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lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

d) KDB865664, 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.

= 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.

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

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

* 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.

Fax: +86-10-62304633-2504
hittp://www.chinatil.cn

DASY Version DASY52 52.10.2.1495
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters {22.0402)°C 40.5+6 % 1.44 mho/m £ 6 %
Head TSL temperature change during test <1.0°C e e
SAR result with Head TSL
SAR averaged over 1 ¢’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.90 Wikg
SAR for nominal Head TSL parameters normalized to 1W 39.0 Wikg + 18.8 % (k=2)
SAR averaged over 10 ¢m" (10 g) of Head TSL Condition
SAR measured 250 m\W input power 5.12 Wikg

SAR for nominal Head TSL parametars

normalized to 1W

20.3 Wikg + 18.7 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 63.3 1.52 mho/m
Measured Body TSL parameters (22.0£0.2)°C 545+6 % 1.56 mho/m £ 6 %
Body TSL temperature change during test <1.0"C - —
SAR result with Body TSL
SAR averaged over 1 ¢’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Body TSL parameters narmalized to 1W 40.0 W/kg + 18.8 % (k=2)
SAR averaged aver 10 ¢m” (10 g) of Body TSL Condition
SAR measured 250 mW input power 528 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.0 Wikg % 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.70+6.73j0

Return Loss -23.3dB

Antenna Parameters with Body TSL

Impedance, transformed lo feed point 47 80+ 6.72iQ

Return Loss - 22 .8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.066 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
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DASYS Validation Report for Head TSL Date; 03.26.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d170
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1900 MHz: o = 1.441 S/m; &, = 40.48; p = 1000 kg/m3
Phantom section: Center Section
DASYS5 Configuration:

» Probe;: EX3DV4 - SN3617; ConvF(8.14, 8.14, 8.14) @ 1900 MHz; Calibrated:
1/31/2019

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

« Electronics: DAE4 Sn1331; Calibrated: 2/6/2019

« Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

«  Measurement SW: DASY52, Version 52.10 (2);: SEMCAD X Version 14.6.12
(7450)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 97.54 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 18.9 W/kg

SAR(1 g) = 9.9 W/kg; SAR(10 g) =5.12 W/kg

Maximum value of SAR (measured) = 15.6 W/kg

dB
0 |

-3.57
-71.13
-10.70

-14.26

' 5
s
-17.83 | __H_ |

0dB=15.6 W/kg = 11,93 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 03.26.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d170

Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1

Medium parameters used: f= 1900 MHz; o = 1.56 S/m; & = 54.52; p = 1000 kg/m3

Phantom section: Right Section
DASY5 Configuration:

» Probe: EX3DV4 - SN3617; ConvF(7.78, 7.78, 7.78) @ 1900 MHz; Calibrated;
1/31/2019

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

» Electronics: DAE4 Snl1331; Calibrated: 2/6/2019

¢ Phantom: MFP_V3,1C ; Type: QD 000 PS1CA; Serial; 1062

o Measurement SW: DASYS52. Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:

dx=5mm, dy=5mm, dz=5mm

Reference Value = 95.48 V/m; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 18.6 Wikg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.28 W/kg
Maximum value of SAR (measured) = 15.7 W/kg

dB
0

-3.45
-6.90
-10.36

13.81
(-

-17.26

0 dB = 15.7 W/kg = 11.96 dBW/kg
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Client Sporton Certificate No: Z19-60087

CALIBRATION CERTIFICATE

Object D2450V2 - SN: 908

Calibration Procedure(s) FFE-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: March 25, 2019

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

All calibrations have been conducted in the closed laboratory facility: environment temperature(2z:3)c and

humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 20-Aug-18 (CTTL, No.J18X06862) Aug-19
Power sensor NRP8S 104291 20-Aug-18 (CTTL, No.J18X06862) Aug-18
Reference Probe EX3DV4 | SN 3617 31-Jan-19(SPEAG No.EX3-3617_Jan19) Jan-20
DAE4 SN 1331 06-Feb-19(SPEAG No.DAE4-1331_Feb19) Feb-20
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-19 (CTTL, No.J19X00336) Jan-20
NetworkAnalyzer ES071C | MY46110673 24-Jan-19 (CTTL, No.J19X00547) Jan-20

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer '5\ i}

Reviewed by: Lin Hao SAR Test Engineer ﬁ[ﬁ %

Approved by: t D
PP by Qi Dianyuan SAR Project Leader _ac?:.fg{__,_,,.-

Issued: March 28, 2019
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Certificate No: Z19-60087
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

d) KDB865664, 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
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.

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: Z19-60087 Page2of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS52 52.10.2,1485
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mhol/m
Measured Head TSL parameters (22.0+02)°C 396+6% 1.84 mho/m £6 %
Head TSL temperature change during test <1.0"C — -
SAR result with Head TSL
SAR averaged over 1 ¢m’ (1 g) of Head TSL Condition
SAR measured 250 mW inpul power 13.3 Wikg
SAR for nominal Head TSL parameters normalized lo 1W 52.8 Wikg £18.8 % (k=2)
SAR averaged over 10 ¢m” (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.07 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.2 Wikg £ 18.7 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2) °C 53.8+6% 2,00 mho/m £ 8 %
Body TSL temperature change during test <1.0°C e ]

SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.8 Wikg
SAR for nominal Body TSL parameters normalized to 1W 50.8 Wikg % 18.8 % (k=2)
SAR averaged over 10 ¢m” (10 g) of Body TSL Condition
SAR measured 250 mW input power 5.91 Wkg
SAR for nominal Body TSL parameters normalized to 1W 23.6 Wikg £ 18.7 % (k=2)

Certificate No: Z19-60087
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 57.30+518|Q

Return Loss - 21.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5260+ 5810

Return Loss -24.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.020 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

Manufaclured by SPEAG
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DASYS Validation Report for Head TSL Date: 03.25.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 908
Communication System: UID 0, CW; Frequency: 2450 MHz: Duty Cycle: 1:1
Medium parameters used: I'= 2450 MHz; ¢ = 1.841 S/m: & = 39.63: p = 1000 kg/m3
Phantom section: Right Section
DASYS5 Configuration:

e Probe: EX3DV4 -8N3617; ConvF(7.62, 7.62, 7.62) (@ 2450 MHz; Calibrated:
1/31/2019

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

o Electronics: DAE4 Sn1331; Calibrated: 2/6/2019

« Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

o Measurement SW: DASY52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm.
dy=5mm, dz=3mm

Reference Value = 96.04 V/m: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.3 W/kg

SAR(] g) = 13.3 W/kg; SAR(10 g) = 6.07 W/kg

Maximum value of SAR (measured) = 22.4 W/kg

dB
0

-4.59
-9.18
-13.77

-18.36

-22.95

0 dB =224 W/kg = 13.50 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 03.25.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 908
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: = 2450 MHz; & = 2,003 S/m; g = 53.78: p = 1000 kg/m3
Phantom section: Center Section
DASYS5 Configuration:

» Probe: EX3DV4 - 8N3617; ConvF(7.79, 7.79, 7.79) (@ 2450 MHz; Calibrated:
1/31/2019

o Sensor-Surface; |.4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn1331; Calibrated: 2/6/2019

¢ Phantom: MFP_V5.1C ; Type: QD 000 P5S1CA; Serial: 1062

« Measurement SW: DASYS52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 95.51 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 27.1 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) =5.91 W/kg

Maximum value of SAR (measured) = 21.4 W/kg

dB

-17.79

L. *
-22.24 .

0dB=21.4 W/kg = 1330 dBW/kg
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Impedance Measurement Plot for Body TSL
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'CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1061

Calibration Procedure(s) FF-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: December 7, 2018
This calibration Certificate documents the traceability to national standards, 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(Calibrated by, Ceriificate No.) Scheduled Calibration
Power Meter NRVD 102196 07-Mar-18 (CTTL, No.J18X01510) Mar-19
Power sensor NRV-Z5 100596 07-Mar-18 (CTTL, No.J18X01510) Mar-19
Reference Probe EX3DV4 | SN 7514 27-Aug-18(SPEAG No.EX3-7514_Aug18) Aug-19
DAE4 SN 1555 20-Aug-18(SPEAG No.DAE4-1555_Aug18) Aug-19
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
Network Analyzer E5071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer %1
Reviewed by: Lin Hao SAR Test Engineer e M
Approved by: Qi Dianyuan SAR Project Leader ﬁﬁ/

Issued: December 10, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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E-muail: cttl@chinatt].com hitpiAwww,chinattl.on
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

» Feed Point Impedance and Reiumn 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 beiween the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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

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

Certificate No: Z18-60490 Page 2 of 8
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Measurement Conditions

Fax:-+86-10-62304633-2504
http:/iwww.chinattl.en

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

DASY Version DASYS52 52.10.2.1495
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 38.0 1.86 mho/m
Measured Head TSL parameters (220+£0.2)°C 39.1+6% 1.93 mho/m 6 %
Head TSL temperature change during test <1.0°C - -
SAR result with Head TSL
SAR averaged over 1 ¢~ (1 g) of Head TSL Condition

SAR measured

250 mW input power

143mW/g

SAR for nominal Head TSL parameters

normalized to TW

§7.7 mW g + 18.8 % (k=2)

SAR averaged over 10 ¢m° (10 g) of Head TSL Condition

SAR measured 250 mW input power 645 mW /g

SAR for nominal Head TSL parameters normalized to 1W 25.9 mW /g £ 18.7 % (k=2)
Body TSL parameters

The following parameters and calculations were applied
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 52.5 2.16 mho/m

Measured Body TSL parameters (22.0£0.2) °C 51026 % 218 mha/m +6 %

Body TSL temperature change during test <1.0°C e eees
SAR result with Body TSL

SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition

SAR measured

250 mW input power

187 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

54.2 mW Ig + 18.8 % (k=2)

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

Condition

SAR measured

250 mW input power

611 mW/g

SAR for nominal Body TSL parameters

normalized to 1W

24.3 mW /g £18.7 % (k=2)
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 45.80- 7.00j0

Return Loss -23.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.60- 5.41jQ

Return Loss -22.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.012 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: Z18-60490 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 12.06.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1061
Communication System: UID 0, CW; Frequency: 2600 MHz:; Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; o = 1.926 S/m; g,= 39.1; p = 1000 kg/m3
Phantom section: Center Section
DASYS5 Configuration:

» Probe: EX3DV4 - SN7514; ConvF(6.92, 6.92, 6.92) @ 2600 MHz; Calibrated:
8/27/2018

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

¢ Electronics: DAE4 Sn1555: Calibrated: 8/20/2018

e Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

o  Measurement SW: DASYS2, Version 32.10 (2); SEMCAD X Version 14.6.12
(7450)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 103.5 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 31.0 W/kg

SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.45 W/kg

Maximum value of SAR (measured) = 24.7 Wikg

dB
0

-4.55

-9.10

-13.66

-18.21

-22.76

0dB =24.7 W/kg = 13.93 dBW/kg
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Impedance Measurement Plot for Head TSL

Trl s11 Log Mag 10, 00dE/ ReT §.000d8 [F1i]
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DASYS Validation Report for Body TSL Date: 12.06.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1061
Communication System: UID 0, CW; Frequency: 2600 MHz: Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; o = 2.181 S/m; &, = 51.03; p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

= Probe: EX3DV4 - SN7514; ConvF(7.06, 7.06, 7.06) @ 2600 MHz; Calibrated:
8/27/2018

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

« Electronics: DAE4 Sn1355; Calibrated: 8/20/2018

« Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

e Measurement SW: DASYS52. Version 52.10 (2): SEMCAD X Version 14.6.12
(7450)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 87.11 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) =29.3 W/kg

SAR(1 g) =13.7 W/kg; SAR(10 g) =6.11 W/kg

Maximum value of SAR (measured) = 23.4 W/kg

dB -
B[

-4.59
-9.18
-13.76

-18.35
L.

0 dB =23.4 W/ke = 13.69 dBW/kg

-22.94
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Impedance Measurement Plot for Body TSL

Trl 511 Log mag 10.00d8/ Ref 0.000d8 [F1]
3000 5 5000000 Gnz —32.778 OB

40,00

30. 00
20.00
Lo 00
0. 000 4

10,00
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMXx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)”, July 2016

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

d) KDB865664, 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 Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

e 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: Z19-60062 Page 2 of 14
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Measurement Conditions

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

DASY Version DASY52 52.10.2.1495

Extrapolation Advanced Extrapolation

Phantom Triple Flat Phantom 5.1C

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx,dy =4 mm, dz=1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz + 1 MHz

Frequency 5600 MHz + 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.71 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 34916 % 4.58 mho/m 6 %
Head TSL temperature change during test <1.0°C -—- -
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.67 Wikg

SAR for nominal Head TSL parameters

normalized to 1TW

76.2 Wikg * 24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

21.9 W/kg % 24.2 % (k=2)

Certificate No: Z19-60062 Page 3 of 14
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

SA

Fax: +86-10-62304633-2504
http://www.chinattl.cn

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+0.2) °C 345+6 % 4.92 mho/m £ 6 %

<1.0°C

Head TSL temperature change during test

R result with Head TSL at 5600 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL

Condition

SAR measured

100 mW input power

8.05 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

79.9 Wikg * 24.4 % (k=2)

SAR averaged over 10 ¢m” (10 g) of Head TSL

Condition

SAR measured

100 mW input power

2.32 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.0 W/kg  24.2 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

SA

Certificate No: Z19-60062

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 354 5.22 mho/m
Measured Head TSL parameters (22.0+0.2) °C 344+6% 5.08 mho/m 6 %
Head TSL temperature change during test <1.0°C -
R result with Head TSL at 5750 MHz
SAR averaged over1 cm’ (1 g) of Head TSL Condition

SAR measured

100 mW input power

7.83 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

77.8 Wikg % 24.4 % (k=2)

SAR averaged over 10 ¢m° (10 g) of Head TSL

Condition

SAR measured

100 mW input power

2.24 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.2 W/kg £ 24.2 % (k=2)
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 5.36 mho/m
Measured Body TSL parameters (22.0+0.2) °C 47716 % 5.28 mho/m 6 %
Body TSL temperature change during test <1.0°C --- -—
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition

SAR measured

100 mW input power

7.41 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

73.7 Wikg * 24.4 % (k=2)

SAR averaged over 10 ¢m° (10 g) of Body TSL

Condition

SAR measured

100 mW input power

2.11 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.0 W/kg * 24.2 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Certificate No: Z19-60062

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 47116 % 5.76 mho/m £ 6 %
Body TSL temperature change during test <1.0°C - -
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition

SAR measured

100 mW input power

7.73 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

76.9 W/Kg * 24.4 % (k=2)

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

Condition

SAR measured

100 mW input power

2.20 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.8 W/kg * 24.2 % (k=2)
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0+0.2) °C 46916 % 597 mho/m+6 %
Body TSL temperature change during test <1.0°C ---- -

SAR result with Body TSL at 5750 MHz

SAR averaged over 1 ¢/’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.31 Wikg

SAR for nominal Body TSL parameters normalized to 1W 72.7 W/kg £ 24.4 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition

SAR measured 100 mW input power 2.05 W/kg

SAR for nominal Body TSL parameters normalized to 1W 20.4 W/kg £ 24.2 % (k=2)

Certificate No: Z19-60062 Page 6 of 14
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point

52.0Q - 0.52jQ

Return Loss

- 34.0dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point

58.5Q + 3.77jQ

Return Loss

-21.3dB

Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point

51.6Q +2.03jQ

Return Loss

- 31.9dB

Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point

50.8Q + 1.34jQ

Return Loss

- 36.3dB

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point

59.1Q + 5.73jQ

Return Loss

-20.1dB

Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point

52.5Q +4.81jQ

Return Loss

-25.5dB

Certificate No: Z19-60062 Page 7 of 14
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.075 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
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DASY5 Validation Report for Head TSL Date: 03.05.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1128
Communication System: CW, Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz,
Medium parameters used: f = 5250 MHz; o = 4.575 S/m; €, = 34.92; p = 1000
kg/m3, Medium parameters used: f = 5600 MHz; o = 4.922 S/m; €, = 34.45; p =
1000 kg/m3, Medium parameters used: f = 5750 MHz; 6 = 5.078 S/m; €, = 34.44; p
= 1000 kg/m3,
Phantom section: Center Section

DASY5 Configuration:
*  Probe: EX3DV4 - SN3617; ConvF(5.39, 5.39, 5.39) @ 5250 MHz; Calibrated:

1/31/2019, ConvF(5.06, 5.06, 5.06) @ 5600 MHz; Calibrated: 1/31/2019,
ConvF(5.07, 5.07, 5.07) @ 5750 MHz; Calibrated: 1/31/2019,

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

* Electronics: DAE4 Sn1331; Calibrated: 2/6/2019

* Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

* Measurement SW: DASY52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 65.88 VV/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 31.8 W/kg

SAR(1 g) = 7.67 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 65.83 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 36.7 W/kg

SAR(1 g) = 8.05 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 19.9 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 64.01 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 36.7 W/kg

SAR(1 g) = 7.83 W/kg; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 19.4 W/kg
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E-mail: cttli@chinattl.com http://www.chinattl.cn

DASY5 Validation Report for Body TSL Date: 03.04.2019
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GH2V2; Serial: D5GHzV2 - SN: 1128

Communication System: CW; Frequency: 5250 MHz, Frequency: 5600 MHz,

Frequency: 5750 MHz,

Medium parameters used: f = 5250 MHz; o = 5.282 S/m; ¢, = 47.67; p = 1000

kg/m3, Medium parameters used: f = 5600 MHz; 0 = 5.763 S/m; ¢, = 47.12; p =

1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.966 S/m; €, = 46.87; p

= 1000 kg/m3,

Phantom section: Right Section

DASY5 Configuration:

* Probe: EX3DV4 - SN3617; ConvF(4.76, 4.76, 4.76) @ 5250 MHz; Calibrated:
1/31/2019, ConvF(4.23, 4.23, 4.23) @ 5600 MHz; Calibrated: 1/31/2019,
ConvF(4.36, 4.36, 4.36) @ 5750 MHz; Calibrated: 1/31/2019,

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

* Electronics: DAE4 Sn1331; Calibrated: 2/6/2019

*  Phantom: MFP_V5.1C ; Type: QD 000 P51CA,; Serial: 1062

*  Measurement SW: DASY52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 62.01 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.3 W/kg

SAR(1 g) = 7.41 W/kg; SAR(10 g) = 2.11 W/kg

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

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 61.69 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 33.0 W/kg

SAR(1 g) = 7.73 Wikg; SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 18.6 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 60.19 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 33.2 W/kg

SAR(1 g) = 7.31 W/kg; SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 18.1 W/kg
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Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
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7 N Swiss Calibration Service
I/”/nln\“\\

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  Sporton-CN (Auden) Certificate No: DAE4-1210_Jul19
|CALIBRATION CERTIFICATE |
Object DAE4 - SD 000 D04 BM - SN: 1210
Calibration procedure(s) QA CAL-06.v29

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: July 23, 2019

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SlI).
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
Keithley Multimeter Type 2001 SN: 0810278 03-Sep-18 (N0:23488) Sep-19
Secondary Standards ID # Check Date (in house) Scheduled Check
Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-19 (in house check) In house check: Jan-20
Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-19 (in house check) In house check: Jan-20
Name Function Signature

Calibrated by: Adrian Gehring Laboratory Technician j/

. &

Approved by: Sven Kiihn Deputy Manager 7
V@ e
f

Issued: July 23, 2019

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Zeughausstrasse 43, 8004 Zurich, Switzerland
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Swiss Calibration Service

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

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
e DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

e Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

e The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

e DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

e Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

e Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

e AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

e Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

e Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

e Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

e [ow Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

e  Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1210_Jul19 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y 4
High Range 404.166 £ 0.02% (k=2) | 404.988 £ 0.02% (k=2) | 405.096 + 0.02% (k=2)
Low Range 3.99856 = 1.50% (k=2) | 3.98348 + 1.50% (k=2) | 3.99912 £ 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

3455°+1°

Certificate No: DAE4-1210_Jul19
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199994.14 -1.58 -0.00
Channel X + Input 20003.24 1.63 0.01
Channel X - Input -19999.69 215 -0.01
Channel Y + Input 199994.24 -1.47 -0.00
Channel Y + Input 19999.92 -1.59 -0.01
Channel Y - Input -20002.36 -0.45 0.00
Channel Z + Input 199993.01 -3.18 -0.00
Channel Z + Input 20001.72 0.33 0.00
Channel Z - Input -20001.83 0.22 -0.00
Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2000.95 0.12 0.01
Channel X + Input 201.39 0.23 0.11
Channel X - Input -198.00 0.76 -0.38
Channel Y + Input 2000.37 -0.36 -0.02
Channel Y + Input 200.27 -0.81 -0.40
Channel Y - Input -199.65 -0.81 0.41
Channel Z + Input 2000.08 -0.54 -0.03
Channel Z + Input 200.54 -0.42 -0.21
Channel Z - Input -199.83 -0.88 0.44
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -6.17 -7.94
- 200 9.53 7.51
Channel Y 200 -0.87 -9.68
- 200 8.28 8.02
Channel Z 200 12.52 12.54
- 200 -13.97 -14.14

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV)

Channel X (uV)

Channel Y (uV)

Channel Z (uV)

Channel X 200 - 2.17 -3.57
Channel Y 200 8.43 - 2.81
Channel Z 200 9.90 6.07 -

Certificate No: DAE4-1210_Jul19
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15961 16608
Channel Y 15954 15680
Channel Z 15869 16574

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10MQ

Average (V) | min. Offset (V) | max. Offset (uv) | St [(’:\‘,’;am“
Channel X 0.75 1.83 0.18 0.39
Channel Y 0.12 -0.92 0.78 0.38
Channel Z 1.30 -0.57 3.07 0.63

6. Input Offset Current

Nominal Input circuitry offset current on all channels: <25fA

7. Input Resistance (Typical values for information)

Zeroing (kOhm)

Measuring (MOhm)

Channel X 200 200
Channel Y 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values

Alarm Level (VDC)

Supply (+ Vcc)

+7.9

Supply (- Vec)

-7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA)

Stand by (mA)

Transmitting (mA)

Supply (+ Vecce)

+0.01

+6

+14

Supply (- Vec)

-0.01

-8

-9

Certificate No: DAE4-1210_Jul19
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ciient  Sporton Certificate No: DAE4-1279_Oct18
CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BM - SN: 1279

Calibration procedure(s) QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: October 22, 2018

This calibration certificate documents the traceabiliity to national standards, which realize the physical units of measurements (S1),
The measurements and the uncertainties with confidence probabiiity are given on the fallowing pages and are part of the cenificale,

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

Calibration Equipmeant used (M&TE: critical for calibration)

Primary Standards 1D # Cal Date (Cerificale No.) Scheduled Callbration

Kaithlay Multimeter Type 2001 SN: 0810278 03-Sap-18 (No:23488) Sep-18

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

Auto DAE Calibrfation Unit SE UWS 053 AA ?00‘} 04-Jan-18 (in house check) In house check: Jan-19

Calibrator Box V2.1 SE UMS 006 AA 1002  D4-Jan-18 (in house check) In house check: Jan-19
Narme Function Signature

Calibrated by: Eric Hainteld Laboratory Technician ‘%_’;_,’;,
Approved by: Svan Kdhn Deputy Manager
N (T

Issued: October 25, 2018

This calibration certificate shall not be reproduced axcep! in full without written approval of the laboratdry,
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Accreditation No.: SCS 0108

DAE

data acquisition electronics

Connector ar;gle information used in DASY system to align probe sensor X to the robot

coordinate system.

Methods Applied and Interpretation of Parameters
« [DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

* Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

* The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

Input Offset Measurement. Qutput voltage and statistical results over a large number of
zero voltage measurements.

Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uVv, full range= -100...+300 mV
Low Range: 1LSB = 81nV full range = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors X Y Z

High Range 403.935 + 0.02% (k=2) | 403.891 + 0.02% (k=2) | 404.622 = 0.02% (k=2)

Low Range 3.98279 + 1.50% (k=2) | 3.98865 + 1.50% (k=2) | 3.98929 + 1.50% (k=2)

Connector Angle

Connector Angle 1o be used in DASY system 1150°+1°

Certificate Mo: DAE4-1278_0ct18 Page 3 of 5



Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200030.91 -3.73 -0.00
Channel X + Input 20007.95 2.82 0.01
Channel X = Input -20004.54 0.80 -0.00
Channel ¥ + Input 200031.06 -3.51 -0.00
Channel Y + Input 20004 .84 -0.28 -0.00
Channel Y- = Input -20005.75 -0.31 0.00
Channel Z + Input 200029.94 -10.45 -0.01
Channel Z + Input 20005.22 0.13 0.00
Channel Z = Input -20006.54 -1.09 0.01
Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2001.57 0.40 0.02
Channel X + Input 201.87 0.58 0.29
Channel X = Input -198.11 0.65 -0.33
Channel Y + Input 2001.37 0.24 0.01
Channel Y + Input 200.35 -0.90 -0.45
Channel Y - Input -199.70 -0.88 0.44
Channel Z + Input 2001.81 0.58 0.03
Channel Z + Input 200.48 -0.66 -0.33
Channel Z = input -199.85 «0.82 0.46
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 -18.49 -19.97
- 200 22.28 20.35
Channel Y 200 4.29 4.51
- 200 -5.43 -5.88
Channel Z 200 7.16 6.53
-200 -8.46 -8.32
3. Channel separation
DASY measurament parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)
Channel X 200 - 3.72 417
Channel Y 200 B.53 - 4.38
Channel Z 200 9.32 5.93

Certificate No: DAE4-1279_0Oct18
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15861 15280
Channel Y 15945 15219
Channel Z 15696 14746
5. Input Offset Measurement
DASY measurement parameters: Aute Zero Time: 3 sec; Measuring time: 3 sec
Input 10M£Q
Average (W) | min. Offset (uV) | max. Offset(uv) | ' ?::;""""
Channel X 1.60 -0.22 3.7 0.54
Channel Y -0.33 -1.01 0.73 0.39
Channel Z -0.70 -1.87 0.66 0.55
6. Input Offset Current
Nominal Input circuitry offsat current on all channels: <2514
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.9
Supply (- Vec) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vecc) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -9

Certificate No: DAE4-1279_0Qct18
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user, There are no
serviceable parts inside the DAE. Special attention shall be given to the following points;

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a2 larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Failures Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, the customer shall aiways mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BR040315AD DAE4 doc 11.12.2009



Calibration Laboratory of
Schmid & Partner

- Engineering AG
Zoughapsstrasse 43, 8004 Zurich, Switzerand

§ Schweizerischer Kalibrierdianst

c Sanvieo sulsza détillonnage

5 Sorvizio svizzdro di taraturn
Swiss Calibeation Sprvice

Accredited by (he Swiss Acoreditation Service [SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Service Is ane of the signatories to the EA
Multilsteral Agreemeant for the reeognition of callbratlon eentificstes
Sporton Cortificats No: EX3-3857_May19

Cliont

CALIBRATION CERTIFICATE

EX3DV4 - SN:3857

Objecl

QA CAL-01.v9, QA CAL-14.v5, QA CAL-23.v5, QA CAL-25:T
Calibration procedure for dosimetric E-field probes

Cahbration procedures(s)

Cailbrafion data, May 27, 2018

This cahbration coptficate docyments e irsceability o nabonal standards, whioh rediza the physscal units of measuromonts (81,
The measoamants and the pneeaintes with conlidance pobability as gven on the following pages and ore pot of the cerificale.

Ml galibrations have bmen cohducted in the closed Inboraliony facility: anvironment tempadistuoe (22 + 3550 and humidity < 0%

Calibeatioh Equiimon] used [METE crilical for calibration)

Frimary Standinis [[5] Gal Dnte(Cartiicals Mo Scheduled Calibration
Prwar moter NRP SN: 104778 D3-Apr-10 (Mo, 217.12802/02853) Apr-20
Fower sepsor NRP-201 SN: 103244 DFApr-19 (No, 217-02892) Apir-20
Power senagt NRP-Z91 SN: 103245 03-Apr-19 [No. 217-02883) Apt-20
Ruference 20 0B Alstuator. | SN: SS2TT (20x) D4-Agi-11 (No. 217-02854) Apr-20
DAES SN: 650 19-Dec-18 (No. DAE4-680_Diecta) Diwc-18
Refisrerice Probe ES30V2 SN 3010 31-Dec-18 {No. ES3-3013_Decil) Dic-18
Secondary Standads 4] Ghack Ciate (In houss) Seheduler Check
Fowie mater E44 148 SN GB4 1291874 Of-Agr-10 (i1 house chech Jun- 10} Iy s chissk: duin-20
Pwer sensor E44 124 SN MY41408087 0F-Apr-18 (In house check Jun-18) In hotise check: Jun-20
Power pensor E4412A SN; 000110210 08-Apr-18 (in housa eheck Jun-18) I house chock: Jun-20
RF ganemator HE B8480 SN LUS3842001 700 04-Aug-98 {in house chock Jur-18) Ih housa check: Jun-20
Metwork Anatyzer ERISEA SN US41060477 41-Mar-14 (i house check Oct-18) In house check: Oct- 10
Namo Funclion Skynhatura
Calitated by: Joton Kastritl Laboratoty Technician :( M"

IThia calitiration certificate sholl not be reproduced excepl in full withou! witten appooval of tha labaralony.

Issustd: May 28, 2010
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Glossary:

TSL tissue simulating liguid

NORMx.y.z sensitivity in free space:

ConvF sensitivity in TSL / NORM»x.v,z

pep diode compression point

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

ABCD muadulation dependent linearization paramelers

Polarization ¢ rotation around probe axis

Polarization % #-rotation around an axis that is In the plane normal to probe axls (at measurement center),

le., 8= 0is narmal fo probe axis

Connector Ahgle Information used in DASY system to align probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 62208-1, ", "Measurement procedure for the assessment of Specific Absarption Rate (SAR) from hand-
held and bedy-mounted devices used next 1o the ear (freqUency range of 300 MHz to 6 GHz)", July 2016

o) |EC B2209-2, "Procedure 10 detarmine (he Specific Absorplion Rale (SAR) lor wireléss communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB B65664, "SAR Measurement Requirements for 100 Mz to 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMx.y z: Assessed lor E-field polarization 8 = 0 (f < B00 MHz in TEM-tell; 1= 1800 MHz; R22 waveguide),
NORMx,y,z are only intermediate values, 1., the uncertainties of NORMx.y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF).
NORM()x vz = NORMx.y.z * requency_ response (seo Frequency Responsa Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response |s Included
in the stated uncertainty of CanvF.
DCPx,y.z: DCP are numerical linearization paramelers assessed based on the data of power sweep with S
signal {no uncertainty required). DCP does not depand on frequency nor media.
PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characleristics
Axyz Bxy.z Cxyvz Dxy.z: VRxyz A B, C, D are numerical inearjzation parametars assessed based on
the data of r sweap for specific modulation signal. The parameters do nol depend on frequeniy nor
media. VA Is the maximum calibration range expressed In RMS vollage across the diode.
ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfer
Standard fur f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B00 MHz. The same setups are used for assessment of the paramelers applled for
boundary compensation (alpha, depth) of which tygical uricertainly values are given, These paramalers are
used in DASY4 software to Improve probe acclracy close to the boundary. The sensilivity In TSL carresponds
to NORMx, .z * ConvF whersby the uncerainty carresponds to that given for ConvF. A frequenay depandent
E?}f*le is.used in DASY version 4 4 -and higher which allows extending the validity fram -+ 50 MHz to + 100

F
Sphencal isotropy (3D deviation from isotrapy): in a figld of low gradients realized using a flat phantom
axpased by a patch antanna.
Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{or prebe axis). No tolerance required
Connector Angle: The angle is assessed using the information galned by determining the NORMx (no
uncertainty required),
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm {nw&wmf}* 0.17 0.43 0.45 +10.1%
| BCP (mv)" 1020 1004 103.0
Calibration Results for Modulation Response
uip Communication System Name A B [+] D VR Max Max
dB dB v dB8 mv dev. Une"
{k=2)
[ cwW X | 000 | 000 100 | 000 | 1491 | £35% | 247 %
Y | 000 | 0.00 1.00 142.5
Z | 0.00 | 000 1.00 1287
10852 | Pulse Waveform (200Hz. 10%) X | 502 | 7179 | 1446 | 000 |_60.0 | £30% | t96%
AAA Y | 1500 | 8565 | 19.05 60.0
Z | 1500 | 8733 | 1976 60.0
10353~ | Pulse Waveform (200Hz, 20%) X | 488 | 7384 | 1384 | 689 | 80O | £17% | £98%
AAA Y | 1500 | 8682 | 18.12 B0.0
Z | 1500 | BBET | 1812 B0.0
10354- | Pulse Waveform (200Hz. 40%) X | 738 | 7804 | 1373 | 398 | 9650 | x14% | £96%
ABA Y | 1500 | 86836 | 16.11 96.0
Z | 1500 | 9383 | 2013 95.0
10385 | Pulse Wavelorm (200Hz, 60%) X | 064 | 6396 | 675 | 222 | 1200 | +156% | +96%
AAA | ¥ | 1305 | 8188 | 1264 120.0
Z | 1500 | 10147 | 2226 120.0
10387- | QPSK Waveform, 1 MHz X | 168 | 7286 | 1543 | 000 | 1500 | *27% | t00%
ANA Y | 657 | 6000 | 768 ' 150.0
Z | 089 | 8812 | 1192 150.0
10388- | QPSK Wavelorm, 10 MHz X | 308 | 7383 | 1874 | 000 | 1500 | 212% | £96%
AAA Y | 207 | 6707 | 1514 150.0
Z | 280 | 7116 | 1743 150.0
10386- | 64-0OAM Wavelorm, 100 kHz X | 351 | 7269 | 1987 | 301 | 1500 | +16% | 296%
AMA Y | 269 | 6884 | 18.38 150.0
Z | 362 | 7443 | 2055 150.0
1039 B4-0AM Waveform, 40 MHz X | 364 | 6900 | 1704 | 0CD | 1500 | x23% | +9.0
AAA Y | 340 | 6662 | 1552 150.0
Z | 368 | 6833 | 1653 150.0
10414- | WLAN CCDF, 84-CAM, 40MHz X | 512 | 8637 | 1623 | 000 [ 1500 | x43% | =96 %
AAA Y | 479 | B533 | 1544 150.0
Z | 499 | s6.28 | 1597 150.0°

MNaote; For details on UID parameters sea Appendix

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

* The yncertninties of Narm XY2 do not alfect the £ field unceriainty inside TSL (seo Page §)

:' Wurrierical linsatization pasameter uncedainty nol required

I ugmm it determinesd using Ihe max, daviahon from finear responss opplying rectonguiar detrbiulion o s edpressed for (b sglise of the
-
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Sensor Model Parameters

May 27, 2018

c1 c2 a ™ T2 T3 T4 15 T6
F 1F v msV? | ms NVt ms v |
X 58.0 455.93 asa7 0.66 1.32 5.00 0.00 069 1.01
Y 459 | 356.07 | 37.98 | 10.21 0.83 505 0.00 0.48 1.0
£ 48.1 356.44 3521 11.94 051 5.08 1.47 0.28 1.0
Other Probe Parameters
Sensor Arrangemaent Triangular
Cannector Angle () -43.5
Mechanical Surface Detection Mode anabled
Optical Surface Detaction Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Tip Length 9 mm
Tip Diameter 2.5:mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensar Y Calibration Point Tmm
Probe Tip 1o Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
Gertificate No: EX3-3857_ May19 Page 4 of 19
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz)“ Fuml:l:y' cm{':funfﬁ’m ConvF X | ConvFY | ConwFZ | Alpha® mju ;::'z;;
750 418 0.89 9.77 877 8.77 0.42 10.99 +12.0%
835 415 0.90 9.48 9.48 0.48 0.46 0.80 +120%
a00 415 0.97 9.34 0.34 9.34 0.29 242 £12.0%
1750 401 1.37 B.46 B.46 8.46 0.34 0.80 +12.0%
1800 40.0 140 B.10 B.10 8.10 0:34 08B0 | £120%
2000 40.0 1.40 B.04 B.04 B.04 0.26 0.88 +12.0 %
2300 395 1.67 7.88 7.88 7.88 033 0.90 +12.0%.
2450 39.2 1.80 7.50 7.50 7.50 0.37 0.93 £12.0%
2600 39.0 1.96 7.31 7.31 7.31 0.35 0.93 +12.0%
3300 38.2 271 6.96 6.96 6.96 0.30 1.25 +14.0 %
3500 are 28 6492 6.92 5.92 .30 1.25 # 1d.0 %
3700 arat a12 6.65 .65 6.65 0.30 1.25 +14.0 %
3900 37.5 3.32 6.60 6.60 6.60 0.40 160 | +140%
4100 3r.2 3.53 5.89 5.89 5,99 0,40 1.60 + 14.0 %
4200 37.1 3.63 5.98 5.08 5.08 0.40 1.70 +14.0 %
4400 36.9 3.84 5.86 5.86 5.86 0.46 1.75 | #1480%
4600 36.7 4.04 5.83 5.83 5.83 0.45 175 | £140%
4800 36.4 4.25 5.73 5.73 5.73 0.45 176 | #£140%
4950 36.3 4.40 5.53 5.53 5,63 0.40 1.80 214.0 %
5250 35.4 4.71 5,19 5.19 519 | 040 | 180 | +140%
5600 35.5 5.07 492 4.02 4.02 0.40 180 | +140%
6750 354 5.22 5.17 5.17 517 0.40 180 | *+14.0%

" Franuency validity abiove 300 MHz of + 100 MHz only spplies for DASY va 4-and Higher {see Pae 7). ele it resticted to £ 50 MHz The

ooty s ihe RSS of the ConvF uncertalnty al calibraton heguency end the uncertsiny Tor the ndiciied fraguency band. Frogquanoy valldity

Esdip 300 MHZ i 2 T0,26, 40, 50 and 70 MH: for ConvF assessments o1 30, 84, 128, tﬁuummm'ruﬂlﬁi‘mw. Validily of ConvF ansesset al

8 MHz i 4-8 MHz. and Convf assessed al 10 MHz is 8-19 MHz: Above 5 GHz frequency validity can be extanded to £ 110 MHz

" A frequimclas tialow 3 GHz. the validity of lissus parametemn (¢ Bnd o) can be 1eiamd (o + 10% I liquid compensation farmula |s appled jo

mesguied SAR values. Al frmquencies abovs 3 GHz, fhe validity of tizsue paramelars (i and o] is resincted jo & 5%, The uncerfainty s (e RSS of

e CorvF uneerainty lor Indicated target fissiue porametans.

* adphaiDepth ars dafs ined during callbration. SPEAG wapranis ihal the remaining deviabon due to e boundary sffeol aflor comperisation i

::mla-;nm':ﬂmr;mmwza&mmlmimwmummnummwummmwmmmumpmw
am roAm The Bounoary.
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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(SARead)
(TEM cell , fovar= 1900 MHz)
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Uncaertainty of Linearity Assessment: £ 0.6% (k=2)
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May 27, 2019

Conversion Factor Assessment

= 835 MHz WGELS R9 (H_convF) = 1800 MHz WGLS R22 (H_convF)
b
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sialitasl ke i

e

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

=1

Cheiation
LooaDi
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a6y o2 44 0E 08
Uncertainty of Spherical isotropy Assessment: * 2,6% (k=2)
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Appendix: Modulation Calibration Parameters

May 27, 2019

uio Rev | Communication System Name Group PAR Unc"
(dB) (k=2)
0 cw cwW 000 | +47%
10010 | CAA | SAR Validation (Square, 100ms. 10ms) Test 10.00 | +9.6% |
10011 | CAB | UMTS-FDD (WCDMA) WCDMA 281 | 296%
10012 | CAB | IEEE 802.11b WiFi 2 4 GHz (DBSS, 1 Mbps) WLAN 187 | £96%
10013 | CAB | IEEE 802 11y WIFi 2 4 GHz (BS55-OFDM, G Mbps) WLAN 946 | +80%
10021 | DAC | GSM-FDD (TDOMA, GMSK) GSM 839 | +08%
10023 | DAC | GPRS-FDD (TOMA, GMSK. TN 0) GSM 957 | +0.68%
10024 | DAC | GPRS-FDD (TOMA, GMSK, TN 0-1) GSM 656 | +86%
10025 | DAC | EDGE-FDD (TOMA, 8PSK, TN 0) GSM 1262 | +90%
10026 | DAC | EDGE-FDD (TDMA, BPSK, TN 0-1) GSM 955 | +96%
10027 | DAC | GPRS-FDD (TDMA, GMSK, TN 0-1-2) GEM 480 | +96%
10028 | OAC | GPRS-FDD (TOMA. GMSK, TN D-1-2-3) GEM 355 | +96%
10028 | DAC | EDGE-FOD (TDMA, BPSK, TN 0-1-2) GSM 778 | :968%
10030 | CAA | IEEE 802.15.1 Blustooth (GFSK, DHT) Bhugtonth 530 | +06%
10631 | CAA | IEEE 802.15.1 Bluetooth (GFSK, DH3) Bluetooth 187 | +06%.
10032 | CAA | IEEE 802 15.1 Bluslooth (GFSK, DH5) Bluetooth 116 | +96%
10033 | CAA | IEEE 802.15.1 Bluatooth (PI/4-DQPSK, OH1) Blustonth 774 | +98%
10034 | CAA | IEEE B02.15.1 Bluatgoth (PIi4-DQFSK, DH3) Bluetonih 453 | +96%
10035 | CAA |'IEEE 802 15.1 Bluatooth (PI/4-DOPSK, DHE) Bluetooth 383 | +96%
10036 | CAA | IEEE B02.15 1 Bluelooth (8-DPSK, DH1) Bluetooth 801 | +96"%
10037 AA | IEEE 802 151 Bluelocoth (B-DPSK, DH3) Blugtooth 477 | +96%
10038 | CAA | IEEE 802.15.1 Blustooth (8-DPSK, DHS) Bluetooth 410 [ £96%
10038 | CAB | COMAZ000 (1xRTT, RE1) COMAZ000 | 4.57 | +96 %,
10042 | CAB | 15-54 /15-136 FOD (TOMAFDM, PI/4-DOPSK, Halfrate) AMPS 778 | +96%
10044 | CAA | IS-BVEIATIA-553 FDD (FOMA, Fi) ANPS 0.00 | +96%
10048 | CAA | DECT (TDD. TOMA/FDM, GFSK, Full Slol, 24) DECT 1380 | +9.8%
10048 | CAA | DECT (TDD, TOMAFDM, GFSK, Double Sigl, 12) DECT 1079 | +86%
10056 | CAA | UMTS-TDD (TD-SCOMA, 1.28 Mcps) TO-SCOMA | 11.01 | +96%
10058 | DAC | EDGE-FDD (TDMA, BPSK, TN 0-1-2-3) GSM 652 | +96%
10068 | CAB | IEEE B02.11b WIFl 2 4 GHz (DSSS, 2 Mbps} WLAN 212 | 298%
10060 | CAB | |EEE 802.11b WiFi 2.4 GHz (DSSS, 5.5 Mbips) WLAN 283 | t08%
10061 | GAB | |EEE 802.71b WiFi 2 4 GHz (DSSS, 11 Mbyps) WILAN 360 | +96%
10062 | CAC | IEEE 802.11a/h WIFI 5 GHz (OFDM, 6 Mbips) WLAN 868 | +96%
10063 | CAC | IEEE 802 11a/h WIFi 5 GHz (OFDM, 9 Mbps) WLAN 863 | +96%
10084 | CAC | IEEE B0Z.11a/h WiFi 5§ GHz (OFDM, 12 Mbps) WLAN 908 | +96%
10065 | GAG | IEEE B02.11a/h WiFi 5 GHz (OFDM, 18 Mbyps) WLAN 900 | +96%
10066 | CAT | IEEE 802.11a/h WiFi 5 GHz (OFDM, 24 Mbps) WLAN 838 | x96%
10067 | GAC | IEEE B02.11aMh WiFi 5 GHz (OFDM, 36 Mbps) WLAN 1012 | 296%
10068 | CAC | IEEE 802 11am WIFI 5 GHz (OFOM. 48 Mbips) WLAN 10.24 | $96%
10089 | CAC | IEEE B02.11a/m WiFi 5§ GHz (OFDM, 54 Mbps) WLAN 1055 | $98%
10071 | CAB | IEEE 802.11g WiFi 2.4 GHz (DSSS/OFDM, 8 Mbps) | WLAN A3 | +96%
10072 | CAB | IEEE 802 11g WiFi 2.4 GHz (DSSS/OFDM, 12 Mbps) WLAN 962 | +96%
10073 | CAB | IEEE B02 11g WiFi 2 4 GHz (DSSS/OFDM, 18 Mbps) WLAN 994 | $96%
10074 | CAB | IEEE 802 11g WiFi 2 4 GHz (DSSS/OFDM, 24 Mbps) WLAN 1030 | 296%
10075 | CAB | IEEE 802.11g WiFi 2.4 GHz (DSSS/OFDM, 36 Mbps) WLAN 1077 | +88%
10076 | CAB | |EEE B0Z2 11g WiF| 2.4 GHz (DSSS/IOFDM, 48 Mbps) WLAN 10684 | +86%
10077 | CAB | IEEE 802 11g WiF] 2.4 GHz (DSSS/OFDM, 54 Mbps) WLAN 100 | £96%
10081 | CAB | CDOMA2000 (1xRT T, RC3) COMA2000 | 387 | +86%
10082 | CAB | 1S54 /15-136 FDD (TDMA/FDM, PUA-DQPSK, Fullrate) AMPS 477 | ¥06%
10080 | DAC | GPRS-FDD (TDMA, GMSK, TN 0-4) GSM 656 | +968%
10097 | CAB | UMTS-FDD (HSDPA) WCDMA 398 | +8.6%
10098 | CAB | UMTS-FDD (HSUPA, Subtest 2) WCDMA 308 | +98%
10088 | DAC | EDGE-FDD (TDMA, BPSK, TN 0-4) GEM 9.55 | $0.6%
10100 | CAE | LTE-FDD (SC-FDMA. 100% RB, 20 MHz, QPSK) LTE-FDD 567 | +88%
10101 | CAE | LTE-FDD [SC-FOMA, 100% RB, 20 MHz. 18-QAM) LTE-FDD 642 | +98%
10102 | CAE | LTE-FDD (SC-FDMA, 100% RB, 20 MHz. 64-QAM) LTE-FDD 660 | +BE%
10103 | CAG | LTE-TDD (SC-FDOMA, 100% RE, 20 MHz, GPSK) LTE-TED 920 | $96%
10104 | CAG | LTE-TDD (SC-FDMA, 100% RB, 20 MHz, 16-0AM) LTE-TDD 887 | +98%
10105 | CAG | LTE-TDD (SC-FDMA, 100% RB, 20 MHz, 64-GAM) LTE-TOD 1001 | +98%
10108 | CAG | LTE-FDD (SC-FDMA, 100% RB, 10 MHz, OPSK) LTE-FDD 580 | 496%
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1010% | CAG | LTE-FDO (SC-FOMA, 100% RB, 10 MHz, 18-0AM) LTE-FDD 643 | 496%
10110 | CAG | LTE-FDO (SC-FDOMA, 100% RB, 5 MHz, QPSK) LTE-FOD. 575 | £96%
10111 | CAG | LTE-FDD (SC-FOMA, 100% RB. 5 MHz. 16.QAM) LTE-FDD 644 | +898%
10112 | CAG | LTE-FDD (SC-FDMA, 100% RB, 10 MHz, 64-DAM) LTE-FDD 859 | +06%
10113 | CAG_| LTE-FDO (SC-FOMA, 100% RB, 5 MHz, 64-QAM] L.TE-FDD 662 | £06%
10114 | CAC | |[EEE BO2 11n (HT Greanfield, 135 Mbps, BPSK) WLAN 810 | +PE%
10115 | CAC | IEEE 802.11n (HT Groenfild, 81 Mbps, 16-QAM) WLAN B46 | 96 |
10116 | CAC | IEEE B02.11n (HT Greanfisld, 135 Mbps, 64-0AM) WLAN B15 | +96%
10117 | CAC | |EEE 802.11n (HT Mixed, 13.5 Mbps, BPSK) WLAN BO7 [ :98%
10118 | CAC | IEEE B0211n (HT Mixed, 81 Mbps, 16-GAM) WLAN BS9 | +06%
10118 | CAC IEEEHUZHH(I-ITM}_!_:_:!__]%EMH 64-0AM) WLAN 813 | $06%
10140 | CAE | LTE-FDD (SC-FDMA, 100% RB, 15 MHz. 16-0AM) LTE-FDD B49 | +06%
10141 | CAE | LTE-FDD (SC-FDMA, 100% RB, 15 MHz; 64-QAN) LTE-FDD 653 [ +06%
10142 | CAE | LTE-FDD {SC-FOMA, 100% RB, 3 MHz, GPSK) LTE-FDD 573 | t66%
10143 | CAE | LTE-FDD (SC-FDMA. 100% RB, 3 MHz, 16-0AM) LTE-FDD B35 | +964%
10144 | CAE | LTE-FDD (SC-FDMA, 100% RB, 3 MHz, 64-QAM) LTE-FDD 665 | +96%
10145 | CAF | LTE-FDD (SC-FDMA. 100% RB, 1.4 MHz, QPSK) LTE-FDD 578 | +98%
10146 | CAF | LTE-FDD (SC-FDMA, 100% RB. 1.4 MHz, 16-QAM) LTE-FDD 641 £ 9.6 %
10147 | CAF | LTE-FDD (SC-FDMA, 100% RB, 1.4 MHz, B4-0AM) LTE-FDD 672 | +656%
10148 | CAE | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, 16-GAM) LTE-FDD 642 | +96%
10150 | CAE | LTE-FDD (SC-FDMA. 50% RB, 20 MHz, 54-QAM) LTE-FDD BE0 | +0.6%
10151 | CAG | LTE-TDRD (SCFDMA, 50% RB, 20 MHz, QPSK) LTE-TDD 828 | +96%
10162 | GAG | LTE-TOD (SC-FDMA, 50% RB, 20 MHz._16-QAM) LTE-TDD 7892 | +96%
10153 | CAG | LTE-TDD (SC-FOMA. 50% RB, 20 MHz. 64-QAM) LTE-TDD 1005 | 296%
10154 | CAG | LTE-FDD (SC-FDMA, 50% RB, 10 MHz, QPSK) LTE-FDD 676 | +96%
10155 [ CAG | LTE-FDD {SC-FDMA, 50% RB. 10 MHz. 16-QAM) LTE-FDD 643 | 2965
| 10156 | CAG | LTE-FOD (SC-FOMA, 50% RB, 5 MHz, QPSK) LTE-FDD 578 | +9.6%
10157 | CAG | LTE-FOD (SC-FOMA, 50% RB, 5 MHz, 16-QAM) LTE-FDD 648 | +06% |
10158 | CAG | LTE-FDD (SC-FOMA, 50% RE, 10 MHz, G4-QAM) LTE-FDD 662 | +06 6
10158 | EAG | LTE-FDD (SC-FDMA, 50% RB, 5 MHz, 64-QAM) LTE-FDD 656 | +96%
101680 | CAE | LTE-FDD (SC-FOMA, 50% RB. 15 MHz. OPSK) LTE-FDD 582 | t98%
10161 | CAE | LTE-FDD (SC-FDMA, 50% RE. 15 MHz. 16-QAM) LTE-FDD 643 | +98%
10162 | CAE | LTE-FDD (SC-FDMA, 50% RB, 15 MHz, 64-0AM) LTE-FDD 658 | +96%
10166 | CAF | LTE-FDD (SC-FDMA. 50% RB, 1.4 MHz, QPSK) LTE-FDO 546 | 20.6%
10167 | CAF | LTE-FDD (SC-FDMA, 50% RB, 1.4 MHz, 16-QAM) LTE-FDD 621 | 296%
10168 | CAF | LTE-FDD (SC-FOMA. 50% RB, 1.4 MHz, 64-QAM) LTE-FDD 679 | +B6%
10168 | CAE | LTE-FDD (SC-FDMA, 1 RB, 20 MHz, QPSK] LTE-FDD 573 | +06%
10170 | CAE | LTE-FOD (SC-FDMA, 1 RB, 20 MHz, 16-QAM) LTE-FDD 552 | $86%
10171 | AAE | LTE-FDD (SC-FDMA, 1 RB, 20 MHz, B4-0AM) LTE-FOD 649 | 196%
10172 | CAG | LTE-TDD (SC-FDMA, 1 RB, 20 MHz. QPSK) LTE-TDD §21 | i96%
10173 | CAG | LTE-TDD (SC-FDMA. 1 RB, 20 MHz. 18.QAM) LTE-TDD 948 | +96%
10174 | GAG | LTE-TDD (SC-FDMA, 1 RB. 20 MHz, 64-QAM) LTE-TDO 1025 | +986%
10175 | CAG | LTE-FDD (SC-FDMA, 1 RB. 10 MHz, QPSK) LTE-FDD 572 | 296 %
10176 | CAG | LTE-FDD (SC-FDMA, 1 RB. 10 MHz, 16-QAM) LTE-FDD 652 | +86%
10177 _| GAl__| LTE-FDD (SG-FDMA, 1 RB, 5§ MHz, QPSK) LTE-FDD 6573 | +88%
10178 | CAG | LTE-FDD (SC-FDMA, 1 RB, 5 MHz. 16-QAM) LTE-FDD 6.52 | $96%
10178 | CAG | LTE-FDD (SC-FOMA, 1 RB,_ 10 MHz, 64-QAM) L.TE-FDOD 650 | +9.6%
10180 | CAG | LTE-FDD (SC-FDMA, 1 RE, 5 MHz, 64-0AM) LTE-FDD 650 | +BB%
10181 | CAE | LTE-FDD (SC-FOMA, 1 RB, 16 MHz, QPSK) LTE-FDD 672 | +06%
10182 | CAE | LTE-FDD (SC-FDMA, 1 RB, 16 MHz. 16-QAM) LTE-FDD 652 | +86%
10183 [ AAD | LTE-FDD (SC-FOMA, 1 RB. 156 MHz, 64-0QAM) LTE-FDD 650 | +06%
10184 | CAE | LTE-FDD {(SC-FDMA, 1 RB, 3 MHz, GPSK) LTE-FOD 573 | +B6 %
10185 | CAE | LTE-FDD (SC-FDMA, 1RB, 3 MHz. 18-QAM) LTE.FDD 651 | £96%
10186 | AAE | LTE-FDD (SC-FDMA, 1 RB, 3 Nz, 64-GAM) LTE-FDD 650 | +96%
10187 | CAF | LTE-FDD (SC-FDMA_ 1 RB, 1.4 MHz. QPSK) LTE-FDD 573 | 496'%
10188 | CAF | LTE-FDD (SC-FDMA. 1 RB. 1.4 MHz, 16-QAM) LTE-FDD 652 | +8.6%
10188 | AAF | LTE-FDD (SC-FDMA_1 HB, 1.4 MHz, 64-0AM) LTE-FOD 650 | +96%
10193 | CAC | IEEE 802.11n (HT Greenfield, 8.5 Mbps, BPSK) WLAN BOD | +9.6%
10184 | CAC | IEEE B02.11n (HT Greenfigld. 39 Mbps, 16-0AM) 'WLAN 812 | +96%
10185 | CAC | IEEE 802.11n (HT Greenfisll, 65 Mbps, 64-QAM) WLAN B21 | +98%
10196 | CAC | IEEE B0Z.11n (HT Mixed, 6.5 Mbps, BFSK) WLAN B0 | +98%
10187 | CAC | IEEE BO2 11n {(HT Mixed, 38 Mbps, 16-0AM) WLAN B13 | +96%
10188 | CAC | IEEE 802 11n (HT Mixed. 65 Mbps, 64-0AM) WLAN B27 | +96%
10218 | CAC | IEEE BOZ2.11n (HT Mixed, 7.2 Mbps, BPSK) WLAN 803 | 296%
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