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DASY Version DASY52 52.8.8.1258
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 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22,0°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0+0.2)°C 398+6% 1.36 mho/m £6 %
Head TSL temperature change during test <1.0°C e
SAR result with Head TSL
SAR averaged over1 cm” (1 g) of Head TSL Condition

SAR measured

250 mW input power

934 mWWig

SAR for nominal Head TSL parameters

normalized to 1W

37.5 mW /g £ 20.8 % (k=2)

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

Condition

SAR measured

250 mW input power

501 mW/g

SAR for nominal Head TSL parameters

normalized to 1W

20.1 mW /g £ 20.4 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.48 mho/m
Measured Body TSL parameters (22.0+02)°C 52.5+6 % 1.51 mho/m + 6 %
Body TSL temperature change during test <1.0°C -—- ——
SAR result with Body TSL
SAR averaged over1 ¢#1° (1 g) of Body TSL Condition

SAR measured

250 mW input power

955 mWig

SAR for nominal Body TSL parameters

normalized to 1W

37.7 mW /g + 20.8 % (k=2)

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

Condition

SAR measured

250 m\W input power

513 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

20.3 mW /g £ 20.4 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4910+ 0.48)Q

Return Loss - 39.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45 50+ 0.42|Q

Return Loss -26.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.101 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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DASYS5 Validation Report for Head TSL Date: 11.23.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1069
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHz; 6 = 1.357 S/m; &r = 39.79; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS5 Configuration:

o Probe: EX3DV4 - SN7433; ConvF(8.25, 8.25, 8.25); Calibrated: 9/26/2016;

» Sensor-Surface: 2mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn771; Calibrated: 2/2/2016

o Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

¢ Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

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

Reference Value = 100.3V/m; Power Drift =-0.05 dB

Peak SAR (extrapolated) = 16.7W/kg

SAR(1 g) =9.34 W/kg; SAR(10 g) = 5.01 W/kg

Maximum value of SAR (measured) =13.2 Wf’kg

dB
0

-3.26

-6.52

9.77

-13.03

i
L— ¥ &

-16.29 - - —

0 dB = 13.2 W/kg = 11.21 dBW/kg

Certificate No: Z16-97226 Page 5 of &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.23.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1069
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHz; ¢ = 1.514 S/m; &, = 52.45; p = 1000 kg;’m3
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

¢ Probe: EX3DV4 - SN7433; ConvF(7.92, 7.92, 7.92); Calibrated: 9/26/2016;

¢ Sensor-Surface: 3mm (Mechanical Surface Detection)

e FElectronics: DAE4 Sn771; Calibrated: 2/2/2016

e Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

e Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

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

Reference Value = 94.60 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) =9.55 W/kg; SAR(10 g) =5.13 W/kg

Maximum value of SAR (measured) = 13.4 W/kg

dB
0

-3.21

-6.41

-9.62

-12.82

L” t

0dB=13.4 W/kg =11.27 dBW/kg

-16.03 S
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Impedance Measurement Plot for Body TSL
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Client Sporton-CN Certificate No:  Z16-97229

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d118

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

Calibration Procedures for dipole validation kits

Calibration date: November 24, 2016

This calibration Certificate documents the (raceability to national standards, which realize the physical unils of
measurements{Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cerificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+3)¢ 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 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 | 101547 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAG,No.EX3-7433_Sep16) Sep-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAGN0.Z16-97011 ) Feb-17
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
Network Analyzer ES071C | MY46110673 28-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by. Zhao Jing SAR Test Engineer ‘{;’zf
Relewed by, Qi Dianyuan SAR Project Leader
Approved by: Lu Bingsong Deputy Director of the laboratory ,lmgf’z

Issued: Nov rz? 2016
This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z16-97229 Page 1 of'8
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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 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

¢) 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 BGHz)", 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 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.

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

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

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

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: Z16-97229 Page 20f'8
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYS52 52.8.8.1258
Extrapolation Advanced Exirapolation
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 follawing patameters and calculations ware applisd.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mha/m
Measured Head TSL parameters (220x02)"C 404 £ 6% 1.43 mho/m £ 68 %
Head TSL temperature change during test <10"C - e
SAR result with Head TSL
SAR averaged over1 ¢mi’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 102 mW 'g

SAR for nominal Head TSL parameters

normalized o 1W

40.4 mW /g + 20.8 % (k=2)

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

Condition

SAR measured

260 mW input power

520 mW/a

SAR for nominal Head TSL parameters

normalized to 1W

21.0 mW /g £ 20.4 % (k=2)

Body TSL parameters

The following parametérs and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C §3.3 1.62 mhotm
Measured Body TSL parameters (220202)"C 546+ 6% 1.53 mho/m £6 %
Body TSL temperature change during test =1.0°C —_ —

SAR result with Body TSL
SAR averaged over1 ¢m' (1 g) of Body TSL Condition
SAR measiired 250 mW input power 102mW /g
SAR for nominal Body TSL parameters normalized to 1W 40.8 mW /g £ 20.8 % (k=2)

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

Condition

SAR measured

250 mW input power

532 mW /g

SAR for nominal Body TSL parameters

narmalized to 1W

21.3 mW /g  20.4 % (k=2)

Cerlilicate No: Z16-97220
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed painl 50.40+8.22)0

Retlurn Loss - 24.2dB

Antenna Parameters with Body TSL

Impedance, transformed io feed point 47,60+ 7.78{0
Return Loss -216dB

General Antenna Parameters and Design

Elsctrical Detay {one direction) 1.0B6 ns

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

The dipole |s made of standard semirigid coaxial cable. The center conducter 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 te 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

Manufaciured by SPEAG

Certificate No: Z16-97229 Page 4 of 8
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DDXASYS Validation Report for Head TSL Date: 11.24.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; o= 1.426 S/m; er = 40.35; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)

DASY 3 Confliguration:

s Probe; EX3DV4 - SN7433; Convl(7.98, 7.98, 7.98); Calibrated: 9/26/2016:

« Sensor-surface: 2mm (Mechanical Surfice Detection)

« Electronics: DAE4 Sn771; Calibrated: 2/2/2016

o Phantom: Triple Flat Phantom 5.1C: Type: QD 000 P51 CA; Serial: 1161/]

» Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372)

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

Reference Value = 103.5 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 18.9 W/kg

SAR(] g) = 10.2 Wikg; SAR(10 g) =5.29 W/kg

Maximum value of SAR (measured) = 14.7 Wikg

dB
0

-1.56

-1.11

-10.67

-14.22

-17.78

0dB=14.7T W/kg = 11.67 dBW/kg

Certificate No: Z16-97229 Page Sof &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date; 11.23.2016
Test Laboratory: C'TTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d118
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: £= 1900 MHz; o= 1.531 S/m; ¢, = 54.57; p = 1000 kg/m’
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

» Probe: EX3DV4 - SN7433; ConvF(7.7, 7.7, 7.7); Calibrated: 9/26/2016;

« Sensor-Surface: 2mm (Mechanical Surface Detection)

» Electronies: DALE4 Sn771; Calibrated: 2/2/2016

o Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

» Measurement SW: DASYS2, Version 52.8 (8): SEMCAD X Version 14.6.10 (7372)

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

Relerence Value = 98.23 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.5 Wikg

SAR(1 g) = 10.2 Wikg; SAR(10 g) =5.32 W/kg

Maximum value of SAR (measured) = 14.6 W/kg

dB
0

-3.52

-7.05

N ’al.- |
T

-14.10

Ar62 | -

0 dB = 14.6 W/kg = 11.64 dBW/kg

Certificate No: Z16-97229 Page 70l 8
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Impedance Measurement Plot for Body TSL
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(;Iier;t Sporton-CN Certificate No: Z16-97231
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 840

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

Calibration Procedures for dipole validation kits

Calibration date; November 25, 2016

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

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 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 | 101547 27-Jun-18 (CTTL, No.J16X04777) Jur-17
Reference Probe EX3DV4 | SN 7433 26-5Sep-16(SPEAGNo.EX3-T433_Sepi6) Sep-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG No.Z16-97011) Feb-17
Secondary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
Network Analyzer ES071C | MY46110673  26-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by. Zhao Jing SAR Test Engineer 'g Z‘
Reviewed by: QI Dianyuan SAR Project Leader %
Approved by: Lu Bingsong Deputy Director of the laboratory I,i_d",zfj

Issued; November 27, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z16-9723) Page | of 8
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMxy,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

¢) 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:

» 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.

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

« 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,

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: Z16-9723 Page 2 of §
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DASY system configuration, as far as nol given on page |,

DASY Version DASYS52 52.8.8.1258
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer y
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations weare applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mha/m
Measured Head TSL parameters (22.0+0.2)°C 380+86% 1.79 mhialm + 8 %
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 input power

135mW/g

SAR for nominal Head TSL parameters

normalized to 1W

54.0 mW /g + 20.8 % (k=2)

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

Condition

‘SAR measured 250 m\W input power 6.33mWi/g

SAR for nominal Head TSL paramelers normalized to TW 25.3 mW g + 20.4 % (k=2)
Body TSL parameters

The follewing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 527 1.85 mhofm

Measured Body TSL parameters (220+02)"C 523+6% 1.97 mho/m £ 6 %

Body TSL temperature change during test =1.0°C —— ——
SAR result with Body TSL

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

SAR measured 250 mW input power 12.8mW /g

SAR for nominal Body TSL parameters narmalized to 1W 50.9 mW /g £ 20.8 % (k=2)

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

SAR measured 250 mW input power G0ZmW /g

SAR for nominal Body TSL parameters

normalized to 1W

24.0 mW /g £ 20.4 % (k=2)

Cerificale No: Z16-9723
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51,704 5.54|0

Retum Loss - 24 948
Antenna Parameters with Body TSL

Impedance, transfarmed to feed point 49.80+ 6:00j0

Return Loss - 24 4dB
General Antenna Parameters and Design

Electrical Delay {one dirsction) 1.045 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 riot

affected by this change. The overall dipole length is slill 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

Cerdificate No: Z16-97231
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DASYS Validation Report for Head TSL Date: 11.25.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 840
Communication System: UID 0, CW: Frequency: 2450 MHz: Duty Cyele: 1:1
Medium parameters used: = 2450 MHz: o= 1.793 S/m; &r = 38.86; p = 1000 kg/m3
Phantom section: Center Section
Measurernent Standard: DASYS (IEEEAEC/ANSI C63.19-2007)
DASYS Configuration:

«  Probe; EX3DV4 - SN7433; ConvF(7.45. 7.45, 7.45); Calibrated: 9/26/2016:

e Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn771: Calibrated: 2/2/2016

» Phantom: Triple Flat Phantom 5.1C: Type: QD 000 P51 CA; Serial: 1161/

o Measwement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

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

Reference Value = 107.3 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 27.5 W/kg

SAR(1 g) = 13.5 W/kg; SAR(10 g) = 6.33 Wikg

Maximum value of SAR (measured) = 20.5 W/kg

dB
0

-4.30

-0.60

-12.91

-17.21

s
2151 |

0 dB =20.5 W/kg = 13.12 dBW/kg

Certificate No: Z16-97231 Page S of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.24.2016
Test Laboratory: C'I'I'L., Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 840
Communication System: UID 0, CW: Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f=2450 MHz: o= 1.966 S/m; g = 52.29; p = 1000 kg/m’
Phantom section: Lefi Section
Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN7433: ConvF(7.46, 7.46, 7.46): Calibrated: 9/26/2016:

s Sensor-Surface: Zmm (Mechanical Surface Detection)

» Electronics: DAE4 Sn771; Calibrated: 2/2/2016

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial; 1161/1

»  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

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

Reference Value = 99,46 V/m: Power Drift =-0.01 dB

Peak SAR (extrapolated) = 25.9 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) =6.02 W/kg

Maximum value of SAR (measured) = 19.2 Wikg

db
0

-4.40
-8.79
-13.18

-17.58

k.

-21.98

0 dB = 19.2 W/kg = 12.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client Sporton-CN Certificate No: Z16-97232

CALIBRATION CERTIFICATE

Object D2600V2 - SN 1061

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

Calibration Procedures for dipole validation kits

Calibration date: November 24, 2016

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measuremenits 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, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor NRP-291 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-186
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAG No.EX3-7433 Sep16) Sep-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG N0.Z16-9701 1) Feb-17
Secondary Standards ID# Cal Date{Calibrated by, Certificate No:) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-18 (CTTL, No.J16X00893) Jan-17
Network Analyzer ES071C | MY461106873 26-Jan-16 {CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer -& g_{
Reviewed by: Qi Dianyuan SAR Project Leader .-
Approved by: Lu Bingsong Deputy Director of the laboratory fyﬂ qu‘?ff {,
Issued: November 27, 2016

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

Cettificate No: Z16-97232 Page | of 8
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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, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

¢) 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.

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

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

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

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

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

Certificate No: Z16-97232 Page 2 of 8
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Measurement Conditions

Pux: +86- 1 (-6230463 32504

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

DASY Verslon DASYS2 52.8.:8.1258
Extrapolation Advanced Extrapolation
Phantom Triple:Flat Phaniom 5.1C
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 Parmittivity Conductivity
Nominal Head TSL parameters 220°C 30.0 1.98 mha/m
Measured Head TSL parameters (22.0+0.2)°C 38.3+6% 1.94 mho/m £ 6 %
Head TSL temperature change during test <1.0°C — goss
SAR result with Head TSL
SAR averaged over1 cm’ (1 g) of Head TSL Condition
SAR measured 250 m\W input power 14.0mW/ig
SAR for nominal Head TSL parameters narmalized to 1W 56.0 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 641 mW/yg
SAR for nominal Head TSL parameters normalized to 1W 25.6 mW /g £ 20.4 % (k=2)

Body TSL parameters
The following parameters and calculations were applied,

Temperature Permittivity I Conductivity

Nominal Body T5L parameters 220°*C 525 218 mho/m
Measured Body TSL parameters (220+02)°C 521+6% 217 mho/m + 8%
Body TSL temperature change during test <1.0°C — s

SAR result with Body TSL
SAR averaged over1 ¢m (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.8mWig
SAR for nominal Body TSL parameters narmallzed to 1YW 55.4 mW /g £20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input power B.37TmW /g

SAR for neminal Body TSL parameters

normalized o 1TW

25.4 mW /g £ 20.4 % (k=2)

Cerlificate No: Z16-07232
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.10-542j0

Return Loss -25.3d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.40- 4 43)0

Retum Loss -24 5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.031 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 cozxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefare 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 SFEAG

Cetificare No: £16-97232 Page 4 of §
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DASYS Validation Report for Head TSL [Date: 11.24.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1061
Communication System: UID 0, CW: Frequency: 2600 MHz; Duty Cyele: 1:1
Medium parameters used: f = 2600 MHz; o= 1,941 S/m; er=38.28; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2007)
DASYS Configuration:

+ Probe: EX3DV4 - SN7433; ConvF(7.19, 7.19, 7.19): Calibrated: 9726/2016:

« Sensor-Surface: 2mm (Mechanical Surface Detection)

« Llectronics: DAE4 Sn771: Calibrated: 2/2/2016

» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

e  Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

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

Reference Value = 107.1 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 28.8 W/kg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.41 W/kg

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

dB a

I 0
-4.46

-8.92
-13.38
-17.84

-22.30

0 dB =214 W/kg = 13.30 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.24.2016
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: £=2600 MHz; ¢ = 2,173 S/m; &= 52.13: p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63,19-2007)
DASYS Configuration:

« Probe: EX3DV4 - 8N7433: ConvF(7.22, 7.22.7.22); Calibrated: 9/26/2016:

e Sensor-Surface: 2mm (Mechanical Surface Delection)

e Electronies: DAE4 S1n771; Calibrated: 2/2/2016

« Phantom: Triple Fiat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 1161/1

«  Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

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

Reference Value = 100.6 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 28.1 Wikg

SAR(1 g) = 13.9 W/kg; SAR(10 g) = 6.37 W/kg

Maximum value of SAR (measured) =21.2 W/kg

48
0

-4.35
-5.69
-13.04

-17.38

L

-21.73

0dB =212 Wkg=13.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client Sporton-CN Certificate No: Z16-97234

'CALIBRATION CERTIFICATE

Object D5GHzV2 - SN; 1113

Calibration Procedure(s) FD-211-003-01

Calibration Pracedures for dipole validation kits

Calibration date: December 13, 2016

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 parl of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(22+43)¢ 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 101818 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor NRP-Z91 | 101547 27-Jun-16 (CTTL, Ne.J16X04777) Jun-17
ReferenceProbe EX3DV4 | SN 7307 19-Feb-16(SPEAG No.EX3-T307_Feb16) Feb-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAG N0.Z16-97011) Feb-17
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 01-Feb-18 (CTTL. Ne.J16X00853) Jan-17
NetworkAnalyzer ES071C | MY46110673  26-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by Zhao Jing SAR Test Engineer 42
Reviewed by, Qi Dianyuan SAR Project Leader P
Approved by: Lu Bingsong Deputy Director of the laboratory b/ ML?FZ

Issued: December 15, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or nol 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 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

¢) 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) KDBB65664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the 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 Retumn 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.

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: Z16-97234 Page 2 of 14
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS52 52.8.8.1258
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 5800 MHz £ 1 MHz
5750 MHz & 1 MHz |
Head TSL parameters at 5250 MHz _
The following parameters and calculations were applisd.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C ass 4.71 mho/m
Measured Head TSL parameters (22.0+0.2) °C I6.ILE6% 4.72mho/m +£6 %
Head TSL temperature change during test <1.0°C - -

SAR result with Head TSL at 5250 MHz

SAR averaged over1 ¢m' (1 g) of Head TSL Condition

SAR measured 100 mW input power 7B2mW/g

SAR for nominal Head TSL parameters normalized to 1W 76.4 mW /g £ 23.0 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition

SAR measured 100 mW input power 217 mW /g

SAR for nominal Head TSL parameters normalized to 1W 21.8 mW /g £ 22.2 % (k=2)

Certificate No: Z16-97234 Page 3 of 14
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Head TSL parameters at 5600 MHz

Fax: +86-10-0230M633-2504
hitp:ffwww, chinntil.on

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL paramsters (22.0+02) "C 355+6% 517 mha/m £6 %
Head TSL temperature change during test <10°C seee e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em’ {1 a) of Head TSL Condition
SAR measured 100 mW Input power B.O7TmW (g

SAR for nominal Head TSL parametars

narmalized ta 1W

80.8 mW /g £ 23.0 % (k=2)

SAR averaged over 10 ¢/n1° (10 g) of Head TSL Condition

SAR measured 100 mW input powsar 230 mW /g

SAR for nominal Head TSL parameters normallzed to 1W 23.0 mWilg 222 % tk=§
Head TSL parameters at 5750 MHz

The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 354 §.22 mhal/m

Measured Head TSL parameters (22002 °C 35.2+6% 537 mho/m £6 %

Head TSL temperature change during test <1.0."C — —
SAR result with Head TSL at 5750 MHz

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

SAR measured 100 mW input power B03mW/ig

SAR for nominal Head TSL parameters riormalized to 1W 80.3 mW /g £23.0 % (k=2)

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

SAR measured 100 mW input power 228 mW /g

SAR for nominal Head TSL parameters nomalized to 1W 22.8 mW /g £ 22.2 % (k=2)

Certificate No: Z16-97234
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Body TSL parameters at 5250 MHz
The following parameters and calculations were appliad.

Temperatura Permittivity Conductivity

Nominal Body TSL parameters 20°c 48.9 5.36 mho/m
Measured Body TSL parameters (22.0+02)°C 478 +6% 5.44 mho/m % 6 %
Body TSL temperature change during test <1.0°C — —

SAR result with Body TSL at 5250 MHz
SAR averaged over1 cm (1 g) of Body TSL Condition
SAR measured 100 mW input power TEImMW /g
SAR for naminal Body T5L parameters normalized o 1W 76.1 mW g £23.0% (k=2)
SAR averaged over 10 ¢’ (10 g) of Bady TSL Condition

SAR measured 100 mW input powear 216mW /g

SAR for nominal Body TSL parameters normalized to 1W 21.5 mW /g £ 22.2 % (k=2)

Body TSL parameters at 5600 MHz
The following parameters and calculations wers applied.

Temperature Permittivity Cenductivity

Nominal Body TSL parameters 220°C 48,5 577 mho/m

Measured Body TSL parameters {220+ 0.2) °C 48O +B8% 5.74 mho/m 4 & %

Body TSL temperature change during test <10"C —- — I
SAR result with Body TSL at 5600 MHz

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

SAR measured 100 mW input power 797 miWig

SAR for nominal Body TSL parameters normalized to TW 78.8 mWig £23.0 % (k=2)

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

SAR measured 100 MW input power 2256 miV/ g

SAR for nominal Bady TSL parameters normalized to 1W 22.6 mW g £ 22.2 % (k=2)

Ceriificate No: Z16-97234
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Body TSL parameters at 5750 MHz
The following paramelers and calculations were applied.

T +80-10-6230463 3-2504

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22p°C 48,3 5.94 mho/m B
Measured Body TSL parameters (22.0+0.2)°C 487 +6% 581 mha/m £ 6%
Body TSL temperature change during test <10°C — —
SAR result with Body TSL at 5750 MHz
SAR averaged over1 ¢’ (1 g) of Body TSL Condition

SAR measured

100 mW input power

T51mWig

SAR for nominal Botdy TSL parameters

narmalized to 1W

75.2mW /g £ 23.0 % (k=2)

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

Condition

SAR measyred

100 mW input power

211 mW /g

SAR for nominal Body TSL paramaters

normalized to 1W

21.1 mW /g £22.2 % (k=2)

Certificate No: Z16-97234
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Appendix

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 61.20 - 5.57j0

Relurn Lbss -25.0dB
Antenna Parameters with Head TSL at 5600 MHz

Impedanca, fransformead lo fead point 57.890 - 0170

Return Loss: -227dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, fransformed lo feed point 53.20 - 03010

Retum Loss - 30 3ad8
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 52.00-4.21j0

Return Loss - 26:8dB

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point

58,30 + 4.48j0

Return Lass - 22.8dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed lo feed point 53.70 +2:33|0

Raturn Loss - 26.94B

Certificate No: Z16-97234
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.301 ns

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

The dipole is made of standard semirigid coaxial cable, The canter 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 1o the poesition as explained in the "Measurement Conditions" paragraph. The SAR data are not
affected by this change. The everall 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

Cenificate No: Z16-97234 Page #of 14
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DASYS5 Validation Report for Head TSL Date: 12.12.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1113
Communication System: CW,; Frequency: 5250 MHz, Frequency: 5600 MHz,
Frequency: 5750 MHz,
Medium parameters used: f = 5250 MHz; o = 4.724 mho/m; er = 36.26; p = 1000
kg/m3, Medium parameters used: f = 5600 MHz; o = 5.172 mho/m; er = 35.54: p=
1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.371 mho/m; &r = 35.17;
p = 1000 kg/m3,
Phantom section: Center Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:
* Probe: EX3DV4 - SN7307; ConvF(5.32,5.32,56.32); Calibrated: 2016/2/19,

ConvF(4.52,4.52 4.52); Calibrated: 2016/2/19, ConvF(4.45.4.45 4.45):
Calibrated: 2016/2/19,

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn771; Calibrated: 2016/2/2

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 1161/3
Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10
(7372)

Dipole Calibration /Pin=100mW, d=10mm, f=6250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 66.56 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 7.62 Wikg; SAR(10 g) = 2.17 Wikg

Maximum value of SAR (measured) = 17.6 Wikg

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 = 70.62 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 35.2 W/kg

SAR(1 g) = 8.07 Wikg; SAR(10 g) = 2.3 Wikg

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

Centificate No; Z16-97234 Page 9 of 14
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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 = 69.62 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 33.9 W/kg

SAR(1 g) = 8.03 Wikg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.6 Wikg

-9.01

-18.01

-27.02

-36.02

L.

-15.03 |
0 dB = 19,6 W/kg = 12.92 dBW/kg

Certificate No: Z16-97234 Page 10 of 14
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 12.13.2016

Test Laboratory; CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1113

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

Frequency: 5750 MHz,

Medium parameters used: f = 5250 MHz; o = 5.442 mho/m; er = 47.93; p = 1000

kg/m3, Medium parameters used: f = 5600 MHz; o = 5.74 mho/m; er = 48.92; p =

1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.91 mho/m; er = 48.73;

p = 1000 kg/m3,

Phantom section: Right Section

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

DASYS Configuration;

* Probe: EX3DV4 - SN7307; ConvF(4.48,4.48 4 48); Calibrated: 2016/2/19,
ConvF(3.72,3.72,3.72); Calibrated: 2016/2/18, ConvF(3.91,3.91,3.91):
Calibrated: 2016/2/19,

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

* Electronics: DAE4 Sn771; Calibrated: 2016/2/2

* Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 1161/3

* Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10
(7372)

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 = 50.72 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) = 7.63 W/kg; SAR(10 g) = 2.16 Wikg

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 = 58.44 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 30.7 W/kg

SAR(1 g) =7.97 W/kg; SAR(10 g) = 2.25 Wikg

Maximum value of SAR (measured) = 18,3 Wikg

Certificate No: Z16-97234 Page 12 of 14
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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 = 61.59 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 7.51 Wikg; SAR(10 g) = 2.11 Wikg

Maximum value of SAR (measured) = 18.5 Wikg

-B.56

-17.13

-25.69

-34.26

-42.82

0 dB = 18.5 W/kg = 12.67 dBW/kg
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Impedance Measurement Plot for Body TSL
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Object DAE4 - SN: 1210

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: May 25, 2017
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)’Cc and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 27-June-16 (CTTL, No:J16X04778) June-17
Name Function Signature

Calibrated by:

Yu Zongying SAR Test Engineer é«‘@
Reviewed by: Lin Hao SAR Test Engineer ﬁ:‘ﬁ%} '

Approved by: Qi Dianyuan SAR Project Leader &a/

Issued: May 25, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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.

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

e The report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate No: Z17-97069 Page 2 of 3
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DC Voltage Measurement

A/D - Converter Resolution nominal

High Range:
Low Range:

1LSB =
1LSB =

6.1V,
81nV ,

full range =

-100...+300 mV
full range = Y PR +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors

X

Y

Y4

High Range

404.098 £ 0.15% (k=2)

404.921 £ 0.15% (k=2)

405.031 £ 0.15% (k=2)

Low Range

3.99972 + 0.7% (k=2)

3.98407 + 0.7% (k=2)

4.00010 £ 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

123°+1°

Certificate No: Z17-97069
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2 SN Schwetzerischer Kalibrlerdianst
Schmid & Partner e g Service sulsse d'éaloniage
Engineering AG = Servizio svizzeno di taratura
Zoughaussirasse 43, BI04 Zurich, Switzerland 1—:::.”'/-?\:5\3 S Swiss Callbration Service
Actreditad by the Swids Accreditation Service (SAS) Accreditation No.; SCS 0108
The Swiss Accroditation Service is ane of the signatories ta the EA
Multitataral Agreemant for the recognition of calibration certificates.
cient  Sporton (Auden) Certificata No: EX3-3857_May17
|CALIBRATI ON CERTIFICATE |
Object EX3DV4 - SN:3857
Calibratioh procedirs|s) QA CAL-D1.v8, QA CAL-14.v4, QA CAL-23.v5, E&AGALQEME

Calibration procedure for dosimetric E-field probes

Calibration date May 26, 2017

Thea calibration cenilicate docienents the fracesbiily ta national-staidards. which reslizs the physical Units of measurements (S,
The megsuremenis-and (e uncedaiiliss with conflidence probability dee given on the folléwing pages-ahd are parl of the cadilicale.

All callbrations have been eonducted in the closed labaralnty facity, enironmen! temperature (22 + 3)'C and numidity = T0%.

Calitiration Equipmesl used (METE critical for Galibration)

Primary Standarcs 18] Call Date (Certificale No ) Scheduled Calibrabon
Powrer ineler NRF SM104TTE O4-Kpr-A7 {No. 217-0252102523) Apr-18
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Powar genkir NRE-201 BN 103245 Od-Apr-1T (. 217-02525) Aye-18
Refsrends 20 dB Attenliatos SN SEE77 (20K 07 -Ape-11 (No_217-02528) Apr-18
Refsrence Probe ES3002 SN H013 31-Uee-16 (Mo £53-3013_Dec16) DecA7
DAE4 SN 60 7-Dec-16 (No. DAE4-060_Decie) Dee:17
Secondary Standardy in Chack Date {in house) Schadihad CHeck
Power rister E44188° SN GRA1203874 [06-Apr-16 (in housa check Jun-16} In houss check: Jun-18
P sanaas E44 128 SN MY41408087 'D6-Apr-16 (in house check Jun-16} In howize gheck: Jun-18
Fower sensor E44128 SHODR1 10210 Cf-Apr 16 (in house check Jun-16} In hodse check: Jun=18
R peperstor P BE460 SN: LIS36430U01700 D4-Aug-89 (in holse check Jun-16) In hoiise eheck: Jor-18
| Network Analyzer HP B753E S US3T380585 18-0c1-01 [m house check Oct-116) InHagse check: Dat-17
‘Mame Function Signstyre
Calitirated by Michae! Waber Lasbaratory Technician
Approved by Katja Pokovio Techpical Managsr 1 7

Is=ieed! Way 30, 2017

This calitrsion certificate shall not be-reprodicsd except In full withtul wiitien approval of the Iabiatatory
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Calibration Laboratory of O

= Sehweizerischor Kallbriardienst
Schmid & Pariner % g Service suisse d'Gtalonnage
Engineering AG ST s Barvizlo avizzers di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland '-‘z/,”ﬂ\ ¥ Swiss Calibration Servico
Acoredited by IHe Swiss Accraditation Sevice (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Sorvice [&one of the signalories to tha EA
Multitaleral Agreement for the recognition of calibration cerfificates
Glossary:
TSL tissue simulating liquid
MNORMsy2 sansitivity in free space
ConvF sensitivilty In TSL /| NORMx, v,z
pCP _diode compression paint
CF crest factor (1/duly_cycle) of the RF signal
A B, C, D medulation dependent linearization paramelars
Peilarization i rotation around probe axis _
Polarization 8 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),
l.e., 8 =0is normal to probe axls
Connector Angle Information used in DASY system to afign probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
o

d)

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

IEC £2209-1, "Procedure lo measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity lo the ear (frequency range of 300 MHz to 3 GHz)", February 2005

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

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 =0 (f <900 MHz in TEM-cell] { > 1800 MHz: R22 waveguide).
NORMx,y.z are only intermediale values, i.e., the uncertainties of NORMzx.y,z does nal affect the E™-field
uncertainty inside TSL (2ee below Convi).

NORM{f)x.y.z = NORMzx,y,z * frequency_response (ses Frequency Response Chart), This linearization Is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is inchided
in the stated uncertainty of ConvF.

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

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

Ax.y.z Bryz Cxy.z Dxy.z VRxyz A B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR 5 the maximum calibration range expressed in RMS voltage across the diode.

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

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

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on prabe axis). Mo lolerance required,

Connector Angle: The angle is assessed using the information gained by determining the NORM:x ino
uneertainty required),
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EX30V4— SN 3857 May 26, 2017

Probe EX3DV4

SN:3857

Manufactured:  January 23, 2012
Calibrated: May 26, 2017

Calibrated for DASY/EASY Systems

(Note: non-cormpatible with DASY2 system!)
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EXJDVa- SM:3857 May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Basic Calibration Parameters

) Sensor X Sensor Y Sensor £ Unc [k=2)
Norm (uV/(vim)° ) 0.17 0.42 0.44 +10.1 %
DCP (mv]" 98.5 1001 1024
Modulation Calibration Parameters
uiD Communication Systern Name A B (4] D VR Une"
dB dBvpy dB my (k=2)
0 cw x| o0 | oo 10 | 000 | 1382 | 38 %
N y | oo 0.0 1.0 147.4 i
Z 0.0 0.0 1.0 144.9

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

* The uncenainties of Nom X.Y,Z.d6 not atfect the E-fiald uncartainty inside TSL (see Pages & and &),

* Nurmisricsl linearization parameter. unosrainty mol requiied.

® Uncertainly I tatarmingd weing the max, devigbon from linear respones applying rectangulan distribution and = axoressed for the sqoate of the
flekel waloe.
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EX3DV4- SN:3857

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth * Une

f(MHz)® | Permittivity" (Sfm)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.01 10.01 10.01 0.38 0.69 +12.0%
835 415 0.80 9.73 9.73 9.73 0.47 085 +120%
900 41.5 087 0.48 948 9.48 0.31 1.0, | £120%
1750 40.1 1,37 B.4T 8.47 8.47 (.38 0.82 +120 %
1800 40.0 1.40 8.29 829 8.29 0.38 0.80 +12.0%
2000 40.0 1.40 8.26 8.26 8.26 (.35 0.80 +120%
2300 39.5 167 7.95 7.85 7.85 0.24 1.08 +12.0 %
2450 30.2 1.80 7.71 7.71 .7 0.41 080 | +120%
2600 39.0 1.96 7.62 7.62 7.52 0.41 000 | #120%
3500 37.8 2.01 7.37 7.37 7.37 0.29 1.25 +13.1%
3700 377 312 6.94 .94 6.94 0.25 1.25 | +131%
5250 359 4.71 5.39 5.39 5.39 0.35 1.80 +13.1 %
5600 35.5 5.07 5.04 5.04 5.04 0.40 1.80 +13.1 %
5760 354 5.22 534 534 5.34 0.40 1.80 +131%

© Frequincy validity abicve 300 MHz of-+ 100 MHz only pplies Tor DASY vl 4 and highir fsee Page 2|, eide || s restricted |p « 50 MHz The
uncertminty is the RSS af the ConvF uncertainty af calibration fraquency and the uncertainty for the inditated fraquency band. Fraquency validity
Leleiw 300 MHz k5 = 10, 25, 40, 5C snd 70 MHz for ConvF assessments at 30, B4, 128, 180 &nd 220 MHz respectively Abave 5 GHz frequeiy

valitity can be sxtended to £ 110 MHz

" At lrenuisncies below 3 GHz. the validity of isslie parsmeters (s and o) can be relaxed o + 10% if liguid competisation formula s applied 1o
meagured SAR values. Af frequencias above 3 GHz, the validity of lissue paramelers [x and o is restricted to 2 5%, The undertainty is the RSS of

tha ConvE uneerainty lor Indicated targel issug paametors.

* Alpha/Depth are defermined during calibration, SPEAG warrants that the femaining devistion dus fo the bdundary sffect after compensatlon is

glways less oo+ 1% for froquiencies below 3 GHz and below = 2% for frequancies batweon 3-6 GHz at any distanoe larger than hall the prabe tip

dismetar from the boondary.

Centlficate No: EX3-3657 May17
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EX30V4- SNI3RST

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Bedy Tissue Simulating Media

Relative Conductivity Depth © Une

f{MHz)® | Permittivity" {sm) " ConvEX | ConvFY | ConvFZ | Alpha® | (mm) |  (k=2)
750 55.5 0.96 9.96 9.96 8.96 0.44 060 | £12.0%
835 55.2 0.97 9.72 a.72 9.72 D46 0:80 +12.0 %
1750 53.4 1.48 8.29 8.29 8.29 0:36 080 | £12.0%
1900 53.3 1.52 £.08 8.08 8.08 0.37 080 | +120%
2300 52.9 1.81 7.87 7.87 7.87 0.39 087 | £12.0%
2450 52.7 1.95 7.70 7.70 7.70 0.40 080 | £120%
2600 52.5 216 7.59 759 7.54 .24 0g2 | +120%
3500 51.3 a.31 5.89 6.89 6.89 0.30 120 | #1341 %
3700 51.0 3.55 6.82 6.82 6.82 0.30 1.20 | £131%
5250 489 5.36 472 472 472 0.40 1.80° | +131%
5600 485 5.77 4.01 4.01 4.01 0.50 190 | #13.1%
5750 483 5.94 4.31 4.31 4.31 0.50 1.900 | 131 %

* Fraquancy validity above 300 MHz of + 100 MHz only spplies for DASY v44 and higher (ses Page 2), eisa it s reatncted to & 50 MHz The
uncertinly |6 the RSE of the ConF unceminty at callbration frequency and the wpcerainty far the indicated frequency dind, Frequancy validiy
el 300 MHz iz £ 10,-26, 40, 50 and 70 MHz for SonvF assessmants al B0, 64, 128, 150 and 220 MHz respeciively, Above & GHz feduency

valnht:.r can be steended to £ 110 MHz

CAl fréquenties beltw 3 GHz, tha valklily of ligsus paramaters (=@ 4] can ba raiaxed o+ 10% i lould compehsaticn foimilifa S spplisd o
rmeasurad SAR valuas. Al frequencies above 3 Gz, the walidity of izsus parametars (cand o) s resticted 1o 2 5% The uncetainty s the RSS of

\he GonvF unwertainty for indicalad Largpat bssues paremetess.

5 Alphaepth are dstermined during calibration, SPEAG warants thet the remaining deviation due to the boundayy stfect after compensation is
nlways l2ss fhan 1% forfrequancies below 2 GHz snd balow £ 2% for frequencies between 3-8 GHz at any distance Iamarthan hatf the prote lip
diameter from he boundary.

Gertificate No: EX3-3857 May17
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EXIDV4— SN:ABSYT

May 26, 2017

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)

Cerfificate No: EX3-3857 May 17
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EXIDVA- SN:3857 May 26, 2017

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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EX3DVA— SN:3857 May 26, 2017

Dynamic Range f(SARpeq)
(TEM cell , fora= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DNV4— SN:385T

May 26, 2017
Conversion Factor Assessment
f= 835 MHz WGLS R9 (H_convF) = 1900 MHz.WGLS R22 (H_conyF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncaertainty of Spherical Isotropy Assessment: £+ 2.6% (k=2)
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EXiDV4- 53857 May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Other Probe Parameters

" Sensor Arrangement Triangular
Connector Angle (*) 419
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Made: disabled

“Probe Overall Length 337 mm
Prabe Body Diamseter 10 mm
Tip Length I & mm
Tip Diameter 25 mm
Prabe Tip to Sensor X Calibration Point 1 mm
Prabe Tip o Sensor Y Calibration Polnt imm
Probe Tip o Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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