Appendix A: Calibration Certificate

1.1. Probe Calibration Certificate

Calibration Laboratory of @ R

: b S Schweizerlschar Kalibrierdienst
Schmid & Partner  Service sulsso d'étalonnage
Engineering AG g s s Servizio svirzers di taraturs
Zeughausstrasse 43, 5004 Zurich, Switzeriand %@ g Swiss Calllration Service
Accreditad by the Swiss Accreditalion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Servica Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

This calibration eertificate documents the traceability I nafional stendards; which reafize the physical uniis of [0
The messuremants and the uncerminieswith confidencs probability ars given on the foliowing pages and #re part of tha cenificats.

Al calibrations have teen conducted in the closed laborstory faciiity. environment temperature (22 2 3)°C and humidity < 70%.

Calibeation Equipmiant ussd (MATE critica! for calibration)

Primary Standards Is] Cal Date (Ceriificate No.) Scheduled Calibration
Power meter NRP SN: 104778 06-Ape-16 (No. 217-02288/02285) Apr-A7
Power sensor NRP-201 EN; 103244 D6-Apr-16 (No. 217-02288) Apr-A7
Fower sensor NRE-Z91 SN 103245 06-Apr-16 (No_217-02280) Ape-17
Referance 20 08 Attenuator SN: 55277 (20%) 05-Apr-16 {No. 217-02293] Ape1T
Referente Probe ES3DV2 SN: 3013 31-Dec-15 (No. E53-2013 Dects) Dec-16
DAES SN: 580 23-Dec-15 (No. DAE4-860. Dee15) Dac-16
M Standarts 1D Check Date (in housa) Schaduled Check
Power meter E44108 SN: GB41293874 05-Apr-16 {in houss check Jur-18) in houss chesk: Jun-18
Power sensor E4412A SN: MY41408087 08-Apr-16 {in housa check Jun-16) In house check; Jun-18
Power sensor E44124 SN 000110210 08-Apr-18 (in housa check Jun-18) In house check, Jun-18
RF aneralor HF B648C SN: US3642U01700 04-Aug-99 fin housa check Jun-16) In house checkc Jun-18
Network Anslyzer HP 87536 | SN: US37330585 18-Ocl-01 {in houss check Oci-15) In house check: Oct-15
Function Signaturs
Approved by:

This calibration cantificate shall not be reproduced skcapt in full without written spproval of the leboratory,

Ceriificate No: ES3-3292_Sep16 Page 10of 1
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Appendix A: Calibration Certificate

Calibration Laboratory of AN, Schweizerischer Kalibrisrdienst

Schmid & Partner % g Service suisse d'étalonnage
Engineering AG ) 3 = Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switreriand "’,{T}g S Swiss Calibration Service

Accrediled by Ihe Swiss Accreditation Sarvica (BAS) Accreditation Mo.: SCS 0108

The Swise Accredifation Service is one of the signatories to the EA

Multitateral Agreement for the recognition of callbration certificates

Glossary:

TSL ttesue simulating liquid

NORMx,y.z sensitivity In free space

ConvF sensitivity in TSL / NORMx,y,z

pcP diode compression point

CF crast factor (1/duty._cycle) of the RF signal

A B ,C.D madulation dependent linearization parameaters

Polarization ¢ ip rotation around probe axis

Polarization & 4 rotation around an axis that is In the plane normal to probe axis (at measurement center),

i.e., 8 =0 is normal to probe axis
Cannector 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)
o)

d)

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

|IEC 62208-1, "Procedure fo measure the Specific Absorption Rate (SAR) for hand-held devices used In Ciose
proximity {o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

IEC £2209-2, “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:

L

NORMz.y.z: Assessed for E-field polarization =0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx.y,z are only intermediate valuas, Le., the unceriainties of NORMx.y.z doss not affect the E*-field
unceriainty inside TSL (see below ConvF).

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

DCPx,y,z DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (ne uncertainty required). BCP does not depend on frequency nor media.

PAR- PAR Is the Peak to Average Ratio that is not calibrated bul determined based on the signal
characteristics

Axy.z; Bry,z; Cx.y.z Dxy.z VRxyz: A B, C, D are numerical linearization parameters assessed basad on
the data of power swesp for specific modulation signal. The parameters do not depend on frequancy nor
madia. V& is the maximum calibration range expressed in RMS voltage across the diods.

ConvF and Boundary Effact Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < BO0 MHz) and inside waveguide using analytical field distributions based on power
measuremants for 1> 800 MHz. The same setups are used for assessment of the parametsrs applied for
boundary compensation (alpha, depth) of which typical unceriainty values are given. These paramalers are
used in DASY4 soffware to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMzx.y, z * ConvF whereby the uncertainty corresponds o that given for ConvF. A frequency dependent
ConvF is used In DASY varsion 4.4 and higher which sliows extending the validity from £ 50 MHz to + 100
MHz.

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

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

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

Ceriificsie No: ES3-3202_Sepié Page 2 of 11
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Appendix A: Calibration Certificate

ES3DV3 - BN:3282 September 2, 2016

Probe ES3DV3

SN:3292

Manufactured:  July 6, 2010
Repaired: August 29, 2016
Calibrated: September 2, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ system!)

Ceriificate No: ES3-3292 Sep18 Page 3 of 11
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Appendix A: Calibration Certificate

ES3DV3- SN:3282 September 2, 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Unc (k=2)
Norm (uVI(Vim Yy 0.94 0.95 | 0.93 +10.1 %
DCP (mV)" 105.7 101.2 [ 1.7

Modulation Calibration Parameters
uiD Communication System Name A -] c (4] VR Unc®
dB dBvVuv dB mV (k=2)
o ow X 0.0 00 1.0 000 | 2066 | #35%
¥ i) 0.0 1.0 2126 |
z 0.0 0.0 1.0 2047 ]

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 {o a coverage
probability of approximately 95%.

*The uncerainties of Norm XY Z do not affect the E-field uncertainty inssde TSL (see Pages 5 and §)
 Numerical linesrzation paramaler uncentainty not reguied.

= Uncertainty is determined using the max, deviation from inear response applying rectangular distribution and is sxpressed for the square of the
field valus.

Certificate No: ES3-3292_Sep16 Page 4 of 11
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Appendix A: Calibration Certificate

ES3DV3- SN:32392 September 2, 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Head Tissue Simulating Media

[ Relative | Conductivity Depth ® Unc

(MHz)® | Permittivity (5fm)*® ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 435 0.87 7.12 7.12 7.12 0.20 130 | +133%
750 41.9 0.89 6.76 6.76 6.76 0.80 1.18 | +12.0%
B35 415 0.90 653 .53 553 0.43 1.64 +12.0%
300 415 0.97 8.40 8.40 6.40 0.53 143 | £120%
1750 40.1 1.37 5.54 554 554 0.80 1.15 £120%
1800 40.0 1.40 5.26 5.26 5.26 0.55 1.47 +12.0%
2450 382 1.80 497 4.87 4.97 0.64 141 £120%
2600 39.0 1.98 477 477 477 0.80 128 | £120%

" Framencgwnwryabma:imMH.tolﬂMMHzmlyapleesI'olﬂkSYM_Am-ndhigfae:(aaef‘agezg.ahsitis'mtric{ﬁdmxmmm
uncertainty is the RSS of tha ConvF unceriainty at calibration frequency and the uncenainty for the indicated frequency band. Frequency validity
below 300 MHz is = 10, 25, 40, 50 and 70 MHZ for ConvF assessments at 30, B4, 128, 150 and 220 MHz respectivaly Above 5 GHz frequency
validity ¢an be extendad to =110 MHz

¥ At frequancies below 3 GHz, the validity of lissue parameters (e'and o) can be relaxed fo = 10% il liquid compensation formula is applied to
measurad SAR values. At froquencies above 3 GHz, the validity of issue parameters (¢ and o) is restricted to = 5%. The uncartainty is the ASS of
tha Convi uncartainty for Indicated target tissua parametars.

% Alpha/Depth are detstminad during calibration, SPEAG warranis that the remaining deviation dus to the boundary effect alter compensation is
a.hvays!aaaﬂmn:1‘R.Intlreqmnciaobel¢w3(_“-ﬂzmmaﬁheriummHGﬁmanvn&mwmmnmspmhsﬁp
diamstes from the boundary,

Certificate No: ES3-3292_Sep16 Page 5 of 11
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Appendix A: Calibration Certificate

ES3DV3- SN:3292 Seplember 2, 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Body Tissue Simulating Media

4 F F -] i 3 Unig

1 {MHz) Permittivity (Sim) ConvFX | ConvFY | ConvFZ | Aipha (mm) {k=2)
450 58.7 0.94 733 733 733 0,13 1.50 +133%
750 55.5 086 5.25 625 6.25 0.38 1.86 +12.0%
835 55.2 087 6.27 6.27 8.27 047 1.58 +120%
900 55.0 1.05 6.16 6.18 6.16 0.80 1.16 £12.0%
1750 53.4 1.48 5.28 528 5.28 0.70 1.36 +120%
1800 53.3 1.582 5.05 5.05 5.05 0.64 144 +120%
2450 52.7 1.95 4.70 470 470 0.74 1.22 £120%

e

2600 52.5 2.16 452 452 4.52 0.80 143 +120%

© Frequency vaiidity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher {s=& Pags 2), slse i is restriciad 10 £ 50 MHz The
uncanainty is the RSS of the ConvF uncertainty &t calibration frequency and the uncartainty for the indicated frequency band. Freguency validity
balow 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF asssssments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
vaiidity can be extended to = 110 MHz
rm&reqmmuwzsm_lnevaliﬂnynlmm(:mo]anwrmmziﬂﬁwmmaﬁmmw is applied to
ressured SAR values. Al frequencies shova 3 GHz, the velidity of issus parameters (e and o) is restrcted to = 5% The uncenainty is the RSS of
the Convi wr inty for knd g target lissue p 3

5 Alpha/Depth are delammined during calibration. SPEAG warrants that the remaining davistion due to the boundary effect afisr compensation I
alveays hasihar:t‘!%im—fmmﬁaﬁma%wm:ﬂwﬁmmnMwm-wmamwrgummmmw
diamstar from the boundary.

Certificate No: E53-3202_Sep16 Page 6of 11
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Appendix A: Calibration Certificate

ES30V3- Sh:3282 Seplember 2, 2016

Conversion Factor Assessment

1= 900 MHz, WGLS R (H_convF) f= 1750 MHz, WGLS R22 (H_convF)
2| au-i
e 1
zu “’:i 5 \
|
g I@-E | E !n-;.
s I o
(o }
(T3 ": ~
i -' s
3 w " o = = = & &J;"__J. Py tll::a;l. m = = o
2 i i = 5
Deviation from Isotropy in Liquid
Error (¢, ), f =900 MHz
406 08 -08 04 02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Certificate No: ES3-3292_Sep18 Page 10 of 11
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Appendix A: Calibration Certificate

ES3DV3- 5N.3292 Septsmber 2, 2016

Dynamic Range f(SARcaq)
(TEM cell , fova= 1900 MHz)

Input Signal [uv]

T

164
not compansated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificate Mo: E53-3282_5ep16 Page 8 of 11
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Appendix A: Calibration Certificate

ES30OV3- SN:3282 September 2, 2018
Receiving Pattern (¢), 3 = 0°
=600 MHz, TEM =1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: x 0.5% (k=2)

Certificate No: ES3-3292_Sepi6

Page 8of 1
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Appendix A: Calibration Certificate

ES3DV3- S5N:3292 September 2, 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)

Certificate No: E53-3292_Sepi6 Page 7 of 11
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Appendix A: Calibration Certificate

ES3DV3— SN:3292

Seplember 2, 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Other Probe Parameters

Sensor Arrangement Trianguiar |
Cannactor Angle (%) 36:3 |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Cverall Length 337 mm
Probe Body Diametsr 0mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Paint 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommeanded Measurement Distance from Surface Imm

Ceriificate No: ES3-3282_Sep16 Page 11 of 11
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Appendix A: Calibration Certificate

1.2. Probe Calibration Certificate

Calibration Laboratory of 7 Rt T
; & " S Kalib
Schmid & Partner %\—‘/ E ¢ Servica suisse d'étalonnage
Engineering AG ] Servizio svizzero di taratura
Zeughausstrasso 43, 8004 Zurich, Switzerland ‘f.&rff_\“\\&? S Swiss Calibration Service
Al

Accredited by the Swiss Accredilalion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatorles to the EA
Multitateral Agreement for the recagnition of calibration certificates

Ciient ' ClQ-SZ(Auden) : | Certificate No: EX3-7357_Apr16
CALIBRATION CERTIFICATE

Object 'EX3DV4 - SN:7357

Calibration procedure(s) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

‘Callibration procedure for dosimetric E-field probes

Calibration date: - April 19, 2016

This calibration cerificate de the bility to natienal standards, which realize the physical units of Is (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerlificate.

All calibrations have been conducled in the closed lab y facility: envi i {22 £ 3)"C and humidity < 70%.

Calibration Equipment used (M&TE crilical for calibration)

Primary s D Cal Date (Certificate No.) Scheduled Cali

Power meler NRP SN: 104778 06-Apr-16 {No. 217-02288/02289) Apr-17

Power sensor NRP-Z31 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

204dB A SN: S5277 (20x) 05-Apr-16 (No. 217-02203) Apr-17

Relerence Probe ES3DV2 SN: 3013 31-Dec-15 (No. ES3-3013_Decib) Dec-16

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

S dary Standard: D Check Date {in house) Scheduled Check

Power meter E44198 SN: GB41293874 06-Apr-16 (MNo. 217-02285/02284) In house check: Jun-16

Power sensor E4412A SN. MY41498087 06-Apr-16 (No. 217-02285) In house check: Jun-16

Power sensor E4412A SN: 000110210 08-Apr-16 (No. 217-02284) In house check: Jun-16
| RF lor HP 8648C SN: US3642U01700 04-Aug-98 (in house check Apr-13) In house check: Jun-16
| Network Analyzer HP 8753E SN: US37390585 18-Ocl-01 (in house check Ocl-15) In house cheek: Ocl-16

Name Function Signature

Calibrated by: - Lalf Klysner Laboratory Techniclan W%‘—,
Approved by: ' Kalja Pokovic Tachnical Manager /% éz

Issued: April 21, 2016

This calibralion cerificate shall not be reproduced excepl in full withoul wrilten apy | of the laboratory.

Cerlificale No: EX3-7357_Apr16 Page 1 of 11
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Appendix A: Calibration Certificate

- . W\,

ca"b'_'ahon Laboratory of s\\{j %, S  Schwelzerischer Kalibrierdienst

Schmid & Partner i\h\iﬁ%ﬁ; c Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland %y ﬁ & § Swiss Calibration Service

JARL

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

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

Muttitateral 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

A, B, C,D modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization 8 9 rotation around an axis that is in the plane norma! 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 robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
<)
d)

IEEE Std 1528-2013, "IEEE Recommended Praclice 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:

NORMM,y,z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegmde)
NORMXx,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 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 cn 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 NORMyY,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 isofropy): 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: EX3-7357_Apr16 Page 2 of 11
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Appendix A: Calibration Certificate

EX3DV4 — SN:7357 April 19, 2016

Probe EX3DV4

SN:7357

Manufactured:  February 5, 2015
Calibrated: April 19, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: EX3-7357_Apr16 Page 3 of 11
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Appendix A: Calibration Certificate

EX3DV4- SN:7357 April 19, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7357

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (prl(V/m)z)A 0.41 0.49 0.41 +101%
DCP (mV)® 100.8 97.2 96.9
Modulation Calibration Parameters
uib Communication System Name A B c D VR Unct
dB dBVuv dB mv (k=2)

0 ow X 0.0 0.0 1.0 000 | 1534 | #35%

Y 0.0 0.0 1.0 128.2

z 0.0 0.0 1.0 136.1
(1:(;(;\1 0- SAR Validation (Square, 100ms, 10ms) X 0.91 56.3 8.7 10.00 47.8 0.9 %

Y 4.06 72.5 15.7 44.9

Z 1.42 61.4 10.6 43.6
10062- IEEE 802.11a/h WiFi 56 GHz (OFDM, 6 X 10.02 67.8 20.9 8.68 1121 27 %
CAB Mbps)

Y 10.67 69.9 22.4 141.6

z 10.36 68.8 21.5 139.7
10117- IEEE 802.11n (HT Mixed, 13.5 Mbps, X 10.12 68.1 20.6 8.07 1214 22%
CAB BPSK)

Y 10.75 69.9 21.9 149.3

z 1043 68.9 21.1 147.5
10196- IEEE 802.11n (HT Mixed, 6.5 Mbps, X 977 67.9 20.6 8.10 116.1 22%
CAB BPSK)

Y 10.28 69.5 21.8 1415

Z 10.05 68.6 21.0 138.3
10400~ IEEE 802.11ac WiFi (20MHz, 64-QAM, X 10.02 68.1 20.9 8.37 116.5 +22%
AAC 99pc duty cycle)

Y 10.56 69.7 22.1 1421

Z 10.23 68.6 21.2 1374
10401- IEEE 802.11ac WiFi (40MHz, 64-QAM, X 10.73 68.6 2141 8.60 123.1 ¥25%
AAC 99pc duty cycle)

Y 10.37 67.9 21.0 99.7

Z 11.03 69.3 21.6 147.8
10402- |EEE 802.11ac WiFi (80MHz, 64-QAM, X 10.70 68.5 20.9 8.53 121.8 +22%
AAC 99pc duty cycle)

Y 10.46 68.2 21.0 99.9

Z 10.94 69.1 213 148.0

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%.

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

8 Numerical linearization parameter: uncertainty not required.

E 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: EX3-7357_Aprié Page 4 of 11
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Appendix A: Calibration Certificate

EX3DV4- SN:7357 April 19, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7357

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ® Unc

f(MH2)® | Permittivity" (Sim) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
5250 359 471 5.10 5.10 5.10 0.40 1.80 +13.4 %
5600 355 5.07 4.41 4.41 441 0.50 1.80 £13.1%
5750 354 5.22 4.65 4.65 4.65 0.50 1.80 | £13.1%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted (o + 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 paramelers (¢ and a) can be relaxed to + 10% if liquid compensation formula is appiied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (s and ¢) is reslricted 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 belween 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.

Certificate No: EX3-7357_Apri16 Page 5 of 11
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EX3DV4- SN.7357 April 19, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7357

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductlvity Depth © Unc

f(MHz)C | Permittivity" (sim)® GonvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 55.5 0.96 9.90 9.90 9.90 0.53 0.80 £12.0%
835 55.2 0.97 9.82 9.82 9.82 0.46 0.80 2120 %
1750 53.4 1.49 8.06 8.06 8.06 0.39 0.80 £120%
1900 53.3 1.52 7.84 7.84 7.84 0.40 0.80 £12.0%
2300 52.9 1.81 7.20 7.20 7.20 0.38 0.86 £120%
2450 52.7 1.95 7.14 7.14 7.14 0.30 0.90 £12.0%
2600 52.5 2.16 6.82 6.82 6.82 0.29 0.95 +12.0%
5250 48.9 5.36 4.28 4.28 4.28 0.50 1.90 +131%
5600 485 5.77 3.63 3.63 3.63 0.60 1.90 +131%
5750 48.3 5.94 3.77 3.77 3.77 0.60 1.90 +13.1%

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

" At frequencies below 3 GHz, the validity of tissue parameters {e and &) can be relaxed to * 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validily of tissue p (cand o} is icted to + 5%. The ur inty is the RSS of
the ConvF uncertainly for indicated target tissue paramelers.

© Alpha/Depth are determined during calibralion. 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 dislance larger than half the probe tip
diameter from lhe boundary.

Certificate No: EX3-7357_Apr16 Page 6 of 11
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EX3DV4- SN:7357

April 19, 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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EX3DV4- SN:7357 April 19, 2016

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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EX3DV4- SN:7357 April 19, 2016

Dynamic Range f(SAR}c.q)

(TEM cell , foyn= 1900 MHz)
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Uncertainty of Linearity Assessment:  0.6% (k=2)
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EX3DV4- SN:7357

April 19, 2016

Conversion Factor Assessment

f= 835 MHz,WGLS R9 (M_convF) f= 1900 MHz WGLS R22 (M_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cerlificate No: EX3-7357_Apr16
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EX3DV4- SN:7357

April 19, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7357

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 13.5
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 2.5mm
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

Certificate No: EX3-7357_Apri6

Page 11 of 11
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1.3. D2450V2 Dipole Calibration Certificate

Al calibrations have been conducted in the closed laboratory facility: environment te
and humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D #

Power Meter NRVD 102083
Power sensor NRV-Z5 100595
Reference Probe ES3DV3 | SN 3149

gnal Generato MY48070393
MY43021135

23 of 52
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.MeawamentCondi&ons Furmerdetatlsareasraﬂablefmnthe. alidatio
‘end of the certificate. Al figures stated in the certificate are valid at the fre
‘indicated.

Antenna Parameters with TSL: The dipole is mounted with the

point exactly below the center marking of the flat phantom section, with t
~oriented parallel to the body axis.

= Feed Point Impedance and Return Loss: These parameters ar

pobpes:ﬁanedunderhehqundﬁﬂedphanﬁomme mp .
m the measurement at the SMA connector to the feed point. The
low reflected power. No uncertainty required.
Del. One-way dalaybehueenﬂwSMoonnemw
| inty red.
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I mwm1 cm’ (1g) of Head TSL
' SAR measured

SARWW‘IG em (10 g) of Head TSL
SARW

SAﬂﬁarnmainaIHeadeLpamnm
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System Performance Check at Frequencies above 1 GHz/d=10
dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) (7x7x7)/Cube 0:
dx=5mm, dy=5mm, dz=Smm
Reference Value = 99.491 V/m: Power Drift =-0.03 dB

Peak SAR (extrapolated) = 26.6 Wikg
SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.17 W/kg
Maximum value of SAR (measured) = 17.1 W/kg

27 of 52



Appendix A: Calibration Certificate

28 of 52



Appendix A: Calibration Certificate

DV3 - SN3149; ConvF(4.21, 4.21, 4.21); Calibrated: 2014-09-03;

~»  Sensor-Surface: 3mm (Mechanical Surface Detection) o

e Electronics: DAE3 Sn536; Calibrated: 2015-01-23 i

» Phantom: Triple Flat Phantom 5.1C: Type: QD 000 P51 CA: Serial: 1161/2 Es

e Measurement SW: DASYS52. Version 52.8 (8): SEMCAD X Version 14.6.10
(7331)

System Performance Check at Frequencies above 1 GHz/d=10mm, Pin=250 mW,
dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm. dz=5mm

. Reference Value = 96.180 V/m: Power Drift = -0.05 dB

| Peak SAR (extrapolated) = 27.6 W/kg
SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.11 W/kg
Maximum value of SAR (measured) = 17.4 W/kg

dB
0
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Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the
calibration interval can be extended.

Head
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-09-01 -22.3 58.3 -0.76
2016-08-30 -23.2 4.04 58.6 0.3 -0.71 0.05
Body
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-09-01 -22.1 58.1 2.61
2016-08-30 -22.9 3.62 58.5 0.4 2.57 -0.04

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.
Therefore the verification result should support extended calibration.
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1.4. D5GHzV2 Dipole Calibration Certificate

Calibration Laboratory of

: So 7 B‘NISS \ S Schweizerischer Kalibrierdienst
Schmid & Partner % 4 ) @ Service suisse détalonnage
Engineering AG =k = @' Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’f/,‘,rj;\"i\\.:,«r‘ .f@n pl v S swiss Calibration Service
LTI R

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

€1Q-SZ (Auden)

Client

Accreditation No.: SCS 108

Certificate No: DSGHzV2-1019_Aug15

|CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1019

QA CAL-22.v2

Calibration procedure(s)

Calibration date:

August 25, 2015

gence propab

Calibration Equipment used (M&TE critical for calibration)

Calibration procedure for dipole validation kits between 3-6 GHz

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

g pages and ara p

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

Network Analyzer HP 8753E US37390585 $4206

Name
Calibrated by: Leif Klysner
Approved by: Katja Pokovic

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 09-Oct-14 (No. 217-01827) OCct-15

Power sensor HP 8481A UsS37292783 09-Oct-14 (No. 217-01827) Qct-15

Power sensor HP 8481A MY41092317 08-Oct-14 (No. 217-01828) Oct-15

Reference 20 dB Attenuator SN: 5058 (20k) 03-Apr-15. (No. 217-01918) Apr-16

Type-N mismatch combination SN; 5047.2 / 06327 03-Apr-15 (No. 217-01921) Apr-16

Reference Probe EX3DV4 SN: 3503 30-Dec-14 (No. EX3-3503_Dec14) Dec-15

DAE4 SN: 601 18-Aug-15 (No. DAE4-601_Aug15) Aug-16

Secondary Standards 1D # Check Date {in house| ___ Scheduled Check

RF generator R&S SMT-06 | 100005 04-Aug-89 (in house check Oct-13) In house check: Oct-16

18-Oct-01 (in house check Oct-13) In house check: Oct-15

Function
Laboratory Technician

Signature
=
.z’-'C;ﬂ:;“—

Issued: August 25, 2015

Technical Manager ; i 2
=t £

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

Certificate No: D5GHzV2-1019_Aug15

Page 1 of 16
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Calibration Laboratory of SN2

' :‘\\ s ?.,‘ S Schweizerischer Kalibrierdienst
Schmid & Partner i&“ﬁ c Service suisse d'étalonnage
Engineering AG 7 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’-/,J,r”,——\\w@ S Swiss Calibration Service
ARG
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate No: D5GHzV2-1019_Aug15 Page 2 of 16
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Measurement Conditions

DASY system configuration, as far as not

iven on page 1.

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz + 1 MHz
5300 MHz + 1 MHz
5500 MHz + 1 MHz
5600 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were appliad.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4.66 mho/m
Measured Head TSL parameters (22.0x£0.2)°C 347 +6 % 4.48 mho/m + 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

100 mW input power

8.04 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

79.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.30 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.7 Wikg + 19.5 % (k=2)

Certificate No: D5GHzV2-1019_Aug15

Page 3 of 16

34 of 52




Appendix A: Calibration Certificate

Head TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 359 4.76 mho/m
Measured Head TSL parameters (22.0+0.2) °C 34.5+6 % 4.57 mho/m =6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.42 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

83.4 W/ kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.41 Wikg

SAR for nominal Head TSL parameters

normalized to 1TW

23.8 W/kg £ 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0 °C 35.6 4.96 mho/m
Measured Head TSL parameters (22.0+0.2)°C 343+£6% 4.76 mho/m £ 6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.54 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

84.6 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.45 W/kg
SAR for nominal Head TSL parameters normalized to 1W 24.2 W/kg £ 19.5 % (k=2)

Certificate No: D5GHzV2-1019_Aug15

Page 4 of 16
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 355 5.07 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 341 +6% 4.86 mho/m + 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.47 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

83.8 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured 100 mW input power 2.41 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.8 W/kg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 35.3 5.27 mho/m

Measured Head TSL parameters (22.0+£0.2)°C 339+6% 5.06 mho/m £ 6 %

Head TSL temperature change during test <05°C
SAR result with Head TSL at 5800 MHz

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

100 mW input power

8.10 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

80.2 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.30 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

22.7 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1019_Aug15

Page 5 of 16
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m
Measured Body TSL parameters (22.0+0.2) °C 47.0+6 % 532 mho/m=6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.53 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

74.7 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2,11 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.9 W/kg = 19.5 % (k=2)

Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.42 mho/m
Measured Body TSL parameters (22.0x0.2)°C 468 +6 % 5.45 mho/m + 6 %
Beody TSL temperature change during test <0.5°C
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.78 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

77.1 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.16 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.4 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1019_Aug15 Page 6 of 16

37 of 52




Appendix A: Calibration Certificate

Body TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 486 5.65 mho/m
Measured Body TSL parameters (22.0+0.2) °C 46.5 +6 % 5.71 mho/m = 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.92 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

78.5 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.21 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.9 Wikg =z 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2)°C 46.3 6 % 5.84 mho/m = 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 8.15 W/kg

SAR for nominal Body TSL parameters

normalized to 1TW

80.8 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.26 Wikg

SAR for nominal Body TSL parameters

normalized to W

22.3 Wikg £ 19.5 % (k=2)

Certificate No: D5GHzV2-1019_Aug15 Page 7 of 16
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0x0.2)°C 46.0+6 % 6.12 mho/m + 6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.45 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

73.9 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.08 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.6 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1019_Aug15
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Appendix (Additional assessments outside the scope of SCS108)

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 51.3Q-85jQ

Return Loss -215dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 53.20-1.4jQ

Return Loss -29.4dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 50.8Q-1.6jQ

Return Loss -35.0dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 56.30Q-29jQ

Return Loss -237dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 55.7Q+19jQ

Return Loss -24.8dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 522Q-6.6jQ

Return Loss -23.4dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 5320-08jQ

Return Loss -209dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 51.1Q-06jQ

Return Loss -378dB

Certificate No: D5GHzV2-1019_Aug15
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 57.50Q-07jQ

Return Loss -23.1dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 56.9Q+4.4iQ

Return Loss -22.4dB

General Antenna Parameters and Design

Iaectrical Delay (one direction) 1.205 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on February 05, 2004
Certificate No: D5GHzV2-1019_Aug15 Page 10 of 16
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DASYS5 Validation Report for Head TSL

Date: 25.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1019

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; 6 = 4.48 S/m; g = 34.7; p = 1000 kg/m3 , Medium parameters
used: f = 5300 MHz; 6 = 4.57 S/m; & = 34.5; p = 1000 kg/m* , Medium parameters used: f = 5500 MHz; ¢ =
4.76 S/m; ¢, = 34.3; p = 1000 kg/m’ , Medium parameters used: f = 5600 MHz; ¢ = 4.86 S/m; &, =34.1; p =
1000 kg;fm3 , Medium parameters used: f = 5800 MHz; 6 = 5.06 S/m; & =33.9; p = 1000 kg/m3

Phantom section: Flat Section

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

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2014, ConvF(5.2, 5.2, 5.2);
Calibrated: 30.12.2014, ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2014, ConvF(4.86, 4.86, 4.86);
Calibrated: 30.12.2014, ConvF(4.91, 491, 4.91); Calibrated: 30.12.2014;

e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2015
e Phantom: Flat Phantom 5.0 (front); Type: QDO00PS0AA; Serial: 1001

» DASY5Z252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.25 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 28.8 W/kg

SAR(1 g) = 8.04 W/kg; SAR(10 g) = 2.3 W/kg

Maximum value of SAR {measured) = 18.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.75 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 31.4 W/kg

SAR(1 g) = 8.42 W/kg; SAR(10 g) = 2.41 W/kg

Maximum value of SAR (measured) = 19.3 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.08 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 32.8 W/kg

SAR(1 g) = 8.54 W/kg; SAR(10 g) = 2.45 W/kg

Maximum value of SAR (measured) = 20.0 W/kg

Certificate No: D5GHzV2-1019_Aug15 Page 11 of 16
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.30 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR(1 g) = 8.47 Wikg; SAR(10 g) = 2.41 W/kg

Maximum value of SAR (measured) =20.1 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube (: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 63.27 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 32.9 W/kg

SAR(1 g) = 8.1 W/kg; SAR(10 g) = 2.3 W/kg

Maximum value of SAR (measured) = 19.4 W/kg

-6.00

-12.00
-18.00
-24.00

-30.00

0dB = 19.4 W/kg = 12.88 dBW/kg

Certificate No: D5GHzV2-1019_Aug15 Page 12 of 16
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Impedance Measurement Plot for Head TSL

20 Aug 2015 12:85:15
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DASYS5 Validation Report for Body TSL

Date: 25.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1019

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.32 S/m; & = 47; p = 1000 kg/m’ , Medium parameters used:
= 5300 MHz; 6 = 5.45 S/m; & = 46.8; p = 1000 kglm3 , Medium parameters used: f = 5500 MHz; 6 =5.71
S/m; & =46.5; p = 1000 kg/m3 , Medium parameters used: { = 5600 MHz; ¢ = 5.84 S/m; &, = 46.3; p = 1000
kg!m3 , Medium parameters used: f = 5800 MHz; o = 6.12 S/m; & = 46; p = 1000 kg/’m3

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2014, ConvF(4.76, 4.76,
4.76); Calibrated: 30.12.2014, ConvF(4.52, 4.52, 4.52); Calibrated: 30.12.2014, ConvF(4.3, 4.3, 4.3);
Calibrated: 30.12.2014, ConvF(4.47, 4.47, 4.47); Calibrated: 30.12.2014,

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

¢ Electronics: DAE4 Sn601; Calibrated: 18.08.2015

¢ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
o DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 539.85 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 7.53 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.5 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.61 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 30.9 W/kg

SAR(1 g) = 7.78 W/kg; SAR(10 g) = 2.16 W/kg

Maximum value of SAR (measured) = 18.7 W/kg .

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.11 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 32.8 W/kg

SAR(1 g) = 7.92 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

Certificate No: D5GHzV2-1019_Aug15 Page 14 of 16
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.88 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 34.7 Wikg

SAR( g) = 8.15 W/kg; SAR(10 g) = 2.26 W/kg

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

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 56.48 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 33.2 W/kg

SAR(1 g) = 7.45 W/kg; SAR(10 g) = 2.08 W/kg

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

-12.00

-18.00

-24.00
-30.00
0dB =18.6 W/kg = 12.70 dBW/kg
Certificate No: D5GHzV2-1019_Augi5 Page 15 of 16
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Impedance Measurement Plot for Body TSL
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Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the
calibration interval can be extended.

Head-5200 MHz

Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -21.5 51.3 -8.5
2016-08-22 -22.7 5.58 52.2 0.9 -8.2 0.3
Head-5300 MHz
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -29.4 53.2 -1.4
2016-08-22 -31.2 6.12 55.1 1.9 -1.52 -0.12
Head-5500 MHz
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -35.0 50.8 -1.6
2016-08-22 -36.3 3.71 51.6 0.8 -1.73 -0.13
Head-5600 MHz
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -23.7 56.3 -2.9
2016-08-22 -22.1 -6.75 54.2 2.1 -2.3 0.6
Head-5800 MHz
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -24.8 55.7 1.9
2016-08-22 -22.4 -9.68 53.8 -1.9 1.7 -0.2
Body -5200 MHz
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -23.4 52.2 -6.6
2016-08-22 -21.7 -7.26 50.6 -1.6 -5.9 0.7
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Body -5300 MHz

Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -29.9 53.2 -0.8
2016-08-22 -28.3 -5.35 52.7 -0.5 -0.7 0.1
Body -5500 MHz
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -37.8 51.1 -0.6
2016-08-22 -36.4 -3.70 52.4 1.3 -0.4 0.2
Body -5600 MHz
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) .
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -23.1 57.5 -0.7
2016-08-22 -215 -6.93 56.3 -1.2 -0.6 0.1
Body -5800 MHz
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2015-08-25 -22.4 56.9 4.4
2016-08-22 -23.6 5.36 55.5 -1.4 4.1 -0.3

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.

Therefore the verification result should support extended calibration.
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1.5. DAEA4 Calibration Certificate

PEWET
EREU
we

CALIBRATION
CNAS LOSTD

e — B CNAS

k- No51 Xucyuan Road. Haidisn Distict, Beijing, 100191, Chima % 7\
Tel: +86-10-62304633-2218 Fax: +B6-10-62304633-2209 ni

E-mail: eftl @chinatl com Mg vewav.chinenl on

|
) (6

i} ._,r Xy A7 Pl PR T EET
WEL T L7 1eE LIrrisfidy
SCEE A -SFIFYiFY: (i S r8darird b2
Object DAE4-SN; 1315
Calibration Procedure(s) FD-Z11-2002.01
(BAEX)
Calibration date: July 26, 2018

This calibration Cerlificate documents the traceabiiity 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.

All calibrations have been conducied in the closed laboratory facility: environmant lemperature(22+43)°c and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)
|

Primary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

[

|
Process Calibrator 753 ‘ 1971018 27-June-16 (CTTL, No:J16X04778) June-17

|

|

Name Function Si_gnature

e YuZongying  SARTestEngineer Bt
Reviewed by, Qi Dianyuan s

Ao by Lu Bingsong

Issued; Yoy 27, 2018
This calibration cerificate shall not be reproduced except in full without written approval of the Iaboratory.

Certificate No: Z16-97120 Page | of 3
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" In Collsboraton with
CALIBRATION LABORATORY
Add: No.51 Xuevuan Road, Heidian District, Beijing. 100191, China
Tel: +86-10-62304633-2218 Fax: =86-10-62304633-2209
T cttlia chinatt] com Httpo/fwww chinattl oo
Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

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

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

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

Certificate No: Z16-97120 Pape 2 of 3
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éTTL

Tel: +86-10-62304633-2218
E-mail: cnl@chinattl.com

In Collaboration with

s p e a g
CALIBRATION LABORATORY

Add: No.51 Xuevuan Road, Haidinn District, Beijing. 100191, China

DC Voltage Measurement
A/D - Converier Resolution naminal

High Range
Low Range:

ILSE =
1LSB =
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time! 3 sec

Fax: +86-10-623044623-2200

Hitp:/www. chinatit.cn
8V, full range = -100...+300 mV
B1nV, full range = 1. 43mV

Calibration Factors X Y Z
High Range 405.179 + 0.15% (k=2) | 405.018 =0.15% (k=2) | 404.98 + 0.15% (k=2)
Low Range 399015 0.7% (k=2) | 308540+ 0.7% (k=2) | 3.98881 = 0.7% (k=2)
Connector Angle
Connector Angle to be usad in DASY system 208°+1°
Certificate No: Z16-97120 Page 3 of 3
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