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Figure 5 : X-ray positive image of 5mm probes
Table indicating the dielectric parameters of the liquids used for calibrations at each frequency
Measured 1T S DEViation Veraict
l"ﬂl ¥ Type Relative | Conductivity Relative | Conductivity Relative Conductivity Relative Conductivity
Permitthity (S/m) Permittivity ($/m) Permittivity Permittivity
450 43546 0866 435 0487 0.1 05 Pass Pass
e
700 43349 0883 422 089 28 0.1 Pass Pass
... —“
L 4156 0808 415 090 0.1 02 Pass Pass
900 41139 0957 H 415 0e7 H9 13 Pass Pass
meeeeeeeed
& Head 39.628 1.408 400 1.40 09 06 ﬂ Pass Pass
| 1900 | 40.052 1.400 u 40.0 1.40 0.1 02 Pass Pass
L __403_'!5 1 513 398 1.49 13 15 Pass Pans
2450 39.226 1,765 392 1.50 0.1 -19 Pass. Pass
s e
2600 38 684 1942 300 1.96 09 09 Pass Pass
450 56.85 0943 56.7 094 03 03 Pass Pass
700 55968 0963 £5.73 0.96 04 04 Pass. Pass
835 55 584 0977 552 097 07 07 Pass Pass
900 54 943 1.043 55 1.05 0.1 0.7 Pass Pass
1800 Body 52 807 1516 533 152 09 03 Pass Pass
1900 52.965 1524 533 152 06 03 Pass Pass
2100 53858 1.601 532 162 12 12 Pass Pass
2450 52774 1972 52.7 195 0.1 1.1 Pass Pass
2600 52354 2175 525 216 03 07 Pass Pass
Table of test equipment calibration stalus
R Supplier | Model Serial No. uhtmun Cal certificate See Calibration
X » date number Annex due date
Rohde & »
Power sensor S z NRP.Z2A 100063 14002013 | 10-30020703% 1 14082015
Rohde &
Power sensor Schiaz NRP-Z23 100169 08082014 140048811 2 080R2016
(absolte) -
DLine checked
Deelectric property {sermor = rat NEL N
e InGevsar o W“E - A i s A NA
#ndg G0emem) refererce
bquecs
VIO retwork sradyser Aretsy MSE4238 003102 7022015 | RMA20027002 3 17022016
SMA sucosibration Arrtsy 581N 00192 2012015 | RMAZ0021769 4 22012016
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Calibration Certificate of NRP-223 power sensor, SIN 100063
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Annex 2
Calitration Certificate of NRP-Z23 power sensor, S/N 100169

ROHDE&SCHWARZ

Calibration Certificate
Kalibrierschein

Certificate Number
Zertifikatsnummer

1400-48811

AVERAGE POWER SENSOR

Rohde & S<hwary
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Matenal number 1137.8002.02
Naterishvener Certificate Number 1400-48811
Serial number 10: 1137 8002 02-100169-a) Zectifikatsnummer
i Ser.: 100169

———— ———
Calidration instruction Sew s page Of CaRLYI%ON FRAT Date of receipt 2014-08-06
L ] Ergangsdatum Lt
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Annex 3
Calibeation cerificate of Annisu MS46238 VNA

Serial Number Description
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Annex 4
Calibration certificate of Annitsu 36581KKF/1 auto-cal kit

Date of issue: 22012015 Certificate N*: RMAZ0026648

- Customer: INDEXSAR LTD Order No: 1045ANR
Manufacturer: Anritsu Company

ol Model Seclal Number Description
MS46238 003102 VNA 10 MHZ-6 GHZACTIVE
JESBIKKF 001902 TESTED & CHARACTERIZED TO 6 GHZ

Murray
Head of Services (EMEA)

Orignal CalDrplOn Meults Bre STCRed 8% Copes haid o T ot Arvitsa EMVEA Lirsded
The LBcHed rewuns reiane Oy 13 T TRINUTNL UM CRAErRTOn
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ANNEX B

DIPOLE CALIBRATION REPORTS
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Calibration Laboratory of S, Sehwelsariechior Kelibrlerdh
Schmid & Partner N (S: Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland I S Swiss Calibration Service
Accredited by the Swiss Accroditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ags it for the gnition of calibration certificates

ciient  TUV SUD UK Certificate No: DB35V2-447_Nov15
CALIBRATION CERTIFICATE

Object D835V2 - SN: 447

Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calbration date: November 12, 2015

This calibration certificale documents the traceabiity 1o national standards, which realize the physical units of measurements (SI).
The ts and the uncertaintios with confidence probability are given on the following pages and are par of the certificate.

All calibrations have been conducted in the closed laboratory lacility. emvironment temperature (22 = 3)°C and humidity < 70%.

Calbration Equipment used (MATE critical for calibeation)

Primary Standards D # Cal Dato (Cortificate No.) Scheduled Calibration

Powor moter EPM-442A GBaT4807T04 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP B481A UsaTzezTed 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41092317 07-Oct-15 (No. 217-02223) Oct-16

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

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

Relerence Probe EX30V4 SN: 7349 30-Doc-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 801 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

S dary Standard 0¥ Check Date (in house) Schoeduled Chock

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

Network Analyzes HP B753E US37390585 S4206  18-Oct-01 (in house check Oct-15) In house check: Oct-16
Name

Function Signaturo
Calteated by: Joton Kastrat m-r.m«t:t__ 6"“#
Approved by: Katja Pokovic Techeical Manager /C/g'%},@

lssued: November 12, 2015

This calbration codtificato shall not be reproduced except in full without written approval of the laboratory.
Certificate No: DB35V2-447_Nov15 Page 10l 8
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Calibration Laboratory of

r S Schweizerischer Kalibrierdienst

Schmid & Partner C Service suisse détalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

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

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

Multilateral Agr for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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: D835V2-447_Nov15 Page20l8
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Measurement Conditions
DASY system configuration, as far as not on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220202)°C 426+6% 092 mho/m =6 %
Head TSL temperature change during test <05°C oo s
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.34 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 9.26 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.52 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.02 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were a
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 556+6% 0.99 mho/m £6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 ¢cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.40 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.47 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.21 W/kg = 16.5 % (k=2)
Certificate No: DB35V2-447_Nov15 Page 30f8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4990-7.0i2
Return Loss -231dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4600-87Q
Retumn Loss -20.0d8

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.386 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 1o the dipole arms in order to improve malching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR dala 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
Manufactured on October 24, 2001
Cortificato No: DB35V2-447_Nov15 Pagedol8
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 447

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

Medium parameters used: f = 835 MHz; 6 = 0.92 S/m; &, = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 12.11.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 61.13 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 3.47 Wikg

SAR(1 g) = 2.34 W/kg; SAR(10 g) = 1.52 W/kg
Maximum value of SAR (measured) = 3.10 W/kg

0 dB = 3.10 W/kg = 4.91 dBW/kg

Certificate No: D835V2-447_Nov15 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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Product Service

DASYS5 Validation Report for Body TSL

Date: 12.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 447

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

Medium parameters used: f= 835 MHz; 0 =0.99 S/m; g = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 59.65 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2.4 W/kg: SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3.17 W/kg

0dB =3.17 W/kg = 5.01 dBW/kg

Centificate No: D835V2-447_Novi15 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Sehwelsariechior Kelibrlerdh
Schmid & Partner N (S: Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland I S Swiss Calibration Service
Accredited by the Swiss Accroditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ags it for the gnition of calibration certificates

ciient  TUV SUD UK Certificate No: DB35V2-447_Nov15
CALIBRATION CERTIFICATE

Object D835V2 - SN: 447

Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calbration date: November 12, 2015

This calibration certificale documents the traceabiity 1o national standards, which realize the physical units of measurements (SI).
The ts and the uncertaintios with confidence probability are given on the following pages and are par of the certificate.

All calibrations have been conducted in the closed laboratory lacility. emvironment temperature (22 = 3)°C and humidity < 70%.

Calbration Equipment used (MATE critical for calibeation)

Primary Standards D # Cal Dato (Cortificate No.) Scheduled Calibration

Powor moter EPM-442A GBaT4807T04 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP B481A UsaTzezTed 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41092317 07-Oct-15 (No. 217-02223) Oct-16

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

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

Relerence Probe EX30V4 SN: 7349 30-Doc-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 801 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

S dary Standard 0¥ Check Date (in house) Schoeduled Chock

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

Network Analyzes HP B753E US37390585 S4206  18-Oct-01 (in house check Oct-15) In house check: Oct-16
Name

Function Signaturo
Calteated by: Joton Kastrat m-r.m«t:t__ 6"“#
Approved by: Katja Pokovic Techeical Manager /C/g'%},@

lssued: November 12, 2015

This calbration codtificato shall not be reproduced except in full without written approval of the laboratory.
Certificate No: DB35V2-447_Nov15 Page 10l 8
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Calibration Laboratory of

r S Schweizerischer Kalibrierdienst

Schmid & Partner C Service suisse détalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

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

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

Multilateral Agr for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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: D835V2-447_Nov15 Page20l8

Document 75933584 Report 13 Issue 1 Page B.11 of B.41

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Measurement Conditions
DASY system configuration, as far as not on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220202)°C 426+6% 092 mho/m =6 %
Head TSL temperature change during test <05°C oo s
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.34 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 9.26 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.52 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.02 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were a
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 556+6% 0.99 mho/m £6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 ¢cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.40 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.47 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.21 W/kg = 16.5 % (k=2)
Certificate No: DB35V2-447_Nov15 Page 30f8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4990-7.0i2
Return Loss -231dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4600-87Q
Retumn Loss -20.0d8

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.386 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 1o the dipole arms in order to improve malching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR dala 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
Manufactured on October 24, 2001
Cortificato No: DB35V2-447_Nov15 Pagedol8
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 447

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

Medium parameters used: f = 835 MHz; 6 = 0.92 S/m; &, = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 12.11.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 61.13 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 3.47 Wikg

SAR(1 g) = 2.34 W/kg; SAR(10 g) = 1.52 W/kg
Maximum value of SAR (measured) = 3.10 W/kg

0 dB = 3.10 W/kg = 4.91 dBW/kg

Certificate No: D835V2-447_Nov15 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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Product Service

DASYS5 Validation Report for Body TSL

Date: 12.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 447

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

Medium parameters used: f= 835 MHz; 0 =0.99 S/m; g = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 59.65 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2.4 W/kg: SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3.17 W/kg

0dB =3.17 W/kg = 5.01 dBW/kg

Centificate No: D835V2-447_Novi15 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

v
SN Schweizerischer Kalibrierdienst
Schmid & Partner — S Service suisse d'étalonnage
Engineering AG % C  Servizio svizzero ditaraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland "f.“"/;\“:\;.\?" Swiss Calibration Service

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

Accreditation No.: SCS 0108

cient TGV SUD UK Certificate No: D1900V2-546_Nov15
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 546
Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibeation date November 17, 2015
This calibration fx o s the t bilty to d star . which realize the physical units of (S1).

mmswummmmmmmwmuummwmmdnmu.

All calibrations have been conducted in the closed lab

y laciity: envi P (22 2 3)"C and humidity < 70%.

Calbration Equipment used (MATE critical for calibration)

Primary Standards 09 Cal Date (Certificate No.) Scheduled Calibeation

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

Power sensor HP B4B1A UsaraeeTes 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41092317 07-0Oct-15 (No. 217-02223) Oct-16

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

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

Rofaronce Probe EX30V4 SN: 7349 30-Dec-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

Secendary Standards 1D # Check Date (in b Scheduled Check

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

Network Analyzer HP 8753€ US37390585 S4206  18-Oct-01 (in house check Oct-15) In house check: Oct-16
Name Function Signature

Calibrated by: Joton Kastrati mrm;—:t___ Lﬂ""

Approved by: Katja Poovic Tochnical Manager

Issued: November 17, 2015

mmmmmm:mcwhummwdmmm,

Centificate No: D1900V2-546_Nov15
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Calibration Laboratory of S, Sctvisilinitoshar
X AN Kalibrierdienst
Schmid & Partner N 8 Service sulsse d'étalonnage
Engineering AG 336 C  sarvizio svizzero di taraturs
Zoughausstrasse 43, 8004 Zurich, Switzerland 7N S swiss Calibration Service
Accrodited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 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 300 MHz to 3 GHz)",
February 2005

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

* 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: D1900V2-546_Nov15 Page 2ol 8
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Measurement Conditions
DASY system configuration, as far as not on page 1.
DASY Version DASYS vs2.88
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220202)°C 39426% 1.39 mho/m =6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.93 Wikg
SAR for nominal Head TSL parameters normalized to 1W 39.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.19 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.8 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220202)°C 52226% 1.52 mho/m £6 %
Body TSL temperature change during test <05°C ee e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.2 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.31 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.2 Wikg = 16.5 % (k=2)
Certificate No: D1900V2-546_Nov15 Page 3 of 8
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5070Q+32jQ
Return Loss -29.9d8
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4640+440
Retum Loss -24.608
General Antenna Parameters and Design
| Etectrical Delay (one direction) | 1.204 ns |

Allerlongtnrrnuuwﬂhloowtadialodpowet.on!yasli@twnmﬁgoﬂhdlpolemn!mhedpohtmbemommd.
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sooondannoln-adipolammmbemmmtmDoms.Onmdﬂwm.MMcaps
sreaddcdto!:wdipobmmmrmmmlmmmmmmwpummaseminﬂhm
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according to the Standard.

Noemsswefowemuﬂbeappliodlomemm.baeause&uynig!ubendorﬂ\esoldoredoonmcﬁmsnea:tm

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

November 15, 2001

Certificate No: D1900V2-546_Nov15
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Product Service

DASYS5 Validation Report for Head TSL
Date: 10.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 546
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; o = 1.39 S/m; ¢ = 39.4; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.14, 8.14, 8.14); Calibrated: 30.12.2014:

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

» Electronics: DAE4 Sn601; Calibrated: 17.08.2015

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

« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 108.9 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 18.7 W/kg

SAR(1 g) = 9.93 W/kg; SAR(10 g) = 5.19 W/kg

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

-3.80
1 -7.60
-11.40

-15.20

-19.00

0dB=15.6 W/kg=11.93 dBW/kg
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Impedance Measurement Plot for Head TSL

9 Nov 2015 15:17:156
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 546

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

Medium parameters used: f= 1900 MHz; 6 = 1.52 S/m; &, = 52.2: p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.9, 7.9, 7.9); Calibrated: 30.12.2014:
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (back): Type: QDOOOPSOAA: Serial: 1002
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 17.11.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mcasurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 104.5 V/m; Power Drift = 0.00 dB
Peak SAR (extrapolated) = 18.1 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.31 W/kg
Maximum value of SAR (measured) = 15.4 W/kg

0dB =154 W/kg = 11.88 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

cient TV SUD UK
CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Certificate No: D2450V2-715_Nov15

Object D2450V2 - SN: 715

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

November 10, 2015

This calibration certificate documents the traceability 10 national standards, which realze the physical units of measurements (S1).
The ts and the un with confid probabiity are given on the following pages and are pant of the centificate.

All calibeations have been conducted in the closed laboratory facilty: environment temperature (22 = 3)'C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D# Cal Date (Cortis No.) Scheduled C. jon

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

Power sensor HP BAB1A US37202783 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP B481A MY41092317 07-Oct-15 (No. 217-02223) Oct-16

Roferonco 20 dB Attonuator SN: 5058 (20x) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 1 06327 01-Apr-15 (No. 217-02134) Mar-16

Relerence Probe EX30V4 SN; 7349 30-Dec-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

Sec y Standards D » Check Date (in b w Chock

RF gonerator RS SMT-06 100972 15~Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzer HP 8753E US3T390585 54206 18-0ct-01 (in house check Oct-15) In house check: Oct+16
Nameo Function Signature

Calibrated by: Michael Weber Laboratory Technician ”usl

Approved by. Katja Pokovic Technical Manager

This caibration cortificato shall not be reproduced except in full without written approval of the laboratory.

Issued: November 11, 2015
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Calibration Laboratory of
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\ s, Schweireri Kalibrierdienst

Schmid & Partner SN Y e mm«dm

Engineering AG T C Servizio svizzero ol taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland N S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL paramelters (220202)°C 3821+6% 1.87 mho/m £ 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.7 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 6.34 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 527+6% 2.02mho/m+6 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 53.5 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.38 Wikg
SAR for nominal Bedy TSL parameters normalized to 1W 25.3 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.70Q+27i0
Retumn Loss -27.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.1Q+55jQ
Return Loss -252d8

General Antenna Parameters and Design

| Esectrical Delay (one direction) [ 1.156 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
Manufactured on July 05, 2002
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Product Service

DASYS5 Validation Report for Head TSL

Date: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz ; Type: D2450V2; Serial: D2450V2 - SN: 715

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.87 S/m; & = 38.2; p = 1000 kg/m’
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.67, 7.67, 7.67): Calibrated: 30.12.2014;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
» DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 116.3 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 13.7 W/kg: SAR(10 g) = 6.34 W/kg

Maximum value of SAR (measured) = 23.3 Wrkg

0dB =23.3 W/kg = 13.67 dBW/kg

Certificate No: D2450V2-715_Nov15 PageSol 8

Document 75933584 Report 13 Issue 1 Page B.30 of B.41

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Impedance Measurement Plot for Head TSL
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Product Service

DASYS5 Validation Report for Body TSL

Date: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 715

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; ¢ = 2.02 S/m; & = 52.7; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.53, 7.53, 7.53): Calibrated: 30.12.2014;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
e Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0AA; Serial: 1002
o DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 109.5 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 27.2 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.38 W/kg

Maximum value of SAR (measured) = 22.2 W/kg

0dB =22.2 W/kg = 13.46 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accroditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ag for the recognition of calib certificatos
cient TV SUD UK Certificate No: D2600V2-1034_Nov15
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1034
Calibeation procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibration date: November 10, 2015
This calibation cortificate ¢ the biity 1o national standards, which reakze the physical units of

The measurements and the uncertaintios with confidence peobabiity are given on the loliowing pages and are part of the certificate.

Al calibrations have been conducted in the closed lab

Calibration Equipment used (MATE critical for calibration)

y taciity. omdronmont tomp

(22 2 3)"C and humidity < 70%.

ts (SI).

This calibration certificate shall not be reproduced except in full without writien app

| Primary Standards iD# Cal Date (Certificate No.) Scheduled Casbration

Power meter EPM-442A GB37480704 07-Oct-15 (No. 217-02222) Oct16

Power sensor HP B481A US3T292783 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP B481A MY41092317 07-Oct-15 (No. 217-02223) Oct-16

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

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

Reforonce Probe EX3DV4 SN: 7349 30-Dec-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 801 17-Aug-15 (No, DAE4-601_Aug15) Aug-16

Secondary Standards Dx Check Date (in house) Scheduled Check

RF generalor RAS SMT-06 100972 15-Jun-15 (in houso check Jun-15) In house check: Jun-18

Network Analyzer HP B753€ US37390585 54208  18-Oct-01 (in house chock Oct-15) In house checic Oct-16
Nameo Function Signature

Caldrated by: Michael Wober Laboratory Technician ”l!

Approved by. Katia Pokovic Technical Manager

of the

TS

Issued: November 11, 2015

Certificate No: D2600V2-1034_Nov15
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Calibration Laboratory of

¥ S  Schweizerischer Kalibrierdionst

Schmid & Partner Service sulsse d'étalonnage
Engineering AG C  gervizio svizzero o tersturs

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

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

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

Multilateral Agr for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |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 300 MHz to 3 GHz)",
February 2005

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system conlfiguration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5mm
Frequency 2600 MHz £ 1 MH2z
Head TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22020.2)°C 37.726% 2.04 mho/m £ 6 %
Head TSL temperature change during test <05°C eee -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.9 Wikg
SAR for nominal Head TSL parameters normalized o 1W 58.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 6.56 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.9 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Bedy TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220+0.2)°C 522+6% 221 mho/m £ 6 %
Body TSL temperature change during test <05°C ee -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.4 Wikg
SAR for nominal Body TSL parameters normalized to 1W 56.9 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.39 Wikg
SAR for nominal Body TSL parameters normalized to 1W 25.4 W/kg = 16.5 % (k=2)
Certificate No: D2600V2-1034_Nov15 Page 30/8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4950Q-48iQ
Return Loss -26.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4500-34Q
Return Loss -24008

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.150 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 therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are added lo the dipole arms in order to improve matching when loaded according 10 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
Manufactured on March 03, 2009
Certificate No: D2600V2-1034_Nov15 Page 4ol 8
Document 75933584 Report 13 Issue 1 Page B.37 of B.41

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1034

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

Medium parameters used: f = 2600 MHz; ¢ = 2.04 S/m; & = 37.7; p = 1000 kg/m*

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

-

-

Probe: EX3DV4 - SN7349; ConvF(7.4, 7.4, 7.4); Calibrated: 30.12.2014;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 10.11.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 116.9 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 32.1 W/kg

SAR(1 g) = 14.9 W/kg; SAR(10 g) = 6.56 W/kg
Maximum value of SAR (measured) = 25.2 W/kg

-5.20

0dB =252 W/kg = 14.01 dBW/kg
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Impedance Measurement Plot for Head TSL
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Product Service

DASYS Validation Report for Body TSL
Date: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1034
Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: = 2600 MHz; ¢ = 2.21 S/m; & = 52.2; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.52, 7.52, 7.52); Calibrated: 30.12.2014;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 5.0 (back): Type: QDOOOPSOAA; Serial: 1002
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 109.8 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.9 W/kg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.39 W/kg

Maximum value of SAR (measured) = 24.1 W/kg

-5.20
-10.40
-15.60

-20.80

-26.00

0dB =24.1 W/kg = 13.82 dBW/kg
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Impedance Measurement Plot for Body TSL
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