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Power gensar NRE-781 A A0ERad | 06-Apr-18 (Mo 217-02288) Apri7
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Glossary:

T5L figsue simulating liguid

NORM, y,2 sensitivity in free space

CaonvE sensiliviiy in TSL F NORMxy.z

DGR diode eompression point

GF crist factor {1iduty_cycle) of the BF signal

ABCD modulation dependent linearization parameters

Palarizaton s Ip rotafion around probe axis

Palarizaton & B rotation around an axis tnet is in the plans normal o props exls (2t reasiremen centar),
l.e., &=0ls nommal to probe axis

Connector Angle information used in DASY systam o align probe sensor X o the roboi coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Sid 1528-2013, "IEEE Recommended Practice for Determining the Pesk Speasl-Averaged Speaific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremenl
Technigues', June 2013

by IEC 62209-1, "Procedure o measurs the Specfio Absorpion Rate (SAR) for hand-held devices used n closs
proximity to tha ear (frequency rapga of 300 MHz 1o 3 EHz)". Fabruary 2005

z) IEC 622082, "Procedure to determine the Specific Absarption Rate (SAR) for wireless commurication devioes
used in close proximity to the human body (freguency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664 "SAR Measurement Requirements for 100 MHz 1o B GHz"

Methods Applied and Interpretation of Parameters:

NORM:x p, 2 Assassed for E-lield polardzation 8 = 0 (T < 900 MHz in TEM-call; F = 1800 MHz: R22 ‘wavaguide},
NORMy.y,z are only inlermediate values, (e, the uncertainties of NORME,y,z does not affect the E'field
uncartainty inside TSL (see below CaonviF).

NORM % vz = NORMyx, .z * frequency_response (e Freguency Responge Chart), This linssrizalion s
implementad in DASY4 software versions later than 4.2 The uncertainty of the fragquency response is ineluderd
In the stated dncanainty of ConvF.

DCFPx y.z: OCP ara numerical linganzation parameters assessed based on the data of power sweep with CW
signal (no uncertainty reguired). DCF does not depend on frequency nor media,

PAR: PAR is the Peak 1 Aversge Ratla thal is not callbralad bt delermined based on tha swgral
characlenstics

Ax oz Brwzr Gz Duy.zy VRx vz A, B, C, D are numernical (inearzaton parameters assessad bagad on
the data of power sweep for specific modulation signal. The parameters do rol depand on fraquency noer
madia, VR |5 ne maximum callbration range expressod in EMS voltage across the dicos.

Comv and Boundary Effact Parameters: Assassed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
messurements for F > 800 MHz. The same sstups are used for assessmeant of 1he parameters appliad for
boundary compensation (gipha, deplh) of which typical unceriainty values are given, These parameters are
uzed in DASYA seftwara 1o improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponis
lo NORMx, v,z * ConvF whereby the uncertainty cormespends to that given for Convk A frequency dependen|
ConvE is usad in DASY version 4.4 and higher which allows extending the validity from + 50 MHz 1o + 100
MHz

Epherical lsairopy {30 devalion from lsotropy). In & field of low gradients realized Using a fat phaniom
axposad by a pateh antenna.

Sensor Offset; The sensor offset camesponds to the offset of virual messurement cenler from fhe probe (p
[om probe axis). Mo tolerance reguinsd

Conneclor Angte: Tha anole is asgeszad using the infermaltion gained by determining the NORM:x (no
neartainty raguifed)

Cartificale Wi EX3-743% Jcel1G Page 2o 11




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!)

Cartificate Mo: EX3-7431_0ct16 Paga 3 of 11




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.

Certificate No: EX3-7431_0ct16 Page 4 of 11




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.

Cortificate Mo) EX3-7431_0c116




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
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDV4- SN:T431

October £, 216

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
45 kN &
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na e @n 2, B4 0g o
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Certificata Mo: EX3-7431_Oct18 Page & af 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EX3DV4-SN:T43

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

109 -

Input Signal [uy]

10?_

103 107 107

2]
net compensated

— i
10 102 108

(@]
compensatesd

1o
SAR [mWricm3]

Error [€B]

not compensated

1t 1 102 109
SAR [mWWiema]

compansated

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

Certificate No: EX3-7431_0ct18 Page Sof 11
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXADW4- SH:T431 Qotober 4, 2096

Conversion Factor Assessment

=200 MHz WGLE RS (H_com) = 1750 MHz WGLS R22 (H_carvF)
0 30
5 |
=|
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Deviation from Isotropy in Liquid
Error (b, ), f= 900 MHz

=%
= i
. B T - - - : !

-0 -08 -068 <04 <02 Q0 0z 0.4 0.6 08 1.0
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)

Cerificate Ma: EX3-7431_Cetlg Page 104af 11




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

. . o e,
Callbljatlon Laboratory of F- :S:J//f',,; s ischer Kalibr
SChmld & F_’artner SIB\EW c Service suisse d'étalonnage
Engrneenng AG L Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 'u,df;\"\w\? S swiss Calibration Service
i\
Accredited by the Swiss Accraditation Servica (SAS) Accreditation No.: SCS 0108

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

client  BACL Certificate No: DB35V2-453_Aug15

|CALIBRATION CERTIFICATE

Object D835V2 - SN: 453

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

Calibration date: August 17, 2015

This calibralion cetificate 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.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Power meler EPM-442A GB37480704 07-Oct-14 {No. 217-02020) Qct-15
Power sensor HP 8481A US37292783 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A MY41092317 07-Oct-14 (No. 217-02021) Qct-15
Relerence 20 dB Atlenuator 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
Relerence 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 1D # 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 Techniclarl _l{{_ [ ( e S
\ <
Z=
Approved by: Katja Pokovic Technical Manager (L

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 Page 1 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zeughausstrasse 43, B0D4 Zurich, Switzerland

Schweizerischer Kalibri
Service suisse d'dlalonnage
Servizio svizzero di taratura
Swiss Calibration Service

S
C
S

Accredited by the Swiss Accreditation Service (SAS) Acereditation Me,: SCS 0108
The Swiss Accreditation Servico is one of the signatories 1o the EA
Multllateral Agreement for the recognition of calibration cerificatos

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

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 bady (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
g) 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
paint 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 normal distribution corresponds to a coverage
probability of approximately 95%.

Cerificate No: D835V2-453_Aug15 Page 20l 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: DB35V2; Serial: DB35V2 - SN: 453

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

Medium parameters used: =835 MHz; o =0.93 $/m: & = 41.9; p= 1000 kg/m?
Phintom section: Flat Section

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

DASYS2 Configuration:
+ Probe: ES3DV3 - SN3205: ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Snb54; Calibrated: 08.07,2015
»  Phantom: Flat Phantom 4.91; Type: QDODOP49AA; Serial: 100
« DASYS5252.8.8(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=3mm

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

Mauximum value of SAR (measured) = 2.84 Wikg

dB

-2.00
-4.00
-6.00

-8.00

-10.00

0dB =284 Wikg =453 dABW/kg

Cenificate Mo: DB35V2-453_Aug15 Page5aof 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL

17 Aug 2815 17¥:12:59
EE 0 41.820 pF 235,000 009 HH=

EHI] s21 i U FS 2 BOETZ &

Fvg o -
16 "

Hld

CHZ S11  LOG 5 dB/REF =20 dB ) 2-26,793 dB  §35.000 086 MHz

Del | T R

Fug

Hid = .3

START 635.800 DOD MHz i STOP 1 035,000 000 Hz

Certificate Mo: D835V2-453_Aug15 FagaGol 8




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 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S5 (IEEE/IEC/ANSL C63.19-2011)

DASYS2 Configuration:
«  Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17): Calibrated: 30.12.2014:
o Sensor-Surfuce: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn654; Calibrated: (18.07.2015
= Phantom: Flat Phantom <.9L; Type: QDOOOP49AA; Serial: 1001
«  DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 55.00 Vim; Power Drilt = (L01 dB

Peak SAR (extrapolated) = 3.69 Wikg

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

Maximum value of SAR (measured) = 2.89 W/kg

dB

-2.40
-4.80
-7.20
-9.60
-12.00

0 dB =289 W/kg =4.61 dBW/kg

Corificate No: DB35V2-453_Augls Page 7 ol B
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
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Engineenng AG
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hceraditation No.: SCS 0108
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[CALIBRATION CERTIFICATE

| Obgsct

| Callmiion procacurais)

Canlialion date;

D1750V2 - EM:1140

Qa8 CAL-0GwvE
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of a1 L ar—

Pl > \ Sehwslesrisehos Kaliwiordiened
Sch rn'ld & I?"arlnﬂr \-—'_'r/- E ' \ lII S Banjice suiase o #lslonnoge
Enginesring AG 2 . M, Seryizin svizemn 4 tratura
Zsuphnusstmssa 43, 8004 Zusich, Switzsriand f-(.ﬁﬁ}.f — S Swiss Calibration Service
heonadiiod by te Swiss Ascraditation Sersce (SAS) Accraditalion Mo SCS 0108

The Swiss Accreditation Sarvics is one of the signatories 1o the EA
Nultlataral Agrasmant for the recognitien of callbration ceniicales

Glassary:

TSL lissue simulating lquid

ConvF sensitivity in TSL / NORM x.y,z
/B nol applicable ar 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 Rata (SAR) in the Human Head {rom Wireless
Communications Devices: Measurement Techmigues”, June 2013

b} 1EC 62209-1, "Procedurs to measure the Specific Absorption Rate (SAR) lor hand-held
devices used in close proximity to the sar (frequency range of 300 MHz 1o 3 GHz2)",
February 2005

o) IEC 62208-2, "Procedurs to delermine the Specific Absorpbon Fate (SAR) lor wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)*, March 2010

d} KOB 865664, “SAR Measurement Regulrements for 100 MH2 to 6 GHz"

Additional Documentation:
g} DASY4/5 System Handbook

Methods Applied and Interprelation of Paramelers:

s Measurement Condilions: Further delails are available from the Validation Report af the end
of the cedificale. All figures staled in the cerificale are valid at the frequency Indicated,

# Antenna Parameters with TSL: The dipole is mounted with the spacer to position |ts feed
point exactly below the center marking of the flat phantom saection, with the arms orisnted
parallel 1o the body axis.

» Feed Point Impedance and Relurn Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point, Tha Returm Loss ensures low
reflectad power, Mo unssrainty required.

» Electrical Delay: One-way delay batwesn the SMA connector and the anlenna feed point,
Mo uncerainty required.

SAR measured: SAR measured al (he stated antenna input power
SAR normalized; SAR as measured, normalized to an input power of 1 W al the antenna
connecior.

« SAA for nominal TSL parameters; The measured TSL paramelers are used to caloulate the
nominal SAR result.

The repored uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution cormespands 1o a coverage
prebability of approximately 95%.




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions

DASY aystem conliguralion. as far as not given on page 1
DASY Version DASYS Vaz.en
Exirapolation Advancad Extrapolation
Phantom Medular Flat Phantomn
Distance Dipole Center - TSL 10 mm wilth Spanar
Zoom Scan Resolution iy, dy, dz =5 mm
Frequency 1750 MHz + 1 MHz
Head TSL parameters
The fallowing parameiers and calculations were epplied
Tamperature Parmitiavity Conductivity
Nominal Head TSL parameters 22.0'C 4m1 1,37 mhioim
Measured Head TSL parameters (220 +0.2) "C | B H =B 138 mhovm =8 %
Head 5L temperature change during test < 0.5G r —_ —
SAR result with Head TSL
SAR averaged over 1 cm® {1 g of Head TSL Candition
SAR measunad 250 mW inpat possar .37 Wikg
SAR lor nominal Fead TSL paramaters normalized to 1W 36.8 Whkg = 17.0 % (k=2)
SAR averaged over 10em’ (10 g) of Head TSL caonditan
SAR maasurad 250 m\W inpard poweer & 87 Wika
SAH lor nominal Head TSL parameters nommalized fo W 19.7 Whkg = 16.5 % (k=2)
Body TSL parameters
The Todlowing pargmetars and calculations wans app|isd,
Temperathure Parmittivity Conductivity
Hominal Bady TSL paramelers 220 °C 534 1.48 mha/m
Measured Body TSL parameters (22.0=02)°C B2 +8% 1,48 mho/m = 6 %
Bady TSL 1emperature change duning test «=0.5"C - -
SAR result with Body TSL
SAR averaged over 1 om” (1 g) of Body TSL Conian
2AR measlred 250 mW inpul powear 8.32 Wiy
ZAHA far nomiral Body TSL parameisrs normatized o 1W 37.2 Wikg = 17.0 % {k=2)
SAR averagad over 10 ¢m” (10 g) of Bady TSL candikon
SAF measund 250 mW input power 5.05 W/
SAaH for nominal Body TSL parameters normaiized 1o TW 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

kroadance, ransformed o feed point 50.5 2 + 00
Retum Loss -45.4 d8

Antenna Paramelers with Body TSL

Impadance, ranstormed 1o feed paolnt 458102 + 0.2 |2

RA#iin Loss -27.4 dB

General Antenna Parameters and Design

Electrical Delay [one direstion) 1,224 g

Aftar lang term use with 100W radiated power, only 2 siight waming of tha dipois near (he feedpoint can bs measured.,

The dipole is made of standard semirgesd coaxlal cabe The center conductor of the leeding Bne is dinsctly connected o the
second arm of the dipole, The amenna (s theretore ahor-siiculted tar DC-signals. On gome of (ha dipoies, small end caps
are added 1o the dipole arms in order to improve malching when foaded according {o the position as explained in the
"Measurement Canditiona® paragraph. Tha SAR dala am not affecied by this changs. The overall dipale length is =till
accondng 1o the Stanoard.

ho excassve force must br apolled o the dipole arms, becsues they might bend or the soldared 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

D 09,070,200
Tesl Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750%2 - SN:1140

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

Medium parameters nsed: f= 1750 MHg; o = |38 §/m; & = 38.8; p = 1000 kg/m'
Phamlom section: Flat Section

Measurement Standard: DASY S (IEEE/TEC/ANS] C63.19-201 1)

DASYS2 Configuration:
#  Probe: ESIDVI - SN3Z205: ConvEFi5.2, 5.2, 5.2%, Calibrajed: 30.12.2013;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
+  Elecronics: DAE4 Sn601; Calibrated: 18.08.2014
s Phanton: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial; 1001

= DASYSZ 52.8.8(1222): SEMCAD X 14.6,10(7331)

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

Reference Yaloe = 94 36 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 16.7 Wikg

SAR() ) =931 Wikg: SAR(10 g) = 4.97 Wikg

Muximum value of SAR (measured) = 11.5 Wike

-3.37
-6.74
-10.10

-13.47

-16.64

0 dB = 11.5 Wikg = 10,61 dBW/ke




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

Dute: 09.07,2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: DITS0VE; Serial: DITS0VI - SN:1140

Communication System: LIID () - CW; Frequency: 1750 MHz

Medium parameters used; f= 1750 MHz; o= 1,48 8/m; & =522 p= 1000 kg/m’
Priantom section: Flat Section

Measurement Standard: DASYS (IEEEIECAANST C63, 19-2011)

DASYS2 Configuration:

Probe: ES3DVY - SN3205. ConvFi4.88. 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

DASYS2 52.8.8(1222); SEMCAD X 14.6.1(K7331)

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

Reference Value = 93 .06 Vim: Powet Drift = 0.01 dB

Peak SAR (extrapolated) = 15.9 Wikg

SAR(L g) = 9.32 Wikg: SAR(10 g) = 505 Wikg

Maximuwm value of SAR (measured) = 11.7 Wikg

3.00
-6.00
.

-12.0n

g

DdB = 11.7 Wike = 10,68 dBW/kg

-15.00
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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, Swikzerland

Aceredited by the Swiss Accredilation Service [SAS)
The Swiss Accreditation Service is one of the signatorics to the EA
Multilateral Agreement for the recognition of calibration certificates

Client BACL

Schweizerischer Kallbriardienst
Service suisse d'étalennage
Servizio svizzero di taratura
Swiss Calibration Service

now

Accreditation No: SCS 0108

Certificate No: D1900V2-5d206_Jull15

[CALIBRATION CERTIFICATE

Object

Calibration procedura(s)

Calibration date

D1900V2 - SN:5d206

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

July 14, 2015

Calibration Equipmant used (M&TE critical for callbration)

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

Al ealibrations have been conducted in the closed laboratory facifity: enviranment temperature (22 = 3)°C and humidity < 70%

MNatwork Analyzer HP 8753E

Calibrated by:

Approved by:

|
| This calibration ceriificate shall not be reproduced except in full without written approval of the labaratary.

U537390585 54206

Name
Leif Klysnar

Katja Pokovic

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

Function
Labaratory Tachniclan

Technical Manager

Primary Standards 1D & Cal Dote (Conificale Ma.) Scheduled Calibration
Powar mater EPM-4424 GBaT480704 O7-0ct-14 (Mo, 217-02020) Oct=15

Power sensor HP BAB1A US37292783 07-Oct-14 (Mo, 217-D2020) Oct=18

Power sansor HP B4B1A MY41082317 07-0ct-14 (Mo, 217-02021) Cel-15

Raference 20 dB Altenuator SN: 5088 (20k) 01-Apr-15 (MNa. 217-02131) War-16

Type-N mismalch combination SN: 5047,2/ 06327 01-Apr-15 (Mo, 217-02134) Mar-16

Referance Probe ES30VE SN; 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15

DAE4 Sh: 601 18-Aug-14 (No. DAEA-601_Augi4) Aug-15

Secondary Standards D & Check Date {in house) Schaduled Check

AF generator RAS SMT-08 100005 04-ALg-93 (in house chack Ocl-13) In house check: Oct-16

In house check: Oct-15
Signature

Issued: July 14, 2015

Certificate Mo: D1900V2-5d206_Jul15
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Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of

. S Schweizerischer Kalibrierdienst
Schmid & Partner c Service sulsse d'dtalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland S Swiss Calibration Sarvice
Aceradited by he 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 callbration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

= 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 DASYS vV52.8.8
Extrapolation Advanced Extrapoclation
Phantom Modular Flat Phantom
Distance Dipole Canter - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following patameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal 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 <0.5°C ee
SAR result with Head TSL
SAR averaged aver 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 over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.35 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.5 W/kg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+0.2)°C 527 +6% 1.54 mho/m =6 %
Bady TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 ecm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.3 Wikg
SAR for nominal Body TSL parameters normalized 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)

Centificate No: D1800V2-5d206_Jul15

Page 30f 8




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+65jQ
Retumn Loss -23.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4860Q+7.1jQ
Retum Loss -22.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 ns

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

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 dipale. The antenna is therefore shori-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o 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.

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 October 21, 2014

Cenrificate No: D1900V2-5d206_Jul15 Pagedof 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; o = 1.38 S/m; & = 39.7: p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASY 3 (IEEE/AEC/ANSI CA3.19-2011)

DASY352 Configuration:
s  Probe: ES3DV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014;
o Scnsor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 18.08.2014
»  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial; 1001
« DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 99.02 Vim: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.4 Wikg

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

Maximum value of SAR (measured) = 12.8 W/kg

-3.40
-6.80
-10.20

-13.60

-17.00

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

Certificate Mo: D1800V2-5d208_Jul15 Page 5of 8
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Impedance Measurement Plot for Head TSL
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Certificate No: D1200V2-5d206_Jul1S
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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; 6 = 1.54 S/m; &, = 52.7; p = 1000 kg!m]
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAIEC/ANSI C63.19-201 1)

DASYS52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
«  Phantom: Flat Phantom 5.0 (back): Type: QDOO0OPS0AA; Serial: 1002
o DASY52528.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 95.62 Vim; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 17.3 Wikg

SAR(1 g) = 10.3 W/kg; SAR(10 g) = 5.51 Wikg

Maximum value of SAR (measured) = 12.9 Wika

-3.40
-6.80
-10.20

-13.60

-17.00

0dB=129W/kg=11.11 dBW/kg
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Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Body TSL
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