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Bay Area Compliance Laboratories Corp. (Kunshan)
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Glossary;

TEL hssue simndaling Goquid

MRy, 2 sanstiay In Ires space

Sk ety In TSL ! NORMey.2

DCP dicde compression pind

F cresl fcioe (1/duly_cyweke) of he RF signal

A B, G, D modulation dependant ineanizston parameters

Prolarcation g o rakation anaund profoe B

Pokarizafan 3 & ratation around an axis Mat 8 N the pana nonmal b proDe axis (50 MEasUrsmant cemer),
e, 8= 0 normal b probe axis

Cannector Anga Infarmaion wsad in DASY system o gign pobe sansor X o the rabsl coordinsgle sysiem

Calibration is Parformed According to the Following Standards:

a] |EEE Shd 152B-2013, "IEEE Recommanded Praction for Delemmning the Peak Spalal-Avaraged Specilic
Ahsorption Rete (S&R) n the Human Head fram Wirelses Cesmmunications Devices) Massuremant
Techniges”, June 2063

bl IBS 8230581, “Precedure io measure fhe Specific Absarpiion Rale (SAR) lor hand-held devices isad In closs
proatimiity o the ear (frequency rangs of 300 MHz to 3 GHz)", Fabruany 2005

£l IBG E2308-2, “Procadure o determine the Specilic Absorphion Rate [SAR) for wireless communicetion deveas
ued in closs praximily o the humen bedy (freguency range of 30 MHz &0 & GHz)", March 2070

d} KDB 365664, "5AR Measuremani Requinements for 100 MHE 1o 8 GHz®

hhl!-mn:l: Applled and Interpretation of Parameters:
WNORMy vz Assessed fof E-Mald palarization 3 = 0401 < 900 MHz in TEM-call; § = 1800 MHz: R22 wwagun:la:l
MO Y2 are only indermedials valies, L., the uncertainties of NORMY,y 7 doas not affect the E .l
urcartainty inside TSL (s below Cone).

a  NORMEpz = NODRMy, 7 * eoguancy_response (see Frequency Response Chamh This Iinaenzation &
mplemented in DASYd sofbware versions Eter than 4.2, The uncertainty of the frequency esponse is included
i the stated uncertalngy of Conmd®

DRy 2 DEP ane numarical inearzabon paramaters assassed hased on the dita of powar sweep with CW
signal {no uncertaindy requiied]. DCP doss mal depend on reguency mar medis.

= PAR PAR B 1he Peak o Average Ratks hal isnof calibeted bl determined based on the sigral
characieristics

o Aw .z Brvz Ceyor Oxpz VEyer A B G D are numercal linearization paramelers ageassed Daged on
the data of power sweep fof speafic meduation shnal. The paramedsrs 6o not depend on fagquandy nor
media. ¥R ks tha maximum ceibrabon range cepressed in RME voRage sciass ke dicde.

a  Conw® and Boundany Effect Paramsders: Assessad in flat phantom using E-field [or Tempsratune Transker
Stendard for 1< B30 MHz) and inside weveguide using anslyiicel fisld distribulions based on powsr
maasuraments for T = A00 MMz The same selups ars uead for sssessment of the paramatans applied far
boundary compenssaiion (slpha, Sapth) of which twolced uncertainty yvelues are given. Thess parameiers are
used in DASY software fo improve probe scowscy dose (o the bourdary. The senallivity in TSL coresponds
o ORI, 2 ™ ComF wherely the uncartsinty comesponde to that grven for Conet. A frequency dependsnt
ComvF i umad in DASY version 4.4 and higherwhich allows extending the validty from 2 B0 Mz 1o £ 100
MHz

& Sphencal isoiropy (30 sanaion fom solroprl: in a led of low gradienis maieed oging & Mal ghantom
axpossd by a palch anterna,

a  Sengor Offzed The sensor oifeal cormesponds b0 the oifsat of virhsal messuremaent cemes from The probe Bp
jon profe ] Mo loaancs egured

= Conmeclor Anpe The angk & sesasead Leng the aformation gainad by detarminmg the SORRy (mo
uncertainty raquered).

Cerdcale No: EXS- f:!EIE_IZIc.Hﬁ Faga 2of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EXI0NS - BM:TIEZ Dtonar 26, 3016

Probe EX3DV4

SN:7382

Manufactured:  April 13, 2015
Calibrated: October 26, 2016

Calibrated for DASY/EASY Systems

[Mata: non-compatible with DASYZ system)

Cartificasbe Mo: EX3-7382_0cl16 Paga 3 of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EXEING- BMTI8Z ik 36, 26

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Basic Calibration Parameters

Sorsor K Sanpor ¥ | Sansor L U (k=2)
Mo [uvivimT 0.41 0.43 045 =101 %
DCP (mw]" 95.9 102.4 2.0
Modulation Calibration Parameters
UID | Communication System Mame A B [ [¥] VR U
dB | dBviev a8 iy =2}
a oW ) ® [T 0.0 1.0 (] 1434 | #35% |
¥ 0a 0.0 1.4 1485
| Z 0.0 0.0 1.0 | 1433 |
The reported uncarainty of measurement & stated as the standard uncertainty of measuremeant
multiplied by the coverage factor k=2, which for a normal distribution coresponds to a coverage
probability of approxamately 95%.

* The uncadainies of Mosn 3,2 @ nol alfec The E-Rald uncemainty inside TSL (ses Pages 5 and &)
* pumarical Fnearizason  unCsitainty not requined

* Uncafminty s delnmingd using e max. devialion from inear esponse appiying rectangular distritution and & sspmessd for the aguan o the
Tharkd valua.

Certificats Moo EX3-T342_Oct16 Page d of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EX30v4— SNT3EZ ik 36, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Calibration Flrlrnuur Determined in Head Tissue Simulating Media

| f (MHz} i PaM m?;::]mh ConwF X | ComvFY | ComvFZ | mipha® Eﬂ :Iih-;] |
750 418 0.84 11.04 11.04 11.04 0.51 (.80 £12.0 %
B35 41.5 0.60 10.50 10,50 10,50 A5 .80 £12.0 %
] 4.5 | oar 1027 1027 1027 031 1.05 120 %
1780 40,1 1.37 B.06 806 9.06 0.26 008 | +120%
1300 40.0 1.40 8.1 8.1 M 0.7 0.81 . +12.0%
2450 3.2 1.80 773 T.73 773 0.6 0.8 £12.0%
2800 38.0 1.96 7.48 .48 744 0,37 0.8 | +120%
G250 369 4.71 5.52 5.52 5.5 0,35 1,60 £13.1 %
5600 35.5 5,07 £.05 5.05 6.05 0.40 180 | £131%
SE00 5.3 | 5.27 5.16 516 516 040 1.80 =131 %

 Fraquancy valdily abowva 300 MHe of £ 100 MHz only apslas for DATY wi.4 and highar [sa0 Page 2|, olsae I s restricted o & 50 MMz, The
uncartainly is tha RSS of a ComsF uncertainty ai calibration frequency and the uncoriainty for the indicated frequency band. Frequency validity
boborw 300 M I + 10, 25, 40, 50 and 70 WHz for Conyl assessmends ot 30, 64, 138, 150 snd Z30 WHz respeciiealy. Al § GHE Digiancy
vabidity can b arbendad 1o & 190 MHz.
Al beguencies below 3 GHe. the valdity of hisus panamsiass [z and o} an ba relased 1o 2 105 H louid ompensation foemula s appled 1o
measored SAR values. Al beguencies showe 3 GHz. the vakdiy ol Gisue parasaless (v and o) B resincied 1o £ 5% The enoedoiny s the F5E of
H'raﬂumrF uniatanty for indicetsd Enges liase paiamalees.

anur@mm EPEAG warranis fral a remaining devision dus 1o the boundary elact gher compansation s
always less than + 1% for frequences below ) GHz e below 2% for frequenciss Batwsan 3-8 GHe @ any distanca larger than half the probe ip
dlameber froe the

Cerfificaie Moo EX3-T382_Oct16 Page 5of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EXADV4- SHET3E2

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Calibration Parameter Determined in Body Tissue Simulating Media

October 26, 2016

Mz | P eomitiity” cmﬁw ConvF X | CorvFY | ConvFZ | Alpha® E- 1l:-LlFr
750 855 0,98 10.94 10.94 1094 042 0.95 £120%
B35 55.2 0,97 10,54 10,54 1054 | D48 0.83 +12.0 %
800 55.0 1.05 10,42 10.42 10.42 048 0RO 120 %

| 1750 53.4 1.48 [ 885 885 0.34 0.63 +12.0 %
1800 53.3 1.52 B.21 831 B.31 0.24 1.10 +12.0%
2450 527 1.85 T.B8 .88 T.848 041 0.60 +12.0%
2500 528 2.18 7.5 7.58 7.5 0.32 0.80 £12.0 %
5250 485 5,38 4.01 4.91 4.91 .40 1.90 £131 %
550601 48.5 577 4.08 4.00 4.08 0.50 1.90 2131 %
SAO0 48,2 .00 4.36 4.36 438 050 1,80 +13.1%

© Fraquancy validiy above 300 MHz of = 100 H—lzm!-unﬂnﬁmrmﬁh‘ﬂlaﬁdml_ N&t!}. ol i b PRl 10 & B0 MH2. The
unzartaingy is the RES of the Comd® urcertainty ot calibration beguency and tha u tha indcaied frequency’
e 300 MR s w10, 25, 40, S0 arad TO MHE for ConF

wplidiny cam be axdonded io = 110 BHz

'

‘I'ﬂ CoomeF uncatanty o indcaied targe Semues paramslaeg

hand. Frequency waiidity
AsEcRSmEis ot 30 G4 128, 1!{:--1\1 230 Wz respectieely. Bbove 5 GHe Fequency

below 3 GHz, the validity of fissue parameberns (s and o) can e relaxed be & 10% T Baquid compenaabon fomla i aophed o
Faaiured BAR values Al Trequancies abowve 3 GHz, the walidiy of tesue parmmeters (o and o is restricted 1o 3 5%, Tha usosianty & ®a RES of

wew dtermined duing calitaton SPEAG marranis (hal the remaning desdadon dus b Fe bouncany sfiect afler cam persalion
.pl-l.,ulu.nmmt 1% for frequencies bolow 3 GHz and below & 2% for frequencies batasan
diameier from the boundary.

35 GHE al daty ditainda In.rganrml'lrunmbl-Lb

CariScaba Mo; EX3-T382_Ocl1E
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXa0ve— SHETIAD Oelober 26 201E

Frequency Response of E-Field
(TEM-Ceail:ifi110 EXX, Waveguide: R22)
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Uneeriainty of Freguancy Response of E-field: £ 6.3% {k=2)
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXEDWA— ST Oclaber 26, 2016

Receiving Pattern (¢), 8 = 0°

=600 MHz. TEM f=1800 MHz R22

a o
- 3 4 a4 ‘a = ;- S La ax opTen
L ] L] - - L] L]
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Uncertainty of Axial Isofropy Asssassrmseni: & 0.5% (=2

Camhicale Mo EX3- T3 OctiG
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Bay Area Compliance Laboratories Corp. (Kunshan)

EXIDN4— 5N TIER Caober 26, 2016

Dynamic Range f(SARcaq)

(TEM cell , o= 1900 MHz)

it Signal [UW]

nar cnmEansEag pompeesnied

Unpartainty of Lineadity Assesament: & 0.6% (k=2

Ceriificabs Mo EX3-TI8Z e E Papge 9of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

BT A ST Oloksar 26, 2016

Conversion Factor Assessment

1= 835 MHz, WGELS RD (H_comd) = 1800 MHz WELS RZ2 (H_oconF)

SR el ¥
A g

= E F: 25 T 1 H ] = ] = L1 1 as
£ lrr] Ljmes
] L] =
= mae ity B L LR

Deviation from Isotropy in Liquid
Error (¢, 8), =900 MHz

1.0 -0@8 -0& -0& <02 00 0.2 0.4 o8 08 10
Unecertainty of Spherical lsotropy Assessmeant: £ 2.6% (k=2)

Carficals ko, EX3-T382_ 0016 Fage 10cf 11




Bay Area Compliance Laboratories Corp. (Kunshan)

EXADN - SH-THH2 October 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7382

Other Probe Parameters
Sansor Arrangaement Triangular
Cannector Angle () ' B
Mechanical Surface Delection Mode " anabind
Cptical Surface Detection Mode ) disabled
Probe Cwerall Lengih 337 men
PFrobe Body Diarmeber 10 rmem
Tip Length ) o mm
Tip Dameter Z.5 mm
Proba Tip to Sensor X Calibration Point 1 mm
Probs Tip to Sensor ¥ Calibration Pl - Tmm
Prabe Tig to Sensor Z Gakbratan Foim 1mm |
Aecommanded Measuremer Distance irom Surace 1.4 mm

Cortificate Mo: EX3-TI8E_Ocii Page 11 of 11




Bay Area Compliance Laboratories Corp. (Kunshan)

DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of

Schweizerischer Kalibrierdienst

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Service suisse d'étalonnage
Servizio svizzero di taratura
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

Client BACL

Accreditation No.: SCS 0108

Certificate No: DB835V2-453_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 documenis the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainlies wilh confidence probability are given on the following pages and are part of the certilicate.

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

Calibration Equipment used (M&TE crilical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meler 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 MY41082317 07-Oct-14 (No, 217-02021) Oct-15

Relerence 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 Standards 1D # Check Date (in house) Scheduled Check

RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16
Neatwork Analyzer HP 8753E US37390585 S4206 18-0Oct-01 (in house check Oct-14) In house chack: Oct-15

Function

Laboratory Technicia?.___:\‘ ’
i

Signature

| Name

Calibrated by: Jeton Kastrati

| Approved by: Kalja Pokovic Technical Manager

Issued: August 18, 2015

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

Certificate No: DB35V2-453_Aug15 Page 10l 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of

) 5  Schwelzerischer Kalibrierdienst
Schmid & Partner c Service suisse d'élalennage
Engfneering AG Seryizio svizzero di taratura
Zeughausstrasse 43, B0D4 Zurich, Switzerland S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Acereditation Mo,: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificatos

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 682208-1, "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

¢) 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.

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 staled is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

*  SAR measured: SAR measured al 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 85%.

Cenificale No: D835V2-453_Aug1s 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)

DASYS 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)

DASYS2 Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014:
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
» Elecironics: DAE4 Sn654; Calibrated: 08.07.2015
»  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 100]
«  DASYS2 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=3mm, dz=5mm

Reference Value = 58.20 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 Wikeg =453 dBW/kg

Centificate Mo: DB35V2-453_Aug15 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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Bay Area Compliance Laboratories Corp. (Kunshan)

DASY5 Validation Report for Body TSL

Date: 17.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz: Type: D835V2; Serial: DE3SV2 - SN: 453

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

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

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

DASYS52 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014;
«  Sensor-Surfuce: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn654; Calibrated: 08.07.2015
«  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
o 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=Smm, dy=5mm, dz=5mm

Reference Value = 55.00 V/m; Power Driflt = 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 W/kg

dB

-2.40
-4.80
-7.20
-9.60
-12.00

0dB =289 Wikg=4.61 dBW/kg

Cerificate No: DB35Y2-453_Augls Page 7 ol 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of A,
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Accradtad by e Swiss Accredilason Senice [SAS)
The Swiss Accrediation Service s one of the signatories to the EA
Multilateral Agreamant for the recognition of calibration certificates

g Schweizerischer Kaiibrierdienst

c Service suisse d'étalonnage
Sorvizio svizzero di taralurs

S  swiss Calibration Serviea

Accradiiation Mo SCS 0108

Clignt BACL Certificate Mo: D1750V2-1140_Jul15

[CALIBRATION CERTIFICATE

Ohjact D17EOVZ - SN:1140

Calitration procadurais) QA CAL-05.vE8
|

Calibration procadurs for dipele validation kite abowve 700 MHz

Cafibialion dats: July 08, 2015

Calibration Equdpmeant used [(MBTE critical for cadbration)

This caliirahon cerificals decuments The Iracasbikty 1o natlenal standards, which realize the physical units of measurements (S1).
The measwemants and fhe uncertainfies with confidence propablity are given on the following pages and are par of the carificate.
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Primary Standarcs | oy Cad Date [Cenficals Mo Scheduled Calbration
Power maler EPM-3422, GHET480704 a7-Oes-14 {No. 217-02020) Dct15
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|
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Matwerk Anakaer HP B753E | USITIBOSE5 54206 | B=Cick1 (in house check Oci-14) In house cheds: Oct-15
Hams Funglion Saqnatbne |
Calibratad by Clavidin L ubilar Labaratary Tacknician | I'l. #
| Al
Approved by Katja Pokovic Tachnical Maragar

Igsusad: Juwy 14, 2004
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Bay Area Compliance Laboratories Corp. (Kunshan)
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Accraditad by e Swiss Accraditation Sanscs (S45) Accreditation No.: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories io fhe EA
Multlateral Agresmaent for the recognition of calibrathon cenificales

Glossary:

TSL tissue simulating liquid

ConvF sensilivity in TSL / NORM x.y,z
M/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 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

d) KDB BE65664. “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 cedificate. All figures stated in the cerificate 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 section, with the arms orlented
paraliel to the body axis.

= Foed Point Impedance and Relurn 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 Retum Loss ensures low
reflected power. Mo uncerainty required.

s Electrical Delay: One-way delay batween the SMA connector and the antenna feed point,
No uncertainty required.
SAR measured: SAR measured al the stated antenna input powar.
SAR normalized: SAR as measured, normalized to an input power of 1 W al the antenna
connector.

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

mulliplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

L




Bay Area Compliance Laboratories Corp. (Kunshan)

Measurement Conditions

DASY system confliguralion, as far as not given on page 1,
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Muodular Flat Phantormn
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz + 1 MHz
Head TSL parameters
Tha fallewing parameiers and calculations wers applied
Temperature |  Permitbvity Conductivity
Mominal Head TSL parameters 220°C ! 40,1 1,37 mha'm
Measured Head TSL parameters (220 +£0.2) "C : BBEH£E8% 138 mho'im =46 %
Head IS5L temperature change during test =0.5"C f ik -
SAR result with Head TSL
SAR avoraged over 1 cm’ {1 g) of Head TSL Caondition
SAR measuned 250 mW input power .31 Wikg

SAR for nominal Head TSL paramaters

nommadized to 1TW

36.8 Wikg = 17.0 % (k=2)

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

condition

SAR maasurad

250 mW input power

4.97 Wikg

SAR lor nominal Head TSL parametars

normalized to TW

19.7 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations wang applied.
Temperature Permittivity Conductivity
Hominal Body TSL parameters 220 °C 534 1.48 mha'm
Measured Body TSL parameters (22002 °C 622+6% 1.48 mha'm + 6 %
Body TSL temperature change during test = 0.5°C 333 ded
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Cancdtion
SAR maasurad 250 mW input power 8.32 Wikg

SAR for nominal Body TSL parametans

nommalized to 1W

57.2 Wikg = 17.0 % (k=2)

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

condilson

SAR measunad

250 mW input power

5.05 Wik

SAA for nominal Body TSL parameters

normalized o 1W

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, transformed to feed peint 50.5 {2 + 0.0 g2
| Retum Loss -45.4 dB

Antenna Parameters with Body TSL

e

Impadance, transformed to feed point 4580 + 0.2 0
Relum Loss -27.4 dB

General Antenna Parameters and Design

Ebectrical Delay (one direction) 1.224 ns

After long 1erm use with 100W radiated powear, only & slight warming of the dipole near the feedpoint can be measured,

The dipole is made of standard semirigid coaxial cabée, The center conductor of the feeding fne is directly connected io the
second arm of the dipole. The antenna is therelore shor-gircuited for DC-signaks. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matcting when loaded according to the position as explained in the
"Meaasurement Conditiona® paragraph. The SAR data are not affecied by this changs. The overall dipale length iz still
according to the Standard.

Mo excessive force must be applied to the dipole arms, bacause they might bend or the soldarad connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by . SPEAG
Manufactured on | Septembar 30, 2014




Bay Area Compliance Laboratories Corp. (Kunshan)

DASYS Validation Report for Head TSL

Date: 09.07.201%
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1140

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

Medium parameters used: f = 1750 MHz; o = .38 5/m; & = 38.8; p = 1000 kg m
Phantom section: Flat Section

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

DASYS2 Configuration;
o Probe; ESIDV3 - SN3205; ConvFi(5.2, 5.2, 5.2); Calibrated: 30.12.2014:
«  Sensor-Surface: 3mum (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
«  Phantom: Flat Phantom 5.0 {front); Type: QDOOOPS0AA; Serial: 1001

« DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

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

Peak SAR (extrapolated) = 16.7 Wike

SAR(I g) =931 Wike; SAR(10 g) = 4.97 Wikg

Maximum value of SAR (measured) = 11.5 Wikg

-3.37
-6.74
-10.10

-13.47

-16.54

0dB =115 Wik = 10.61 dBW/kg




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

Date: 09.07.2015
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= 1.48 §/m; g = 52.2; p = 1000 kg-"rn'g
Phantom section; Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-200 1)

DASYS2 Configuration:
«  Probe: ES3DVI - SN3205; Convl(4.88, 488, 4.88); Calibrated: 30.12.2014;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (backy, Type: QDODOPS0AA: Serfal: 1002

o« DASYSZ 52.8.8(1222); SEMCAD X 14.6.1((7331)
Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dyx=5mm, dy=5mm, dz=5mm
Reference Value = 93.06 Vim; Power Drift =001 dB
Peak SAR (extrapolated) = 15.9 Wikg

SAR(1 g) = 9.32 Wikg: SAR(10 g) = 5.05 W/kg
Mazimum value of SAR (measured) = 11.7 Wikg

-3.00
-G.00
-9.00

-12.0n

-15.00

0dB =117 Wikg = 10.68 dBW/kg
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Impedance Measurement Plot for Bady TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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

Accreditation No.: SCS 0108

Client BACL Certificate No: D1900V2-5d206_Jul15

|CALIBRATION CERTIFICATE

Object D1900V2 - SN:5d206

Calibration procedure(s) QA CAL-05.v9

Calibration date: July 14, 2015

Calibration Equipmant used (METE critical for calibration)

Galibration procedure for dipole validation kits above 700 MHz

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

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

AF generator RAS SMT-06 100005 04-Aug-99 (in house check Ocl-13)
Metwork Analyzer HP 8753E US37390585 54206 18-Oct-01 {in house chaeck Ocl-14)

Mame Funciion
Calibrated by: Leif Klysnar Laboratory Tachniclan
Approved by; Katja Pokavic Technical Manager

Primary Standards | 1D @ Cal Date (Cenificale No.) Schedulad Calibratian
Power mater EFM-442A GEIT4B07T04 O7-0ct-14 (No, 217-02020) Cet-15
Power sensor HP BAB1A Us3v2827a3 O7-Oct-14 (Mo, 217-02020) Oet-15
Power sensor HP B4B1A MY41082317 07-Oct-14 (No, 217-02021) Oct-15
| Reference 20 dB Attenuator SN; 5058 (20k) 0-Apr-15 (No. 217-02131) Mar-16
Type-MN mismaich combination Sh: 50472 [ 06327 01-Apr-15 (No. 217-02134) Mar-16
Referance Proba ES30V3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15
DAE4 SN: 801 18-Aug-14 (Mo, DAEA-G01_Augid) Aug-15
Secondary Standards | D # Check Date {in house) Schaduled Check
In house check: Cct-16

In house check: Oct-15
Signature
ﬁ/é. f%"‘/—
/

Issued: July 14, 2015

| This calibralion cerificate shall not ba reproduced except in full without written approval of the labaratary.

Certificate No: D1800V2-5d206_Juls Page 1 of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories o the EA
Multilateral Agreement for the recognition of calibration cerificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “|[EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Raie (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 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 Paint 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.

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

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

=  SAR normalized: SAR as measured, normalized lo 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
prabability of approximately 95%.

Certificate No: D1900V2-5d206_Jul15 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: = 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)

DASYS2 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014;
s Scnsor-Surface: 3mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
»  Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
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 W/kg

-3.40
-6.80
-10.20

-13.60

-17.00

0dB = 12,8 W/kg = 11.07 dBW/ke

Cerificate No; D1900V2-5d206_Jul1s Page 5of 8




Bay Area Compliance Laboratories Corp. (Kunshan)

Impedance Measurement Plot for Head TSL

14 Jul 2015 @9:30:35
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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: DI1900V2 - SN:5d206

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

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

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

DASYS52 Configuration:
»  Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30,12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
s Phantom: Flat Phantom 5.0 (back); Type: QDO0OOPS0AA; Serial: 1002
o DASY52 52 8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 95.62 V/m; Power Drilt = 0.02 dB

Peak SAR (extrapolated) = 17.3 W/kg

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

Maximum value of SAR (measured) = 12.9 W/kg

-3.40
-6.80
-10.20

-13.60

-17.00

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

Impedance Measurement Plot for Body TSL

14 Jul 2015 89:29:57
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