REPORT NO: UL-SAR-RP11066287JD43A V4.0 Issue Date: 04 November 2016

12.4.Calibration Certificate for E-Field Probe
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The Swiss Accreditation Service is one of the signatories to tha EA
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client UL RFI UK Certificate No: ET3-1528_Apr16

|CALIBRATION CERTIFICATE

Objact ET3DV6 - SN:1528

Calibration procedure(s) QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration date: April 22, 2018

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1),
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratary facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D Cal Date (Certificate No.) Scheduled Callbration
Power mater NRP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17
Power sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17
Power sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17
Reference 20 dB Altenuator SN: 55277 (20x) 05-Apr-16 (No. 217-02293) Apr-17
Reaferencae Probe ES3DV2 SN: 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16
DAE4 SN: 660 23-Dec-15 (No. DAE4-660_Dec15) Dac-16
Secondary Standards ID Check Date (in house) Scheduled Check
Power meter E44198 SN; GB41293874 06-Apr-16 (No. 217-02285/02284) In house check; Jun-16
Power sensor E4412A SN: MY41498087 0B-Apr-16 (No, 217-02285) In house check: Jun-16
Power sensor E4412A SN: 000110210 06-Apr-16 (No. 217-02284) In house check: Jun-16
RF generator HP BE4BC SN: US3642U01700 04-Aug-99 (in house check Apr-13) In house check: Jun-16
Network Analyzer HP 8753E SN: US37380585 18-0Oct-01 (in house check Oct-15) In house check: Oct-16
Name Function Signat I
Calibrated by: Claudio Leubler Laboratory Technician l" C
/
A 3

Approved by: Katja Pokavic Technical Manager M

Issued: April 23, 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
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression paint
CF crest factor (1/duty_cycle) of the RF signal
A B.C,D modulation dependent linearization parameters
Polarization ¢ @ rotation around probe axis
Palarization 8 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 3 =0 is normal to probe axis
Connectar Angle information used in DASY system to align probe sensor X to the robot coordinate system
Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "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

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

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

Methods Applied and Interpretation of Parameters:

NORMzx,y,z: Assessed for E-field polarization 8 = 0 (f = 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMzx,y,z are only intermediate values, i.e., the uncerfainties of NORMx,y,z does not affect the E2-field
uncertainty inside TSL (see below ConvF).

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

DCPx,y,z: DCP are numerical linearization 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 calibrated but determined based on the signal
characteristics

Ax,y.z; Bx,y,z; Cx,v,z; Dx,y,z; VRx,.z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is 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 on power
measurements for f = 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMSx,y,z * ConvF whereby the uncertainty corresponds to that giver for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz.

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

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: ET3-1528_Apr16 Page 2 of 11



ET3DVE - SN:1528 April 22, 2016

Probe ET3DV6

SN:1528

Manufactured: March 21, 2000
Calibrated: April 22, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: ET3-1528_Apri16 Page 3 of 11



ET3DV6E- 5N:1528 April 22, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1528

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uV/A(V/m)?)" 148 1,86 158 +101%
DCP (mV)® 976 101.3 100.2

Modulation Calibration Parameters

uiD Communication System Name A B c D VR Unc®
dB dBVuv dB mV (k=2)
0 cw X 0.0 0.0 1.0 000 | 2973 | %35%
Y 0.0 0.0 1.0 280.3
Z 0.0 0.0 1.0 260.9

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

* The uncerainties of Nom X.Y.Z do not affect the E-field uncertainty inside TSL (see Pages 5 and 6).

® Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.

Certificate No: ET3-1528_Apri6 Page 4 of 11



ET3DVE- SN:1528 April 22, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1528

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity" (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.43 6.43 6.43 0.80 1.77 +12.0%
835 415 0.90 6.22 6.22 6.22 0.57 2.14 +120%
900 41.5 0.97 6.04 6.04 6.04 0.35 2.82 +12.0 %
1450 40.5 1.20 5.30 5.30 5.30 0.70 2.08 +12.0%
1750 40.1 1.37 522 5.22 522 0.79 2.11 +12.0%
1900 40.0 1.40 5.08 5.08 5.08 0.80 2.07 +12.0%
2100 39.8 1.49 518 5.18 5.18 0.80 1.95 +12.0%

¢ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated fraquency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

" At frequencies below 3 GHz, the validity of lissue parameters (¢ and ) can be relaxed to + 10% if liquid compansation formula is applied to
measured SAR values, At frequencies above 3 GHz, the validity of tissue parameters (s and ) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target lissue parameters.

€ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always lass than + 1% for frequencies below 3 GHz and belaw + 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip
diameter fram the boundary.

Certificate No: ET3-1528_Apr16 Page 5 of 11



ET3DV6- SN:1528 April 22, 2018

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1528

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth = Unc

f (MHz) Permittivity " (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® (mm) (k=2)
750 55.5 0.96 6.11 6.11 6.11 0.66 1.83 +120%
835 66.2 0.97 6.05 6.05 6.05 0.37 2.61 £120%
900 55.0 1.05 5.93 5.93 5.93 0.53 2.13 +120%
1450 54.0 1.30 5.08 5.06 5.06 0.80 1.94 +12.0 %
1750 53.4 1.49 4.73 473 4.73 0.80 2.50 +12.0%
1900 53.3 1.52 4.60 460 4.60 0.80 2.40 +12.0%
2100 53.2 1.62 4.75 4.75 4.75 0.80 2.19 +12.0%

€ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (sea Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band, Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respeclively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

" Atfrequencies below 3 GHz, the validity of tissue paramaters (: and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (1 and «) is restricted lo + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration, SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always lass than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half tha probe tip
dismeter fram the boundary.

Certificate No: ET3-1528_Apri6 Page & of 11



ET3DV6- SN:1528 April 22, 2016

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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ET3DV6- SN:1528 April 22, 2016

Receiving Pattern (¢), 9 =0°

f=1800 MHz,R22 =600 MHz, TEM
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ET3DVG- SN:1528

Dynamic Range f(SARcad)
(TEM cell , fvar= 1900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)

April 22, 2016
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ET3DVE- SN:1528 April 22, 2016

Conversion Factor Assessment

f = 900 MHz, WGLS R9 (H_convF) f = 1750 MHz,WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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ET3DVE- SN:1528

April 22, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1528

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 226
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Praobe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface 4 mm

Certificate No: ET3-1528_Apr16 Page 11 of 11
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Calibration Laboratory of "\@7 4, S Schweizerischer Kalibrierdienst

Schmid & Partner % ¢ Service suisse d'étalonnage
Engineering AG ek s Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % ""m w 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
Muitiiateral Agreement for the recognition of calibration certificates

Client UL RFI UK

|CALIBRATION CERTIFICATE

ET3DV6 - SN:1586

Certificate No: ET3-1586_May15

Object

QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration procedure(s)

Calibration date:

May 22, 2015

This calibration certificate documents the traceabllity te national standards, which realize the physical units of measurements (SI)
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Appraved by

Katja Pakovic

Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration
Power meter E44198 GB41293874 01-Apr-15 (No. 217-02128) Mar-18
Power sensor E4412A MY41498087 01-Apr-15 (No. 217-02128) Mar-18
Reference 3 dB Attenuator SN: 85054 (3e) 01-Apr-15 (No. 217-02129) Mar-18
Reference 20 dB Attenuator SN: 85277 (20x) 01-Apr-15 (No. 217-02132) Mar-18
_Eefarence 30 dB Attenuator SN: 55124 (30b) 01-Apr-15 (No. 217-02133) Mar-18
Refarence PrnbEESSDVE SN: 3013 30-Dec-14 (No. ES3-3013_Decl4) Dac-15
DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16
Secondary Standards 18] Check Date (in house) Scheduled Check
RF generator HP 86480 US3642U01700 4-Aug-99 (in house check Apr-13) In house check; Apr-16
Network Analyzer HP 8753E 537380585 18-0ct-01 (in house check Dat-14) In house check: Oct-15
Name Funetian Signature
Calibrated by: Israe Elnaoug Laboratory Technician

/c.;',{. f” "“’“‘f

Issued: May 25, 2015

Cerlificate No: ET3-1586_May15
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Calibration Laboratory of

i 5 Schweizerischer Kalibrierdianst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization & 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
j.e.. 8 =0 is normal to prabe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 82209-1, “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

Methods Applied and Interpretation of Parameters:
= NORMx,y z: Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
NORMzx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).
= NORM(f)xy.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncerfainty of ConvF,

* DCPxyz: DCP are numerical linearization 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 calibrated but determined based on the signal
characteristics

= Axy.z Bxyz Cxyz Dxyz VRxyz A B, C D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VK is the maximum calibration range expressed in RMS valtage 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
measurements for f = 80D MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

= Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

= Sensor Offsel: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis), No tolerance required.

» Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: ET3-1586_May15 Page 2 of 11



ET3DVE - SN:1586 May 22, 2015

Probe ET3DV6

SN:1586

Manufactured: May 7, 2001
Calibrated: May 22, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: ET3-1586_May15 Page 3 of 11



ET3DV6- SN:1586

May 22, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1586

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (pV/(V/im)5)™ 1.86 1.91 1.95 101 %
DCP (mV)" 98.8 998.0 100.7
Modulation Calibration Parameters o
uiD Communication System Name A B c D VR Unc*
dB | dBvVpV dB mv (k=2)
0 cW X | 00 0.0 10 | 000 | 2235 | +35%
E Y 0.0 0.0 1.0 226.6
Z 0.0 EO 1.0 22589

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

* The uncartainties of NormX, ¥ Z do not affect the E*field uncertainty inside TSL (see Pages 5 and 6).

5 Nurmerical linearization parameter: uncertainty not required.

F Uncertainty is determined using the max. devialion fram linear response applying rectangular distribution and is expressed for the squars of the

field value.

Certificate No: ET3-1586_May15
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ET3DVE- SN:1586 May 22, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1586

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity" (sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 6.60 6.60 6.60 0.31 3.00 | +12.0%
835 41.5 0.90 6.31 6.31 6.31 0.36 3.00 | +12.0%
900 41.5 0.97 6.17 6.17 6.17 0.38 3.00 | +12.0%
1450 40.5 1.20 5.36 5.36 5.36 0.56 232 | £120%
1750 40.1 1.37 5.28 5.28 528 | 0.72 213 | +120%
1900 40.0 1.40 5.07 5.07 5.07 0.80 207 | £12.0%
2100 39.8 1.49 5.11 5.11 5.11 0.80 1.94 | £120%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4 4 and higher (see Page 2), else || i3 restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty al calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz fraquency
validity can be extended to + 110 MHz.

" At frequencies below 3 GHz, the validity of tissue parameters (= and «) can be relaxed lo + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (= and «) is restricted to + 5%, The uncerainty is the RSS of
the ConvF uncertainty for indicated targe! tissue parameters.

“ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% faor frequencies below 3 GHz and below + 2% for frequencies between 3.6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No: ET3-1586_May15 Page 5 of 11



ET3DVE- SN;1586 May 22, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1586

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity " (sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.36 6.36 6.36 0.29 3.00 +12.0%
835 55.2 0.97 6.22 6.22 6.22 0.31 3.00 +120%
900 55.0 1.05 6.06 6.06 6.06 0.34 3.00 +12.0%
1450 54.0 1.30 5.07 5.07 5.07 0.57 2.38 +12.0 %
1750 53.4 1.49 4.81 4.81 4.81 0.76 2.56 +12.0%
1900 _53.3 1.52 4,64 4.64 4.64 0.80 2.43 +12.0%
2100 53.2 1.62 4.77 477 477 0.80 2.06 +12.0 %

" Frequenay validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to = 50 MHz. The
uncertainty is the R3S of the ConvF uncertainty at calibration frequency and the uneertainty for the indicated frequency band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments al 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz,

" At frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (= and a) is restricted to + 5%. The uncertainty Is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

“ Alpha/Depth are determined during calibration, SPEAG warrants that tha remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies betwsen 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No: ET3-1586_May15 Page 6 of 11



ET3DVE- SN:1586 May 22, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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ET3DV6- SN:1586

f=1800 MHz,R22

Receiving Pattern (¢), 9 = 0°
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May 22, 2015

a0 ]
135 an 135
A =
a ®
.
¥ i
- -— -
"
* ¥ &
146 . ~- n 180 L] £ . 0
. B2, D4 D& D8 03, D& DS DA
2 S ¥ 3 e ®
= P =
i i .
A B
L] L}
. &
- i b - s
228 315 28 35
= 370
L L] T a & [ ]
Tot X b4 2 Tat X Z
— i i i s !
K : : : ; :

Error [dE]

0. 5weee

t :
: :
| :
i :
i i

: :
:

proipm g Wl pmpoe g B g g e B )

004 e—p—ete —.tﬂ—r‘liat;ﬂ-h._..._@ IS S S H-t-nl—i—;—-i——t—-ﬂ-l '-t—i«é.; -8 8+
- : : r i ! ' 4

1 i I

13@'T.1IH:

-1@)0 -gD 5

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ET3DVe- SN:1586 May 22, 2015

Dynamic Range f(SAReaq)
(TEM cell , foyz= 1900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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ET3DV6- SN:1586 May 22, 2015

Conversion Factor Assessment

f =900 MHz WGLS R9 (H_convF) f=1750 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ET3DVE- SN:1586

May 22, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1586

Other Probe Parameters

Sensor Arrangement Triangular
" Connector Angle (%) L 124.6
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 2 10 mm
Tip Diameter 6.8 mm
Probe Tip te Sensor X Calibration Point 27 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point 27 mm
Recommended Measurement Distance from Surface 4 mm

Certificate No: ET3-1586_May15 Page 11 of 11



4’“‘?{ C],—e wle-ge

M Noree

08 ee) 2ol v
H g i,
Callbratlon Labnratory of £ :‘\i\:}; s Schweizerischer Kalibrierdienst
Schmid & Partner M‘ ; c Service suisse d'étalonnage
Engineering AG = Servizio svizzero di taratura
g o s
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

client UL RFIUK Certificate No: ET3-1529_May15

|CALIBRATION CERTIFICATE I

Object ET3DV6 - SN:1529

Calibration procedure(s) QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration date: May 22, 2015

This calibration certificate documents the traceability 1o national standards, which realize the physical unils of measurements (S1),
The measurements and the uncertainties with confidence probability are given on the following pages and are par of Lhe certificate.

All calibrations have been conducted in the closed |aboratary facility. envirenment temperature (22 + 3)°C and humidity < 70%

Calibration Equipment used (M&TE eritical for calibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 01-Apr-15 (No. 217-02128) Mar-16
Power sensor E4412A MY41488087 01-Apr-15 (No. 217-02128) Mar-16
Reference 3 dB Altenuator SN: 55054 (3c) 01-Apr-15 (No. 217-02129) Mar-16
Reference 20 dB Attenuator SN 55277 (20x) 01-Apr-15 (No, 217-02132) Mar-16
Reference 30 dB Atlanualor SN: 55129 (30b) 01-Apr-15 (Ne. 217-02133) Mar-16
Referance Probe ES3DV?2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-15
| DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16
Secondary Standards 10 Check Date (in house) Scheduled Check
RF generator HP BE48C US36420U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E LS37390585 18-0ct-01 (in house check Oct-14) In house chack: Oct-15
Name Function Signature
Calibrated by: Israe Elnaoug Labaratory Technician O ;,- E \/‘Z
' b7 = 7 -"
Approved by Katja Pokovic Technical Manager / -C,_., {f ~
/.r"
Issued: May 25, 2015
This calibration certificate shall not be reproduced except in full without wrilten approval of the laboratary.
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Calibration Laboratory of S,

= 2 Schweizerischer Kalibrierdienst
Schmid & Partner %“‘H—-—MJE“E}_ g Service suisse d'élaloennage
Engineering AG Tt Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ?;’ g ”.-I-\‘“ ‘w\:‘“ S Swiss Calibration Service
Accredited by the Swiss Accreditation Servica (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 liguid
NORMx.y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters
Palarization p rotation around probe axis
Folarization 8 4 rotation around an axis that is in the plane narmal to probe axis (at measurement center),
i.e., 8 =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)

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

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

Methods Applied and Interpretation of Parameters:

NORMez,y.z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide),
NORMx,y.z are only intermediate values, i.e., the uncertainties of NORMzx.y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

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

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

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

Ax vz, Bx.y.z: Cx,y,z: Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do nat depend an frequency nor
media. VR is 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 on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
lo NORMzx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz ta + 100
MHz.

Spherical isotropy (3D deviation from isolropy): in a field of low gradients realized using a flat phantom
expased by a patch antenna.

Sensor Offsel: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: ET3-1529_May15 Page 2 of 11



ET3DVE — SN:1529 May 22, 2015

Probe ET3DV6

SN:1529

Manufactured: March 21, 2000
Calibrated: May 22, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: ET3-1529_May15 Page 3 of 11



ET3DV6- SN:1525

May 22, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1529

Basic Calibration Parameters

7 Sensor X Sensor Y ‘SensorZz Une (k=2)
Norm (uV/(V/im)*)" 1.66 1.98 1.80 +10.1 %
| DCP (mV)® 109.1 99.2 99.5
Modulation Calibration Parameters
uiD Communication System Name A B c D VR Unc™ |
dB dBvpv dB mvy (k=2)
0 cW X 00 | 00 1.0 000 | 2486 | +33%
: Y 0.0 0.0 1.0 2492 &K
13 ¥ 0.0 0.0 1.0 2427

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

" The uncertainties of NormX.Y Z do not affect the E-field uncerainty Inside TSL (see Pages 5 and ).

¥ Numerical linearization parameler: uncertainty not requirad.

Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificale No: ET3-1529_May15

Page 4 of 11




ET3DVE- 5N:1529 May 22, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1529

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity " (S/m)" ConvFX | ConvFY | ConvFZ | Alpha®| (mm) | (k=2)
750 41.9 0.89 6.36 6.36 6.36 0.31 3.00 +12.0%
835 41.5 0.90 .12 6.12 6.12 0.32 3.00 +12.0%
900 41.5 0.97 6.03 6.03 6.03 0.37 2.59 +12.0%
1450 40.5 1.20 513 5.13 5.13 0.50 2.95 +12.0 %
1750 40.1 1.37 5.08 5.08 5.08 0.78 2.16 +12.0 %
1900 40,0 1.40 4.85 4.85 4.85 0.80 2.07 +12.0%
2100 39.8 1.49 4.89 4.89 4.89 0.80 1.90 +12.0%

" Frequency validity sbove 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it s restricted to + 50 MHz. Tha
uncertainty is the RSS of the ConvF uncertainly at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
beslow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respactively. Above 5 GHz frequency
validity can be extended 1o + 110 MHz

" Al frequencies below 3 GHz, the validity of tissue parameters (= and o) can be relaxed ta + 10% |f liquid compensation formila is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) Is restficted to + 5%. The uncartainty is the RS of
Lhe ConvF uncertainty for Indicated largel tissue parameters,

“ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies betwsen 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary,

Certificate No: ET3-1528_May15 Page 5 of 11



ET3DV6- SN:1528 May 22, 2015

DASY/EASY - Parameters of Probe; ET3DV6 - SN:1529

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity " (Sim)" | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.13 6.13 6.13 0.43 2.46 +12.0 %
835 55.2 0.97 5.98 5.98 5.98 0.37 2.65 £12.0%
300 55.0 1.05 5.80 5.80 5.80 0.39 2.67 +12.0 %
1450 54.0 1.30 4.86 486 4.86 0.80 2.03 +12.0%
1750 53.4 1.49 4.60 4.60 4.60 0.80 2.39 +12.0%
1900 53.3 1.52 442 442 4.42 (.80 2.44 +12.0 %
2100 53.2 1.62 4.58 4.58 4.58 0.80 2.20 +12.0%

“ Frequency validily above 300 MHz of + 100 MHz only applies for DASY v4 4 and higher (see Page 2), else it is restricted lo = 50 MHz. The
uncertainty is the RSE of the ConvF uncertainty al calibration frequency and the uncertainty for the indicated frequency band, Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively, Abave 5 GHz frequency
validity can be extended to + 110 MHz,

" At frequencies below 3 GHz, the validity of tissue paramaeters (e and o) can be relaxed to + 10% if liquid compensation formula I applied to
measurad SAR values, At frequencies above 3 GHz, the validity of tissue parameters (= and a) is restricted to + 5%. The Uncertainty is the RSS of
the ConvF uncertainty for indicated targel lissue paramaeters,

“ Alpha/Depth are determined during calibration, SPEAG warrants that the remaining deviation due to (he boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies batween 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary

Certificate No: ET3-1529 May15 Page 6 of 11



ET3DV6- SN:1529 May 22, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

Frequency response (normalized)
-
=
L]
L]
L
&
*

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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ET3DVE- SN:1529 May 22, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ET3DV6- SN:1529 May 22, 2015

Dynamic Range f(SARycad)

(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: % 0.6% (k=2)
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ET3DV6- SN:1529

May 22, 2015

Conversion Factor Assessment

f =900 MHz WGLS RS (H_convF) f=1750 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ET3DV6- SN:1529

May 22, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1529

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -5.9
' Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
" Probe Overall Length ' 337 mm
"Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor Y Calibration Paoint 2.7 mm
Probe Tip to Sensor Z Calibration Paint 2.7 mm
Recommended Measurement Distance from Surface 4 mm |

Cerlificate No: ET3-1529_May15
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Client UL RFI UK

0 | oen) 1§

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: ES3-3341_Aug15

CALIBRATION CE

RTIFICATE _

Object

Calibration procedure(s)

Calibration date:

ES3DV3 - SN:3341

QA CAL-01.v9, QA CAL-12.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

August 25, 2015

Calibration Equipment used (M&TE critical for calibration)

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

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibrated by:

Approved by:

Claudio Leubler

Katja Pokovic

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

Power meter E4419B GB41293874 01-Apr-15 (No. 217-02128) Mar-16

Power sensor E4412A MY41498087 01-Apr-15 (No. 217-02128) Mar-16

Reference 3 dB Attenuator SN: 85054 (3c) 01-Apr-15 (No. 217-02129) Mar-16

Reference 20 dB Attenuator SN: §5277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Reference 30 dB Attenuator SN: 85129 (30b) 01-Apr-15 (No. 217-02133) Mar-16

Reference Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-15

DAE4 SN: 660 14-Jan-15 (No. DAE4-660_Jan15) Jan-16

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

RF generator HP 8648C US3642001700 4-Aug-99 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function

Laboratory Technician

Technical Manager

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

Signa\t re
|
Jat

" g

Issued: August 25, 2015
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Page 1 of 11



Calibration Laboratory of

p S Schweizerischer Kalibrierdienst

Schmid & Partner c Service suisse d'étalonnage

Engineering AG s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters
Polarization ¢ i rotation around probe axis
Polarization § 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., # =0is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system
Calibration is Performed According to the Following Standards:

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

b) 1EC 62209-1, "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 62208-2, "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"

Methods Applied and Interpretation of Parameters:

NORMX,y,z: Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

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

DCPx,y,z: DCP are numerical linearization 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 calibrated but determined based on the signal
characteristics

Ax.y,z; Bx,y,z; Cx,y,z; Dx,y,z: VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is 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 on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMXx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

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

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: ES3-3341_Aug15 Page 2 of 11



ES3DV3 — SN:3341 August 25, 2015

Probe ES3DV3

SN:3341

Manufactured:  March 15, 2012
Calibrated: August 25, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ES3DV3- SN:3341

August 25, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3341

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)*)® 1.04 1.14 1.07 +101 %
DCP (mV)® 107.5 104.4 107.1
Modulation Calibration Parameters
uID Communication System Name A B c D VR Unc"
dB dBVuVv dB mV (k=2)
0 Ccw X 0.0 0.0 1.0 0.00 194.4 +3.3 %
i 4 0.0 0.0 1.0 199.7
Z 0.0 0.0 1.0 194.4

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

* The uncertainties of Norm X.Y,Z do not affect the E*field uncertainty inside TSL (see Pages 5 and 6),

¥ Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: ES3-3341_Aug15
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ES3DV3- SN:3341 August 25, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3341

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity " (s/m)© ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 435 0.87 6.82 6.82 6.82 0.19 1.90 +13.3%
750 41.9 0.89 6.53 6.53 6.53 0.22 2.52 +120%
835 41.5 0.90 6.42 6.42 6.42 0.80 1.15 +12.0%
900 41.5 0.97 6.17 6.17 6.17 0.53 1.42 +12.0%
1450 40.5 1.20 5.39 5.39 5.39 0.35 1.76 +12.0%
1750 40.1 1.37 5.27 5.27 5.27 0.76 117 +120%
1900 40.0 1.40 5.07 5.07 5.07 0.75 1.20 £12.0%
2100 39.8 1.49 5.12 512 5.12 0.52 1.49 +12.0%
2300 39.5 1.67 4.80 4.80 4.80 0.62 1.40 +12.0%
2450 39.2 1.80 4.50 4.50 4.50 0.80 1.25 +12.0%
2600 39.0 1.96 4.33 4.33 4.33 0.75 1.27 +12.0%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

" At frequencies below 3 GHz, the validity of tissue parameters (¢ and ) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

s Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than = 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No: ES3-3341_Aug15 Page 5 of 11



ES3DV3- SN:3341 August 25, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3341

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity " (Stm) " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 56.7 0.94 7.33 7.33 7.33 0.15 1.50 +133%
750 55.5 0.96 6.37 6.37 6.37 0.30 1.93 +12.0%
835 55.2 0.97 6.33 6.33 6.33 0.48 1.53 +12.0%
900 55.0 1.05 6.14 6.14 6.14 0.36 1.85 +12.0%
1450 54.0 1.30 5.16 5.16 5.16 0.34 1.87 +120%
1750 53.4 1.49 4.93 4.93 4.93 0.72 1.31 +12.0%
1900 53.3 1.52 4.78 4.78 4.78 0.68 1.40 +12.0%
2100 53.2 1.62 4.88 4.88 4.88 0.80 1.31 +12.0 %
2300 52.9 1.81 4.54 4.54 4,54 0.80 1.15 +12.0%
2450 52.7 1.95 4.31 4.31 4.31 0.80 1.16 +12.0%
2600 52.5 2.16 4.10 4.10 4.10 0.80 1.20 +12.0%

“ Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band, Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (= and &) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (& and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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ES3DV3- SN:3341

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

August 25, 2015

Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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ES3DV3- SN:3341 August 25, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ES3DV3- SN:3341
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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August 25, 2015
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ES3DV3- SN:3341 August 25, 2015

Conversion Factor Assessment

f = 900 MHz, WGLS RS (H_convF) f= 1750 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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ES3DV3- SN:3341

August 25, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3341

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 106.8
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm
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Accredited by the Swiss Accreditation Service (3A3)
The Swiss Accreditation Service is one of the signatories to the EA ('|
Multilateral Agreement for the recognition of calibration certificates ./

UL RFI UK

|CAL|BRATION CERTIFICATE

ES3DV3 - SN:3335

\H' Accreditation Ne.: SCS 0108

Client Certificate No: ES3-3335_Juli15

QObject

QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Calibration procedure(s)

July 23, 2015

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (8.
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificale.

All calibrations have been conducted in the closed laboratory tacility: environment temperature (22 + 3)°C and humidity = 70%.

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate shall nat be reproduced except in full withaut written approval of the laboralory.

-E";lmary Standards 10 Cal Date (Ceortificate No.) Scheduled Calibration
| Power meter £44198 GB41293874 01-Apr-15 (No. 217-02128) Mar-16
Pawer sensor E4412A MY4 1498087 01-Apr-15 (No. 217-02128) Mar-16
_Reference 3 dB Attenuator SN: 55054 (3c) 01-Apr-15 (No. 217-02129) Mar-16
Reference 20 dB Attenuator SN: 55277 (20%) D1-Apr-15 (No, 217-02132) Mar-16
| Refersnce 30 dB Alteruator SN: 55129 (30b) 01-Apr-15 (No. 217-02133) Mar-16
Reference Probe ES30V2 SN: 3013 30-Dec-14 (No. ES3-3013_Dec14) Dec-15
_DAE4 SN: 660 14-Jan-15 (No. DAE4-660 Jan15) Jan-16
Secondary Standards 1D Check Date (in hause) Scheduled Check
RF generator HP B648C LiS3642001700 4-Aug-94 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E US37390585 18-0ct-01 (in house check Oct-14) In house check: Oct-15
arha MName Funation Sgnatufe
Calibrated by: Claudio Leubler Laboratory Technician . 'v".h
Appraved by! Katja Pokovic Technigal Manager _;;*.T-':-"z;";? ,,{-::T‘-r'-'f}"’
/é- - & 'l--;b-— —~
-

lssued July 23, 2015

Caertificate No: ES3-3335_Jul1s
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Calibration Laboratory of

5 Schweizerischer Kalibrierdienst
Schmid & Pariner C Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
heeredited 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
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL/ NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameaters
Polarization ¢ rotation around probe axis
Polarization & 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 4 = 0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

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 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

NORMz.y,z: Assessed for E-field polarization 8 = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
NORMz,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

NORM(fx,y,z = NORMx,y.z * frequency_response (see Frequency Response Chart). This linearizalion is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency respanse is included
in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical lingarization 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 calibrated but determined based on the signal
characteristics

Ax.y.z: Bx,y.z: Cx,y.z: Dx,y.z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is 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 on power
measurements for f > BOO MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramelers are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncerlainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

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

Sensor Offset: The sensor offset corresponds to the offset of vitual measurement center from the probe tip
(on probe axis). No tolerance reguired.

Connectar Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty reguired).

Certificale No: ES3-3335_Jul15 Page 2 of 11



ES3DV3 - SN:3335 July 23, 2015

Probe ES3DV3

SN:3335

Manufactured:  January 24, 2012
Calibrated: July 23, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systern!)
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ES3DV3- 8N:3335 July 23, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3335

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uV/(V/m)5)* 1.07 1.08 113 £101% |
DCP (mV)" 103.1 107.3 106.3
Modulation Calibration Parameters .
uiD Communication System Name A B c D VR Unc"
e A dB dBV v dB mV (k=2)
0 CcW X 0.0 0.0 1.0 0.00 | 1919 | 438%
v - Yy | 00 0.0 -1 191.2
z 0.0 0.0 1.0 198.9

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

* The uncertainties of Norm X.¥ Z do not affect the E”-field uncertainty inside TSL (see Pages 5 and §)

¥ Numerical linearization parameter: uncertainty not required,

£ Uncartainty l= determined using the max. deviation from iinear response applying rectangular distribution and is expressed for the square of the
field value

Certificate No: ES3-3335_Juls Page 4 of 11




ES3DV3- SN 3335

July 23, 2015

DASY/EASY - Parameters of Probe;: ES3DV3 - SN:3335

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc
f(MHz)¢ | Permittivity (Sim) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.57 B.57 .57 0.23 2.33 +12.0% |
835 415 0.90 6.30 6.30 6.30 0.72 1.20 £120%
900 41.5 0.97 6.19 6.19 6.19 0.21 2.67 +12.0 %
1450 40.5 1.20 5.30 5.30 5.30 0.22 2.40 +12.0 %
1750 40.1 1,37 5.24 5.24 5.24 0.57 1.39 +12.0 %
1900 40.0 1.40 5.07 5.07 5.07 0.79 1.18 +12.0%
2100 39.8 1.49 5.08 5.08 5.08 0.78 1.21 +12.0 %
2300 39.5 1.67 478 4.78 4.78 0.78 1.23 +12.0%
2450 30.2 1.80 442 442 4.42 0.75 126 | +120%
2600 30.0 1.96 433 4,33 4.33 0.76 1.29 +12.0%
3500 37.9 29 4.25 4.25 4.25 0.95 1.16 +131%

i Frequency valldily above 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else |l is restricted to + 50 MHz. The
uncertainty i the RSS of the ConvF uncertainty at calibration frequency and the uncartainty for the indicated frequency band. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

validity can be extended to + 110 MHz.

" At frequencies below 3 GHz, the validity of tissue parameters (s and o) can be relaxed to + 10% If liquid compensation formula is applied to
measured SAR values, At frequencies above 3 GHz, the validity of tissue parameters (¢ and a) is restrictad to £ 5% The uncertainty 15 the RS5 of
the ConvF uncertainty for indicated targel tissue parametars.
" Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation (=
always less than = 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the probe lip
diameter fram the boundary.

Certificate No: ES3-3335_Jul15
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ES3DV3—SN:3335 July 23, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3335

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unc
| £(MHz)® | Permittivity” | (Sim)" ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.13 6.13 6.13 0.80 1.13 +12.0 %
835 55.2 0.97 6.04 6.04 6.04 0.50 1.51 +12.0 %
800 55.0 1.05 5.97 597 597 0.80 1.47 +12.0% |
1450 54.0 1.30 5.10 5.10 5.10 0.33 2.01 +12.0%
1750 53.4 1.49 4.89 4.89 4.89 0.54 1.53 +12.0 %
1900 53.3 1,52 4.71 4.71 4.71 0.46 1.72 +£12.0% |
2100 53.2 1.62 4.83 4.83 4.83 0.77 1.29 +12.0%
2300 52.9 1.81 4.46 4.46 4.46 0.76 1.31 +12.0%
2450 52.7 185 | 4N 431 | 4.3 0.80 | 1.08 +12,0%
2600 52.5 216 4,16 4.16 4,16 0.80 0.80 +12.0 %
3500 51.3 3.31 3.83 3.83 3.83 0.90 1.34 +131% |

® Frequency validity above 300 MHz of + 100 MMz only applies for DASY vd.4 and higher (see Page 2), else It is restricted to £ 50 MHz. The
uncertainty is the RSE of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band, Frequency valldity
helow 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 84, 128, 150 and 220 MHz respectively. Abova 5 GHz frequency
validity can be extended to £ 110 MHz.

" Al frequencies below 3 GHz, the validily of tissue parameters (£ and =) can be relaxed to = 10% If liquid compensation formula is applied to
measured SAR values, At frequencies abave 3 GHz, the validity of tissue parameters (¢ and o) is restricled to + 5% The uncartainty js the R3S of
the ConvF uncenainty for indicated target lissue parameters.

o) Alpha/Depth are determined during calibration. SPEAG warrants that the remalning deviation due to the boundary effect after compansation is
always less than + 1% for frequencies below 3 GHz and below = 2% for fraquencies between 3.6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No: ES3-3335_Jul1s Page 6 of 11



ES3DV3- SN:3335 July 23, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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ES3DV3- 5N:3335

July 23, 2015

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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ES3DV3- SN:3335 July 23, 2015

Dynamic Range f(SARead)
(TEM cell , fova= 1900 MHz)
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Uncertainty of Linearity Assessment: % 0.6% (k=2)

Certificate No: ES3-3335_Jul15 Page 9 of 11



ES3DV3- SN:3335 July 23, 2015

Conversion Factor Assessment

f = 500 MHz, WGLS RS (H_convF) f= 1750 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ES3DV3- SN:3335

July 23, 2015

DASY/EASY - Parameters of Probe; ES3DV3 - SN:3335

Other Probe Parameters

Sensor Arrangement Triangular |
Connector Angle (%) 579 |
Mechanical Surface Detection Mode enabled |
Dptibél Surface Detection Mode disabled
Probe Overall Length = 337 mm
“Probe Body Diameter 10 mm
Tip Length " 10 mm |
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Paint 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3 mm
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Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Client UL RFI UK

Schweizerischer Kalibrierdienst

Service suisse d'atalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: EX3-3994_ Mar16/2

CALIBRATION CERTIFICATE (Replacement of No: EX3-3994_Mar16)

Object

Calibration procedure(s)

Calibration date:

EX3DV4 - SN:3994

QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

March 21, 2016

Calibration Equipment used (M&TE critical for calibration)

This callbration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Approved by:

Katja Pokovic

Technical Manager

This calibration certificate shall not be reproduced excapt in full without written approval of the laboratory.

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

Power meter E4419B GB41293874 01-Apr-15 (No. 217-02128) Mar-16

Power sensor E4412A MY41498087 D1-Apr-15 (No. 217-02128) Mar-16

Reference 3 dB Attenuator SN: 85054 (3c) 01-Apr-15 (No, 217-02129) Mar-16

Reference 20 dB Attenuator SN: 55277 (20x) 01-Apr-15 (No. 217-02132) Mar-186

Reference 30 dB Attenuator SN: 85129 (30b) 01-Apr-15 (No. 217-02133) Mar-16

Reference Probe ES3DV2 SN: 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16

DAE4 SN: 660 23-Dec-15 (No. DAE4-660_Dec15) Dec-16

Sacondary Standards ID Check Date (in house) Scheduled Check

RF generator HF BG48C US3642001700 4-Aug-89 (in house check Apr-13) In house check: Apr-16

Netwark Analyzer HP B753E US37330585 18-0Oct-01 (in house check Oct-15) In house check: Oct-16
Nama Function Signature

Calibratad by: Leif Klysner Laboratory Technician

5/ /g/f

e

Issued: May 10, 2016

Certificate No: EX3-3994_Mar16/2

Page 1 of 38




Calibration Laboratory of \\é& 3

: A e 5 Schweizerischer Kalibrierdienst
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG g g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ﬁﬁ‘“}:“ Swiss Calibration Service
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The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of callbratlon certificates
Glossary:
TSL tissue simulating liquid
NORMzx.y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A,B,C,D modulation dependent linearization parameters
Polarization ¢ «p rotation around probe axis
Paolarization & 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e.. 8 = 0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robet coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

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

KDB 865664, "SAR Measurement Requirements 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; f > 1800 MHz: R22 wavegmde)
NORMzx.y,z are anly intermediate values, i.e., the uncertainties of NORMx,y.z does not affect the E % field
uncertainty inside TSL (see below ConvF).

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

DCPx,y,z: DCP are numerical linearization 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 calibrated but determined based on the signal
characteristics

Axy,z; Bx,y.z; Cx,v.z; Dx,v.z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is 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 on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

Spherical isofropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset; The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the infarmation gained by determining the NORMx (no
uncertainty required).

Certificate No: EX3-3994_Mar16/2 Page 2 of 38



EX3DV4 — SN:3994 Mareh 21, 2016

Probe EX3DV4

SN:3994

Manufactured:  January 21, 2014
Calibrated: March 21, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: EX3-3994_Mar16/2 Page 3 of 38



EX3DV4- 5N:3994

March 21, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3994

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Une (k=2)
Norm (pV!(VfITI)z_)A 0.50 0.50 0.43 +10.1 %
DCP (mV)" 101.2 101.2 96.5
Modulation Calibration Parameters
uip Communication System Name A B c D VR Unc®
dB dBvVuv d8 mV (k=2)
0 Ccw X 0.0 0.0 1.0 0.00 1857 +3.0%
Y 0.0 0.0 1.0 183.5
Z 0.0 0.0 1.0 177.0
Note: For details on UID parameters see Appendix.
Sensor Model Parameters
C1 c2 a T T2 T3 T4 T5 T6
fF fF s ms.V™? ms. V™' ms Ve v
X 64.44 483.3 36.1 24 .54 1.628 5.046 0.743 0.447 1.007
Y 53.08 404.3 35.87 21.79 1.722 5.007 0.175 0.525 1.004
Z 58.14 448.8 38 23.28 1.723 5.019 0 0.516 1.005

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

* The uncertainties of Norm X,Y,Z do not affect the E™-field uncertainty inside TSL (see Pages 5 and 6).

Numerical linearization parameter: uncertainty not required.

Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
fiald value.
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Mareh 21, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3994

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity" (Sim)F ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 41.9 0.89 10.32 10.32 10.32 0.65 0.80 +12.0%
835 415 0.90 9.79 9.79 9.79 0.57 0.86 +120%
900 415 0.97 9.42 9.42 9.42 0.47 0.95 +12.0%
1450 40.5 1.20 8.72 8.72 8.72 0.43 0.80 +12.0%
1750 401 1.37 8.42 8.42 8.42 0.34 0.80 +12.0%
1900 40.0 1.40 8.14 8.14 8.14 0.31 0.87 +120%
2100 38.8 1.49 8.26 8.26 8.26 0.36 0,80 +12.0%
2300 39.5 1.67 7.71 7.71 7.71 0.29 0.80 +12.0%
2450 39.2 1.80 7.36 7.36 7.36 0.32 0.80 +12.0%
2600 39.0 1.96 7.07 7.07 7.07 0.37 0.80 +12.0%
5250 35.9 4.71 5.20 5.20 5.20 0.35 1.80 +13.1 %
5600 35.5 5.07 4.50 4.50 4.50 0.50 1.80 +13.1%
5750 354 5.22 4.51 451 4.51 0.50 1.80 +13.1 %

£ Frequency validity above 300 MHz of + 100 MHz anly applies for DASY v4.4 and higher (see Page 2), else it is restricted to £ 50 MHz. The
uncertainty is the RSS of the ConvF uncartainty at calibration frequency and the uncertainty for the indicated frequency band, Fraguency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

validity can be extended to + 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (= and o) can be relaxad to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of lissue parameters (s and o) is restricted to + 5%. The uncertainty is the RSS of

the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due ta the boundary effect after compenszation is

always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip

diameter from the boundary.

Certificate No: EX3-3994_Mar16/2

Page 5 of 38




EX3DV4- SN:3994 March 21, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3994

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth© Unc

f(MHz)€ | Permittivity" (Sim) " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.93 9.93 9.93 0.54 0.80 +12.0 %
835 55.2 0.97 9,73 9.73 9.73 0.44 0.89 +12.0%
900 55.0 1.05 9.74 9.74 9.74 0.41 0.90 +12.0%
1450 54.0 1.30 8.47 8.47 8.47 0.32 0.80 £12.0%
1750 53.4 1.49 8.12 8.12 8.12 0.46 0.80 +12.0%
1900 53.3 1.52 7.81 7.81 7.81 0.37 0.85 +12.0%
2100 53.2 1.62 8.10 8.10 8.10 0.28 1.02 +12.0%
2300 52.9 1.81 745 7.45 7.45 0.32 0.95 +12.0%
2450 527 1.95 7.28 7.28 7.28 0.36 0.85 +12.0%
2600 52.5 2.16 6.99 6.99 6.99 0.29 0.95 +12.0 %
5250 48.9 5.36 4.38 4.38 4.38 0.55 1.80 +13.1%
5600 48.5 5.77 3.76 3.76 3.76 0.60 1.90 £13.1%
5750 48.3 594 3.99 3.99 3.99 0.60 1.90 +13.1%

€ Fraguency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to £ 50 MMz, The
uncartalnly is the RSS of the ConvF uncartainty at calibration freguancy and the uncertainty for the indicated frequency band. Frequeney validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments al 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz.

" At frequencies below 3 GHz, the validity of tissue parameters (¢ and ) can be relaxed to = 10% If liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and &) |s restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effact after compensation is
always less than £ 1% for frequencies balow 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the prabe tip
diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Receiving Pattern (¢), 9 =0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARpeaq)
(TEM cell , fo,a= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f= 900 MHz, WGLS RS9 (H_convF) f= 1750 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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March 21, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3994

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -27
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Ceriificate No: EX3-3994_Mar16/2
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Appendix: Modulation Calibration Parameters

uiD Communication System Name A B c D VR Max
dB dBVuv dB mv Unc®
(k=2)
0 CW X 0.00 0.00 1.00 0.00 195.7 +3.0%
ki 0.00 0.00 1.00 183.5
Z 0.00 0.00 1.00 177.0
10010- SAR Validation (Square, 100ms, 10ms) X 6.51 76.69 16.64 10.00 20.0 +9.6%
CAA
Y. 4.27 71.21 14.22 20.0
Z 4,72 72.61 14.88 20.0
10011- UMTS-FDD (WCDMA) X 1.43 73.16 18.77 0.00 150.0 +96%
CAB
b i 1.09 68.15 15.86 150.0
Z 1.43 73.23 18.83 150.0
10012- IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 X 132 65.94 16.890 0.41 150.0 +9.6 %
CAB Mbps)
Y 1.23 64.44 15.58 150.0
d 1.30 65.69 16.83 150.0
10013- IEEE 802.11g WiFi 2.4 GHz (DSS5- X 5.10 66.88 17.39 1.46 150.0 +9.6 %
CAB OFDM. 6 Mbps)
b i 4.97 66.66 17.05 150.0
s 5.06 66.81 17.41 150.0
10021- GS5M-FDD (TDMA, GMSK) X 100.00 117.92 30.54 939 50.0 +9.6%
DAB
Y, 23.03 95.65 2426 50.0
Z 40.87 104.25 26.79 50.0
10023- GPRS-FDD (TDMA, GMSK, TN 0) x 98.13 117.67 30.54 9.57 50.0 +9.6%
DAB
Y 18.04 92.05 23.23 50.0
.2 29.33 99.41 25.52 50.0
10024- GPRS-FDD (TDMA, GMSK, TN 0-1) X 100.00 115.10 28.12 6.56 G60.0 +9.6%
DAB
Y 100.00 112.82 26.88 60.0
L 100.00 113.82 27.38 60.0
10025- EDGE-FDD (TDMA, 8PSK, TN 0) X 17.74 108.93 42.09 12.57 50.0 +96%
DAB
Y 5.96 75.31 27.21 50.0
Z 16.02 106.17 41.14 50.0
10026- EDGE-FDD (TDMA, 8PSK, TN 0-1) X 2143 108.03 37.50 9.56 60.0 +96%
DAB
X 12.07 93.30 31.83 60.0
Z 17.57 103.65 36.10 60.0
10027- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X 100.00 114.64 2711 4.80 80.0 +96%
DAB
Y 100.00 111.49 2548 80.0
Z 100.00 112.98 26.20 80.0
10028- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) X 100.00 115.69 26.86 3.55 100.0 +96%
DAB
Y 100.00 111.47 24.78 100.0
Z 100.00 113.62 25.77 100.0
10029- EDGE-FDD (TDMA, 8PSK, TN 0-1-2) X 12.45 95.25 32.07 7.80 80.0 +9.6%
DAB
Y 8.28 85.45 27.91 80.0
z 10.59 91.97 30.95 80.0
10030- IEEE 802.15.1 Bluetooth (GFSK, DH1) X 100.00 113.80 27.04 530 70.0 +96%
CAA
Y 100.00 110.89 25.50 70.0
Z 100.00 112.19 26.15 70.0
10031- |EEE 802.15.1 Bluetooth (GFSK, DH3) X 100.00 119.08 26.88 1.88 100.0 9.6 %
CAA
Y 100,00 111.20 23.34 100.0
Z 100.00 115.41 25.16 100.0
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10032- IEEE 802.15.1 Bluetooth (GFSK, DHE) X | 100.00 129.54 | 30.14 147 100.0 +96%
CAA

Y | 100.00 11590 | 24.38 100.0

Z | 100.00 124.34 | 27.82 100.0
10033- IEEE 802.15.1 Bluetooth (PI/4-DQPSK, X 37.42 111.13 | 30.80 5.30 70.0 +96%
CAA DHT)

Y 9.13 86.58 22.59 70.0

z 17.26 97.69 26.59 70.0
10034- IEEE 802.15.1 Biuetooth (P1/4-DQPSK, X 11.00 95.71 25.50 1.88 100.0 £9.6%
CAA DH3)

Y 3.89 78.57 18.76 100.0

Z 7.54 89.20 23.01 100.0
10035- IEEE 802.15.1 Blustooth (Pi/4-DQPSK, X 5.65 87.47 22.88 147 100.0 +96%
CAA DHS5)

Y 2.67 75.06 17.35 100.0

Zz 4.67 84.07 21.28 100.0
10036- IEEE 802,15.1 Bluetooth (8-DPSK, DH1) | X 60.17 119.16 | 32.93 530 70.0 +9.6%
CAA

Y 11.03 89.67 23.66 70.0

e 23.43 102.75 28.11 70.0
10037- IEEE 802,15.1 Bluetooth (8-DPSK, DH3) | X 10.50 95.03 25.25 1.88 100.0 £9.6 %
CAA

 f 3.69 77.89 18.47 100.0

Z 7.1 88.41 22.71 100.0
10038- IEEE 802.15.1 Bluetooth (8-DPSK, DHS5) | X 5.95 88.57 2334 1.47 100.0 +9.6%
CAA

Y 2.72 75.58 17.65 100.0

Z 4.89 85.06 21.72 100.0
1003¢- CDMAZ2000 (1xRTT, RC1) X 3.40 81.02 20.67 0.00 150.0 +96%
CAB

X 2.23 74.57 17.31 150.0

Z 3.76 82.65 20.93 150.0
10042- I1S-54 / 1S-136 FDD (TDMA/FDM, PI/4- X | 100.00 113.78 | 27.74 7.78 50.0 +9.6 %
CAB DAPSK, Halfrate)

Y 33.41 98.36 23.38 50.0

Z | 10000 [ 112.71 27.10 50.0
10044- 1S-91/EIAITIA-553 FDD (FDMA, FM) X 0.00 112.12 1.08 0.00 150.0 +9.6 %
CAA

Y 0.00 101.45 3.05 150.0

Zz 0.00 118.00 0.51 150.0
10048- DECT (TDD, TDMA/FDM, GFSK, Full X 16.77 89.94 24.74 13.80 250 +96%
CAA Slot, 24)

Y 9.06 80.54 21.21 25.0

o 10.23 82.70 22.08 25.0
10049- DECT (TDD, TDMA/FDM, GFSK, Double | X 23.93 96.82 2549 10.79 40.0 +9.6 %
CAA Slot, 12)

i d 11.10 8461 21.24 40.0

Z 13.75 88.08 22.51 40.0
10056- UMTS-TDD (TD-SCDMA, 1.28 Meps) X 18.32 95.19 26.76 9.03 50.0 +96%
CAA

Y 10.13 84.16 22.38 50.0

Z 13.16 83.12 24.44 50.0
10058- EDGE-FDD (TDMA, 8PSK, TN 0-1-2-3) X 8.67 87.80 28.66 6.55 100.0 +9.6%
DAB

Y 6.33 80.61 25.37 100.0

Z 7.55 85.18 27.73 100.0
10059- IEEE 802.11b WiFi 2.4 GHz (0SS5, 2 X 1.47 68,12 17.95 0.61 110.0 +9.6 %
CAB Mbps)

Y 1.33 65.93 16.27 110.0

4 1.43 67.66 17.76 110.0
10060- IEEE 802.11b WiFi 2.4 GHz (DSSS, 5.5 X | 100.00 136.18 | 3557 1.30 110.0 +9.6%
CAB Mbps)

Y 26.68 112.29 | 28.88 110.0

Z | 100.00 135.38 35.14 110.0
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10061- IEEE 802.11b WiFi 2.4 GHz (D35S, 11 X 14.71 105.39 30.19 2.04 110.0 +9.6 %
CAB Mbps)

Y 4.34 83.44 22 51 110.0

Z 9.12 97.21 27.69 110.0
10062- IEEE B02.11a/h WiFi 5 GHz (OFDM, 6 X 4.89 66.89 16.84 0.49 100.0 +9.6%
CAB Mbps)

Y 4.76 66.66 16.53 100.0

Z 485 66.82 16.88 100.0
10063- IEEE 802.11a/h WiFi 5 GHz (OFDM, 9 X 4.92 67.01 16.96 0.72 100.0 +89.6 %
CAB Mbps)

Y 4,78 66.76 16.63 100.0

Z 4.87 66.93 16.99 100.0
10064- IEEE 802.11a/h WiFi 5 GHz (OFDM, 12 X 5.26 67.33 17.20 0.86 100.0 +96%
CAB Mbps)

X 5.08 67.05 16.85 100.0

Z 5.198 67.23 17.22 100.0
10065- IEEE 802.11a/h WiFi 5 GHz (OFDM, 18 X 513 67.27 17.30 1:.21 100.0 +96%
CAB Mbps)

Y 4.96 66.97 16.94 100.0

Z 5.06 67.16 17.31 100.0
10066- |EEE 802.11a/h WiFi 5 GHz (OFDM, 24 X 516 67.34 17.48 1.46 100.0 +56%
CAB Mbps)

' 4.99 67.00 17.10 100.0

Z 5,098 67.21 17.49 100.0
10067- |EEE 802.11a/h WiFi 5 GHz (OFDM, 36 X 545 67.37 17.87 2.04 100.0 +9.6%
CAB Mbps)

X 5.28 67.10 17.48 100.0

Z 5.38 67.28 17.87 100.0
10068- IEEE 802.11a/h WiFi 5 GHz (OFDM, 48 X 5,56 67.67 18.19 2.55 100.0 +96%
CAB Mbps)

¥ .97 67.28 17.75 100.0

& 5.47 67.52 18.17 100.0
10069- IEEE 802.11a/h WiFi 5 GHz (OFDM, 54 X 5.63 67.54 18.33 2.67 100.0 +9.6%
CAB Mbps)

Y 5.45 67.23 17.91 100.0

Z 5.55 67.45 18.33 100.0
10071- IEEE 802.11g WiFi 2.4 GHz X 5.21 67.02 17.71 1.89 100.0 +9.6 %
CAB (DSSS/OFDM, 8 Mbps)

Y 5.08 66.78 17.34 100.0

Z 5.16 66.93 17.71 100.0
10072- IEEE 802.11g WiFi 2.4 GHz X 524 67.50 17.98 2.30 100.0 +9.6%
CAB (DSSS/OFDM, 12 Mbps)

Y 5.09 67.17 17.56 100.0

Z 5.18 67.38 17.96 100.0
10073- IEEE 802.11g WIiFi 2.4 GHz X 5.33 67.72 18.32 283 100.0 +96%
CAB (DSSS/QFDM, 18 Mbps)

Y 517 67.37 17.88 100.0

Z 5.26 67.59 18.29 100.0
10074- IEEE 802.11g WiFi 2.4 GHz X 53 G7.68 18.52 3.30 100.0 t9.6%
CAB (DSSS/OFDM, 24 Mbps)

Y 5.17 67.32 18.05 100.0

Z 0.25 67.53 18.47 100.0
10075- IEEE 802.11g WiFi 2.4 GHz X 5.42 68.06 18.96 3.82 90.0 +96 %
CAB (DSSS/OFDM, 36 Mbps)

Y 5.26 67.58 18.40 90.0

Z 5.35 67.85 18.87 90.0
10076- IEEE B02.11g WiFi 2.4 GHz X 5.40 67.74 19.01 415 90.0 +96%
CAB (DSSS/OFDM, 48 Mbps)

X 5.26 67.35 18.50 90.0

Z 5.34 67.57 18.94 80.0
10077- IEEE 802.11g WiFi 2.4 GHz 5 542 67.80 19.10 4.30 90.0 +96%
CAB (DSSS/OFDM, 54 Mbps)

Y 5.29 67.42 18.58 90.0

Z 5.36 67.64 19.03 90.0
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10081- CDMAZ2000 (1xRTT, RC3) 1.49 73.97 17.75 0.00 150.0 +0.6%

X
CAB

Y 0.96 67.53 13.88 150.0

L 1.50 74.25 17.52 150.0

10082- 1S-54 / 1S-136 FDD (TDMA/FDM, Pl/4- X 1.34 61.18 6.55 477 B0.0 +9.6 %
CAB DQFSK, Fullrate)

¥ 1.15 60.22 5.78 80.0

z 1.20 60.55 6.02 80.0
10090- GPRS-FDD (TDMA, GMSK, TN 0-4) X | 100.00 115.15 | 28.17 6.56 60.0 +96%
DAB

Y | 100.00 | 11287 | 2692 60.0

Z | 100.00 | 113.87 | 2742 60.0
10097- UMTS-FDD (HSDPA) X 2.08 69.70 17.34 0.00 150.0 +9.6 %
CAB

Y 1.89 68.04 16.08 150.0

zZ 2.08 59.81 17.39 150.0
10098- UMTS-FDD (HSUPA, Subtest 2) X 2.04 £69.72 17.34 0.00 150.0 +96%
CAB

Y 1.85 67.99 16.05 150.0

Z 2.04 69.83 17.39 150.0
10099- EDGE-FOD (TDMA, 8PSK, TN 0-4) X 2142 107.97 | 3747 9.56 60.0 +96%
DAB

X 12.09 93.28 31.82 60.0

Z 17.58 103.60 [ 36.07 80.0
10100- LTE-FDD (SC-FDMA, 100% RB, 20 X 372 72.96 18.10 0.00 150.0 +96%
CAB MHz, QPSK)

Y 3.28 70.92 17.01 150.0

Z 3.62 72.58 18.06 150.0
10101- LTE-FDD (SC-FDMA, 100% RB, 20 X 3.53 68.70 16.75 0.00 150.0 +96%
CAB MHz, 16-QAM)

Y 3.33 67.79 16.12 150.0

Z 3.48 68.49 16.76 150.0
10102- LTE-FDD (SC-FDMA, 100% RB, 20 X 362 68.53 16.78 0.00 150.0 +9.6%
CAB MHz, 64-QAM)

Y 343 67.74 16.21 150.0

r 3.57 68.34 16.80 150.0
10103- LTE-TDD (SC-FDMA, 100% RB, 20 X 8.35 78.46 21.41 398 65.0 +96 %
CAB MHz, QPSK)

Y 7.27 76.09 20.18 65.0

Fd 7.52 76.83 20.80 65.0
10104- LTE-TDD (SC-FDMA, 100% RB, 20 X 8.06 76.53 21.55 3.98 65.0 +96%
CAB MHz, 16-QAM)

¥ 7.25 74.58 2043 65.0

Z 7.64 75.72 21.25 65.0
10105- LTE-TDD (SC-FDMA, 100% RB, 20 X 7.68 75.58 21.45 398 65.0 +9.6%
CAB MHz, 64-QAM)

Y 6.99 73.84 20.41 65.0

F 7.08 74.21 20.80 65.0
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X 3.26 72.04 17.92 0.00 150.0 +9.6 %
CAC MHz, QPSK)

hd 2.87 70.10 16.84 150.0

z 3.18 71.79 17.93 150.0
10108- LTE-FDD (SC-FDMA, 100% RB, 10 X 3.20 68.59 16.76 0.00 150.0 +96%
CAC MHz, 16-QAM)

Y 2.99 67.65 16.07 150.0

7 3.15 68.45 16.78 150.0
10110- LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | X 2.68 71.14 17.70 0.00 150.0 +96%
CAC QPSK)

Y 2.34 69.15 16.48 150.0

z 262 71.06 17.75 150.0
10111- LTE-FDD (SC-FDMA, 100% RB, 5 MHz, | X 2.94 69.46 17.26 0.00 150.0 +96%
CAC 16-QAM)

Y 2.73 68.56 16.49 150.0

Z 2.89 69.48 17.29 150.0
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10112- LTE-FDD (SC-FDMA, 100% RB, 10 X 3.3 68.41 16.74 0.00 150.0 +96%
CAC MHz, 64-QAM)

Y 3.12 67.61 16.12 150.0

Z 3.26 68.30 16.76 150.0
10113- LTE-FDD (SC-FDMA, 100% RB, 5 MHz, X 3.08 69.40 17.29 0.00 150.0 +96%
CAC 64-0AM)

Y 2.88 68.66 16.61 150.0

Z 3.04 69.45 17.33 150.0
10114- IEEE 802.11n (HT Greenfield, 13.5 X 529 67.40 16.70 0.00 150.0 +96%
CAB Mbps, BPSK)

Y 5.19 67.22 16.49 150.0

Z 5.28 67.37 16.80 150.0
10115- IEEE 802.11n (HT Greenfield, 81 Mbps, X 5.66 67.68 16.83 0.00 150.0 +8.6%
CAB 16-QAM)

Y 5.53 67.49 16.63 150.0

il 5.65 67.71 16.97 150.0
10116- IEEE 802.11n (HT Greenfield, 135 Mbps, | X 542 67.67 16.75 0.00 150.0 +9.6 %
CAB 64-QAM)

b 5.30 67.47 16.53 150.0

Z 5.41 67.66 16.87 150.0
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X 530 6743 16.73 0.00 150.0 +9.6%
CAB BPSK)

Y 5.17 67.16 16.47 150.0

Z 5.28 67.35 16.81 150.0
10118- |IEEE 802.11n (HT Mixed, 81 Mbps, 16- X 5.72 67.80 16.90 0.00 150.0 +96%
CAB QAM)

Y 5.61 67.66 16.72 150.0

£ 574 67.91 17.08 150.0
10119- IEEE B0Z.11n (HT Mixed, 135 Mbps, 64- X 5.39 67.61 16.74 0.00 150.0 +9.6 %
CAB QAM)

Y 5.27 67.40 16.51 150.0

Z 5.39 67.61 16.86 150.0
10140- LTE-FDD (SC-FDMA, 100% RB, 15 X 3.67 68.53 16.70 0.00 150.0 +9.6%
CAB MHz, 16-QAM)

i i 3.47 67.74 16.13 150.0

Z 3.62 68.34 16.71 150.0
10141- LTE-FDD (SC-FDMA, 100% RE, 15 X 3.78 68.50 16.80 0.00 150.0 +96 %
CAB MHz, 64-QAM)

Y 3.60 67.82 16.29 150.0

Z 373 68.34 16.83 150.0
10142- LTE-FDD (SC-FDMA, 100% RB, 3 MHz, X 2.49 71.42 17.73 0.00 150.0 +96%
CAC QPSK)

Y 2.13 §9.25 16.30 150.0

Z 2.44 71.50 17.76 150.0
10143- LTE-FDD (SC-FDMA, 100% RB, 3 MHz, X 2.89 70.64 17.43 0.00 150.0 +9.6%
CAC 16-QAM)

Y 2.63 69.52 16.43 150.0

zZ 2.86 70.79 17.42 150.0
10144- LTE-FDD (SC-FDMA, 100% RB, 3 MHz, X 2.65 68.33 15.89 0.00 150.0 +96%
CAC 64-QAM)

Y 2.38 67.07 14.75 150.0

Z 2.58 68.27 15.75 150.0
10145- LTE-FDD (SC-FDMA, 100% RB, 1.4 X 2.01 71.51 16.50 0.00 150.0 +96%
CAC MHz, QPSK)

b 1.46 67.12 13.47 150.0

Z 1.87 70.73 15.71 150.0
10146- LTE-FDD (SC-FDMA, 100% RB, 1.4 X 3.80 75.01 17.18 0.00 150.0 +96%
CAC MHz, 16-QAM)

s 2.13 67.17 12.68 150.0

Z 2.61 70.09 14.59 150.0
10147- LTE-FDD (SC-FDMA, 100% RB, 1.4 X 523 79.70 19.17 0.00 150.0 +9.6 %
CAC MHz, 64-QAM)

Y 255 69.52 13.93 150.0

pd 333 73.46 16.20 150.0
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10149- | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 3.21 6665 | 16.81 000 | 1500 | +96%
CAB 16-QAM)

Y 3.00 67.72 | 16.12 150.0

Z 3.16 68.51 16.82 150.0
10150- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X aaz 68.47 | 1678 | 000 | 1500 | +96%
CAB 64-QAM)

Y 3.13 67.67 | 16.16 150.0

z 3.27 68.35 | 1681 150.0
10151- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 8.89 80.86 | 2246 | 398 650 | *96%
CAB QPSK)

Y 7.55 78.00 | 21.02 65.0

s 8.22 7974 | 22.04 65.0
10152- LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 7.69 76.78 | 2146 | 398 650 | +t96%
CAB 16-QAM)

¥ 6.78 74.50 | 20.12 65.0

z 723 75.88 | 21.08 65.0
10153~ LTE-TDD (SC-FDMA, 50% RB, 20 MHz, | X 8.03 7750 | 2211 3,98 650 | £96%
CAB 64-QAM)

¥ 7.19 7546 | 20.90 65.0

Z 7.53 76.67 | 21.76 65.0
10154- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 277 7174 | 1805 | 000 | 1500 | *96%
CAC QPSK)

Y 2.41 69.70 | 16.81 150.0

z 2.70 71.63 | 18.08 150.0
10165- | LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 2.94 8045 | 1726 | 000 | 1500 | +96%
CAC 16-QAM)

Y 273 68.56 | 16.50 150.0

2 2.89 69.48 | 17.30 150.0
10156- LTE-FDD (SC-FDMA, 50% RB, 5 MHz, X 2.40 7247 | 1797 | 000 | 1500 | +96%
CAC QPSK)

Y 2.00 69.57 | 16.27 150.0

z 2.36 7229 | 17.96 150.0
10157- | LTE-FDD (SC-FDMA, 50% RB, 5 MHz, X | 255 6948 | 1633 | 0.00 | 150.0 | +96%
CAC 16-QAM)

¥ 2.24 67.87 | 14.96 150.0

Z 2.50 69.49 | 16.17 150.0
10158- LTE-FDD (SC-FDMA, 50% RB, 10 MHz, | X 3.09 6946 | 1733 | 000 | 1500 | +96%
CAC 64-QAM)

Y 2.89 68.73 | 16.65 150.0

Z 3.05 69.51 17.38 150.0
101589- LTE-FDD (SC-FDMA, 50% RB, 5 MHz, X 289 6909 | 1664 | 000 | 1500 | +968%
CAC 64-QAM)

Y 2.37 6844 | 1530 150.0

z 2.63 70.00 | 1647 150.0
10160- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X 3.10 7021 | 1738 | 0.00 | 150.0 | +96%
CAB QPSK)

b 2.84 68.94 | 16.54 150.0

Z 3.09 70.31 17.51 150.0
10161- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X 3.29 6838 | 1675 | 0.00 | 150.0 | £+96%
CAB 16-QAM)

Y 3.02 67.61 16.11 150.0

z 317 6830 | 16.77 150.0
10162- LTE-FDD (SC-FDMA, 50% RB, 15 MHz, | X 331 6837 | 1678 | 000 | 1500 | +96%
CAB 64-QAM)

Y 313 67.71 16.20 150.0

Fid 3.27 68.34 | 16.83 150.0
10166- | LTE-FDD (SC-FDMA, 50% RB, 14 MHz, | X | 3.91 70.15 | 1962 | 3.01 1500 | £96%
CAC QPSK)

¥ 3.59 68.95 | 1873 150.0

4 3.67 69.38 | 19.31 150.0
10187- | LTE-FDD (SC-FDMA, 50% RB, 1.4 MHz, | X 5.00 7354 | 2031 3.01 1500 | t986%
CAC 16-QAM)

Y 4.36 71.51 19.08 150.0

7 4.47 7208 | 19.72 150.0
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10168- LTE-FDD (SC-FDMA, 50% RB, 1.4 MHz, | X 5.50 75.56 21.48 3.01 150.0 +96%
CAC 64-QAM)

Y 4.83 73.74 2043 150.0

Z 4.89 74.02 20.90 150.0
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 353 71.82 20.39 3.01 150.0 +96%
CAB QPSK)

N 3.00 68.74 18.63 150.0

Z 3.06 69.43 19.40 150.0
10170- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 5.50 79.81 2333 3.01 150.0 +9.6 %
CAB 16-QAM)

X 4.10 74.43 20.89 150.0

Z 4.15 75.19 21.66 150.0
10171- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 4.33 74.66 20.30 3.01 150.0 +9.6%
AAB 64-QAM)

Y 3.34 70.14 18.03 150.0

= Zz 345 71.26 19.00 150.0

10172- LTE-TDD (SC-FDMA, 1 RBE, 20 MHz, X 28.44 110.26 | 33.77 6.02 65.0 +96%
CAB QPSK)

b 10.11 89.88 26.80 65.0

Z 13.57 96.67 29.65 65.0
10173- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 39.55 11046 | 31.84 6.02 65.0 +96%
CAB 16-QAM)

¥ 12.83 90.50 2534 65.0

z 18.99 98.26 28.27 65.0
10174- LTE-TDD (SC-FDMA, 1 RB, 20 MHz, X 26.02 101.66 | 28.83 6.02 65.0 £96%
CAB 64-QAM)

¥ 10.54 86.25 23.46 65.0

Z 12.72 90.24 25.26 65.0
10175- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 348 71.43 20.11 3.01 150.0 *96%
CAC QPSK)

Y 2.96 68.40 18.36 150.0

Z 3.03 69.13 19.16 150.0
10176- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 5.51 79.84 2335 3.01 150.0 +96%
CAC 16-QAM)

Y 4.11 74.45 2091 150.0

Zz 4.16 75.21 21.67 150.0
10177- LTE-FDD (SC-FDMA, 1 RB, 5 MHz, X 3.52 71.63 20.23 3.01 150.0 +£9.6%
CAE QPSK)

Y 2.99 68.57 18.47 150.0

Z 3.05 69.28 19.26 150.0
10178- LTE-FDD (SC-FDMA, 1 RB, 5 MHz, 16- | X 541 79.45 23.16 3.01 150.0 +9.6 %
CAC QAM)

Y 4.05 7417 20.76 150.0

Z 4.11 74.95 21.53 150.0
10179- LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 4.86 77.04 21.65 3,01 150.0 +9.6%
CAC 64-QAM)

Y 3.67 72.09 19.30 150.0

Z 3.78 73.13 20.20 150.0
10180- LTE-FDD (SC-FDMA, 1 RB, § MHz, 64- X 4.31 74,54 20.23 3.01 150.0 +9.6 %
CAC QAM)

Y 3.33 70.05 17.97 150.0

Zz 3.44 71.18 18.95 150.0
10181- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 351 71.61 2022 am 150.0 £9.6%
CAB QPSK)

Y 2.99 68.55 18.46 150.0

Z 3.05 69.27 19.25 150.0
10182- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 540 79.42 23.15 3.01 150.0 +9.6%
CAB 16-0AM)

Y 4.05 74.15 20.74 150.0

Z 4.10 74.93 21.52 150.0
10183- LTE-FDD (SC-FDMA, 1 RB, 15 MHz, X 4.30 74.51 20.22 3.01 150.0 +96%
AAA 64-QAM)

b 3.32 70.03 17.96 150.0

Z 3.44 71.16 18.93 150.0
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10184- LTE-FDD (SC-FDMA, 1 RB, 3 MHz, X 3.52 71.66 20.24 3.01 150.0 +9.6 %
CAC QPSK)

i 3.00 68.60 18.49 150.0

Z 3.06 69.31 19.27 150.0
10185- LTE-FDD (SC-FDMA, 1 RB, 3 MHz, 16- | X 543 79.51 23.19 3.01 150.0 +9.6%
CAC QAM)

Y 4.07 74.22 20.78 150.0

Z 4.12 75.00 21.55 150.0
10186- LTE-FDD (SC-FDMA, 1 RB, 3 MHz, 64- | X 4.33 74.59 20.25 3.01 150.0 196%
AAC QAM)

Y 3.34 70.09 18.00 150.0

Z 3.46 71.23 18.97 150.0
10187- LTE-FDD (SC-FOMA, 1 RB, 1.4 MHz, X 3.53 71.69 20.29 3.01 150.0 9.6 %
CAC QPSK)

Y 3.00 68.64 18.54 150.0

Z 3.07 £69.35 19.32 150.0
10188- LTE-FDD (SC-FOMA, 1 RB, 1.4 MHz, X 5.68 80.43 23.65 3.01 150.0 +98%
CAC 16-QAM)

Y 422 74.97 21.21 150.0

Z 426 75.67 21.94 150.0
101889- LTE-FDD (SC-FDMA, 1 RE, 1.4 MHz, X 445 75.15 20.58 3.01 150.0 +96%
AAC 64-QAM)

Y 3.42 70.53 18.28 150.0

Zz 3.53 71.65 19.25 150.0
10193- IEEE 802.11n (HT Greenfield, 6.5 Mbps, | X 473 66.84 16.52 0.00 150.0 +96%
CAB BPSK)

¥ 4.60 66.65 16.24 150.0

Fd 4.69 66.80 16.58 150.0
10194- IEEE 802.11n (HT Greenfield, 39 Mbps, X 4.93 67.22 16.63 0.00 150.0 t96%
CAB 16-QAM)

Y 4.78 66.99 16.36 150.0

Z 4.88 67.16 16.70 150.0
10195- IEEE 802.11n (HT Greenfield, 65 Mbps, X 497 67.23 16.62 0.00 150.0 +9.6 %
CAB 64-QAM)

Y 4.83 67.01 16.37 150.0

Zz 4.92 67.17 16.71 150.0
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 4.75 66.95 16.56 0.00 150.0 +9.6%
CAB BPSK)

Y 4.61 66.73 16.27 150.0

¥ 4 4.71 66.90 16.62 150.0
10197- IEEE 802.11n (HT Mixed, 39 Mbps, 16- X 495 67.24 16.63 0.00 150.0 +9.6 %
CAB QAM)

s 4.80 67.01 16.37 150.0

Z 4.90 67.18 16.71 150.0
10198- IEEE 802.11n (HT Mixed, 65 Mbps, 64- X 4,98 67.24 16.63 0.00 150.0 +96%
CAB QAM)

Y 4.83 67.03 16.38 150.0

Z 4.93 67.19 16.72 150.0
10219- IEEE 802.11n (HT Mixed, 7.2 Mbps, X 4,70 66.98 16.53 0.00 150.0 +96%
CAB BPSK)

¥ 4.56 86.74 16.23 150.0

pd 4.66 66.92 16.59 150.0
10220- IEEE 802.11n (HT Mixed, 43.3 Mbps, 16- | X 4.95 67.24 16.63 0.00 150.0 +9.6 %
CAB QAM)

Y 4.80 66.99 16.36 150.0

Z 4.90 67.17 16.71 150.0
10221- IEEE 802.11n (HT Mixed, 72.2 Mbps, 64- | X 4.98 67.17 16.62 0.00 150.0 +9.6 %
CAB QAM)

Y 4.84 66.96 16.37 150.0

Z 4.93 67.12 16.70 150.0
10222- IEEE 802.11n (HT Mixed, 15 Mbps, X 5.28 67.46 16.73 0.00 150.0 £9.6 %
CAB BPSK)

¥ 5.15 67.18 16.47 150.0

. 5.25 67.37 16.81 150.0
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10223-

IEEE 802.11n (HT Mixed, 90 Mbps, 16- | X 5.66 67.76 | 16.80 | 0.00 | 1500 | z96%

CAB QAM)

Y 546 67.36 | 16.58 150.0

Z 5.60 67.65 | 16.97 150.0
10224- |EEE 802.11n (HT Mixed, 150 Mbps, 64- | X 534 6758 | 1672 | 0.00 | 1500 | *96%
CAB QAM)

Y 5.20 67.28 | 1645 150.0

Z 5.30 6746 | 16.78 150.0
(1: 2‘2525- UMTS-FDD (HSPA+) X 3.03 6677 | 1619 | 0.00 | 1500 | *96%

Y 2.88 66.27 | 1559 150.0

Z 299 66.76 | 16.18 150.0
10226- LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, X | 4329 | 11224 | 3241 6.02 65.0 | £96%
CAA 16-QAM)

Y | 1382 91.62 | 2579 65.0

Z | 2027 9953 | 2874 65.0
10227- LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, X | 2093 | 104.13 | 2062 | 6.02 65.0 | +96%
CAA 64-QAM)

Yy | 1207 8844 | 2424 65.0

Z | 16.60 9464 | 2669 65.0
10228- LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, X | 3277 | 11344 | 3477 | 6.02 650 | +96%
CAA QPSK)

¥ | 1153 9265 | 27.81 65.0

Z | 17.87 | 10220 | 31.43 65.0
10229- LTE-TDD (SC-FDMA, 1RB, 3MHz, 16- | X | 39.67 | 110.50 | 31.86 | 6.02 650 | +96%
CAB QAM)

Y | 12.91 9059 | 2538 65.0

Z | 19.07 9831 | 28.29 65.0
10230- LTE-TDD (SC-FDMA, 1RB,3MHz, 64- | X | 27.95 | 10283 | 2917 | 6.02 650 | t96%
CAB QAM)

Y | 1148 8755 | 2388 65.0

Z | 1574 9365 | 2631 65.0
10231- LTE-TDD (SC-FDMA, 1 RB, 3 MHz, X | 3050 | 11196 | 3427 | 6.02 650 | +96%
CAB QPSK)

Y | 10.99 9168 | 27.41 65.0

Z | 1692 | 101.05 | 31.00 65.0
10232- LTE-TDD (SC-FDMA, 1RB, 5MHz, 16- | X | 39.68 | 11052 | 31.86 | 6.02 650 | £96%
CAB QAM)

Y [ 12.89 90.57 | 25.37 65.0

Z | 19.08 98.31 | 28.29 65.0
10223- LTE-TDD (SC-FDMA, 1 RB,5MHz, 64- | X | 27.96 | 102.86 | 29.18 | 6.02 850 | £96%
CAB QAM)

Y | 1147 87.54 | 23.87 65.0

Z | 1573 9366 | 26.31 65.0
10234- LTE-TDD (SC-FDMA, 1 RB, 5 MHz, X | 2850 | 110.35 | 33.71 6.02 650 | *96%
CAB QPSK)

Y | 1051 90.71 | 26.98 65.0

Z | 16.06 9086 | 30.52 65.0
10235- LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 2984 | 11060 | 31.88 | 6.02 650 | t96%
CAB 16-QAM)

Y | 12.90 90.60 | 25.38 65.0

Z | 19.10 98.37 | 2831 65.0
10236- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 2831 103.04 | 29.22 | 6.02 650 | £96%
CAB 64-0AM)

Y | 11.55 87.64 | 23.90 65.0

Z | 15.89 93.80 | 26.35 65.0
10237- | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, X | 3085 | 11221 | 3434 | 602 650 | *9.6%
CAB QPSK)

Y | 11.01 9174 | 2743 65.0

Z | 17.04 | 101.22 | 31.05 65.0
10238- LTE-TDD (SC-FDMA, 1 RB, 15 MHz, X | 23970 | 11054 | 31.86 | 6.02 650 | £9.6%
CAB 16-QAM)

Y | 1287 9056 | 2526 65.0

Z | 19.04 9330 | 2829 65.0
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