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Calibration Laboratory of

5 Schwelzerischor Kalibeiardinmst
Sd'mid&Pmmr C  Service suisse o etatonnage
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Eﬂgi g;,mmm s Swan Caliration Servige
Accrvdtes by e Swas Acrediation Senicn (BA%) Accreditation No.: SCS 0108
The Swins Accreditation Service is one el [he sipnatories o the EA
Multiatarsl Agreamend for the recognition af calibration certficates
Glossary:
TSL tissus simulating louid
HORMx.y.2 senaitivity in froe space
ComwF sensilvity in TSL / NORMx.y.z
pce diode compression paint
CF crest fnctor (1iduty_cycia) of tha RF signal
A B C.D modulation dependent ineanization paramaten
Polarizaton ¢ @ rotation around probe axis
Polarization & fi rotafion around an axs that is in the plane normial 1o probe axis (s moeasurement cendor),
Le., 8= 0 s nomal 1o probe axis
Comnecior Anghe information used in DASY sysiem o align probe sensor X i the robol coordinate syaterm

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2013, 1EEE Recommended Practice for Delommining the Peak Spatial Averaged Specific
Ahsarption Rala (SAR) in tha Human Head from Wirsliss Communications Devices: Measurement
Techniques”, June 2013

b) EC 622001, “Procedure 1o measume (he 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

mdnApplhdundlnurpmhﬁun of Parameters:

NORMy,y. 1 Assessed for E-field polarization =0 (1< mu«txnmrnmummm
NORMy.y.z are only intermediate values, Le.. the uncertainties of NORMx,y,2 does not atfect the E”-field
wuncertainty insido TSL (see balow ConwF)

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

+ DCPry.r DCP am numarical inearization paramelers assessad based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

*  PAR PAR s the Peak to Average Rafio that is not calbrated bul delermined based on Ihe signal
charactorisics

L narﬂ dylmr.mﬂumerzﬁ.Bjﬂnmmﬂmﬂmmmh-Nm
for specific modulation skgnal. The paramelers do not depend of frequency nor
mm mummmwmnnusmmnm.

» ConvF and Boundary Effect Paramelers: Assessed inflal phantom using E-field {or Temperature Transfa
Standard for | = 800 MHZ) and inside waveguide using analytical field distributions based on power
meoasurernonts for | = B00 Mz The same sslups am used for sssessmont of the parametens appdied for

WM[MMJDIM!MWM“W These parameters am
ummnnsvdmhurnunwtprmmymummr sermdidly in TSL comesponds
o NORMz.y.2 * ConvF wheroby the uncertainty comesponds o thal given lor ComvF, A Irequancy depandent
ComvF 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 isotropy): in n fisld of low gradients realized using a flal phantom
exposad by a palch anlenna.

«  Sensor ONset Tho sensor offsel cormesponds 10 the offset of virnual measuremaont conter from ihe proba Ip
{on probe axis} No lolerance requined

¢ Comector Angle: The angle is asseased using tha information ganed by determining the NORM (no
uncertainty requined).
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EX3DV4 - SN;7329 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)

Certificate No: EX3-7329_Feb15 Page 3 of 11




EX3DV4- SN:7329 February 5, 2018

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-umcmmz}.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, 150 and 220 MHz respecively. msmm
vabdiy can be extended 1o t 110 MMz,

" M frequencies below 3 GHz, the validity of lisswe parameters (c and e) can ba relaxed 1o £ 10% ¥ guid comp foemula & o
measured SAR valuss. Al frequencas abave 3 GHL the valdity of tssue paramelers (c and o) is restncted 1o 1 5% m«mnu-nssu
pwmhmmmm

Alpha/Dapth are determined dunng calbration. SPEAG warrants that the remanng deviation due o the boundary effect after compensation &
mmm:&mmmammm:nwmmue&ummmmmmmﬁ-u
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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EX3DVi- SN T

Erer |08

Cortificale No: EXO-T329_Feb15

Tet

Fobruary 5, 2015
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Uncertainty of Axial Isolropy Asaesament: £ 0.5% (k=2)
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EXADVA- BN T
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February 5. 2015

Conversion Factor Assessment

1= 900 MHZWGLS F9 (- _com#) = 1760 MHz WGLS RI2 (H_conF)
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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 ATy,

: P Schweizarischer Kalibrierdienst
Schmid & Partner o 3 Service sulsse d'éalonnnge
Engineering AG a7 C sorvieio svizzrn i taratura
Zeughaussirasse 43, B004 Zurich, Switzorland i‘-aﬁ; 5  gwiss Calibration Service
bl e

Accredited by ihe Swiss Accroditalion Sorace [SA5)
Tho Swins Accreditalion Sarvice (s one of the signalorios to the EA
Multliateral Agreement for the recognitien of calibration cenificates

Accreditation Ne: SCS 0108

ciem  BACL Certificats No: DB35V2-453_Aug15
|CALIBRATION CERTIFICATE

| oot DB3SV2 - SN: 453

Castration procusreds) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

icu.hrumm

August 17, 2015

Thig. calilyaticn cerilicale documantn the racoabifity jo national standasss, which roalize the plysical units of measunemonts (S1),
Thae miiea afid the uncer with confidence probabity are ghasn on the lollowng pages and are pa of the cediicale

All cakbraions have bean conducted ;n B closod laboraiony fackty: environmant lempemiuro (22 35"C and mmidty < T0%.

Caliraton Equipmani usod (MATE oritical for cadbration)

Primary Standards e Cad Date (Cortlicals No.) Scheduled Calibwation
Prower mistor EPM-3424 GEITLE04 O7F-Oxi-14 (Mo, 2AT-02020% D=5
Powst sensor HP 84014 USITHaTEs OF-0ct-14 (Mo, 21702030 D115
Powe wmsor HP BH1A MY 1082317 OF0ct-14 (Mo, 217-02021) Ocl-15
Releence 20 ¢B Atlarsiaiot SN 5058 (20k) O1-Ape-15 (Mo, 217-02131) o= 16
Type-N mismatch combination SN SDaT 27 DEAZT O1-Apr-15 (Mo, 217-021.34) - 18
faleence Proba ES30VI SN: 3005 30-Dac-14 [No. ES3-1205 Dectd] Doc-15
DAE4 SN a5 0B-Jud-15 [MNo. DAEL-554 Jul1 &) Jul-18
Secondary Standads e Chock Date i housa) Schadulod Chack
RF pamaraior ALS SMT-08 100005 O4-Aug-F9 (in howse check Oct-13) in howse check: Oct-14
Nebwsork Anakyzor HP 8753E LUS3TI005E% S4208 18-0c1-01 {in howsa chack Det-14) N howses chack: Dct-15
[T Fianchon Sigratuie
| Calibraged by Jartcn Kasirati Labacatary Technician h L e
- —
p——
) echnical o e
Appeovad by alfa Frokovic L hanace AT

r

Issmodt August 18, JNE

This calibration costlicate shall ned bo repeoducod axcopl in full withow writinn appeoval of B labonmon.

Caortilicaln Mo: DE3I5SV2-453_Auwg1s
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Calibration Laboratory of AN Schiwolsarinshor Kallbriced:

Schmid & Partner N 2 i s lond kit
Engineering AG % Servizio svizzoro ditaratura

Zeughaussirasse 43, B004 Zurich, Switzeriand T S Swiss Calibration Service

Actrated by the Swiss Accreditahion Service [SAS) Acereditation Mot SCS 0108

The Swiss Accreditation Sorvice is one ol the signatodes to the EA

Multilatersd Agreomaent for the recognition of calibration cortificales

Glossary:

TSL tissue simulating liquid

ConvF sensilivity in TSL / NORM x,y.z

MN/A not applicable or nol measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Procedure lo 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) |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) lor wireless
communication devices used in close proximily lo the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB B65664, “SAR Measuremen! Requiremenits for 100 MHz to 6 GHZ"

Additional Documentation:
) DASY4/5 System Handbook

Methods Applied and Interpretlation of Parameters:
« Measurement Conditions: Further detalls are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid al the frequency indicated.
= Antenna Parameters with TSL: The dipole is mounted with the spacer lo position its feed
point exactly below the center marking of the flat phantom section, wilh 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 al the SMA connector to the leed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

= SAR measured: SAR measured al the stated anlenna input power.

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

» SAR lor nominal TSL parameters: The measured TSL parameters are used lo calculate the
nominal SAR resull.

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 lo a coverage
probability of approximately 95%.

Conikcato No: DB35V2-453_Augl5 Page 2 ol 8




Measurement Conditions

DASY system configuration, as far as not on page 1.
DASY Version DASYS5 V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0£0.2)°C 41.9+6% 0.93 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 2.41 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.43 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.56 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.13 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 55.2 0.97 mho/m
Measured Body TSL parameters (220+0.2)°C 56.1+6% 1.02 mho/m =6 %
Body TSL temperature change during test <05°C e 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 parameters normalized to 1W 9.55 W/kg = 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)

Centificate No: DB35V2-453_Aug15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.7Q-46j0Q
Return Loss -26.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4680Q-6.0jQ
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 Condilions® 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 January 31, 2002

Certificate No: D835V2-453_Aug15 Pagedof 8




DASYS Validation Report for Head TSL

Date: 17.08.2015
Test Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 835 MHz; Type: DS3SV2: Serial: DBASV2 - SN: 453

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

Medivm parnmeters used: = 835 MHz: o = 0.93 S/ & = 41.9; p = 1000 kg/m®
Phantom scction: Flat Section

Measurement Standand: DASY S (IEEENEC/ANSI C63.19-2011)

DASYS2 Confliguration:
+  Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2): Calibrated: 30.12.2014;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn654; Calibrned; 08.07.2015
«  Phantom: Flul Phamtom 4.91.; Type: QDOOOP49AA; Serial: 1001
« DASYS2S52L88(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=Smm, dy=5mm, dz=5mm

Reference Value = 538,20 Vim: Power Drft = -0.06 dB

Peak SAR (extrapolated) = 3.65 Wike

SAR( g) = 241 Wike: SAR(10 g) = 1.56 Wik

Muximum value of SAR (measured) = 2.84 Wikg

-2.00
-4.00
-6.00

-8.00

0dB =284 Wikg =453 dBW/kg

Ceriflicale Mo: DBISV2-453_Augl5 Page 50l




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

Date: 17.08.2015

Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DEISV2; Serial: DEISV - SN: 453

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

Medium pornmeters used: (=835 MHz; o= 1.02 5/m; & = 56.1; p = 1) lag_zni'm1
Phantom section: Flin Section

Measurement Standard: DASY 5 (IEEE/NEC/ANSI Co3.19-201 1)

DASYS2 Confliguration:
+  Probe: ES3DV3 - SN3205; ConvFi(6.17, 6.17, 6.17); Calibrated: 30.12.2014:
«  Sensor-Surface: 3mim {Mechamical Surface Detection)
+ Electronics: DAE4 Sn654; Calibrated: 08.07.2015
«  Phantom: Flit Phantom 4.90; Type: QDOOOP49AA; Senal: 1000

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

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (Tx7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 55.00 Vim; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.69 Wikg

SARID g) = 247 Wikg: SAR(10 g) = 161 Wikg

Maximum value of SAR (measured) = 289 Wikg

dB8
0

-2.40
-4.80
-1.20
-4.60
-12.00

0dB =289 Wikg = 4,61 dBW/kg

Certilicate No: DBISV2-453_Aug15s Page Tol B




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Pariner
Engineering AG

Toughaussirasse 43, B004 Tusich, Switzerdnned

Accrefitod by the Swiss Accredilafion Service (SAS)
Tha Swiss Accreditatlon Servico Is ano of the signatories to the EA
Muliilateral Agresmant for the recognition of calibeation certificates

i
A
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EJ_ -
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Behweizerischer Kalibriordionst

Servitio evizsero il laraturs

g Service sulsse détalonnage
5

Accreditation No.: 'SCS 0108
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Calibration Laboratory of A Schweirerincher Kalibrierdienst
Schmid & Partner SN e s
Engineering AG b= € mirvtrlo svisseom ot tiestion
Zoughaussirasse 43, B004 Zurich, Switrerland ~5 o S Suiss Calibration Sorvice
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Accrocitod by the Swiss Accrdilation Sandce [SAS) Accreditation No.: SCS 0108

Thi Swins Accreditation Service Is ane of the signatodos to the EA
Multitateral Agrasment for the recognition of calibeation centilicates

Glossary:

TSL tissue simulaling liguid

ConvF sensitivity in TSL / NORM x,y,z
/A not 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”, June 2013

b) |EC 62209-1, "Procedure o measure the Specilic 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 o 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 lhe Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameiers with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the cenler marking of the flat phantom section, with the arms oriented
parallel 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 painl.
No uncerainty 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 calculale the
nominal SAR resull.

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

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

Cerfificale No: DROOV2-1d183_Jul15 Pago 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
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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 lo the dipole arms in order lo 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 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

Date: 14.07.2015
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipale 900 MEaz; Type: D00V Serial: DI0OV2 - §N: ld 153

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

Medium parameters used: § = 900 MHz; o = 0,95 S/m: g, = 42.2; p= 1000 kg/m'
Phantom section: Flat Section

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

DASYS2 Configunaition:
*  Probe: ESIDV3 - SN3205; ConvF(5.94, 5.94, 5.94); Calibrated: 30.12.2014:
»  Sensor-Surfoce: 3mm (Mechanical Surface Detection)
= Electronics: DAB4 Sn601; Calibruted: 18.08.2014
*  Phantom: Flat Phantom 4,9L; Type: QDOODP49AA: Serial: 1001
= DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (Tx7x7WCube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 58.62 Vim; Power Drilt = 0,01 dB

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

Certilicate No: DA0OV2-1d183_Jul15 Page 5 of 8




Impedance Measurement Plot for Head TSL

10 Jul 2043 13146113

EHD %11 T BELIM e -LA0MM G LRI pr 0000 Dk e
®
Dl
Ca v S i
if
{ -
i
Py b .
16 -
Mid
CHZ %41 LG 3 4B/ REF 30 @ =01, %6 2 di SO0, BO0 G0 Mk
4 ' ' . 1 ' '
e 3 { 1 ' 4 e
A -
- v
= i 1
\ 3 P o | 1 : 1
\ 7
X |r
Y ,
b { . ' e d + ' +
|
Prug 4 f
n S . -
‘ 4 ‘ } | 3 \ |
Wid ‘ 3 . } . & | . 3
STAET TROOOD 000 MHE STOP § 100,000 200 iz

Cortilicale No: DS00V2-1d183_Jul15 Page 6 of 8




DASYS Validation Report for Body TSL

Date: 10,07.2015

Test Luborutory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: DI0OVZ - SN: 1d183

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

Medium parnmeters used: [ = 900 MHz; o = 1.03 S/m; &, = 54.8: p= 1000 kg/m’
Phantom section: Flt Section

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

DASY52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvI(5.95, 5.95, 5.95); Calibrated: 30.12.2014;
= Sensor-Surface: Imm (Mechanical Surfuce Detection)
o Electronics: DAE4 Sn601; Calibeated: 18.08.2014
= Phantom: Flat Phantom 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 Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=Smm

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

Peak SAR (extrapolated) = 3,86 Wikg

SAR(I g = .61 Wikg; SAR(I0 g) = 1.69 Wik

Maximum value of SAR (measured) = 3.07 Wik

2,00
-4.00
-6.00

-10.00

0.dB = 3.07 W/kg = 4.87 dBW/kg

Cortilicate No: DEOOV2-1d183_Jul15 Page 7 of B




Certificate No: DEOOV2-1d183_i15

Impedance Measurement Plot for Body TSL
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cuiet  BACL Cortificate No: D1750V2-1141_Jul15
[CALIBRATION CERTIFICATE
Ctiact D1750V2 - SN:1141
Calteaten procease(s) OA CAL-0548 ¢
Calibration procedure for dipole validation kits above 700 MHz
Caiibration date: July 09, 2015
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Calibration Laboratory of A, §  Schweizerscher Kattwirdienst
Schmid & Partner ﬁb

Engineering AG Servitia snadern di taraturs
M,mmmm ‘ﬂg{*ﬁy S Swiss Calibration Service
Accipdted by the Swias Actrediaton Servica [SAS) Accreditation Mo.: SCS 0108

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

Glossary:

TSL lissue simulating liquid

ConvF sensifivity in TSL / NORM x.y,z
M/A nol applicable or nol 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 Wireless
Communications Devices: Measurement Techniques”, June 2013

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

¢) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximily 1o the human body (frequency range of 30
MHz 10 6 GHz)", March 2010

d) KDB BB5684, "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
ol the cerlificate. 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 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 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.
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 approximately 95%.

Cenficate No: D1750V2-1141_Julis 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 (2201£02)°C 388+6% 1.38 mho/m 6%
Head TSL temperature change during test <05°C - ue
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.31 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)

Centificate No: D1750V2-1141_Jul15 Page 3ol 8




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

Certificate No: D1750V2-1141_Jul1s Paged ol 8




DASYS Validation Report for Head TSL

Date: 09.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipale 1750 MHz: Type: DIT750V2; Serinl: DITS0V2 - SN:1141

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

Medium parameters used: = 1750 MHz: o = 1.38 S/m; &, = 38.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 352 Confliguration;
+  Probe: ES3DV3 - SN3205; ConvFi5.2, 5.2, 5.2): Calibrated: 30.12.2014;
«  Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronies: DAES Sn601;: Calibrued: 15.08.2014
= 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 W/kg

SAR(L g) = 9.31 Wikg: SARILD g) = 4.97 Wikg

Maximum value of SAR (measured) = 11.3 Wikg

0dB =113 Wikg = 10.53 dBW/kg

Cortiicate Mo; DITS0V2-1141_Jults Page 5ol 8




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: DITS0V2 - SN:1141

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

Medium parameters used: M= 1750 MHz; o = 148 5/m: &, = 52.2; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS2 Conliguration:
+  Probe: ES3IDV3I - SN3205; ConvlF(4.88, 4,88, 4.88): Calibred: 30.12.2014;
«  Sensor-Surface: Imm (Mechanical Surface Detection)
«  Electronics: DAES Sn601: Calibrated: 15.08.2014
«  Phantom: Flat Phamom 5.0 (back)y: Type: QDUOOPSOAA: Scrial: 1002
« DASYS2352.88(1222); SEMCAD X 14.6.1007331)

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

Reference Value = 92,95 Vim: Power Drilt = 0.02 dB

Peak SAR (eximpolated) = 15.9 Wikg

SAR( gh = 9.37 Wik SAR(10 g) = 5.07 Wike

Muximum value of SAR (measured) = |18 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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cuent  BACL Cortificata No: D1900V2-5d206_Jul15
CALIBRATION CERTIFICATE
Otject D1900V2 - SN:5d206
Calibration procodures) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Caliheation dnto: July 14, 2015

Calibrafion Eguipman] used (MATE eritical har calibration)

This caliention conificale documents the racoabily s nafisnal stardards, which roakize the physical units of mossuromants (51)
The measurements and ihe uncertainios wih cordidonce probabilty am geven on ha Iclowang pagos and aro part of ha cartificats.

All calibrations have bean conducted in the closed laboratory facilty: emrvironment lemporatute (22 & 31°C and humidity = 70%

fl'l'_rlll"__‘l_'ﬁt-lndaiﬂl D& C_ﬂﬂu.m [Corificats Mo.) Schoduled Calbratisn

Power mater EPM-44248 GHIT4BO0TOS OF-0ct-14 (Mo, 217-02020) Oet-15

Pevar sonsor HP BE1A USITI02TEY OF-0ct-14 (Mo, 217-02030) 15
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Calibration Laboratory of AT,

B FaA =LY Schweirerischer Kalibrierdienst
Schmid & Pariner ﬁaﬁ — . g Service sulsse détalonnage
Engineering AG g Soreizio avizsors di 15aturs
Zeughaussirasse 43, 8004 Zurich, Switzoriand A 5 swisa Calibration Servics
s
Acziedited by the Swiss Accrpditalion Senice [SAS) Accreditation Mo SCS 0108

The Swiss Accreditation Service is ano of the signatories 1o the EA
Kudtilateral Agreement lor the recagnition of callbration certilicates

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 Specilic Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 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 to 3 GHz)",
February 2005

c) IEC B2209-2, "Pracedure 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 cerificate 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, wilh the arms oriented
parallel to the body axis.

» Feed Point Impedance and Refurn 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 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 nommal distribulion corresponds to a coverage
prabability 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 =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 (22.0+0.2)°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: D1900V 2; Serial: D1900V2 - SN:5d206
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parmmeters used: = 1900 MHz; o = 1.38 $/m: &, = 39.7; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEEJEC/ANSI C63.19-2011)

DASY 52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(5, 5, 5§ Calibrated: 30.12.2014;
«  Sensor-Surfoce: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibruted: 15.08.2014
«  Phantom: Fla 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=5Smm, dy=3mm, dz=5mm

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

Peak SAR (extrapolated) = 184 Wikg

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

Maximum valuc of SAR (measured) = 12.5 Wikg

-3.40
-6.80
-10.20
-13.60

-17.00

0 dB = 12.8 Wikg = 1107 dBW/ ke
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Drate: 14.07.2005
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI9200V2; Serial: DI900V2 - SN:5d206

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

Medivm parameters used: = 1900 MHz; o = 154 S g, = 52.7; p = 1000 kg/m®
Fhantom section: Flal Section

Measurement Standard: DASYS (IEEENECIANS] CA6319-201 1)

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; Calibrated: 18.08.2014
+»  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

« DASYS2S5288(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 (exirmpolated) = 17.3 Wikg

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

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

-3.40
-6.60
-10.20

-13.60

-17.00

0dB=129W/kg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Delermining 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 Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 8 GHz)", March 2010

d) KDB BG65664, “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 slated in the cerificate are valid at the frequency indicated.

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

= Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transtormed from the
measurement at the SMA connector to the feed point. The Retlumn 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 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%.

Conificate Mo D2450V2-971_Julls Fage 2ol 8




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 <0.5°C eee -
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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DASYS5 Validation Report for Head TSL

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

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

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

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

DASYS52 Confliguration:
« Probe: ES3DV3 - SN3205; ConvF{4.54, 4.54, 4.54); Calibrated: 30,12.2014;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: 15.08.2014
«  Phantom: Flat Phantem 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

SAR(L g) = 137 Wike: SAR(0 g} = 6.4 W/kg

Maximum value of SAR (measured) = 18.0 Wikg

dB

-4.00
-B.00
-12.00
-16.00

-20.00

0 dB = 18.0 W/kg = 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: D2450V2 - SN:971

Communication Svstemy: ULD O - 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] C63.19-200 1)

DASY 52 Configurntion:
«  Probe: ESIDV3 - SNI205; ConvF(4.32, 4.32, 4.32): Calibrated: 30.12,2014;
«  Sensor-Surface: 3mm {Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 18.08.20104
«  Phuntom: Flm Phantom 5.0 (back); Type: QDOOOPS0AA: Senal; 1002
« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube (:
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
-B.00
~12.00
-16.00
-20.00

0dB = 17.0 Wrkg = 12.30 dBW/kg
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Impedance Measurement Plot for Bedy TSL
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