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Calibration Laboratory of

§  Schwelzerischer Malibeierdisast
Schmid & Pariner C  Service suisse o étatonnage
Servifio svizpero o Laraturs
Eﬂﬂi E'meﬂ.m s Swan Calitrstion Service
Acciwdles by o Swas Acrodiation Sericn (BAS) Accreditation No.: SCS 0108
The Swins Accreditstion Service is ane ef the signatonss fo the £A
Wuftdstaral Agreamend lor the recognition of calibration certificaies
Glossary:
TSL tisaue simulating loguid
HORMx.y.2 senaitvity in fros space
ComwF sensilvity in TSL / NORMx.y.2
oce diode compression point
CF crast inctor (1/duty_cyci) of the RF signal
ABCD modulation dependen insarization parametan
Polarizabon o o rotation around probe axis
Polarizaion & fi rotafion around an axs that is in the plane normal 1o probe axis (8 measurement cendor),
Le., &= 0s normal o probe axis
Comnector Anghe information used in DASY system o align probe sensor X i the robol coordinate syaterm

Calibration is Performed According to the Following Standards:
a) IEEE Sid 1528-2011, 1EEE Recommended Practice for Detormining the Peak Spatial Averaged Specific
mm&glahhwwmwmmmmw
1
b) IEC 622001, “Procedure 1o measume Ihe Spacific Absorption Rate (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MHz to 3 SHz)", Febuary 2005

llhruw:lu Applied and Interpretation of Parameters:

NORMy,p.1: Assessed for E-field polarization 3=0 (1< muunmrnmuﬂamwm
NORMy.y.z are only intermediate values, L.e.. the uncertainties of NORMx,y.2 does not atfect the E”-field
uncertainty insado TSL (see balow ConwF)

+«  NORM(fxy.2 = NORM,y.2 * fequency_response (s Froguency Response Chart), This Enearization is
mplemanted in DASY4 software versions later than 4.2. The uncertainty of the frequency responsa is incleded
n the stoted uncertninty of ComvF.

+ DCPry.zr DCP ar numaerical inearization paramelers assessed based on the data of power sweep with CW
signal (no uncartainty required). DCP does not depend on frequency nor media.

»  PAR PAR s the Peak to Average Rafio that is not calbrated bul éstermined based on the signal
charactorisics

L mrﬂ dyr&r.;ﬂu;#ﬂ:.rzﬁ.ﬂ.ﬂﬂnmmﬂmﬂmmme
for specific modulation skgnal. The parameters do not depend on Irequency nor
mm mlwmmmwmnﬂuﬁmmmnmnm.

» ConvF and Boundary Effect Paramelers: Assessed inflal phantom using E-field {or Temperature Transfa
Standard for | < 800 MHz) and inside waveguide using analytical feld distributions based on power
maasurernonts for | = B00 Mz The same setups o used for assessmant of the parametens appdied for

boundary compensaltion (alpha, depih) of which typical uncertainty values aro given. These parameters an
used in DASYA software to improve probe accumcy chse 1o the boundary. The sermitivty in TSL commesponds
o NORMry.x * Wmhmmumwumakm depandent
ConvF s used in DASY version 4.4 and higher which allows extending the valiéity from & 50 MHz to £ 100
MHz

s  Sphenical isolropy (30 deviation from isotrapy): in o fisld of low gradients realized using a flal phantom
exposad by a palch anlenna.

«  Sensor ONset Tho sensor offsel cormesponds 1o 1ha offset of virnual measuremaont conter from he proba Ip
{on probe axis) No lolerance required

« Connechor Angle: The angle is asssased using e mformation ganed by determining the NORMx (no
uncertainty requined).
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EX3DV4 - SN.7T329 February 5, 2015

Probe EX3DV4

SN:7329

Manufactured: December 11, 2014
Calibrated: February 5, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systeml)
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EX3DV4- SN:7329 February 5, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Basic Calibration Parameters

Sonsor X Semsor Y Sensor Z Unc (k=2) |
| Norm (uV/(V/m)’)” 0.48 043 0.46 =101 %
DCP (mV] 96.7 976 04.2
Modulation Calibration Parameters
[UID Communication System Name A B ) ) VR Unct
dB | dBVuV dB mv (k=2)
0 ow X 0.0 0.0 10 | 000 | 1379 | £30%
Y 0.0 0.0 1.0 147.0
r4 0.0 0.0 1.0 150.5

The repomd 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%.

‘mmmdwuwmmmEfmwmra{mmswq
required.

uncenainty not
‘Mﬂybmmhmmmm ponse applying ‘ectangular Gistrbution 8nd is 8xp for the square of the
field vatue.
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EX3DV4- SN:T320 Fabruary 5, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Head Tissue Simulating Media

s | oominty’ | o | comex | conmty | comez [pnat| o | o
900 41.5 08?7 9.52 952 | 952 | 040 | 088 | 2120%
1750 401 1.37 8.12 8.12 812 | 020 | 080 | 2120%
1900 40.0 1.40 7.88 7.88 788 | 068 | 061 | £120%
2450 392 1.80 7.06 7.06 706 | 033 | 084 | $+120%

‘mmmmma:mmwmumvua-umtmmz}.muwo-wmm
uncertainty s tha RSS of the ConvF unceranty at calibraton frequency and the uncertamty far the indcated y band. F
below 300 MMz is = 10, 25, 40, 50 and 70 MHz lor ConvF assessments at 30, 54, 120, twnmmm M!Gtm
vabdiy can be extended 1o t 110 MMz,
" Al requencies below 3 GHz, the validity of iaswe parameters (c and o) can ba relaxed to 1 10% ¥ iquid compensation formula & applied to
measured SAR values. M frequencies abave 3 GHz. the vaildity of issue parameters (c and ) is restricted 1o t 5%. The unceriainty is the RSS of
wahmwmm

are determined duning calbration, SPEAG warrants that the remainng deviation due 1o the boundary effect aftler compensation &
mmm:&mmmaemmmznwmmue&ummmmmmmu
diamaler tha cary.
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EX3DV4- SN:T329 February 5, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Calibration Parameter Determined in Body Tissue Simulating Media

s | oy’ | oo | coneex | come v | comez | mpna® | tomy |t
900 55.0 1.0 9.17 9.17 917 | 041 | 0980 | £120% |
1750 53.4 1.49 7.85 7.85 785 | 070 | 064 | $120% |
1800 533 1.52 756 756 | 756 | 056 | 070 | $+120%
2450 52.7 1.95 7.20 7.20 720 | 078 | 059 | $120%

© Froquency validity sbove 300 MHz of £ 100 MHz only apgies for DASY wi.4 and highar (see Page 2), else it is resiricled 10 + 50 MHz. The

uncertainty is the RSS of the ConvF uncenainty at calbration freg y and the inty for the indicated bard. Frequercy validity

below 300 Mz is £ 10. 25, 40, 50 and 70 MHz lor CorwF assessments at 30, 64, 128. 150 and 220 MHz respecively. Above 5 GHZ frequency

validity can be exdended to £ 110 MMz,

* At frequencios below 3 GHz, the validity of issue parameters (c and @) can be relaxed 1o + 10% ¥ iquid compensation formula i applied o

measured SAR values. Al frequencies above 3 GHz. the validity of lissue parameters (¢ and o) s restricted o + 5%. The unceriainty is the RSS of

the ConvF uncertainty for indicated largel lissue paramaters.

9 Alpha/Depth are determined during calbration, SPEAG wamants that the remaining deviahion due 10 the boundary effect after compensation is

murwl:l-umuwmammmsnummmumummmmmmmw
the boundary

¥
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EXIDNi- SNTII0

Febsuary 5. 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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EXI0VE- SNTI0 Faotsrusry 5. 2015

Receiving Pattern ($), 3 =0°

=600 MHz,TEM f=1800 MHz. R22
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Uncertainty of Axial Isolropy Asaessment: £ 0.5% (k=2)
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EXADVA- BN TI

Dynamic Range f(SARpeaq)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessmont: 2 0.8% (k=2)
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EXNI0VA- BHITIZ0 February 5. 2015

Conversion Factor Assessment

1= 900 MHE WGLS R (H_som) 1= 1750 MHz WGLS R22 (H_convF)
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EX3DV4- SN:7329

February S, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7329

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) 245
Mechanical Surface Detection Mode enabled
Lt_::pucms'uf—mmcsonm disabled
Probe Overall Length 337 mm
[ Probe Body Diameler 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point Tmm
Probe Tip to Sensor Y Calibration Point Tmm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-7329_Feb15 Page 11 0of 11




DIPOLE CALIBRATION CERTIFICATES

Calibration Laboratory of L Sehwsizorischer Knlibriordiens!

Schmid & Pariner i \‘\“'-'-"’"% g sml:u:‘um
Engineering AG m Servisie evizsers dl taraturs

Zoughausstrasse 43, B004 Zurich, Switzeriand ‘%ﬁ; S Swiss Calibeation Service

Aceretited by the Swiss Accrediiation Sendce (SAS) Accroditation He.: SCS 0108

Tha Swiss Accreditation Servico Is ano of the signatories to the EA

Mulilateral Agreemaont for the recognition of calibration cortificates

Clian BACL Certificate No: DIOOV2-1d183_Jul1s

CALIBRATION CERTIFICATE

Otjoct DO0OV2 - SN: 1d183

Calitieabion procaduro(s) QA CAL-05.v0

Calibration procedure for dipole validation kits above 700 MHz

Calbration date July 14, 2015

This calibration corlificaln documenss ihi rncoatsity 1o national standasds, which roallre the physical unsts of moassemonts (S1).
Thi mgaturamants and (ha uncariaintios with confidonce probabity are given on the laliowing pages andd ars part of (ha corilicals

All calfmBons have beon conductad in the closod laboralory lncilily: ervironmont lompoensurs (22 & 3P°C and hienidity < 0%

Calbration Equipment used (MATE critice for calibention)

| Primary Standnrds |ios Cal Diate (Cortilicatn Ma.) Schedulod Calibraticn

Fowar mador EFPM-4424 GOATAB0T04 OF-Cct-14 (Mo, 21 7-00020) Oet-15

Power sensor HP BAO1A USITIOT OF-Oct- 14 (No. 217-02020) et 16

FPower sonsc HP Ba1A MYL10EE T 07-Dcl-14 (Mo, 207-02021) Ocl-15

Felorence 20 dil Alorusics SHE SO88 (20k) 01 Apr-15 (Mo, 217-02131) Mar16

Typi-MH mismatch combinnSion SH: BOAT.2 / OBX2T O1-Apr-15 (Mo 217-0F134) S 18

Rafaronce Probo ES30V3 SN 2205 30-Dac-14 [No. ES3-3205_Dac14) Dec-15

DAE4 SM: 601 18-Aurg- 14 [Mo. DAE4-601_Augi4) Aug-15

Socancary Stanclards s Cleck Dato {in house) Schoduled Ghick

AF gonomdor RAS SMT-00 100005 D-Aug-80 (In housa check Oct-13) In hotme chick; Ocl-16

Hobwork Analyzer HP B763E USITMN5ES S4206 18-0et-01 (in heonato chock Cct-14) In hoama checke Ocl-15
Mt Function Signatize

Caibsraed ty Lusif Kyt Laboratory Technician Lf 7/@

Approrved Ly Knja Pokenic Tochrical Managar : e

rd e iy

lssised; July 14, 2015

| This calibuadion ceriticabo shll not bo reprochiced oxcent in full without weiltan appecval of this laborat iy

Codificale No: DI00V2-1d183_Julls Page 1ol 8




o2

Calibration Laboratory of A e, St Touibiterdiarist
Schmid & Partner A o Serio ness ddaonnege
Engineering AG i Servirlo svizroro i taratura
Zoughaussirasse 43, BI04 Zurich, Switrerland T e S swiss Calibration Service
hils
Accrocitod by the Swiss Accrdilation Sandca [SAS) Accreditation No.: SCS 0108

Thi Swine Accredilation Service Is ane of the signatodos to the EA
Multitaberal Agrasment for the recognition of calibeation centilicales

Glossary:

TSL lissue simulaling liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE Sid 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) |EC 62209-1, "Procedure o 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

communicalion devices used in close proximity lo the human body (frequency range of 30
MHZ in & f-‘.l-l-!}". Edmrmk 40

A L R R FERLAL Gl | Ea b 188

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 lhe Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Paramelers 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
paraliel o the body axis.

» 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
measurament at the SMA connector to the leed point. The Return Loss ensures low
reflected power. No uncertainty required.

* Electrical Delay: One-way delay between the SMA connector and the antenna leed poinl.
Mo uncermim;r 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 lo calculale the
nominal SAR resull.

The refmrlau uncertainty of measurement is stated as the standard uncertainty of measuremen

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

Cerlificale No: DR00V2-1d183_Jul15s Page 2 ol B




Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASYS Vv52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 900 MHz = 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.97 mho/m
Measured Head TSL parameters (22.0+0.2)°C 422+6% 0.95 mho/m + 6 %
Head TSL temperature change during test <05°C weer
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.61 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

10.6 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 1.68 Wikg

SAR for nominal Head TSL paramelers normalized to 1W 6.82 Wikg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculalions were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 55.0 1.05 mho/m

Measured Body TSL parameters (22.0+0.2)°C 54.8+6% 1.03 mho/m + 6 %

Body TSL temperature change during test <05°C ---
SAR result with Body TSL

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

SAR measured 250 mW input power 2.61 Wikg

SAR for nominal Body TSL parameters normalized to 1W 10.6 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 1.69 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Cerlificale No: D900V2-1d183_Jul15

Page 30l 8




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5230-15(Q
Return Loss -31.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4760-24jQ
Return Loss -29.2dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) 1411 ns

After long term use wilh 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 connecled o 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 malching 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 musl be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoinl may be damaged.

Additional EUT Data

Manufaclured by SPEAG
Manulactured on January 31, 2014

Certificate No: D900V2-1d183_Jul15 Page 4 of 8




DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 900 MIz; Type: DI00VE; Scrial: DIOOVZ - SN 14183

Communication System: UID 0 - CW; Frequency: 900 MHe

Medium parameters used: = 900 MHz: 6 = 0.95 S/m; g = 42.2; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS2 Configunition:

Probe: ESIDV3 - SNI205; ConvF(5.94, 5.94, 5.94); Calibrated: 30.12.2014;
Sensor-Surfoce: 3mm (Mechanical Surfuce Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flut Plantom 4,9L; Type: QDOOOP49AA: Seral: 1001

DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dute: 14.07.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (Tx7xTWCube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 58.62 Vim; Power Drilt = 0,01 JB
Penk SAR (extrapolated) = 3.89 Wik

SAR(I g) = 2.61 Wikg; SAR(I0 g) = 1.68 Wikg
Maximum value of SAR (measured) = 3.06 Wikg

-2.20

-4.40

-6.60

0dB = 3.06 W/kg = 4.86 dBW/kg

Certilicale No: DE0OV2- 1d183_Jul15 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 10.07.2015
Test Luborutory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: DI0OVE - SN: 1d183

Communication System: UID 0 - CW: Frequency: 900 MHz

Medium paramcters used: =900 MHz; o = 1.03 S/m; & = 54.8; p = 1000 kg/m’
Phantom section: Flm Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63,19-2011)

DASY52 Configuration:
«  Probe: ES3DV3 - SN3205; ConvIF(5,95, 5.95, 3.95); Calibrated: 30.12.2014;
= Sensor-Surface: Imm (Mechanical Surfuce Detection)
*  Electronics: DAE4 Sn601; Calibrated: [18.08.2014
= Phantom: Flat Phuntom 4.9L; Type: QDOOOPAYAA: Scrial: 1001
» DASYS2 52.8.8(1222); SEMCAD X 14.6,10(7331)

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

Reference Value = 56.48 Viin; Power Drift = -0,02 dB

Peak SAR (extrapolaied) = 3,86 Wikg

SARCE g = 2,61 Wkg; SAR(10 g) = 1.69 Wikg

Maximum value of SAR (measured) = 3.07 Wik

2,00
-4.00
-6.00

-10.00

0dB = 3,07 Wikg = 4.87 dBWikg

Cortilicate No: DEOOV2-1d183_Jul15 Page 7 of B




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of : PR CR ST ot dherait

Schmid & Partner "{({::“' 2 ::rmnh-d‘xn-p
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Calibration Laboratory of "’@* G Schweizeracher Katbiesdenst
Schmid & Partner % ¢ Bervice suisse détalonnage
Engineering AG Servitia snadern di laraturs
M.mmmm E‘ﬁy S Swiss Calibration Service
Acciotited by the Swias Accrediatos Servicn (SAS) Accreditation Mo.: SCS 0108

The Swiss Accreditation Service Is one of the signatories 1o the EA
Multilateral Agroement for the recogritien of calibration certricates

Glossary:

TSL iissue simuiaiing fiquid

ConvF sensilivity in TSL / NORM x.y.z
NIA nol applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

¢) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximily to the human body (frequency range of 30
MHz 10 6 GHz)", March 2010

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

Additional Decumentation:
e) DASY4/5 Sysltem Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with T5L: The dipole is mounied with the spacer to position its feed
point exactly below the center marking of the flal phantom section, with the arms orienled
parallel to the body axis.

* 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 al the SMA connector 1o 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.
No uncertainly required.

* SAR measured: SAR measured at the stated anlenna 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 mmmed 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 approximalely 95%.

Comficate No: D1T50V2-1141_Jults Fage2ol @




Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, d2 = 5mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.1 1.37 mho/m
Measured Head TSL parameters (22.0x0.2)°C 38826% 1.38 mho/m =6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.21 Wikg
SAR for nominal Head TSL parameters normalkized to 1W 36.8 Wikg £17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 4.97 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 19.7 Wikg = 16.5 % (k=2)
Body TSL parameters
The i amelers and calculations were
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 534 1.49 mho/m
Measured Body TSL parameters (220x202)°C 52226% 1.48 mho/m 2 6 %
Body TSL temperature change during test <05*C weee —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.37 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 37.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.07 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20,3 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 51.1Q-01jQ
Return Loss -395dB

Antenna Parameters with Body TSL

Impedance, transformed to feed polnt 4660Q+03iN
Retum Loss -29.0d8B

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.225ns |

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

The dipole Is made of standard semirigld coaxial cable. The center conductor of the feading line is directly connected to the
second arm of the dipole. The antenna is therelore shont-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according o 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 September 30, 2014
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DASYS Validation Report for Head TSL

Date: 09.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz: Type: D1750V2; Serial: DI750V2 - SN:1141

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

Medium parumeters used: (= 1750 MHz: o = 1.38 §/m; £, = 38.8; p = 1000 kg/m’
Phantom section: Flat Scction

Measurement Standard: DASY S (IEEENEC/ANSI C63.19.2011)

DASY 352 Confliguration;
+  Probe: ESIDV3A - SN3205; ConvF(5.2, 5.2, 5.2); Calibrated: 30.12.2014;
+  Sensor-Surface: Imm (Mechanical Surface Detection)
«  Electronies: DAE4 Sn601; Calibroed: 18.08.2014
= Phantom: Flat Phantom 3.0 (front); Type: QDO0OPS0AA; Serial: 100]
o DASYS2 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 = 93.34 Vim: Power Drifi = 0,04 dB

Peak SAR (extrapolated) = 16,6 Wikg

SARC gh =931 W/kg: SAR(10 g) = 4.97 Wikg

Maximum value of SAR (measured) = 11.3 Wikg

=3.37
-6.75
-2

-13.50

-16.87

0dB =113 Wikg = 10.53 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 09.07.2015
Test Labormony: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1141

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

Medium parameters used: F= 1750 MHz; o = 1,48 5/m: &, = 52.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEENECIANSI C63.19-2011)

DASYS2 Conliguration:
+  Probe: ES3DV3I - SN3205; ConvIF(4.88, 4,88, 4.88): Calibrated: 30.12.2014;
+  Sensor-Surface: Imm (Mechanical Surface Detection)
s Electronics: DAES Sn601; Calibrated: 15.08.2014
«  Phantom: Flat Phanmtom 5.0 (back)y: Type: QDOOOPSOAA: Scrial: 1002
« DASYS2S528.8(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=Smim, dy=5mm, dz=5mm

Reference Value = 92.95 Vim: Power Drift = 0,02 dB

Peak SAR (extrapolated) = 15.9 Wikg

SARL gh =937 Wikg: SAR(10 g) = 5.07 Wikg

Muximum value of SAR (measured) = | 1.8 Wikg

-3.00
-6.00
-9.00
=12.00

0B = 11.8 Wkg = 10.72 dBW/kg
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Impedance Measurement Plol for Body TSL
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Calibration Laboratory of ﬁ_.q'i'\"‘_':g,;'j:s.} S Schweirerischer Malibrierdienst

Schmid & Pariner i % Service sulsse d ¢talonnage
Engineering AG % C il micaen i tarmiae
Zeughausairasse 13, 8004 Zurich, Switzerland I S Swiss Calibration Service

Accredited by the Swiss Accreditalion Service [SAS) Accreditation No.: SCS 0108
The Swise Accreditation Service is ano of the signatorien 1o the EA
Multilateral Agreement lor tha recegnition of callbration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Sid 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”, Juna 2013

b) IEC 82209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz lo 3 GHz)",
February 2005

c) IEC B2209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communicalien 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 Decumentation:
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.

= Anlenna Paramelers with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flal 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 liquid filled phantom. The impedance stated is transformed from the
measurement al the SMA connecior 1o the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

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

* SAR measured: SAR measured al 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 paramaters: The measured TSL paramelers are used to calculate the
nominal SAR result,

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

Cenificate No: D1900V2-5d206_Jul15 Paga 2ol




Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS 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
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0x0.2)°C 39.7+6% 1.38 mho/m £ 6 %
Head TSL temperature change during test <05°C e 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 W/kg
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 %
Body TSL temperature change during test <05°C —— -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.3 W/kg
SAR for nominal Body TSL parameters normalized to 1W 40.8 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.51 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.9 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250Q+65jQ
Return Loss -23.3d8

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

Electrical Delay (one direction) l 1.203 ns —l

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 to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manufactured on October 21, 2014
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DASYS 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 parmmeters used: = 1900 MHz: o = 1.38 $/m: 5 = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standand: DASYS (IEEEAEC/ANSI C63.19-2011)

DASY 52 Conliguration:
«  Probe: ES3DV3 - SN3205; ConvFi5, 5. 53 Calibrated: 30.12.2014;
«  Sensor-Surfoce: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibruted: 15.08.2014
«  Phantom: Flat Phamom 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 0:
Measurement grid: dx=Smm, dy=3mm, dz=5mm

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

Peak SAR (extrapolated) = 18,4 Wikg

SAR(L g) = 1001 Wikgs SAR(I0 g) = 5.35 Wikg

Maximum valuc of SAR (measured) = 12.5 Wikg

-3.40
<680
-10.20
-13.60

-17.00

0dB = 12.8 Wikg = 11.07 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Drate: 14.07.20015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2; Serial: DI900V2 - SN:5d206

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

Medium parameters used: = 1900 MHz; o = 154 S g, = 52.7; p = 1000 kg/m®
Phantoam section: Flat Section

Mensurement Standard: DASYS (IEEENEC/ANS] C63,19-2011)

DASY 52 Conliguration:
= Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
*  Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibraed: 18.08.2014
+»  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

« DASYS25288(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=Smm, dz=5mm

Reference Value = 95.62 Vim: Power Drifl = 0,02 dB

Peak SAR (eximpolated) = 17.3 Wikg

SAR(L g) = 10.3 Wikgs SAR(10 g) = 5.51 Wikg

Maximum value of SAR (measured) = 12,9 Wikg

di

-3.40
-6.40
-10.20

-13.60

-17.00

0dB = 12.9 Wrkg = 11.11 dBW/ke
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of i, Schwelzerischer Kalibriordionst

. 5
Schmid & Partner UA‘E c Sorvice sulsse d'dtalonnage
Engineering AG % Servizio svizzere di laratura
Zoughoussirasse 43, 8004 Zurich, Switzerland ’%Iﬂﬁ‘@?{ S5  swiss Calibeation Service
Accrodied by tha Swiss Accreditation Service (SAS) Azcreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Buitilateral Agreoment for the recognition of calibration cerlilicaten

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy.z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Sid 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 62209-2, "Procedure to determine the Specilic 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 B65664, “SAR Measurement Requirements for 100 MHz to 6 GHzZ"

Additional Documentation:
e) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

= FElectrical Delay: One-way delay belween the SMA connector and the antenna feed poinl.
Mo uncertainty required.

+ SAR measured: SAR measured at the stated antenna inpul 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 uncerfainty of measurement is staled 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%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+£02)°C 379:6% 1.88 mho/m £ 6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.7 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 53.3 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.2 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 52.7 1.95 mho/m
Measured Body TSL parameters (22.0£0.2)°C 524+6% 2,03 mho/m+£6 %
Body TSL temperature change during test <05°C — -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12,9 Wikg
SAR for nominal Body TSL parameters normalized to 1W 50.6 W/kg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.05 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.9 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5350Q+19jQ
Retumn Loss -28.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5050+ 36iQ
Return Loss -28.8dB

General Antenna Parameters and Design

I Electrical Delay (one direction) 1.155 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 short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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 December 30, 2014
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DASYS Validation Repert for Head TSL

Dane: 08.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V 2; Serial: D2450V2 - SN:971

Communication System: ULD 0 - CW; Frequency: 2450 MHz

Medium purameters used: = 2450 MHz; o = |88 §/m; g, = 37.9; p= 1000 i-:gfm"
Phantom section: Flit Section

Measuremen Standard: DASY S (IEEENEC/ANS] C63.19-201 1)

DASYS52 Conliguration:
« Probe: ES3DV3 - SN3205; ConvFi4,54, 4.54, 4.54); Calibrated; 30,12.2014;
+  Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 15.08.2014
«  Phantom: Flat Phantoem 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASYS252.88(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=Smm, dy=5mm, dz=5mm

Reference Value = 1001.3 Vim; Power Drilt = 0,03 dB

Peak SAR (extrapolated) = 28.1 Wikg

SARIL g) = 13,7 W/kg: SAR(10 g) = 6.4 W/kg

Maximum value of SAR (measured) = 18.0 Wikg

dH

0
-4.00
-B.00
-12.00
-16.00

-20.00

0dB = 180 Wkg = 12.55 dBWikg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 08.07.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serinl: D250V - SN:971

Communication Svstemy: ULD 0 - OW; Frequency: 2450 MHz

Medium parameters used; = 2450 MHz; o= 2.03 5/m; &= 52.4; p= 1000 kp‘m‘
Phantom section: Flat Section

Mensurement Standard: DASY S (IEEEMEC/ANS] C63.19-2010 1)

DASYS52 Conliguration:
+  Probe: ES3DV3 - SN32035; ConvFi4.32, 4.32, 4.32): Calibrated: 30.12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
+«  Electronics: DAE4 Sn601; Calibrated: 15.08.20104
«  Phantom: Flm Phantom 5.0 (back); Type: QDOOOPS0AA: Seral; 1002
« DASYS5252.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7Tx7x7)/Cube 0:
Measurement grid: dy=5Smm, dyv=5mm, dz=5mm

Reference Value = 94.67 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 26,4 Wikg

SAR(I g) = 12.9 W/kg: SAR(10 g) = 6.05 Wikg

Maximum value of SAR (measured ) = 17.0 Wikg

di

-4.00
-0.00
~12.00
-16.00
-20.00

0dB = 17.0 Wikg = 1 .30 dBW/kg
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Impedance Measurement Plot for Bedy TSL
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