Bay Area Compliance Laboratories Corp. (Kunshan)

PROBE CALIBRATION CERTIFICATES

Calibration Lﬂbﬂfﬂtﬂf}l’ of \\:Q""L@"'.’r} S Schwaizerischer Kalibriardienst

Schmid & Partner o c Service suisse d'élalonnage
Enginearing AG T e Servizio svizzaro di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland ’/j';-_l—\:\“‘ S gwiss Callbration Service

Acoredited by the Swiss Accreditation Service (385} Accraditation No.: SC3 0108

The Swiss Accraditation Service is one of the signatories to the E&

Multilateral Agreement for the recognition of calibration certificates

Client BACL Cartificats No: EX3-7431_0ct16

CALIBRATION CERTIFICATE

Ohjnct EX3DV4 - SM:7431

Calibration procedure(s) QA CAL-01.v3, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calibeation dats: October 4, 2016

This calibration cartificaia documents the traceability bo natonal standands, which reaize the physical wits of measuremants (S1).
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| RF generator HP 3648C | SN US3E42001 0o 0d-Aug-B8 {in house check Jun-16) In house check: Jun-18
Matwork Analyzar HP BYS3E | SN US37380585 | 16-0cs-01 din house check Oct-15) | In house check: Ocl-16
Mame Function Signature
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Glossary:

TSL tissua simulating liquid

NORM:,y,2 sansitivity in free space

CaonvF sensitivity in TSL/ NORMx,y,z

DCF diode compression point

CF crast factor (1fduty_cycle) of the RF signal

ABC.D modulation dependent linearization parameters

Polarization ¢ 1 rotation around probe axis

Palarization 3 & rotation around an axis that is in the plane normal to prabe axis (at measurement canter),
la., & =0is normal to probe axis

Connector Angle informatfion 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: Measuremeant
Techniques”, June 2013

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

c) IEC 622082, "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:

NORM:x y, 2: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
NORMs,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).

NORMx, v,z = NORMx, v,z * frequency_response (see Frequency Respanse Chart), This linsarization is
implementad in DASY4 software versions later than 4.2, The uncertainty of the fraquency response is included
in the stated uncenainty of ConvF,

DCPx y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty reguired). 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
charactaristics

Ax vz 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 callbration range expressad in RMS voltage across the dioda.

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 NORMzx, y,z * ConvF whereby the uncertainty correspends 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 isafropy (3D devialion from isofropy): in a field of low gradients realized using a flat phaniom
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: Tha angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX30VA - SHT431 October 4, 2016

Probe EX3DV4

SN:7431

Manufactured:  April 5, 2016
Calibrated: Qctober 4, 2016

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX30DVA- SM:T431 Oectober 4, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7431

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z [ Unc {k=2)

Norm ggwgmﬁ* - 0,36 I 0,37 | =101 %

DCF {mV) 103.5 101.6 96,2 |
Modulation Calibration Parameters

uiD Communication System Name A B C D VR m_|
- dB dBV v dB | mV =2} |

[ cW X 0.0 0.0 1.0 0.00 | 1243 | 227% |
I v 00 00 | 10 | | 1308 —
| e 0.0 0.0 1.0 135.5 |

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 uncartaintios of Morm XY, Z do not affect the E*-fieki uncartainty inside TSL (see Pages 5 and 6),
MHumerical linearization peremeter: uncertainty nat required.

E Uncerainty is determined using the max, deviation froem bnear response applying rectangulas distribution and is expresesd for the squara of the
figld value.
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX30V4- SN:T431

October 4, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7431

Calibration Parameter Determined in Head Tissue Simulating Media

[ Relative Condustivity | T DepﬁTT"_UI'I_c- ]
fiMHz)® | Permittivity” | (Sim)' | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
| 750 41.8 0.89 10.38 10,38 10.38 0.46 088 | #120%

900 45 097 5.84 .84 9.84 0.50 0.83 +£12.0 %
| 1750 40.1 1.37 547 847 8.47 0,25 0.80 +12.0 %
1900 | 40.0 1.40 8.18 8.18 818 0,33 0.80 +12.0%
2450 | 39.2 1.80 742 742 742 0.39 0.80 + 12.0 %
2600 39.0 1.86 7.44 T.dd V.dd 0.42 0.80 +12.0 %
5250 359 4.71 5.54 5.54 5.54 0.40 1.80 +13.1 %
5600 355 5.07 4,86 4,86 4,98 0.50 1.80 £13.1%
5800 35.3 5.7 4.67 457 467 | 050 | 180 | £13.1%

% Fraguency validity above 200 MHz of + 100 MHz only apglies for DASY w4.4 and higher (32 Page 2), alee I iz restrcted to £ 50 MHz. The
uncerainty (s the RSS of the ConF uncerainly af calibralion frequency and the uncerlainty lee (he indcaled requency band, Frequency validily
bielaw 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, B4, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

walidity can be axtendsd to + 110 MHz.

" At frequancies balow 3 GHz, the walidity of tiasws paramstars (& and ) can be relaxed 10 + 10% if Bquid compensation formula is applied o

measurad AR valuas. At fraquencies above 3 GHz, the validity of tissue paremeters (& and o) is restricted to + 5%. The uncertainty is the RES of

the ComvF unceainty for Indicated tenget lssue paramelers.
= AlphaDepth are determined during calibration. SPEAG warrants that the rermaining deviation due to he bamdary effect alter compersation is

alwanys 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 tip

digmetar from the boundary.
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DV4- SH-T431

Qetober 4, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7431

Calibratiarl Parameter Determined in Body Tissue Simulating Media

f (MHz) © F'uE::'llfﬂli-l:iiy . cm{lg.lur::]l i ConvF X | ConwF Y | ConvFZ | Alpha® D{t_:;rl;i _(llij:_;i_
75D 55.5 0496 10,15 10,15 10.15 0.47 0.83 I +120%
900 35.0 1.05 5.89 8.88 9.89 0.39 0.81 . +12.0 % l
| 1750 534 149 824 | 824 8.24 0.46 0.80 120 %

1800 93.3 1.52 - 7.88 7.88 7.98 0.43 0.80 +12.0%
| 2450 52.7 1.95 7.56 7.56 7.56 033 0.80 +12.0%

2600 i 52.5 2186 TAT 74T 747 0.26 0.80 +12.0%
| 5250 46.9 536 4.98 4.98 4,98 0.50 1.90 £13.1 %
. 5600 48.5 577 4.24 4.24 4.24 0.55 1.80 +13.1%
| 5800 482 6.00 4.38 4.38 4.38 0.60 190 | +131%

¥ Frequency validity above 300 MHz of & 100 MHz only applies for DASY w4.4 and higher [see Page 7, ¢lse # & restricled 1o + 50 MHz. The
uncerainty is the RSS of the ConvF uncerainty a1 calibration frequency and the uncerainty for the indicated frequency band. Fraquency validity
balaw 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF &ssessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency

walidity can be extendad 1o £ 110 MHz.

Fas frequencies below 3 GHe, the walidity of tsgee paramelers [z and o) can be relaked 1o+ 10% i liquid compensstion formula is applied to
measurad SAR values. A frequencies above 3 GHz, the validity of tesee parameters ( and o) = reglricied to + 5%. The uncertaindy is the RES of

the Con® uncedainly for indicaled arget tissue parameters

 Alpha/Depth are determined during calibration. SPEAG warrants that tha remaining daeviation dua to the boundary affact after compensation is
abways less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than helf the probe fip

drameter from the boundary.

Certificale Mo: EX3-7431_0et16
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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DWd- 37431

October 4, 2016

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

Freguency response (normalized)

i i !
1500 2000 2500 2000

Uncartainty of Frequency Response of E-field: + 6.3% (k=2)

Certificate Ne: EX3-7431_0ct16

Page 7 of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DV4- 37431 Cetcher 4, 2018

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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Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DV4-SN:T43

Dynamic Range f(SARcaq)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXADNL- SN:T4Y

Conversion Factor Assessment

October 4, 2016
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Deviation from Isotropy in Liquid
Error (b, %), f = 900 MHz

-i0 -08 -08 <04 <02 00O 0z 0.4 0.6 08 1.0
Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDV4- SN:7431 Cotober 4, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7431

Other Probe Parameters

Sensor Arrangemeant Triangular
Connactor Angle (%) 91.4
| Mechanical Surface Detection Mode T enabled
Optical Surface Detection Mode disabled
| Probe Overall Length - N 37 mm
Probe Body Dismeter - ) 10 mm
| Tip Length | @ mm
| Tip Diameter 1 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

Certificata Mo: EX3-7431_0ct16 Fage 11 af 11




Bay Area Compliance Laboratories Corp. (Kunshan)

DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of e,

ﬂ,:{' A g Sehweizerischor Kalibrierdlenst

Schmid & Partner ;ﬁ c Service sulzse d'étalonnage
Engineering AG b Survizie svizzero di taratura
Zowughaussirasse 43, B004 Zurich, Switzerland 1'z,d,f”—‘\-,\.,\:} S Swias Calibration Service
ol
Accredited by the Swiss Accreddation Service (SAS) Accreditation Ne.: SCS 0108

The Swisa Accreditation Service Is ene f the signatories to the EA
Multilateral Agressment For the recognition of ealibration cerificates

Client BACL Certilleate No: D750V3-1167_Nov16

|CALIBRATION CERTIFICATE

Object D750V3 - SN:1167

Calbration procedura(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

| Calibration date: Neovember 0B, 2016

This calibration cerlificat decuments the traceability 1o national stan dards, which realize e physical units of measuremants (Si).
Thit measuremenis and the unc erainties with confide nce probability are given on fhe toliowsng pages and are par of the cerificate.
All zalibrations have baen conducted In the closed laboratory facllity: envimmment temperature (22 + 3)°C and humidity < 70%

Calibration Equipment uzed (METE eritical for £aibaaton)

Primary Standards D # Cal Date (Cortifieate Mo Senediilid Calbration

Porwer meter NRP SM: 104778 OB-Apr-16 (Mo . 217-02288/02259) Apr-17

Power semsor NFAP-Z91 SM; 103244 O6-Apr-16 (Mo. 217-02260) Apra17?

Power semaor MEP-Z291 Sh: 105245 OG-Apr-16 (Mo. 217-02288) Apra7

Reference 20 9B Altenuator S 5058 {20k) O5-Apr-16 (N, 217-02288) Agr-17

Type-M mismaich combination Shl: 5047.2 / 06327 05-Apr-16 [MNo. 217-02295) Aprd?

Reference Probe EX30V4 S 7349 15-Jun-18 (No. EX3-7340_Junig) Jun7

DAES Sk B 30-Dec-15 (No. DAES-601_[Toe1s) Dec-16

Secondary Standards 1D Check Dale {in house) Schaduled Check

Power meter EPI-4424 Si: GBIF4B0T04 07-Oct-15 (in house chack Oct-16) In house check: Ocl-18
| Power sensor HF B481A SM: US37292783 07-0e1-15 [ Bouse chack Ocl-16) In house check: Ocl-18

Power sensor HP 84814 SM: MY410%2317 07-Oct-15 {in houso chock Ot 16) In howse check: Oct-18

AF generator R&ES SMT-06 | Si: 100972 15=Jun=15 {in house check Ocl+16) In housa chack: Oct-18

Megwaork Analyzer HP 8753E Sh: US37390585 18-0c1-01 {in house eheck Oct-16) In houss check: Oct-17

Hame Funclion Signature
Calibrated by: Lei Kiysnar Laboratory Technician

Approvad By Kafja Pokavic Technicall Manager

Issused: November 11, 2016

This calibration cerificale shall mol be reproduced except in full without wilten approval of | he labaratory.
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schwaizarischer Kallbrierdienst
Service suisse d'dtalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swizs Accreditation Service (SAS) Accreditation Ne.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of ealibration cortificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b} IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c} IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 8 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 8 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
pasitioned 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.
MNo 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 Mo: D750V3-1167_Novig Page2of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions

DASY system configuration, as far as not given on pags 1.
DASY Version DASYS vsz2.8.8
Extrapolation Advanced Extrapolation
Phantom Moadular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations ware applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.85 mha/m
Measured Head TSL parameters (22.0+0.2)°C 41.1£6% 0.92 mho/m £ 6 %
Head TSL temperature change during test <0.5°C -
SAR result with Head TSL
SAR averaged over 1 ecm? {1 g) of Head TSL Condition
SAR measured 250 mW input power 2.12 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 8.23 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.38 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.39 Wikg  16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Bedy TSL parameters 220°C 55.5 0.96 mho/m
Measured Body TSL parameters (22,0 £0.2)°C 55.6=6 % 0.97 mhoim + 6 %
Body TSL temperature change during test <05°C o~
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Bady TSL Condition
SAR measured 250 mW input power 2.16 Wikg

SAR for nominal Body TSL paramatars

normalized 1o 1W

8.58 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® {10 g} of Body TSL

condition

SAR measured

250 mW input power

1.43 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

5.69 W/kg + 16.5 % (k=2)

Cartificate No: D750V3-1167_Nov16
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Bay Area Compliance Laboratories Corp. (Kunshan)

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

Impedance, transformed to faed point 54.10-37j0
Raturn Loss -255d8

Antenna Parameters with Body TSL

Impedance, Iransformed to feed point 4980 -54j0
Return Loss -25.448

General Antenna Parameters and Design

Elecirical Delay {one direction) | 1.033 ns

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

The dipole is made of standard semirigid coaxial cabla. The center conductor of the feeding line s directly connacted to tha
second arm of the: dipole. The antenna is therefore short-circuited for DC-signals. On some- of the dipoles, small end caps
are added o the dipole amms in order 1o improve matching when loaded according to the posilion as explained in the
“Measurement Conditions® paragraph. The SAR dala are not affected by this change. The overall dipole length is still
according to the Standard,

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

Additional EUT Data
Manufactured by SPEAG
Manufactured on Qctober 10, 2016

Cerlificale No: D750V3-1167 _Nov1é Page 4of B




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Head TSL

Date: Q08.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1167

Communication System: UID 0 - CW; Frequency: 750 Mz

Medium parameters used: ['= 750 MHz; o =0.92 8/m; & = 41.1; p= 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration:
s Probe: EX3DV4 - SN7349; ConvF( 10.07, 10.07, 10.07y Calibrated: 15.06.2016:
s Sensor-Surfuce: | 4mm (Mechanical Surface Delection)
= Electronics: DAE4 Sn601; Calibrated: 30.12.2015
= Phantom: Flat Phantom 4.9L; Type: QDROOOP49AA: Serial: 1001
« DASYS252.88(1258): SEMCAD X 14.6.10(7372)

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

Reference Yalue = 58.22 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.17 Wikg

SAR(] g) = 2.12 W/kg: SAR(10 g) = 1.38 Wikg

Maximum value of SAR (measured) = 2.82 Wikg

-2.20
-4.40
-6.60

-8.00

-11.00

0dB =232 W/kg =450 dBW/kg

Certificate Mo D750V3-1167_MNovig Page5of B




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL

B How 2816 11:84:44
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Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Body TSL

Date: 08.11.2010
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1167

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: =750 MHz: 6 = 0,97 $/m; & = 55.6; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAEC/ANSI C63.19-2011)

DASYS2 Configuration:
*  Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 15.06.2016;
+  Sensor-Surface: L4mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
« DASYS5252.8.8(1258): SEMCAD X 14.6.10(7372)

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

Reference Value = 56.52 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.20 Wikg

SAR( g) = 2.16 W/kg: SAR(10 g) = 1.43 W/kg

Maximum value of SAR {measured) = 2.83 Wikg

-2.20
-4.40
-6.60

-11.00

0dB =283 W/kg =452 dBW/kg
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Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Body TSL
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of

: K 4 N/ '/.;' S ischer Kalibr

Schmid & Partner iia\\ﬁéé c Service suisse d'étalonnage
Engineering AG ey Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland f," s S swiss Calibration Service

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

BACL

Accreditation No.: SCS 0108

Client Certificate No: DB35V2-453_Aug15

[CALIBRATION CERTIFICATE
|

Object D835V2 - SN: 453

Calibration procedure(s)

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

Calibration date:

August 17, 2015

This calibration certificate documents the traceability to naticnal 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 humidily < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A US37292783 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A MY410982317 07-0ct-14 (No. 217-02021) Oct-15
Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16
Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16
Reference Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15
DAE4 SN: 654 08-Jul-15 (No. DAE4-654_Jul15) Jul-16
Secondary Slandards D # Check Date (in house) Scheduled Check
RF generalor R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16
Network Analyzer HP 8753E US37390585 S4206 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Name Function Signature
Calibrated by: Jeton Kastrati Laboratory Technician——f [ e
Y Y Q_—‘ 4t‘—— - [‘_(f» e
Approved by: Kalja Pokovic Technical Manager = {@:A

Issued: August 18, 2015

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

Certificate No: D835V2-453_Aug15
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'élalonnage
Servizio svizzero di taratura
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

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Procedure to measure the Specific Absarption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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,

s 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 nermal distribution corresponds to a coverage
probability of approximately 95%.

Cerificale No: D835V2-453_Aug15 Page 2 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resoclution dx, dy, dz =5 mm
Frequency B35 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.20 mho/m
Measured Head TSL parameters {22.020.2)°C 41.9x6% 0.93 mho/m £ 6 %
Head TSL temperature change during test <0.5°C - -—
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW inpul power 2.41 Wikg

SAR for nominal Head TSL parameters normalized to 1W

9.43 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power

1.56 Wikg

SAR far nominal Head TSL parameters normalized to 1W

6.13 W/kg £ 16.5 % (k=2)

Body TSL parameters
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 56.1+6% 1.02 mho/m £ 6 %
Body TSL temperature change during test <0.5"°C amae e
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 2.47 Wikg
SAR for nominal Body TSL paramsters normalized to 1W 9.55 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.61 Wikg
SAR for nominal Body TSL parameters normalized lo 1W 6.27 Wikg = 16.5 % (k=2)

Certificate No: D835V2-453_Aug15
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Bay Area Compliance Laboratories Corp. (Kunshan)

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

Impedanca, transformed to feed point 50.7Q-4.6]Q
Return Loss -26.8dB

Antenna Parameters with Body TSL

Impedanca, transformed to feed point 4680 -6.0 02
Return Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.392ns

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

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

Mo 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 January 31, 2002

Certificate No: D835V2-453_Aug15 Paged of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Head TSL

Date: 17,08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 453

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

Medium parameters used: =835 MHz; 6 =0.93 $/m: & = 41.9; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
«  Sensor-Surface: Imm (Mechanical Surface Detection)
o Electronics: DAE4 Sn654; Calibrated: 08.07,2015
o Phantom: Flat Phantom 4.91; Type: QDOOOP49AA; Serial: 100]
+ DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 38.20 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.65 W/kg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 2.84 Wikg

dB

-2.00
-4.00
-6.00
-8.00

-10.00

0dB =284 Wikg =4.53 dBW/kg

Centificate Mo: DB35V2-453_Aug15 Page 5of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL
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Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Body TSL

Date: 17.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 453

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

Medium parameters used: ['= 835 MHz; o = 1.02 8/m: &, = 56.1: p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAEC/ANSL C63.19-2011)

DASYS52 Configuration:
«  Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn654; Calibrated: 08.07.2015
o Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

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

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

Reference Value = 55.00 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.69 W/kg

SAR(1 g) = 2.47 W/kg: SAR(10 g) = 1.61 W/kg

Maximum value of SAR (measured) = 2.89 Wikg

dB

-2.40
-4.80
-7.20
-9.60
-12.00

0dB =289 Wikg=4.61 dBW/kg
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Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Body TSL
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zisrich, Switreriand

Schweizarischer Kafibrierdienat
Service suisse d'etalannags
Servizio svizzero di laraiurs
Ewins Callbration Servica

Aocradiad by the Swiss Accrediiasan Sendce [SA5) Accraditation No.: SCS 0108
The Swiss Accrediation Service is one of the signatories to the E4
Mubtilateral Agreament for the recognition of calibration cerfificates

Cilont BACL Certiticate No; D1750V2-1140_Jull15

[CALIBRATION CERTIFICATE

Objact D17E0V2 - SN: 1140

Callbratien procacurais) QA CAL-05.vD
Calibration procedure for dipale validation kite above 700 MHZ

Casbialion dale; July 09, 2015

This caliorabon cartificat documents The iraceabiBty fo natkenal standards, which realize the physical units of measurements (S1),
The measisemants and (he uncertainies with confidenca prooabiity are given on the following pages end are par of the cariicate
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Bay Area Compliance Laboratories Corp. (Kunshan)

. ¥ A II-|l||||I
Calibration Laboratory of FAAY Y Schwelzeriseher Kalibriardienst
Schmid & Partner G H Service suisse d'éalonnoge
Engineering AG e = ey Servizin svizzero di taratura
Zoughausstrasse 43, B004 Zurich, Switzeriand ‘5-/,.;;",-2'\._:5-“ Ewiss Calibration Service
Fely ity
Accraditad by the Swiss Accmdtalion Senvca (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agresmant for the recognition of callbrathon cenificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z
Mg not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

d) KDB 865664, “S5AR Measurement Requirements for 100 MHz to 6 GHZ"

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

+ Anienna Parameters with TSL: The dipole is mounted with the spacer to position fis feed
point exactly below the center marking of the flat phantom section, with the arms orlented
paraliel to the body axis.

» Feed Point Impedance and Relurn Loss: These parameters are measured with the dipole
positioned under the liquid filed phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected pawer. Ne uncerainty required.

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

SARA 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.

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

The reported uncerainty 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%.




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions

DASY system configuration, as far as not given on page 1,
DASY Version DASYS VEz.8.8
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantomn
Distance Dipole Center - TSL 10 mm with Spacear
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz + 1 MHz
Head TSL parameters
The fallowing parameiers and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 2.0°C 40,1 1.37 mha/m
Measured Head TSL parameters (22002 "C 3HH=6% 1.38 mho'm = 8 %
Head T5L temperature change during test <05G | e -
SAR result with Head TSL
SAR averaged over 1 cm” {1 g} of Head TSL Caondition
SAR measuned 250 mW inpat power .31 Wikg

SAR for nominal Head TSL parameters

nofmalized to 1W

36.8 Wikg = 17.0 % (k=2)

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

condition

SAR maasurad

250 mW input power

.07 Wikg

SAR lor nominal Head TSL paramelads

nomalized to 1W

19.7 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calcutations ware applied,
Temperature Permittivity Conductivity
Wominal Body TSL parameters 22.0°C 534 1.48 mho'm
Measured Body TSL parameters (22.0£02)°C B22+65% 1.48 mho/m 6 %
Boady TSL temperature change during test <0.5°C — ——--
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Candiion
SAH maasured 280 mW input power 8.32 Wiy

B4R for nominal Body TSL parametans

nomalized 1o 1W

57.2 Wikg = 17.0 % (k=2)

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

wandilion

S5AR measurad

250 mW input power

5.05 Wikg

SAH for nominal Body TSL parameters

narmalized 1o 1TW

20.2 Wikg = 16.5 % (k=2)




Bay Area Compliance Laboratories Corp. (Kunshan)

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, fransformed to feed pednt 50.5 £ + 0.0 i}
Retumn Loss -45.4 dB

Antenna Parameters with Body TSL

Impadanca, transformed to feed point 4500 + 0.2 0
Retum Loss -27.4 dB

General Antenna Parameters and Design

Electrical Delay {ane direction) | 1.224 s

Aftar long term use with 100W radiated power, only & slight wamming of the dipole near the feedpoint can be measured,

The dipole is made of standard semirigid coaxal cabie, The center conductor of the feeding fine is directly connected to the
sacond arm of the dipole, The amenna is therefore shon-circulted for DC-signaks. On some of tha dipoles, small end caps
are added to the dipole arma in order to improve matching when loaded according 1o the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipale length is still
sccording to the Standard.

Mo excegsive force must be applied to the dipole arms, because thay might bend or the soldered connections near the
feadpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured an | Septembar 30, 2014




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS Validation Report for Head TSL

Date: 09072002
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial; DI750V2 - SN:1140

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

Medium parameters used: f = 1750 MHz; o = 1.38 $/m; & = 38.8; p = 1000 kefm’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TECYANS] C63.19-2011)

DASYS2 Configuration:
#  Probe: ESIDVI - SN3205; ConvFi5.2, 5.2, 5.2% Calibrated: 30.12.2014;
= Secnsor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
+  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASYSZ 51.8.8(1222) SEMCAD X 14.6.1007331)

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

Reference Value = 94,36 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 16.7 Wike

SAR(I g) = 9.31 Wikg; SAR(10 g) = 4.97 Wikg

Maximum value of SAR (measured) = 11.5 Wikg

-3.37
-b.74
-10.10

-13.47

-16.84

0dB = 11.5 W/kg = 10.61 dBW/kg




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL

8 Jul 2845 13:420




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS Validation Report for Body TSL

Diate: 09.07.2015

Test Laboratory: SPEAG, Zurnich, Switzerland

DUT: Dipole 1750 MHz; Type: DIT50Y2; Serial: DITS0VI - SN:1140

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

Medium parameters nsed: f = 1750 MHz; o = 1.48 $/m; &= 52.2; p = 1000 kg/m”
Phantom section; Flat Section

Measurement Standard: DASY S (IEEEAEC/ANSI C63.19-2011)

DASYS2 Configuration:

Probe: ESIDVY - SN3205, ConvF(4.88, 4.88, 4.88); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA: Senal: 1002

DASYS52 52.8.8(1222), SEMCAD X 14.6.10(T331)

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

Reference Value = 93.06 Vim: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 15.9 W/kg

SAR(I gh = 9.32 W/kg: SAR(10 g) = 5.05 Wikg

Maximum value of SAR (measured) = 11.7 Wikg

-3.00
-6.00
-9.00

-12.00

-15.00

0dB = 11.7 Wikg = 10.68 dBW/kg




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Body TSL
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of
Schmid & Partner
Engineering AG —

Zeughausstrasse 43, 8004 Zurich, Switzerland o B
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SN, Schweizerischer Kalibrierdienst

Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service
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Accredited by the Swiss Accreditalion Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

BACL

Accreditation No.: SCS 0108

Client Certificate Mo: D1900V2-5d206_Jul15

[CALIBRATION CERTIFICATE

Object D1900V2 - SN:5d206

Calibration procedura(s)

Calibration date:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

July 14, 2015

Calibration Equipmant used (MATE critical for calibration)

This calibration certificate documents the traceability te national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with conlidence prabability are given on the folleving pages and are part of the certificals,

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

MNetwork Analyzer HP 8753E

Calibrated by:

Approved by:

US37390585 54206

Name
Leif Klysner

Kalja Pokavic

18-Oct-01 (in house check Oc1-14)

Function
Labaratory Techniclan

Technical Manager

Primary Standards D 4 Cal Date (Centificate No.) Scheduled Calibratian
Power mater EPM-4424 GB3IT480704 07-0ct-14 (No. 217-02020) Oct-15

Power sensor HP B4B1A Us37202783 O7-Oct-14 (No. 217-02020) Oat-15

Power sensor HP B4B1A MY41032317 07-Oct-14 (No. 217-02021) Oet-15

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

Type-N mismatch cambination SN: 50472 J 06327 01-Apr-15 (No. 217-02134) Mar-16

Referance Probe ES3DV3 SN: 3205 30-Dec-14 (Mo. ES3-3205_Dec14) Dec-15

DAES Sh: 601 18-Aug-14 (Mo, DAES-G01_Aug14) Aug-15

Secondary Standards ID & Check Date (in house) Schaduled Check

AF generator RAS SMT-06 100005 04-Aug-99 (in house check Ocl-13) In house check: Oct-16

In house check: Oct-15
Signature
s /

Issued: July 14, 2015

This calibration cerificate shall not be reproduced except in full withaut written approval of the laboratary.

Certificate No: D1900V2-5d206_Jul15
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of

4 S Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG C  servizio svizzero ditaratura
Zeughausstrasse 43, B004 Zurich, Switzerland S swiss Callbration Service
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close praximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: D1900V2-5d206_Jul1s Page 2 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS5 v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Neminal Head TSL parameters 22.0°C 40.0 1.40 mha/m
Measured Head TSL parameters (22.0+£0.2)°C 39.7+6% 1.38 mho/m =6 %
Head TSL temperature change during test <05 °C e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.7 Wikg = 17.0 % (k=2)
SAR averaged aver 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.35 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 21.5 Wikg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mha/m
Measured Body TSL parameters (22.0+£0.2)°C 527+68% 1.54 mho/m =6 %
Body TSL temperature change during test <0.5°C - =
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.3 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 40.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.51 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

21.9 W/kg = 16.5 % (k=2)

Centificats No: D1300V2-5d206_Jul15

Page 3018




Bay Area Compliance Laboratories Corp. (Kunshan)

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 525Q+65)Q
Return Loss -23.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4B6Q+7.1Q
Retum Loss -22.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shori-circuited for DC-signals. On some of the dipoles, small end caps
are added fo the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditiens” 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 October 21, 2014

Cenificate No: D1900V2-5d206_Jul15 Page 4 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS5 Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d206

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

Medium parameters used: f = 1900 MHz; 6 = 1.38 S/m; &, = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN32035; ConvF(5, 5, 5); Calibrated: 30.12.2014;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 18.08.2014
s Phantom: Flat Phantom 5.0 (front); Type: QDO00OPS0AA; Serial: 1001
« DASY32 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 99.02 V/m: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.4 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.35 W/kg

Maximum value of SAR (measured) = 12.8 Wikg

-3.40
-6.80
-10.20

-13.60

-17.00

0dB =128 W/kg=11.07 dBW/kg

Certificate No: D1900V2-5d206_Jul15 Page 5 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL
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Bay Area Compliance Laboratories Corp. (Kunshan)

DASY5 Validation Report for Body TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d206

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

Medium parameters used: = 1900 MHz; o = 1.54 S/m; &, = 52.7; p = 1000 kg!mJ
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: ES3DV3 - SN32035; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
o  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flat Phantom 5.0 (back); Type: QDO0OPS0AA; Serial: 1002
o DASYS52528.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 95.62 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 17.3 Wikg

SAR(I g) = 10.3 W/kg; SAR(10 g) = 5.51 W/kg

Maximum value of SAR (measured) = 12.9 Wikg

-6.80
-10.20

-13.60

-17.00

0dB=129W/kg=11.11 dBW/kg

Certificate No: D1800V2-5d206_Jul15 Page 7 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Body TSL
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Ieughaussirasse 43, 6004 Zurich, Switzeland

Accraditad by the Swizs Accradibbion Servize {SAS)

T
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Thi Bwiss Accreditalion Sorvico & ane of the signatorics to the EA
Multilateral Agreemant for the recognition of calibration certlicates

BACL

Client

S
Cc
S

Gehweizerischer Kaliks iy il
Service suisse détalonnage
Servizio svizzero di taratura
Swiss Calibration Senice

Accraditation Ne.: SCS 0108

Cerificate No: D2600V2-1132_Nov16

I_CALIBHATION CERTIFICATE

|DIJ]E|:1

| Calibratior procedur(s)

QA CAL-05.2

D2sCovz - sNi1132

Calibration procedure for dipole validation kits above 700 MHz

Calibratior date:

Calbwation Equipment used (MATE critical lar calibration)

Movember 10, 2016

This casbralion cartilizale decunents the tmeeabilily t national standards, which realize the phys cal units ol measwemants (S1),
The measurements and the uncartainties with confidance probability are givan on the fallowing pages and are part of the certilicats,

Al calibratons have been conducted in e closed lbsralary faclity: ervirarmant lempesatune (25 £ 3)°C and lumidity « 70%,

| Primary Sanaands | [[*E] Cal Dale [Cerdilicale No.) Schedulad Calibraton
[ Powar meer MAP SN: 104778 DE-Apr-16 (Mo, 217-02203:02283) Apr-17
| Powar sensor MRP-Z31 Sh: 103244 06-Apr-16 (Mo 217-02283) AprT

Powor sengar MRP-Z21 Sz 100845 DG-Apr-10 (Mo, 217-DE203) Apr-1T

Anference 20 dB Altanuator Sh: 5058 (20k) D5-Apr-16 (Mo, 21702202 Apr-17

Type-N mismatch combination SM: 50472/ 06327 05-Apr-16 (Mo 217-02203) Apr17

Reference Probe EXI0DV4E SN: 7548 15-Jure16 (W FX3-7340_0n1R) T

DAES Sh: G 30-Dec-15 (Mo, DAEA-B01_ Dec15) D16

Secondary Siandards |io# Check Date {in houss) Schodulsd Chock

Power metar EPM-1424
Power sensor HP BLE1A

| Peavr sansor HP B4E14
FF generaor B&S SMT-06
Mobwark Analyzar HP 8753E

Sh: GEITAEOT04
SN: 537202785
SH: My41002317
S 1009V

Si: U337300585

Rlami
Calibrated by Michael Weber
Approwed by: Katja Pokovic

OF-0ct-15 (in house chadd Oat-16)
OF-Dct-15 {in bouse chadk Oel-16)
O7-0ct=15 (in bouse chedd Oot-16)
TE-AUN-T {0 NOUSE S Uet=T1)
18-2e1-01 {in kowse chack Ocl-16)

Fumation

Laborntary Tochnisian

Iev housa chack: Ocl-18
I house check: Oc-18
I house check: Ocl-18
In housa chack: Ucl-18
In howse check: Ogl-17

Signntum

Technical Minnger %A}
o Ll i

This galibration cerificate shall not be reproduced gxeepl in Tull wihout witlen approval of the labcratary.

Issuad: hovembar 11, 2016

Cerificate Mo; D2E0IV2-1132_Novis
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of

5 G Schweizerischor Kalibrierdienst
Schmid & Partner ¢ Service suisse détalonnage
Engineering AG Servizio svizzero di taralura
Zoughausstrasse 43, 8004 Zurich, Switzerland S swies Calibration Service
Accradited by the Swiss Accraditation Seevice {SAS) Aecreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 SBystem Handbook

Methods Applied and Interpretation of Parameters:

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

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

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the ligquid filled phantom. The impedance stated is transfarmed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required,

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

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

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

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

Cenificate No: D2600V2-1132_Novie Page 2al 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS vV52.5.8
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution di, dy, dz =5 mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parametars and calculations were applied.
Temparature Parmittivity Conductivity
Nominal Head TSL parameters 22.0°C 38.0 1.96 mhofm
Measured Head TSL parameters {220z02)°C FE£ER 2.04 mhe'm + 6 %
Head TSL temperature change during test <0.5°C a—= —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR measured

250 mW input power

14.4 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

56.1 Wikg £ 17.0 % (k=2)

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

condition

SAR measurad

250 mW input power

6.38 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

25.1 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conduchvity
Neminal Body TSL parameters 22.0°C 525 2.18 mho'm
Measured Body TSL parameters 22002 °C 508+6% 2.20 mho/m =6 %
Body TSL temperature change during test =0.5°C - —
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition

SAR measured

250 mW input power

13.7 Wikg

SAR for nominal Body TSL paramaters

normalized to 1W

53.9 Wikg £ 17.0 36 (k=2)

SAR averaged aver 10 cm® (10 g} of Body TSL condition
SAR measured 250 mW input power 6.10 Wikg
SAR for nominal Body TSL parameters normalized lo 1W 24.2 Wikg £ 16.5 % (k=2)

Certificate No: D2800V2-1132_MNoviE

Page 3of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

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

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

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

| Etectrical Delay {one direction) | 1154 ns

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

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

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

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

Carlificate Mo: D2600V2-1132_Novi Page 4 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS Validation Report for Head TSL

Date: 10011.2016

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

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

Measurement Standard: DASYS (IEEE/NEC/ANST C63.19-2011)

DASY 52 Configuration:

o Probe: EX3DV4 - SNT7349; ConvF(7.56, 7.56, 7.56); Calibrated: 15.06.2016:

o Sensor-Surface: L.4mm (Mechanical Surface Detection)

s Electronics: DAE4 Sn601: Calibrated: 20.12.2015

«  Phantom: Flat Phantom 5.0 (front); Type: QDOIPS0AA; Serial: 1001

« DASYS52 52 8.8(1238); SEMCAD X 14.6.10(7372)

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

Reference Value = [15.0 Vim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.38 Wikg

Maximum value of SAR (measured) = 24.2 Wike

-5.00

-10.00

-15.00

-20.00

-25.00

0dB =242 Wikg = 1384 dBW/kg

Certificate Mo: D2600V2-1132_Mov16 Page 5of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL
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Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS Validation Report for Body TSL

Drate: 10.11.2016

Test Laboratory: SPEAG, Zurich, Swilzerland

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

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

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

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

DASYS2 Configuration:

« Probe: EX3DV4 - SNT7349; ConvF(7 48, 748, 7.48); Calibrated: 15.06,2016;

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

«  Electronics; DAE4 Sn601; Calibrated: 30.12.2015

*  Phantom: Flat Phantom 5.0 iback): Type: QDOUOPS0AA; Serial: 1002

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

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

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

Peak SAR (extrapolated) = 27.9 Wikg

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

Maximum value of SAR (measured) = 22.8 Wikg

-5.20

-10.40

-15.60

-20.60

-26.00

0dB =228 W/kg=13.58 dBW/kg

Cerificate Mo: D2600V2-1132_MNowls Page 7 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Body TSL
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