dipole 1750 MHz Body TSL
Return Loss [dB] Impedance [Q] Date
Original Calibration -28.2 46.3-0.7 ] 2019-01-21
Last Measurement -25.2 47.8-49] 2020-05-28
ID #0281 Dipole 1900 MHz Body TSL
Return Loss [dB] Impedance [Q] Date
Original Calibration -24.6 49.6 +5.9] 2019-01-21
Last Measurement -25.9 48.7+4.9| 2020-05-28
ID #0283 Dipole 2300 MHz Body TSL
Return Loss [dB] Impedance [Q] Date
Original Calibration -26.1 458 - 2.2 2019-01-21
Last Measurement -24.5 50.8 -5.7 ] 2020-05-28
ID #0284 Dipole 2600 MHz Body TSL
Return Loss [dB] Impedance [Q] Date
Original Calibration -22.0 455-6.1] 2019-01-21
Last Measurement -24.9 46.4—-4.1] 2020-05-28
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|CALIBRATION CERTIFICATE |

Object

Calibration procedure(s)

Calibration date:

[D750V3 - SN:1136

]

QA CAL-05.v11

Calibration Procedure

for SAR Validation Sources above 0.7-3 GHz

{January 17, 2019

All calibrations have been conducted in the closed laboratory facili

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Si).
The measurements and the uncertainties with confidence probabil

ty are given on the following pages and are part of the certificate.

ty: environment temperature (22 + 3)°C and humidity < 70%.

Network Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: US41080477

Name

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 /06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Dec18) Dec-19

DAE4 SN: 601 04-Oct-18 (No. DAE4-601_0Oct18) Oct-19

Secondary Standards 1D # Check Date (in house) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

31-Mar-14 (in house check Oct-18)

Function

In house check: Oct-19

Claudio Leubler

‘Laboratory Technician

Katja -Pokovic

Technical- Manager

This calibration certificate shall not be reproduced except in full wi

thout written approval of the laboratory.

Issued: January 18, 2019

Certificate No: D750V3-1136_Jan19
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Calibration Laboratory of S,
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM X,Y,Z
N/A not applicable or not measured

Calibration is Performed According to the [Following Standards:

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

b) IEC 62209-1, “Measurement procedurle for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) |EC 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 T

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:

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

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

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

e FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.
SAR measured: SAR measured at the stated antenna input power.

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

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

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

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

DASY Version DASY5 Vv52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole 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 22.0°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0x0.2) °C 415+6% 0.89 mho/m +6 %

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

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

SAR measured 1 250 mW input power 2.08 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

8.30 W/kg +17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.36 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

5.43 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 (22.0 20.2) °C 54.8+6 % 0.96 mho/m =6 %
Body TSL temperature change during test <0.5°C —um -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.12 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

SAR measured

250 mW input power

1.40 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D750V3-1136_Jan19
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 55.1Q-04jQ

Return Loss -26.3dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 499Q-3.5jQ

Return Loss -29.2dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.037 ns

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

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

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: D750V3-1136_Jan19
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DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial:

Communication System: UID 0 - CW; Frequency
Medium parameters used: f = 750 MHz; ¢ = 0.89
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANS

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.32,

Electronics: DAE4 Sn601; Calibrated: 04.

Phantom: Flat Phantom 4.9 (front); Type:

DASY52 52.10.2(1495); SEMCAD X 14.

Dipole Calibration for Head Tissue/Pin=:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 59.18 V/m; Power Drift = -0.0
Peak SAR (extrapolated) = 3.11 W/kg

SAR(1 g) = 2.08 W/kg; SAR(10 g) = 1.36 W/kg
Maximum value of SAR (measured) = 2.75 W/kg

Date: 17.01.2019

D750V3 - SN:1136

750 MHz
S/m; &; = 41.5; p = 1000 kg/m’

[C63.19-2011)

10.32, 10.32) @ 750 MHz; Calibrated: 31.12.2018

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

10.2018
QD OOL P49 AA; Serial: 1001
6.12(7450)

250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

0dB

g -4.80
-7.20

-9.60

-12.00

0 dB =2.75 W/kg = 4.39 dBW/kg

Certificate No: D750V3-1136_Jan19
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Impedance Measurement Plot for Head TS
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DASY5 Validation Report for Body TSL
Date: 17.01.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1136

Communication System: UID 0 - CW; Frequency:|750 MHz

Medium parameters used: f =750 MHz; 6 = 0.96 S/m; g, = 54.8; p = 1000 kg/m3
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.29, [10.29, 10.29) @ 750 MHz; Calibrated: 31.12.2018

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 57.49 V/m; Power Drift = -0.02 dB
Peak SAR (extrapolated) = 3.14 W/kg

SAR( g) = 2.12 W/kg; SAR(10 g) = 1.4 W/kg
Maximum value of SAR (measured) = 2.81 W/kg

-2.00

-6.00

-8.00

-10.00

0 dB = 2.81 W/kk = 4.49 dBW/kg

Certificate No: D750V3-1136_Jan19 Page 7 of 8






Impedance Measurement Plot for Body TSI
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[CALIBRATION CERTIFICATE

Object | D835V2 - SN:4d192

QA CAL-05.v11

Calibration procedure(s)

Calibration Procedure

for SAR Validation Sources above 0.7-3 GHz

[January 17, 2019

Calibration date:

This calibration certificate documents the traceability to national s
The measurements and the uncertainties with confidence probabi

All calibrations have been conducted in the closed laboratory faci

Calibration Equipment used (M&TE critical for calibration)

]tandards, which realize the physical units of measurements (Sl).
lity are given on the following pages and are part of the certificate.

ity: environment temperature (22 + 3)°C and humidity < 70%.

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

Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 /06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Dec18) Dec-19

DAE4 SN: 601 04-Oct-18 (No. DAE4-601_Oct18) Oct-19

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

Power meter EPM-442A SN: GB37480704 07-;Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: US37292783 07-]Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Network Analyzer Agilent E8358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Name Function

Callibrated by: Claudio Leubler Laboratory Technician

Approved by: Katja. Pokovic Technical Manager

This calibration cettificate shall not be reproduced except in full wi

Issued: January 18, 2019

thout written approval of the laboratory.

Certificate No: D835V2-4d192_Jan19
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Calibration Laboratory of ¢Q‘}\\_.// 7, S Schweizerischer Kalibrierdienst

Schmid & Partner ;ia'gmﬁ C Service suisse d'étalonnage
Engineering AG NS Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland "/,,/lm‘\\x‘ S  swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to th
Multilateral Agreement for the recognition of calibration certifi

Accreditation No.: SCS 0108

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 th%

Following Standards:

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

b) IEC 62209-1, “Measurement procedu
(SAR) from hand-held and body-mou
300 MHz to 6 GHz)", July 2016

c) IEC 62209-2, "Procedure to determin
communication devices used in close
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Re

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Pa

Measurement Conditions: Further det

fe for the assessment of Specific Absorption Rate
nted devices used next to the ear (frequency range of

e the Specific Absorption Rate (SAR) for wireless
proximity to the human body (frequency range of 30

quirements for 100 MHz to 6 GHz"

rameters:
ails are available from the Validation Report at the end

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

Antenna Parameters with TSL: The d
point exactly below the center markin
parallel to the body axis.

Feed Point Impedance and Return L
positioned under the liquid filled phan

i|pole is mounted with the spacer to position its feed
g of the flat phantom section, with the arms oriented

oss: These parameters are measured with the dipole

tom. 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 requilied.

Electrical Delay: One-way delay betw
No uncertainty required.

connector.
SAR for nominal TSL parameters: Th
nominal SAR resulit.

een the SMA connector and the antenna feed point.

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

o measured TSL parameters are used to calculate the

multiplied by the coverage factor k=2, whic
probability of approximately 95%.

The reported uncertainty of measurement i

s stated as the standard uncertainty of measurement
h for a normal distribution corresponds to a coverage

Certificate No: D835V2-4d192_Jan19

Page 2 of 8






Measurement Conditions

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

DASY Version DASY5 V52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 415 0.90 mho/m

Measured Head TSL parameters (22.0:0.2) °C 41.3+6 % 0.92 mho/m +6 %

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

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

SAR measured 250 mW input power 2.44 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured |

250 mW input power

1.58 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

6.23 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0:0.2) °C 546 +6 % 0.99 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 2.45 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

9.63 W/kg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.60 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6.31 W/kg x 16.5 % (k=2)

Certificate No: D835V2-4d192_Jan19
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Appendix (Additional assessments outside the scope of SCS 01 08)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 496 Q-3.1jQ
Return Loss -30.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 471 Q-5.2iQ
Return Loss -242dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.391 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are |not affected by this change. The overall dipole length is still
according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certtificate No: D835V2-4d192_Jan19 Page 4 of 8






DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial:

Communication System: UID 0 - CW; Frequency:
Medium parameters used: f = 835 MHz; 6 =0.92 |

Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANS]I

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10, 10,

DASY52 52.10.2(1495); SEMCAD X 14.¢

Dipole Calibration for Head Tissue/Pin=2
Measurement grid: dx=5mm, dy=5mm, dz=5Smm

Reference Value = 55.83 V/m; Power Drift =-0.0
Peak SAR (extrapolated) = 3.73 W/kg

SAR(1 g) = 2.44 W/kg; SAR(10 g) = 1.58 W/kg
Maximum value of SAR (measured) = 3.27 W/kg

-6.60

-11.00

Date: 17.01.2019

D835V2 - SN:4d192

835 MHz
S/m; g, = 41.3; p = 1000 kg/m’

C63.19-2011)

10) @ 835 MHz; Calibrated: 31.12.2018

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 04.10.2018
Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

.12(7450)

50 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

0 dB

0 dB = 3.27 W/kE = 5.15 dBW/kg

Certificate No: D835V2-4d192_Jan19
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Impedance Measurement Plot for Head TS

Elle View Channel Sweep Calibration Trace Scale
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DASY5 Validation Report for Body TSL
Date: 17.01.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d192

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

Medium parameters used: f = 835 MHz; ¢ = 0.99 S/m; & = 54.6; p = 1000 kg/m®
Phantom section: Flat Section
Measurement Standard: DASYS5 (IEEE/IEC/ANS] C63.19-2011)

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.15,[10.15, 10.15) @ 835 MHz; Calibrated: 31.12.2018

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 4.9 (Back); Type: QD OOR P49 AA; Serial: 1005

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 61.05 V/m; Power Drift = -0.02 dB
Peak SAR (extrapolated) = 3.63 W/kg

SAR(1 g) = 2.45 W/kg; SAR(10 g) = 1.6 W/kg
Maximum value of SAR (measured) = 3.25 W/kg

-2.08

-4.00

-8.00

-10.00

0 dB = 3.25 W/kg = 5.12 dBW/kg
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Impedance Measurement Plot for Body TS
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Calibration Laboratory of

Schmid & Pariner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbratlon cerlificates

cient  |Intel France

S Schweizer/scher Kalibrierdienst
Service sulsse d'étalonnage

C Servizlo svizzero di taratura

S swiss Calibration Service

Accreditation No.: SCS 0108

J | Certificate No: D'l 750V2-1133_Jan19 |

ICALIBRATION CERTIFICATE I

Object

Calibration procedura(s)

Calibration date;

[D1750V2 - SN:1133 |
QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
[January 21, 2019 ]

Calibration Equipment used {M&TE critical for calibration)

This calibration cerlificale documents the fraceability 1o 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 laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Network Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: US41080477

Name

Primary Standards 1D # Cal Date {Certificate No.) Scheduled Calibration
Power mater NRP SN: 104778 04-Apr-18 {No. 217-02672/02673} Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 {No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-i9

Type-N mismatch combination SN: 5047.2/ 06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Dec18) Dec-19

DAE4 SN: 601 04-Cct-18 (No. DAE4-601_Oct18) Oct-19

Secondary Standards D # Check Date (in house) Schaduled Check
Power meter EPM-442A SN: GB37480704 07-Oct-15 (In house check Cct-18) In house check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-Oct-15 {in housa chack Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in houss check Oct-18) In house check: Oct-20

31-Mar-14 (in house check Oct-18)

Functlion

In house chack: Oct-19

Signature

Michase! Weber

Laboratory Technician

A

Katja Pokovic

Technical Manager

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

Issued: January 24, 2019

Certificate No: D1750V2-1133_Jan19
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= - \ LY
Calibration Laboratory of S, Schwelzerischer Kalibrierdienst
. =~ )
Schmid & Partner % Service suisse d'étalonnage
Engineering AG N Servizio svizero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “, 47/;-\\‘\‘“&‘ Swiss Calibration Service
Huhit
Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certiflcates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) 1EC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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:

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

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

¢ Feed Point Impedance and Return Loss: These parameters are measured with the 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
refiected power. No uncertainty required.

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

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

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

connector.

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

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

DASY systern configuration, as far as not given on page 1.
DASY Version DASYS ve2.10.2
Extrapolation Advanced Extrapolation
Phantam Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5 mm
Frequency 1750 MHz =1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 401 1.37 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 396:6% 1.34 mho/m+6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power B.87 W/kg
SAR for nominal Head TSL parameters normalized to 1W 35.9 W/kg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 4.71 Wikg
SAR for nominal Head TSL parameters normalized to 1W 19.0 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 534 1.49 mho/m
Measured Body TSL parameters {22.0 +£0.2) °C 53.2+:6% 1.45 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 9.06 W/kg
SAR for nominal Body TSL parameters normalized to 1W 36.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 4.79 Wikg
SAR for naminal Body TSL parameters normalized to TW 19.4 W/kg + 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.7Q-08iQ

Retum Loss -39.7dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 463 Q-07iQ

Return Loss -28.2dB
General Antenna Parameters and Design

Electrical Delay {one direction) 1.219 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 armm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Cerlificate No: D1750V2-1133_Jan19
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DASY5 Validation Report for Head TSL

Date: 18.01.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1133

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

Medium parameters used: f = 1750 MHz; o = 1.34 S/m; & = 39.6; p = 1000 kglm3
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.59, 8.59, 8.59) @ 1750 MHz; Calibrated: 31.12.2018

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 101.9 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 16.1 W/kg

SAR(1 g) = 8.87 W/kg; SAR(10 g) =4.71 W/kg

Maximum value of SAR (measured) = 13.2 W/kg

—-3.60

=1-7.20

-10.80

~14.40

-18.00

0dB = 13.2 W/kg = 11.21 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 21.01.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1133

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

Medium parameters used: = 1750 MHz; o = 1.45 S/m; & = 53.2; p = 1000 kglm3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.43, 8.43, 8.43) @ 1750 MHz; Calibrated: 31.12.2018

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 101.5 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 16.5 W/kg

SAR(1 g) =9.06 W/kg; SAR(10 g) =4.79 W/kg

Maximum value of SAR (measured) = 13.8 W/kg

-3.60

-1.20

-10.80

-14.40

~18.00

0 dB =13.8 W/kg = 11.40 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

' S Schweizerischer Kalibrierdienst

Schmid & Partner C Service suisse d'étalonnage

Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S 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
Muitilateral Agreement for the recognition of calibration certificates
client  {Intel France ] [ Certificate No: D1900V2-5d197_Jan19 ]

Object [D1900V2 - SN:5d197 ]

Calibration procedure(s) QA CAL-05.v11
Calibration Procedure|for SAR Validation Sources between 0.7-3 GHz

Calibration date: [January 21, 2019 J

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
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 Iab'oratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

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

Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 /06327 04-;|Apr-1 8 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Dec18) Dec-19

DAE4 SN: 601 04-Qct-18 (No. DAE4-601_0ct18) Oct-19

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

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Name Function Signature

Calibrated by: Michasl Weber Laboratory Technician %

Approved by: ‘Katja Pokovic Technical Manager m

o <

Issued: January 24, 2019

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

SN2, S Schweizerischer Kalibrierdienst
. Pt h -
Schmid & Partner ila\;g//mggé c Service suisse d'étalonnage
Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland o,w/’,?\\ \\\\¢ S Swiss Calibration Service
(MM
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

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

Additional Documentation:

e)

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

IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body—moun{ed devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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"

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

Feed Point Impedance and Return Lo]ss: 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 fow
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.
SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.
SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

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

DASY Version DASY5 Vv52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm ’ with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz =1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0+0.2) °C 40.8+:6 % 1.39 mho/m 6 %

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

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

SAR measured 250 mW input power 10.1 W/kg

SAR for nominal Head TSL parameters normalized to 1W 40.8 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.26 W/kg

SAR for nominal Head TSL parameters normalized to 1W 21.2 W/kg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m

Measured Body TSL parameters (22.0+0.2) °C 53.8:+6 % 1.49 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 9.75 W/kg

SAR for nominal Body TSL parameters normalized to 1TW 39.5 W/kg x 17.0 % (k=2)

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

SAR measured 250 mW input power 5.13 W/kg

SAR for nominal Body TSL parameters normalized to 1TW 20.7 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside

Antenna Parameters with Head TSL

the scope of SCS 0108)

Impedance, transformed to feed point 534 Q+4.6jQ

Return Loss -25.2dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 496 Q +5.9]Q

Return Loss -24.6 dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.204 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,n

according to the Standard.

ot affected by this change. The overall dipole length is still

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Seria

Communication System: UID 0 - CW; Frequency:
Medium parameters used: f = 1900 MHz; ¢ = 1.39
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.26, 8

Sensor-Surface: 1.4mm (Mechanical Surfa

Dipole Calibration for Head Tissue/Pin=2
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 107.2 V/m; Power Drift = 0.06
Peak SAR (extrapolated) = 18.5 W/kg

SAR( g) = 10.1 W/kg; SAR(10 g) = 5.26 W/kg
Maximum value of SAR (measured) = 14.8 W/kg

Date: 18.01.2019

1: D1900V2 - SN:5d197

1900 MHz
S/m; &, =40.8; p = 1000 kg/m3

C63.19-2011)

26, 8.26) @ 1900 MHz; Calibrated: 31.12.2018

ce Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018
Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

50 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

dB

-3.60

-{.20

-10.80

-14.40

-18.00

0 dB = 14.8 W/kg = 11.70 dBW/kg

Certificate No: D1900V2-5d197_Jan19 Page 5 of 8






Impedance Measurement Plot for Head TSI

file View Channel Sweep Calibration Trace Scale

Marker System window Help
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Seria

Communication System: UID 0 - CW; Frequency:
Medium parameters used: f = 1900 MHz; ¢ = 1.4¢€
Phantom section: Flat Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.23, 8

Sensor-Surface: 1.4mm (Mechanical Surfa

Dipole Calibration for Body Tissue/Pin=2
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Date: 21.01.2019

1: D1900V2 - SN:5d197

1900 MHz
S/m; g = 53.8; p = 1000 kg/m®

[ C63.19-2011)

.23, 8.23) @ 1900 MHz; Calibrated: 31.12.2018

ce Detection)

Electronics: DAE4 Sn601; Calibrated: 04.]10.2018
Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

50 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Reference Value = 104.5 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 17.5 W/kg
SAR( g) =9.75 W/kg; SAR(10 g) = 5.13 W/kg
Maximum value of SAR (measured) = 14.9 W/kg

-3.60

-7.20

-10.80

-14.40

-18.00

0 dB = 14.9 W/ke = 11.73 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S 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
Multilateral Agreement for the recognition of calibration certificates

cient  [Intel France ] [Certficate No: D2300V2-1 046_Jaﬁ1 9 ]
|CALIBRATION CERTIFICATE
Object {D2300V2 - SN:1046 ]
Calibration procedure(s) QA CAL-05.v11

Calibration Procedure|for SAR Validation Sources between 0.7-3 GHz

Calibration date: [January 21, 2019 i

This calibration certificate documents the traceability to national ssandards, which realize the physical units of measurements (Sl).
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)

Primary Standards ID # Cal|Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 /06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Dec18) Dec-19

DAE4 SN: 601 ' 04-Oct-18 (No. DAE4-601_0Oct18) Oct-19

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

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Name Function Signature

Calibrated by: ‘Michael Weber Laboratory Technician M

Approved by: Katja Pokovic Technical Manager /g/@

4

Issued: January 24, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

((

\\‘ ,
D)
Sy

N

M\

\\
'/ulu\\‘\\\

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the sjgnatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to th% Following Standards:

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

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

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:

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

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

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phan{om. 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 requiljed.

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

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

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

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

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

Certificate No: D2300V2-1046_Jan19 Page 2 of 8






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

DASY Version DASY5 Vv52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2300 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.5 1.67 mho/m

Measured Head TSL parameters (22.0:0.2) °C 38.4+:6% 1.71 mho/m 6 %

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

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

SAR measured 250 mW input power 12.3 W/kg

SAR for nominal Head TSL parameters normalized to 1TW 48.3 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.87 W/kg

SAR for nominal Head TSL parameters normalized to 1W 23.2 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 52.9 1.81 mho/m

Measured Body TSL parameters (22.0 £0.2) °C 51.5+6% 1.85 mho/m =6 %

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

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

SAR measured 250 mW input power 12.0 W/kg

SAR for nominal Body TSL parameters normalized to 1W 47.2 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.72 W/kg

SAR for nominal Body TSL parameters normalized to 1W 22.6 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 49.4Q-42jQ
Return Loss -275dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 458Q-22jQ
Return Loss -26.1 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.169 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 shorli-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matchirTg when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MHz; Type: D2300V2; Seri

Date: 21.01.2019

al: D2300V2 - SN:1046

Communication System: UID 0 - CW; Frequency; 2300 MHz
Medium parameters used: f = 2300 MHz; 6 = 1.7 S/m; & = 38.4; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

¢ Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2) @ 2300 MHz; Calibrated: 31.12.2018

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

e Electronics: DAE4 Sn601; Calibrated: 04

¢ Phantom: Flat Phantom 5.0 (front); Type:

10.2018
QD 000 P50 AA; Serial: 1001

o DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 109.4 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 24.2 W/kg
SAR(1 g) = 12.3 W/kg; SAR(10 g) = 5.87 W/kg
Maximum value of SAR (measured) = 19.0 W/kg

Q

-4.40

-8.80

-13.20

-17.60

-22.00

0dB =19.0 W/kg=12.79 dBV\"/kg
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Impedance Measurement Plot for Head TSL

‘File View Channel Sweep Calbration Trace Scale Marker System Window Help
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN:1046

Communication System: UID 0 - CW; Frequency; 2300 MHz
Medium parameters used: f = 2300 MHz; 6 = 1.85 S/m; g = 51.5; p=1000 kg/m3

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Date: 18.01.2019

o Probe: EX3DV4 - SN7349; ConvF(8.16, 8.16, 8.16) @ 2300 MHz; Calibrated: 31.12.2018

o Sensor-Surface: 1.4mm (Mechanical Surche Detection)

o Electronics: DAE4 Sn601; Calibrated: 04
o Phantom: Flat Phantom 5.0 (back); Type:
o DASY52 52.10.2(1495); SEMCAD X 14!

10.2018

QD 000 P50 AA; Serial: 1002
6.12(7450)

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 = 108.9 V/m; Power Drift = 0.0] dB

Peak SAR (extrapolated) = 23.3 W/kg
SAR(1 g) =12 W/kg; SAR(10 g) = 5.72 W/kg
Maximum value of SAR (measured) = 19.4 W/kg

-4.40

-8.80

-13.20

-17.60

-22.00

Q

~]

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

Fle View Channel Sweep Calibration Trace Scale Marker Systemn ‘Window Help

Ch1&vg= 20
Ch1: Start 2.0000 GHa ~ ——

2.300000 GHz 45778 O
31.082pF -2.2263 0
2.300000 GHz 48.807 mU

-150.86 °

Stop 2.50000 GHz

(oo [

> 1 2.300000 GHz

-25.054 dB

5.00

0.00

-5.00

10.00 —_—

15.00
2000

Yy

125.00

-30.00

1-35.00
1.10.00 Ch1Avg=[20

Stop 2.50000 GHz

Chi: Start 2,10000 GHz =~ ~=—

‘Avg=20 Delay

Certificate No: D2300V2-1046_Jan19

Page 8 of 8







Calibration Laboratory of \@/’/

Schmid & Partner

7,
N

i

S Schweizerischer Kalibrierdienst
c Service suisse d'étalonnage
S

\)

',
A}

Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ] I~ = Swiss Calibration Service
il
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

ciient |Intel France ] [ certificate No: D2600V2-1100_Jan19 ]
|CAL|BRAT|ON CERTIFICATE , I

Object [D2600V2 - SN:1100 |

Calibration procedure(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: {January 21, 2019 ]

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 laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # CaljDate (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-,|¢\pr-1 8 (No. 217-02672/02673) Apr-19
Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19
Power sensor NRP-Z91 SN: 103245 04-{-\pr—1 8 (No. 217-02673) Apr-19
Reference 20 dB Attenuator SN: 5058 (20k) 04-f\pr-18 (No. 217-02682) Apr-19
Type-N mismatch combination SN: 5047.2/ 06327 04-Apr-18 (No. 217-02683) Apr-19
Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Dec18) Dec-19
DAE4 SN: 601 04-Oct-18 (No. DAE4-601_Oct18) . Oct-19
Secondary Standards ID # Check Date (in house) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20
Network Analyzer Agilent E8358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Name Function Signature

Calibrated by: Michae! Weber Laboratory Technician mk,__

IR
Approved by: Katja Pokovic Technical Manager M——

~

-

Issued: January 24, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of S,

Schmid & Partner iﬁﬁ‘;‘c
Engineering AG BN
Zeughausstrasse 43, 8004 Zurich, Switzerland “, /ﬁ N
mm oW

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

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

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand held and body—mourlted devices used next to the ear (frequency range of

300 MHz to 6 GHz)”, July 2016

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:

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

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

parallel to the body axis.

e Feed Point Impedance and Return Lolss: These parameters are measured with the dipole
positioned under the liquid filled phantlom 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 requrred

e FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.

No uncertainty required.

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

connector.

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

nominal SAR result.

probability of approximately 95%.

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

Certificate No: D2600V2-1100_Jan19 Page 2 of 8






Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 Vv52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0 £0.2) °C 37.3x6% 2.03 mho/m =6 %
Head TSL temperature change during test <0.5°C - -—--
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.3 W/kg
SAR for nominal Head TSL parameters normalized to 1W 55.7 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.31 W/kg
SAR for nominal Head TSL parameters normalized to 1W 24,9 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 52.5 2.16 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 507 6% 2.21 mho/m +6 %
Body TSL temperature change during test <05°C - —--
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.9 W/kg
SAR for nominal Body TSL parameters normalized to 1W 54.6 W/kg =17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.12 W/kg
SAR for nominal Body TSL parameters normalized to 1W 24.2 W/kg % 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 493Q-6.3iQ
Return Loss -23.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 455Q-6.1jQ
Return Loss -22.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.155 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-cnrcunted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matchlng when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

Date: 21.01.2019

DUT: Dipole 2600 MHz; Type: D2600V?2; Serial: D2600V2 - SN:1100

Communication System: UID 0 - CW; Frequency; 2600 MHz
Medium parameters used: f = 2600 MHz; ¢ = 2.08 S/m,; &, = 37.3; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

e Probe: EX3DV4 - SN7349; ConvF(7.74, 7.74, 7.74) @ 2600 MHz; Calibrated: 31.12.2018

Electronics: DAE4 Sn601; Calibrated: 04

Phantom: Flat Phantom 5.0 (front); Type:

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

10.2018
QD 000 P50 AA; Serial: 1001

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 112.3 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 29.6 W/kg
SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.31 W/kg
Maximum value of SAR (measured) = 23.2 W/kg

dB

-5.00

-10.00

-15.00

-20.00

-25.00

0 dB =23.2 W/kg = 13.65 dBW/kg
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Impedance Measurement Plot for Head TS
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

Date: 18.01.2019

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1100

Communication System: UID 0 - CW; Frequency

2600 MHz

Medium parameters used: f= 2600 MHz; 6 = 2.21 S/m; & = 50.7; p = 1000 kg/m3

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

e Probe: EX3DV4 - SN7349; ConvF(7.89, 7.89, 7.89) @ 2600 MHz; Calibrated: 31.12.2018

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

o Electronics: DAE4 Sn601; Calibrated: 04

10.2018

e Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

e DASY52 52.10.2(1495); SEMCAD X 1416.12(7450)

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 = 109.0 V/m; Power Drift =-0.0
Peak SAR (extrapolated) = 29.0 W/kg
SAR(1 g) = 13.9 W/kg; SAR(10 g) = 6.12 W/kg
Maximum value of SAR (measured) = 23.5 W/ké

1dB

dB

-5.00

-10.00

-15.00

-20.00

-25.00

0 dB =23.5 W/kg = 13.71 dBW/kg

Certificate No: D2600V2-1100_Jan19
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Impedance Measurement Plot for Body TS

L

File View Channel Sweep Calibration Trace Scale

Marker System Window Help
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Chi: Start 2.40000 GHz =~ ——— . _ _ _ _ Stop 2.80000 GHz
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Certificate No: D2600V2-1100_Jan19

Page 8 of 8







Calibration Laboratory of : S\ S Schwsisarischor Kaloierdianst

Schmid & Partner fo C Service suisse d'étalonnage
Engineering AG

Zoughaussirasss 43, B004 Zurich, Switzariand T

Acersdiied by the Swiss Accreditalion Service (SAS) Accreditation Mo.: SCS 0108

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

Multilateral Agresemant for the recognition of calibration certificates

Cliont

Calibration dale:

Thiss calibration certificate documents the traceabiity to national standards, which ralize the physical unils of measuremants (51}
The méasuraments and the uncertsinties with confidents probablity sre given on the folowing pages and are pan of the coricate,

All calibrations have been conducted in the dosed laborstary faciity, emironment bemperaiure (22 + 30 and humidity < T0%.,

Calbration Equipment used (MATE crisical for calibration)

| Primary Standards v Cal Diabe (Certificats Mo} Schedulad Calbwation
Fower meber NRP SN 104TTE 01-Apr-20 (Mo, 217-0310003101) !E-m
Power sensor NRP-Z51 BN 103244 D-Agr-20 (Mo, $17-03900) Apr-21
Power sensor NRP-Z91 5M: 103245 O-Apr-30 (Mo, 2A7-03101) Apr-21
Referonos 20 0B Atteruator BM: CCIBED () 51-Mar-20 (Ho. 217.03108) Ape-21
DAES 5M: G50 27-Dipc- 19 (Mo, DAE4-580_Dec18) Dec-20
| Relerencs Probs ES30V2 SM: 3013 3-Dac-18 (Mo, ES3-3013_Dec1d) Dec-30
Secondary Standards D Check Diate {in house) Schedulsd Check
Powesr mater E44158 SH: GE412IETS O-Apr-18 {in house chack Jun-18) In house chack: Jun-20
Powar sansor E44124 SN MY41408087 D6-Apr-16 {in housa chack Jur-18) In house check: Jun-20
Power senscr E44124 She: 000110210 06-Apr-186 (in house chack Jun-18) In house check: Jun-20
RF generator HP 86480 Sh: USI843U01T00 04-Aug-89 (in house check Jun-18) In hoises checc Jun-20
| Metwork Analyzer EBISAA SN US4 1080477 31-Mar-14 {in house chack Del-18) I house check: Oo-20
Function
Calibrated by
Approvad by

Issued: May 35, 7020

This calibration certificate shall not be reproduced excapt in full withcan weithen approval of the iaboratary.

Cestificate Mo: EX3-3878_May20 Fage 1.of 22





Calibration Laboratory of E wittas Schweizerisches Kafibrierdionst

Schmid & Partner —— 7 g Service suisse d'étalonnage
Engineering AG A g Servizia svizzero di taratura

Zeughausstrassa 43, 8004 Zurich, Switzerland % N 'plr Swiss Calibration Sarvice

Accredited by the Swiss Accreditation Service (SAS) Accreditation Wo.: SCS 0108

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

Multilataral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating fiquid

NORMsx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DCcP diode compression point

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

ABCD modulation depandent linearization parameters

Polarization ¢ « ratation around probe axis

Polarization & 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.g., & = ] is normal to probe axis
Connactor Anghe 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 5td 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, Juna 2013

b) IEC §2209-1, %, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from hamd-
held and body-mounted devices used next lo the ear (frequency range of 300 MHz to & GHz)", July 2016

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

d) KDB BB5664, "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).
NORMz.y,2 are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-fisld
uncertainty inside TSL (see balow ConvF),

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

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

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

* Ay Bxpz Cuyr Dxyz VRxy,z: A B, C, D are numerical inearization parameters assessad based on
ﬂmdmﬂmammmmmm.ﬂummmdnnntdapmdmﬁmmm
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

* ComvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
S'tandardfutfsamMHﬂmlmidawaweanuslngamryﬁmlﬁa}dmw&mshHmmpw
measurements for { > B0 MHz. The same setups are used for assessment of the parameters applied for
mmﬂmﬁm{wm.dapﬂﬂﬁmhphﬂumhyﬂrmamghmjmﬂmmam
mdInEIAEHmmmmmecmwmmm.mwmmlnmmuﬂu
lnNﬂﬁm‘mx‘:}‘vamwmuMimmammlgimfwcﬂnmﬁhﬂmwm
ConwF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

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

. Wﬂhﬁﬁmﬁmmmhhﬁaﬂﬁmlmnsmmtmﬂarﬁmnlrmpmbnﬁ:
(on probe axis). No tolerance required.

. cmmmma;mamhmﬂuulmmmmmmwmmmmmmn
uncertainty required).
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EX3DV4 - SN:3078 May 22. 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3978

Basic Calibration Parameters
Bensor X Sensor Y Sensor Z Une (k=2)
Narm (uViVim)")" 0.47 0.47 041 +10.1 %
DCP (mV)" 102.0 102.9 105.8
Calibration Results for Modulation Re se -
D Communication System Mame A B C D VR Max Max
dB | dB v dB mv dev. Unc®
fe=2) |
] W X | 000 | 000 | 100 | 000 | 1575 | £33 % | £4.7 %
Y | 000 | 000 | 100 164.0
Z| 000 | 000 | 1.00 [ 170.0
10352- | Pulse Wavelomm (200Fiz, 10%) X | 2000 | B6.78 | 2457 | 1000 | 600 | t33% | 296 %
AMA [ ¥ | 2000 | 8358 | 2296 60.0
Z | 2000 | @281 | 21.80 B0.0
10353- | Pulse Wavelom (200Hz, 20%) X | 2000 | 8809 | 2427 | 699 | 800 | t16% | :96%
AAA 'Y | 7000 | 9304 | 2187 B0.0
. Z | 2000 | 9543 | 2208 B0.0
10354- | Pulse Wavelorm (200Hz, 40%) X | 2000 | 10368 | 2671 | 398 | 950 | £15% | £+0.6%
ARA, | ¥ | 2000 | 9658 | 2185 850
Z | 2000 | 10346 | 24.67 85.0
10355 | Puise Waveform (200Hz, 60%) X . 10637 | 2560 | 222 | 1200 | z16% | t96%
AAA [ ¥ | 2000 | 10124 | 2280 120.0
o Z | 2000 | 196.71 | 2956 120.0 -
10387- | QPSK Wavelorm, 1 MHz X | 181 | 6667 | 1544 | 100 | 1500 | t16% | 08 %
AAM ¥ | 158 | 64.80 | 14.28 | 150.0
Z | 181 | 68.38 | 1820 150.0
10388- | GPSK Waveform, 10 MHz X | 238 | 6867 | 1610 | 00O | 1600 | z1.1% | 206%
ARA ¥ | 207 | 6653 | 1493 150.0
2| 234 | 6830 | 16.84 N 150.0
10386- | 64-QAM Wavelorm, 100 kHz X | 3568 | 7302 | 5018 | 301 | 1500 | z07 % |96 %
ARA Y | 283 | 7042 | 18.56 [ 150.0
. Z | 292 | 7178 | 19.28 1500 |
10399- | G4-0AM Wavelorm, 40 MHz X | 3562 | B7.01 | 1573 | 000 | 1500 | *00% | 98 %
AAA Y | 343 | 6658 | 1539 | [ 150.0°
Z | 358 | 6784 | 16.19 150.0
10414- | WLAN CCDF, 64-0AM, 40MHz X | 487 | 6557 | 1546 | 000 | 1500 | t1.1% | 286%
AAA Y | 481 | 6544 | 1530 150.0
Z | 460 | 6556 | 1547 150.0

Mote: For detaits on UID parameters sea Appandix

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: uncertaintios of Nom XY 2 do not affect the E*-flekd uncertsingy inside TSL {see Pages 5 and 8)

* Numerical Enearizalion parameter: uncerainty nol requined.

Eﬂwummmhmmnﬁmmmmmwdﬂwumm I8 expressed for the squan of the
kg,
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EX30V4- SN-3978 May Z2, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3978

Sensor Model Parameters e .
| c2 a T T2 T3 T4 LE:] TG
fF i v msV"? | ms\V! ms | W
x 47.0 H42.01 34.03 2251 .26 5.10 2.00 0.11 1.0
¥ 443 | 32248 | 3387 | 1888 | 067 | 505 | 189 | 0.1 1.01
Z 38.7 27513 32,70 13.890 021 5.05 1.4 0.00 1.00
Other Probe Parameters
Sensor Arrangament Triangular
Connector Ange [*) 207
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
[ Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
[ Tip Diameter Z5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point 1mm
Probe Tip to Sansor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Cerlificate No: EX3-3978_May20 Page 4 of 22





EX30Vd4— SN-3978 May 22, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3978

Calibration Parameter Determined in Head Tissue Simulating Media

|f(MHz)" m* m{?-:glm ConvF X | ConvFY | ConvFZ | Alpha® nﬁﬂ El
750 419 0.89 1007 | 1007 | 1007 | 045 | 080 | +120%
835 415 0.90 9.73 9.73 973 | 053 | 080 | $120%
900 41.5 0.97 8.48 9.48 0.48 043 0.88 120 %
1750 40.1 1.37 a.08 8.08 8.08 0.39 0.86 +120%
1800 40.0 1.40 T.85 785 7.85 0.36 D.86 120 %
2000 40.0 140 1.77 7.77 7.77 033 | 0868 | +120%
2300 J8.5 1.67 7.61 T.61 T.61 0.31 0.93 +12.0% |

| 2450 28,2 1.80 7.38 7.38 7.38 0.37 0.93 120 %

| 2600 38.0 1.86 7.19 7.19 7.18 046 0.80 £12.0% |
5200 36.0 4,66 559 | 550 | 550 | 040 | 180 | s1d0%
5300 35.9 4.T6 5,39 5.38 5.30 0.40 1.80 140 %
5500 35.6 4,06 4.78 4.78 4.78 0.40 1.80 + 14.0 %
5600 355 5.07 4.58 4.58 4.58 040 | 180 | +140%
5800 35.3 527 4.78 4.78 4.78 040 1.80 +14.0 %

© Frequency vaidity above 300 MHz of + 100 MHz anly appiies for DASY wi.4 and higher (sea Page 2), alsa i is restricied 1o + 50 MHz. The
uncestainty s the RSS of the ConvF uncestainty o calbration frequency and the uncertainly for the indicated frequency band. Frequorcy watidity
below 300 MHz is £ 10, 25, 40, 50 and T0 MHz for ComwF assessments at 30, 64, 178, 150 and Z20 MHz respactively. Validity of ConvF assessed al
G MHz is 4-6 MHz, and ConvF assessed ab 13 MHz is 9-19 MiHz. Abava 5 GHz frequency validity can ba exdended ta + 110 MHz
" Al frequencies up to 6 GHz, the validity of tissue paramalers (x arvl ) can be relaxed io & 10% if liguid compensation formula i applied ko
Mmeasured SAR walues. The uncertainty is the RSS of the Con uncentainty for indicated targed llssue parameters.

are detarmined during calibration. SPEAG wamants thal he remaining deviaticn dus 1o Mie boundary effoct after comperration is
alwaiys less than £ 1% for frequencies belaw 3 GHz and below + 2% for frequencies babween 3-6 GHz &t ary distance karger than hesill Thee prabe tin
dismeder from Ehe boundary.
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EX3DV4— SN:3978 May 22, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3978

Calibration Parameter Determined in Body Tissue Simulating Media

| f (MHz) © Pmr' cﬂm ConvF X | ComvFY | ConvFZ | Alpha® mﬂ lm
750 55.5 0.96 9.59 9.50 .59 040 | 090 | +120%
835 55.2 0.97 9.42 9.42 9.42 037 | 097 | £120%
900 55.0 1.05 8.30 9.30 9.30 0.41 080 | +120%
1750 534 1.49 B.14 8.14 814 | 036 | 086 | £120%
1900 53.3 1.52 7.80 7.89 7.88 040 | 086 | £120%
2000 53.3 1.52 7.68 7.68 7.69 038 | 086 | +120%
2300 52.9 1.81 7.45 745 7.45 0.41 0.90 | +12.0%

| 2450 52.7 1.85 7.28 7.28 7.28 034 | 090 | £+120%
2600 52.5 216 7.19 7.18 7.18 036 | 085 | £120%
5200 48.0 5.30 423 4.23 4.23 0.50 1.90 £14.0 %
5300 48.9 5.42 4.15 4.15 4.15 050 | 190 | £140%
5500 48.6 5.85 3.86 3.86 3.86 0.50 1.90 | £140%
5600 485 5.77 3.77 ar 377 0.50 190 | £14.0%
5800 48.2 6.00 3.81 3.81 3.81 050 | 480 | +140%

o

Frequency valiity above 300 MHz of + 100 MHz only appiies for DASY w44 and higher (see Page 2), ek it is restricted 1o & 50 MHz. Tha
MhWMHHMMEmmwmwmhimmqm. Frequency valiciy
below 300 MHz |5 = 10. 25, 40, 50 and 70 MHz lor ConvF assessments at 30, 54, 128, 150 and 220 MHz respactively. Validity of ConvF assessed at
8 MHz is 4-6 MHZ and ConvF assessed at 13 MHz is 9-19 MHz. Above 5 GHz frequency validity can ba sxtended to £ 110 MHz.
" Al frequencies up ho 6 GH, the validity of tissus paramelers (c 8nd o} can be relaxad o = 10% If liquid compensation formuls is apphed o
measured SAR values. The uncertainty is the RSS of the Com uncertainty for indicated larget tissue paramaters,
AlphaDepth are detemmined during calibration. Emwﬂmﬂummmmmhmmm Com pénsation s
mﬂqlhuammt 1% fior frequencies below 3 GHE and below £ 2% for frequencies bebween 3-8 GHz af any distance kanger than half the probe tip
smaber froem e boundary.
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EX30VE— SN:39TR

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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EX3DV4— BN-3978 May 22, 2020

Receiving Pattern (¢), 9 =0°

=600 MHz,TEM f=1800 MHz.R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4— 5M:307TE

Dynamic Range f(SARpaq)
(TEM cell, for= 1900 MHz)
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EX3DV4- SN:3078 May 22, 2020

Conversion Factor Assessment

f= 800 MHZ.WGLS R® (H_comf) f= 1750 MHZ.WGLS R22 (H_comF)

AN kg
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2)
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