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CALIBRATION CERTIFICATE

Object D835V2 - SN: 445

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

Calibration Procedures for dipole validation kits

Calibration date: October 26, 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 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 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-16 (CTTL, No.J16X04777) Jun-17
Reference Probe EX3DV4 | SN 7433 26-Sep-16(SPEAG No0.EX3-7433_Sep16) Sep-17
DAE4 SN 777 22-Aug-16(CTTL-SPEAG,N0.Z16-97138) Aug-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 E5071C | MY46110673  26-Jan-16 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer Wi % é

Reviewed by: Qi Dianyuan SAR Project Leader » %

Approved by: Liu Wei Deputy Director of SEM Departrerit le {%

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

Certificate No: Z16-97195 Page 1 of 8




® In Colleboration with

=777 2P 3 9

— CALIBRATION LABORATORY
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com Hutp://www.chinattl.cn
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, “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

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

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

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: Z16-97195 Page 2 of 8




® In Collaboration with

T-/

i
w777 5P e 39

CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China

Tel: +86-10-62304633-2079
E-mail: cttl@chinattl.com

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

DASY Version DASY52 52.8.8.1258
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 41416 % 0.92 mho/m+6 %
Head TSL temperature change during test <1.0°C - ———
SAR result with Head TSL
SAR averaged over 1 em’ {1 g) of Head TSL Condition

SAR measured

250 mW input power

241 mW/g

SAR for nominal Head TSL parameters

normalized to 1TW

9.46 mW /g £ 20.8 % (k=2)

SAR averaged over 10 ¢’ {10 g) of Head TSL

Condition

SAR measured

250 mW input power

1.58mW /g

SAR for nominal Head TSL parameters

normalized to 1W

6.23 mW /g + 20.4 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2) °C 5568+6% 0.95 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

2.36mW /g

SAR for nominal Bady TSL parameters

normalized to 1W

9.60 mW /g £ 20.8 % (k=2)

SAR averaged over 10 em’

(10 g) of Body TSL

Condition

SAR measured

250 mW input power

1.59mW/g

SAR for nominal Body TSL parameters

normalized to 1W

6.44 MW /g % 20.4 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 45.50Q- 3.43jQ

Return Loss - 24 .6dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.5Q-7.29)Q

Return Loss -221dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.497 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: 10.26.2016

Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 445

Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: {= 835 MHz; o = 0.922 S/m; g, =41.42; p = 1000 kg/m3

Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS5 Configuration:
Probe: EX3DV4 - SN7433; ConvF(9.82, 9.82, 9.82); Calibrated: 9/26/2016;

Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn777; Calibrated: 2016-08-22
Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1
Measurement SW: DASY52, 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 = 58.51V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.63 W/kg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.58 W/kg

Maximum value of SAR (measured) = 3.07 W/kg

dB
i [}
L
—
-2.09
-4.18
-6.27
-8.36
-10.45

0 dB=3.07 W/kg = 4.87 dBW/kg
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Impedance Measurement Plot for Head TSL

Trl 511 Log Mag 10.00de/ Ref 0.000dB [FL]
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DASYS Validation Report for Body TSL Date: 10.26.2016

Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 445

Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cyele: 1:1
Medium parameters used: f= 835 MHz; 6= 0.952 S/m; &= 55.79; p = 1000 kg!m3

Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

Probe: EX3DV4 - SN7433; ConvF(9.5,9.5, 9.5); Calibrated: 9/26/2016;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn777; Calibrated; 2016-08-22

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1
Measurement SW: DASY52, 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 = 56.01 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.44 W/kg

SAR(1 g) = 2.36 W/kg; SAR(10 g) = 1.59 W/kg

Maximum value of SAR (measured) = 2.95 W/kg

dB
0

-1.93

-3.86

-5.78

-1.71

-9.64

0 dB = 2.95 W/kg = 4.70 dBW/kg
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Impedance Measurement Plot for Body TSL
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Caliration procecureis) OA CAL-O5.v3

Calileaticn date: July 09, 2015

Calibralion Equipment usad {MATE critical lor calibratian)

Calibration procedure for dipole validation kits abave 700 MHz
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y.z
/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} |EC 62208-1, "Procedure to measure the Specific Absorption Rate {SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to & GHz)", March 2010

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

Additional Documentation:
&) DASY4/s System Handbook

Methods Applied and Interpretation of Parameters:

*  Measurement Conditions: Furiher details are available from the Validation Report at the end
of the cerificate. 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.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremant at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty requirad,

= Electrical Delay: One-way delay between the SMA connector and the antenna fead point.
Mo 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.

= B5AR for norninal 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 nol given gn page 1.

DASY Vergion DASYS V5288
Extrapolation Advanced Extrapolation
Phantam Madular Flat Phaniom
Distance Dipole Centar - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequancy 1750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Moiminal Head TSL parameters 22.0°C 40,1 1.37 mhodm
Weasured Head TSL paramaters (22.0£0.2) °C 3680+6% 1.38 mhoim = 6 %
Head TSL temperatura change during test < 0.5°C aee e
SAR result with Head TSL
SAR averaged over 1 em® {1 g) of Head TSL Condilian
SAR measured 250 mW input power 9.31 Wikg
SAR for nominal Head TSL paramaters normalized to W 36.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 260 mW inpul powar 4,97 Wikg

SAR for nominal Head TSL parameters

nomalized 1o 1W

19.7 Wikg = 16.5 % (k=2)

Bedy TSL parameters
The following paramelers and calculations were appliad.
Temperature Parmittivity Conductivity
Nominal Body TSL parametars 22.0°C 53.4 1.48 mho'm
Measured Body TSL parameters {(22.0x£0.2)°C S52RsE% 1.48 mhofm =6 %
Body TSL temperature change during test = 05%C il
SAR result with Body TSL
SAR averaged over 1cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 9,37 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 37.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condillon
SAR measured 250 mW mput power 5.07 Wikg
SAR for nominal Body TSL paramalers normalized to 1W 20,3 Wiy = 168.5 % (k=2)

Certificate No: D1750V2-1141_JuN 5
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 51.10-041§0
Return Loss -39.5dB

Antenna Parameters with Body TSL

Impedance, transformed to fead point 466 0+ 0.3 [0
Relurmn Loss - 20.0dB

General Antenna Parameters and Design

i Elacirical Delay {ona diraction) | 1.225ns —[

After long tarm use with 100W radialed power, enly a slight warming of the dipele near the feedpoint can be measured.

The dipate Is made of standard semirigld coaxial cabla. The center conductor of the feading line s directly connected 1o the
second am of the dipole. Tha antenna is therelare 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 explalned in the
"Measurement Conditions” paragraph, The SAR data are not affeciad by this changs. The overall dipols laregth is still
according 1o the Slandard.

Mo excessive force must be applied to the dipole arms, because thay might bend or the solderad connections near the
feedpoint may be damaged,

Additional EUT Data

Manulacturad by SPEAG
Manufactured on Septarmber 30, 2014
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DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: DN750V2; Serial: DITS0V2 - SN:1141

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

Mediom parameters used: [= 1750 MHz: o = 1.38 S/ &, = 38.5; p= 1000 I-'_:__l:‘fjﬂ:"

Phantom section: Flat Scction
Measurement Standard: DASYS (IEEE/AEC/ANSI Ca3.19-201 1)

DASYS2 Configuration:

Probe: ES3DV3 - SN3205; ConvFi(5.2, 5.2, 5.2): Calibrated: 30.12.2014:

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAES Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Senal; 1001

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

Dune: 09.07.20015

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=3mm, dz=5mm
Reference Value = 93.34 Vim; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 16,6 Wikg

SAR(T g) =931 W/ke: SAR(10 g) = 4.97 Wiky
Maximum value of SAR (measured) = 1.3 Wikg

<1012

-13.50

-16.87

0dB =113 Wikg = 10.53 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 090720105
Test Labormory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: DI1750V2; Serial: DITS0V2 - SN:1141

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

Medium parameters used: = 1750 MHz: o = 148 S/mz g, = 32.2; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C3.19-2011)

DASYS2 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(4.88, 4.88, 4.88); Calibrated: 30.12.2014;
o Sensor-Surlace: 3mm (Mechanical Surface Detection)
«  Elcctronics: DAE4 Sn601: Calibrated: 18,08,2014
= Phantom: Flat Phamom 3.0 (back): Type: QDOGOPS0AA: Serial: 1002
« DASYS2 52.8.8(1222); SEMCAD X 14.6,10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube ()
Measurement grid: dx=3mm, dy=53mm, dz=5mm

Reference Value = 92,95 Vim: Power Drilt = 0,02 dB3

Peak SAR (extrapolated) = 15.9 W/kg

SAR(1 g) = 9.37 Wikg; SAR(10 g) = 5.07 W/kg

Maximum value of SAR (measured) = | 1.8 W/ikg

-3.00
-G.00
-9.00

~12.00

~15.00

OB = 11.8 Wkg = 10.72 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client BACL Certificate No: Z16-97196
CALIBRATION CERTIFICATE

Object D1900W2 - SN: 543

Calibration Procedura(s) FD-711-003-01

Calibration Procedures for dipole validation kits

‘ Calibration date: October 25, 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 part of the cerificate,
All calibrations have been conducted in the closed laboratory facility: environment temperature(22:3)C and
hurnidity<70%.
Calibration Equipment used (M&TE critical for calibration)
Primary Standards 10 # Cal Déie(Calihrated by, Cerfificate No.) Scheduled Calibration
Power Meter MRP2 101818 27-Jun-16 (CTTL, No.J16X04777) Jun-17
Power sensor  MRP-Z91 | 101547 27-Jun-16 (CTTL, Mo.J16X04777) Jun-17
Reference Probe EX3DW4 | SN 7433 26-Sep-16(SPEAG MNo.EX3-7433_5Sep16) Sep-17
DAE4 SN TTT 22-Aug-16(CTTL-SPEAG MNo.Z 16-97138) Aug-17
_Seccndary Standards 10 # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-16 (CTTL, No.J16X00893) Jan-17
Metwork Analyzer ESO71C | MY48110673  26-Jan-16 (CTTL, No.J16X00804) Jan-17
| Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer S é’gf
| Reviewed by: Qi Dianyuan SAR Project Leader _ -%
; - A
Apevaved by; Liu Wei Deputy Director of SEM Department < _g), %
Issued: October 27, 20 6
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
NFA, 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 622081, "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

c) [EC 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:

» 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.

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

* Feed Point Impedance and Retfum 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.
Mo 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.

s 5AR for nominal TSL paramefers: 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%.

Certificale Mo: Z16-971046 Page 2 of 8
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Measurement Conditions

Fax: +86-10-62304633-2304
Hutpfoww ehinatt]cn

DASY system configuration, as far a3 not given on page 1.

DASY Version DASYS2 52.8.8.1258
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.11’3-
Distance Dipole Center - TSL - 10 mim with Spacar
Zoom Scan Resolution dx, 'dy, dz = 5 mm
Frequency 1900 MHz + 1 MHz 1
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Gonducﬁvify_
Mominal Head TSL parameters 22.0°C 40.0 1.40 mha/m
Measured Head TSL parameters (22.0+02)"C 401+68% 1.38 mho/m £ 6 %
II Head TSL temperature change during test <1.0°C - —— —
SAR result with Head TSL B
| SAR averaged éuar 1 em’ 1 g) of Head TSL Condition

[
| SAR measured

250 mW input power

10.0mW /g

SAR for nominal Head TSL parameters

narmmalized to 1W

40.3 mW /g £ 20.8 % (k=2)

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

Condition

- SAR measured

250 mW input power

5.25mW /g

SAR for nominal Head TSL paramsters

normalized to 1W

21.1 mW /g £ 20.4 % (k=2)

Body TSL parameters

The following parameters and calculations were applisd,

Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 53.3 1.52 mhao/m T
Measured Body TSL parameters (22.0£02)°C 536+£6% 1.50 mha/m £ B?
Body TSL temperature change during test <1.0°%C =
SAR result with Body TSL ]
SAR averaged over 1 f_:m" {1 g) of Body TSL Condition

SAR measured

250 mWW input power

10.2mW /g

BAR for nominal Body TSL parameters

normalized to 1W

41.1 mW /g = 20.8 % (k=2)

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

Condition

SAR measured

250 mW input power

S40mW /g

SAR for nominal Body TSL parameters

normalized to 1W

21.7 mW g £ 20.4 % (k=2)

Certificate Mo: Z16-97196
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.10+ 4.37j0

Return Loss - 27.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed paint 4690+ 3.77j0

Return Loss - 25.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.304 ng

After long term use with 100V 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 arder to improve matching when loadad
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.

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

Additional EUT Data

|' Manufactured by SPEAG

Certificate MNo: Z16-97 196 Page 4 of &
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DASYS Validation Report for Head TSL Date: 10.25.2016

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 543
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: = 1900 MHz; o = 1.385 8/m; er = 40.11; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

« Probe: EX3DV4 - SN7433; ConvF(7.98, 7.98, 7.98); Calibrated: 9/26/2016;
& Sensor-Surface: 2mm (Mechanical Surface Delection)

= Electronics: DAE4 Sn777; Calibrated: 2016-08-22

« 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 Checl/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid;
dx=5mm, dy=5mm, dz=5mm

Reference Value = 98.24 V/m; Power Dnifl =-0.01 dB
Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 10 Wikg; SAR(10 g) = 5.25 W/kg
Maximum value of SAR (measured) = 14.3 Wikge

dB
1]

T

L. ;
I 3

0 dB =143 W/kg = 11.55 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 10.25.2016
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Scrial: D1900V2 - SN: 543
Communication System: UID 0, CW: Frequency: 1900 MHz: Duty Cycle: 1:1
Medium parameters used: £= 1900 MHz; o= 1.504 $/m; £, = 53.55; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY S (IEEE/JAEC/ANSI C63.19-2007)
DASYS Configuration:

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

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

= Electronics: DAE4 Sn777; Calibrated: 2016-08-22

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

«  Measurement SW: DASY 52, 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=3mm, dz=5mm

Reference Value = 99,20 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) = 5.4 W/kg

Maximum value of SAR (measured) = 14.4 Wikg

dB
1]

-3.25

-6.50

-9.75

-13.00

-16.25

L

0dB=14.4 W/kg =11.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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Centificate No: D2600V2-1132_Nov16

|CALIBRATION CERTIFICATE

|Dujec1

| Calibeatior procedur(s)

Calibralior date:

D26C0VE - SM:1132

QA CAL-05..9

Calibration procedure for dipole validation kits above 700 MHz

MNovember 10, 2016

Cahbeation Equipment used (MATE crifical lar calibration)

This casbralion certiizale docunents tha tmeeabilily ta national gandards, which realize the physcal units ol rmeaswemants (S,
The measurements and the uncartainties wih confidence probability are givan on the lallowing pages and are part of the certilicate

Al ealibralons have been conducted in e closed lboralary faclity: ervirormant lempesature (28 £ 3)°C and humidity « 70%,

| Primary Smnoands | I # Cal Danle [Codilicats Mo, Schedulad Calibraton
[ Power meter NAP SM: 104778 DG-Apr-16 (Mo, 217-02203:02283) Apr17
| Powar sensor NRP-Z31 Sh: 103244 O6-Apr-16 (Mo 217-02283) Apr17T

Powar sensar NAR-Z21 SNz 100845 DO-hpr-10 (Mo, 217-022E3) Apr17

Aoference 20 0B Attenuator SM: 5058 (20%) D5-Apr-16 (Mo, 217-02202) Apr-17

Typie-N mismatch combination SN: 5047.2 ) 06327 05-Apr-16 (Mo, 217-02203) ApriT

Reference Probe EXIDV4 BMN: 7348 15-Iun-16 (Ma. FX3-7340_1un1R) N R

DAES SN: g0 30-Dec-15 (Mo, DAEA-601_ Decis) Dac-16

Secondary Standands | 1D # Check Date {in houss) Sehodulid Chock

Power matar EPM-1424
Power sensor HP BAE1A

| Pawir sensor HP B4E1A

RF generaior RES SMT-06
Maobwark Analyzar HP 8753E

Calibraied by

Approved by:

SN GEITABDT04
SN: Usaraazvas
| 51 MY41082317
S T2
SMN: LIS37300588

rlwmg
Michael Weber

Katja Pokovic

OF-Dct-15 {in house chaeds Oct-16)
OF-0ct-15 {in house chack Ocl=16)
OF-0ct-15 (in bouse chadd Oot-16)
To-JUn-1b {ift house S CcE-TH)
18-0ct-01 {in bousa chedk Ocl-16)

Funalion

Laborntary Tochnician

Technlcal Manpger

Iev house chack: Od-18
I houss check: Oc-18

I houge check: Oo-18
In howsa chack: Lcl-18
In house check: Og-17

Signatura

Issuad: hovember 11, 2016

Thas calibration cerlificale shall not be reproduced excepl in full wihout wiitlen approval af the labcratory.

Cerificate No; D2800V2-1132_Novis
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Accradited by the Swiss Accraditation Seevice {SAS) Aecreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signateries to the EA
Multilateral Agreoment for the recognition of calibration eertiticates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NOBM x,y,z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) IEC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human bady (frequency range of 30
MHz to 8 GHz)", March 2010

d) KDBE 865664, "SAR Measurement Requirements for 100 MHz to 6§ GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

= Measurement Conditions: Further details are available from the Validation Report at the end
of the 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 liguid filled phantom. The impedance stated is transfarmed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required,

= Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

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%.

Cenificate No: D2600V2-1132_Novie Page 2al B




Measurement Conditions

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

DASY Version DASYS V52.8.8
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution di, dy, dz =5 mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parametars and calculations were applied.
Temparature Parmittivity Conductivity
Nominal Head TSL parameters 22.0°C 38.0 1.96 mhofm
Measured Head TSL parameters {220z02)°C FE£ER 2.04 mhe'm + 6 %
Head TSL temperature change during test <0.5°C -— e
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 250 m\W input power 14.4 Wikg
SAR for nominal Head TSL parameters normalized to 1W 56.1 Wikg = 17.0 % (k=2)
SAR averagad over 10 em’ {10 g) of Head TSL condition
SAR measurad 250 mW input power 6.38 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

25.1 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conduchvity
Neminal Body TSL parameters 22.0°C 525 2,16 mho/m
Measured Body TSL parameters 22002 °C 508+6% 2.20 mho/m =6 %
Body TSL temperature change during test =0.5°C - —
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measurad 250 mW input power 13.7 Wikg

SAR for nominal Body TSL paramaters

normalized to 1W

53.9 Wikg £ 17.0 36 (k=2)

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

condition

SAR measured

250 mW input power

6.10 Wikg

SAR for nominal Body TSL parameters

narmalized Lo 1W

24.2 Wikg = 16.5 % (k=2)

Certificate No: D2800V2-1132_MNoviE

Page 3of 8




Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4760-86
Return Loss - 20.8 dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point A00-61K
Retumn Loss -20.8dB

General Antenna Parameters and Design

| Etectrical Delay {one direction) | 1154 ns

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

The dipole i made of standard semirigid coaxial cabls. The center conductor of the feading line is dirsctly connected to the
second arm of the dipole. The antenna is therslore short-circulled for DC-signals. On some of the dipates, small end caps
are added to the dipole arms in arder to improve matehing when loaded according to the position as explained in the
“Measuremant Gonditions" paragraph. The SAR data are not afiected by this change, The overall dipole length is still
according to the Standard.

Mo excessive force must be applied to the dipola arms, because they might bend or the saldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on October 12, 2016

Carlificate Mo: D2600V2-1132_Novi Page 4 of 8




DASYS Validation Report for Head TSL

Date: 10011.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz: Type: D2600V2; Serial: D2600V2 - SN:1132

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

Medium parameters used: [= 2600 MHz: 6 = 2.04 S/m; £, = 37.6: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (I[EEE/EC/ANSI C63.19-2011)

DASY 52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.56, 7.56, 7.56); Calibrated: 15.06.2016:

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAES Sn601: Calibrated: 30.12.2015

Phantom: Flat Phantom 5.0 (front); Type: QDOMPS0AA; Serial: 1001

DASYS2 52.8.8(1238); SEMCAD X 14.6.10(7372)

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

Reference Walue = 1150 Vim; Power Drft = -0.02 dB

Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 @) = 14.4 W/ka: SAR(10 g) = 6.38 Wikp

Maximum value of SAR (measured) = 24.2 Wike

-5.00

-10.00

-15.00

=20.00

-25.00

0dB =24.2 Wikg = 1384 dBW/kg

Cerfificate Mo: D2600V2-1132_Mov16 Page 5of 8




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

Drate: 10.11.2016

Test Laboratory: SPEAG, Zurich, Swilzerland

DUT: Dipole 2600 MHz; Type: D2600V2: Serial: D2600V2 - SN:1132

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

Medium parameters used: = 2600 MHz: ¢ = 2.2 S/m; & = 50.8; p= 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANS] CA3,19-2011)

ASYS2 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(7.48, 748, 7.48); Calibrated: 15.06,2016;

= Sensor-Surface: 1dmm (Mechanical Surface Detection)

«  Electronics; DAE4 Sn601; Calibrated: 30.12.2015

*  Phantem: Flat Phantom 5.0 iback): Type: QDOUDPS0AA; Serial: 1002

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

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

Relerence Value = 107.2 Vim; Power Drifi = -0,05 dB

Peak SAR (extrapolated) = 27.9 Wikg

SAR(L g) = 13.7 W/kg: SAR(10 g) = 6.1 W/kg

Maximum value of SAR (measured) = 22.8 Wiks

-5.20

-10.40

-15.60

-20.80

-26.00

0dB =228 W/kg= 1358 dBW/kg

Cerificate Mo: D2600V2-1132_MNowls Page 7 of 8




Impedance Measurement Plot for Body TSL
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