DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

¢/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafa
C.L.F. A29 507 456

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 41, B004 Zurich, Switzartand

Accrachled by the Swiss Acoreditalion Servics (SA5)

D DEKRA

NS
4, &

5 Schweizarischer Kablbriordiangt
C Sarvice sulsse d'élalonnage
s

;

Sarvizio syizeero di tarmtura
Swiss Callbration Service

ol

b T
LN g

o

hooreditation Wo.: SCS 0108

The Swiss Acoreditation Service is one of the signatories 1o the EA
Multitateral Agresment for the recegnition of caltbration tertificates

Cliernt DEKRA

Certificats Ho: DTSOVM3-1036_Aug17

CALIBRATION CERTIFICATE

Oibjeect DTEOVE - EN:1036

Calibratian procadureis) QA CAL-05 vD

Cafibition dats; August 21, 2017

Calibration procedurs for dipole validation kits abave 700 MHz

Calibration Equipenesi used (METE eritical for calibratian)

This caibration canficate dacuments Mg trassabdity to nabional slandards, which reslize e physical unite of Measuramants {511
The masaurements and the uncertainties with configance prebablity are givan an the fallowing peges and are part of e carficate,

All calibrations hava bean canducted in tha closed isboratory faclitg: anviranment fempenatura (22 £ 3)°C and humidity < 70%,

| Primary Siandards D & T Data [Cenificale Mo Scheduied Calibration
Formar meaber NRP Sh: 104778 Qd-Apr-17 (Mo, 217-0852 1102 822) Apr-18

Prwir sprizar MRF-Z04 SN 103244 Dd-Apr-17 (Mo 217-02521) Ape-18

Power sensor NRP-Z31 BN 103245 04-00r-17 N, 21702822 Apr-18

Reterence 20 dB Akenuator SH: 5058 (20k) O7-Agr-AT (Mo, 217-02528) Apr-18

Typa-K mismatch combinatian SM; 50472 ! DES2Y O7-Apr-17 {Me. 217T-02529) Anr-13

Referencs Probe EXI0VS SM: Ta44 F-May-17 (Moo EXZ-T348 May17) hay-18

OaE4 | BN B ZE-Mar-17 {Mo. DAEL-50_ Mar1T) Mar-13
iﬂ?gnnwﬁdar'dmd: D@ Chack Cale din hnusgj:_ Schadued Cheot
Forsar maber EPM-4428 M GRI7AB0TDS Q7-0ci-15 (in house cheack Cek-18) I hiowse chack: Oci-18
Foiwer sensor HF 84514 SN LIG3T202TE3 Q702415 (n house check Oot-16) In housa chagk: Oet-18
Praver sarsor HP Balia SH. MY 41082217 Q7-02-15 (i house chack Del-16) In houss check: Oct-18
RF generpior RS SMT-06 SH: 100aT2 15-Jun-15 (in house check Gct-16) In hauga chesk: Oct-18
Wetwark Analyzaer HP BTS3E BM: US372890585 8Ol fin hewea chesk Och1i) In hause sheck: Qol-17

Rairse Function
Caligrated by: Claudic Laubler Labaratcry Tachrician
Approved by, Kalja Pokowic Technizal Manager

e =

|esued: August 21, 2017

This calbraticn cadficate shall nol be reproduced axoapt in Tull withoud weithan sppraval of the labanstony.

Certificate Mo: DFSOVE-1036_Augi?

Page 1 af B

Report No: (NIE) 57478RAN.001

Page 231 of 290

2019-08-05



DEKRA Testing and Certification, S.A.U.
Parque Tecnolégico de Andalucia, )
¢/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafa

C.I.LF. A29 507 456

- [T [ETPN

Calibration Laboratory of ‘ié:'i:'?c §  Schwsizarischer Kaliberdionst

SChrTII_I:I & Partner M ¢ Service suisse détalonnage
Engineering AG i Servizia svizzers ¢ taratura

Zeughaussirasss 43, 8004 Zurich, Switrerand *ﬂ,ﬁk S 5wiss Calibration Service

Accradiled by lhe Swiss Accrediiafion Sardce (545) Acoreditation No.! SCS 0108

The Swiss Accraditation Service is ane of the signatores to the EA
Multitsteral Agreemant for the recognition of calibration cortificates

Glossary:

T5L tissue simulating liguid

ConvF sensitivity in TSL f NORM x,v.z
NIA, not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "|EEE Recommended Practics for Determining the Peak Spatial-

Averaged Specific Absorplion Rate (SAR) in the Human Head from Wiregless
Communications Devices: Measurement Techniques”, June 2013

b} IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate

{SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 8 GHz)", July 2016

c) IEC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wirgless

communication devices used in close proximity to the human body (frequency range of 30
MHz to & GHz)", March 2010

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

Additional Documentation:
g} DASY4/S Bystemn Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mountad with the spacer to position its feed
point exactly below the center marking of the flat phantomn section, with the arms oriented
parallel to the body axis,

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

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

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

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

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

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

=
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Measurement Conditions
LASY system configuration, as far as nol given on page 1.

D DEKRA

DASY Version DasYs VE2.10.0
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 18 mm with Speoer
Eu‘m Scan Resolution dx, dy, d2 =5 mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The following parametess and calculations were applied.
Temperature Parmittivity Corductivity
Mominal Head TSL parameters 22.0°C 41.48 0,88 mhofm
Measured Head TSL paramaters {220+ 0.2)°C 41.1268% 0.90 mho/m + & %
Haad TSL temperature change during test <50 - -
SAR result with Head TSL
SAR averaged aver 1 cm’ (1 g) of Head TSL Condition
5AR meagurad Z50 i inpud powesr 211 Wikg

SAR for nominal Head TSL parametars

nomalized 1o 1W

8.33 Wikg £ 17.0 % (k=2)

SAR averaged over 10 em® [10 g) of Head TSL

condifion

SAR measwrad

250 W input power

1.38 Wikg

SAR for nominal Head TSL pararmeters

narrmalized to TW

Body TSL paramaters

The following parameters and calculatons wene applisd.

£.39 Wikg * 16.5 % (k=2

Temperature Permittivity Conductivity
Hominal Bedy TSL parameters 20°C B6.5 0.9 mhadm
Measured Body TSL parameters 22.0£0.2)"C B6.5 £ 6% Cu8E rmibatm £ & %
Body TSL temperature change during test =0.5%C e -
SAR result with Body TSL
SAR averaged over 1 ¢m® {1 g) of Body TSL Condition
SAR measured 260 mW input powsr 217 Wikg

SAR for nominal Body TSL parameters

normalized to 1%

E68 Wikg * 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Body TSL ]

conditicn

SAR measuned

FAR for nominal Body TSL parametberns

250 m\W Input poses

1.43 \Wikg

norrmalized o W

5.72 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameaters with Head TSL

D DEKRA

Impedance, fransformed fo feed point 5550+ 1.6j0

Retum Loss -24.1dB
Antenna Parameters with Body TSL

Impedanca, ransformesd to feed point | S0.50-2.3 K

Relum Loss -32.8d8
General Antenna Parameters and Design

Electrical Delay (one direction) | 1.036 ns

After long berm use with 1000 radiated power, anly a slight warming of tha dipole near the feedpaint ean be measured.

The dipole is made of standard seminid coaxisl cable. The center conductar ol he: feeding line 15 directly connected to the
second arm of the dipole, The antenna is therelore shont-circulted far DC-zignals. On some of the dipoles, small end cape
are added 1o the dipole arms in ordes o improve matching when koaded acooading 1o the position as explained in the
“Measwement Conditions” paragraph. The SAR data are not affected by this change. The owerall dipole length is =il

according 1o e Standand.
Mo excessive force must be appleed to the dipale arms, becacse they might bend or the saldered connections near the
feadpoint may be damaged.
Additional EUT Data
Manufaciurad by SPEAG
Manufactured on Jduly 08, 2011
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DASYS5 Validation Report for Head TSL

Drate: 15.08.2017
Test Laboratory: SFEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1036

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

Medium parameters used: £ = 750 MHz; o = 0.9 S/im; & = 41.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration;
+  Probe: EX3DV4 - SN7349; ConvF(10.4%, 10.49, 10.49): Calibrated: 11.05.201 fif
*+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 28.03.2017
= Phantom: Flat Phantom 4.9 {front); Type: QD OOL P49 AA: Serial: 1001
= DASYS2 52.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7Tx7x7VWCube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 58,65 Vim; Power Drift = <101 dB

Peak SAR (extrapolated) = 3,26 Wikg

SAR(1 g) = 2.11 Wikg; SAR(10 g) = 1.36 W/kg

Maximum value of SAR {messured) = 2 86 Wikg

-2.00
-4.00
-6.00
-8.00
“10.00

0 dB = 2.86 Wkg = 4.56 dBW/kg

Certificate Mo: DYS0W3-1036_ougiT Page & of 4
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Impedance Measuremeant Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 21.08.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: DT50V3; Serial: D750V - SN:1036
Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: f= 750 MHz; 6 = 0.96 S/m; & = 55.5; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/EC/ANST C63.19-201 I

DASYS2 Configuration:
= TProbe: EX3DV4 - SN7349; ConvF(10.35, 10.35, 10.35): Calibrated: 3082007,
= Sensor-Surface: |.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 28.03 2017
= Phantom: Flat Phantom 4.9 {Back); Type: QD O0R P49 AA: Serial: 1005
= DASYSZ 52.10.0{1446); SEMCAD X 14.6.10{7417)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7TxTx7)/Cube 0:
Measurement grid; de=5mm. dy=3mm, dz=5mm

Reference Value = 57,69 Vim: Power Drift =-0.01 dB

Peak SAR {extrapolated) = 3.26 W/ikg

SAR(1 g) =2.17 W/kg: SAR(10 g) = 1.43 Wikg

Maximum value of SAR (measured) = 2,88 Wikg

-2.00
-4.00
-6.00
-§.00

-10.00

0 dB =288 Wike = 4.59 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Cijact D2I00V2 - SN: 14007

Calioration prosadureis) QA CAL-O5.v3

Cafibraton cate: August 21, 2047

Calibration Equipment used [MATE eritical for calbratan)

Calibration procadure far dipole validation kits above 700 MHz

This caliaradian cenificats documenls e traceabiity to nationel standards, which realize the physical urits of messwremends (S1),
Tha messurements ard the uncanainties wilh confidencs prabability arn givan an the $lidwing pages and ane part of the cerlificate.

Al calirafions have been conductad in lhe clesed labormiory faciity; emerorenent bemperature (22 + 310 and humidity = T0%

| This calbraticn cari®cate shal not be repraduced excapt in Tull witheu! writlen aporoval of the laboratary.

Primary Standards n# Cail Date (Certificate Mo ) Scheduled Caliyalicn

Power mater NRF EM; 104778 04-Apr-17 (Mo, 217-0E521IE52E) Agr-18

Powar genzar NRP-291 SN 103244 04-8pr-17 (Mo, 217-D2521) Ape-18

Power sanear NRR-Z81 SM: 103248 Od-Agr-17 [Ma. 29 7-02522} Apr-18

Reference 20d8 Aflenuator Sh: SO6& [20k) O7-A0r-17 (Mo, 21 7-0362E) Ap-18

Typsa-M migmaeh combination SN: 5047 2 ¢ DEZ2T OF<har-17 {Ma, 217-0528] Apr-18

Reference Probe EXI0NY Shi: T340 F-Fhay-17 (Mo EXL-7348 MayiT) May18

DAE4 S 601 E5tdar-17 (Mo, DAE4-601_Mar T} Mer-13

Sesondary Standards _ o# Check Dale {in Fouse) Sehedued Check

Porwar mefar EPM-4422 SN GR3T4EB0T0L LT-0ct-15 {in house chack Oct16) In house chack: Oo-18

Prower senaor HR B4514 EN; US3T2a27Tas 07-0cl-15 {in house chack Dict-16] in housa chack: Oet-18

Pewner sensar HE B4814 SM MY DERATT O7-00l-15 (n house check Oct16) 1 hews= cheok: Gct-19

RF generaler RES SMT-06 M 100ETE 16-Jun=18 {in house check Ceb-16) In housa chesk: COet-18

Metwork Analyzar HP 8T53E SM: Usaragneas 1B-0¢1-01 i house cheos Ccf-16) In howse check: Qet-17
Nams Funciian

Calibraled oy Cleudis Leubler Laboralory Technican

Approved by: Hafjs Pokovic Tachnical Manager

e

|ssued: August 21, 2017
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Calibration Laboratory of
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Enginesring AG
Tavghausmetragse 43, 0004 Zurich, Switzerand
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Servirio Svirrero di taratura
Swiss Callbration Servics

Accredited by the Swiss Accredaation Servica (SAS) Acoreditstion Me.: SCS 0108
The Swiss Accraditaticn Sarvice i= one of the signatories o the E&
Multilsteral Agreement for the recognitien of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y.z
M8 not applicable aor not measurad

Calibration is Performed According to the Following Standards:
a) |EEE Sfd 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Abzorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b} 1EC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate

(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

o) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wirsless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)"™, March 2010

d) KDB 885664, "SAR Measurement Reguiremeants for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Walidation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraligl to the body axis.

Feed Point Impedance and Refum Loss: These parameters are measured with the dipole
positioned under the liguid 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 reqguired,

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

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

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

SAR for nominal TSL paramefers: The measured TSL parameters are used to caloulate the
nominal SAR result.

The reported uncertainty of measurement is statad 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%.

Cerlificass Mo: DI00W2-1d00T_Augi? Fage 2 of 8
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Measurement Conditions

D DEKRA

DASY eystem configuration, 35 fAr 85 nat given on pags 1.
DASY Verslon DASYS V52 10,0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Conter - TSL 15mm wilh Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequiency 800 MHz 2 1 MHz
Head TSL parameters
Tha foliowing paremeters and calculations were appled,
Temparatura Permittivity Conductivity
Morminal Head TSL parameters 22.0°C 41.5 0.97 mha'm
Measured Head TSL parametars {Z20£0.2)"C 40.7+8% 086 mhaim £ B %
Head TSL temperature change during test =05 e--
SAR result with Head TSL
SAR avaraged ower 1 em® (1 g} of Head TSL Comdilion
AR measured 250 MW input power 272 Wikg
SAR for nominal Head TSL parameters. normalized fo W 0.9 Wikg = 17.0 % (km2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR rmeasuned 250 mW input power 1.74 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.98 Wikg £ 16.5 % [k=2)
Body TSL parameters
The following parameters and calculations were appled.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 2o 55.0 1.05 mho/m
Measured Body TSL parameters [22.0£02)°C 552+6 % 1.01 mholm + & %
Body T3L temperature change during test <05"C — L
SAR result with Body TSL
SAR averaged aver 1 cm® (1 g} of Body TSL Condition
SAR measured 250 mW inpul powes 270 Wikn
SAR far nominal Body TSL parameters normalized fo 1W 1.1 Wika £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g} of Body TSL condition
SAR messured 250 mW input power 177 Witkg
SAR for nominal Body TSL parameters narmalized to 1W 7.25 Wikg ® 16.5 % (k=2)
Cerificate No: DI00VE-1d00T_Awgi? Paga 3 of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 4840 - 28 0
Raturn Loss -31.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4581 -45j0
Return Loss -23.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.409 ns

After long term use with 100W radiated power, anly @ $ight wanming of the dipals near the feedpoint can be mssswred,

The digole is made of standard semingid coaxial cable. The center conductar of the feeding line I3 directly connected to the
second am of the dipole. The antanna is therefore shar-cireuited for DC-signals. On some of the dipoles, small end caps
are added to Ihe dipole arms in order to improve maiching when loaded acearding o the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affecied by this change. The overall dipole k=ngth is still
according Lo the Standard.

Mo excessive foree must be applied to the dipole arms, because they might bend or the: solderad connections rear the
feedpoint may be damaged.

Additional EUT Data

Manufactured by EPEAG
Manufactured cn February 13, 2004
Certificale Moo DE0V2-19007_Aug17 Page 4 af 8
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DASYS Validation Report for Head TSL

Date: 18.08.2017
Test Labomtory: SPEAG, Zunich, Switzerland
DUT: Dipole 900 MHz; Type: DYO0V2; Serial: D900V - SN:14007

Communicaticn System; UID 0 - CW; Frequency: 900 MHz

Medium parameters used: {= 900 MHz; o= 0.96 S/m; & =40,7; p = 1000 kg/m’
Phantom section: Flat Scction

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

DASYS2 Configuration;
= Probe: EX3DWV4 - SNT349: ConvF(9.86, 986, 9.86); Calibrated: 31.05.2017;
»  Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn601; Calibrated: 28.03.2017
= Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
e DASYSZ 52.10.001446); SEMCAD X 14.6.10{7417)

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

Reference Value = 64.32 Vim; Power Dirift = 0.05 dB

Peak SAR {extrapolated) = 4.22 Wikg

SAR(1 g) = 2.72 Wikg; SAR(10 g) = 1.74 Wikg

Maximum value of SAR (measured) = 3,70 Wike

dE

-2.28
-4.57
-6.0%
-9.14
-11.42

0dB =370 Wikg = 5.68 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL
Date: 21.08.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: DO00V2; Serial: DOV - SN:1d007
Communication System: ULD 0 - CW; Frequency: 900 M
Medium parameters used: f= 900 MHz; o = 1.01 $/m; & = 55.2; p = 1000 kg/m’

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

DASY32 Configuration:
= Probe: EXIDVE - SNT349: ConvF(9.94, 9,94, 9.94): Calibrated: 31.05.2017-
= Sensor-Surface: Ldmm (Mechanical Surface Detection)
= Electronics: DAF4 Sn601; Calibrated: 28,03.2017
o  Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA: Serial: 1005
= DASYSZ 52.10.0(1446); SEMCAD X 14.6 10(7417)

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

Reference Value = 62.21 Vim; Power Drift = 0.01 AR

Peak SAR {extrapolated) = 3.95 Wike

SAR(1 g) = 2.7 Wikg; SAR(10 ) = 1,77 Wikg

Maximum vahie of SAR (measured) = 3,49 Wikg

-2.00
-4.00
-6.00
-i.00

-10.00

0dB =3.49 Wikg = 5.43 dBW/ke
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Impedance Measurement Plot for Body TSL
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D DEKRA

i ti LM AT}
gﬂﬁ'ﬂﬁ &ugal;tanﬁmmw of S, §  Schweizarischer Kalibrierdienst
= Harvice guisse détalonnage
Engineering & % C ;
&l#mgmsu'am Ea al?uq Zurich, Switzeriand P s Servizio svizzero i taratura
; . g A Swiss Calibraticn Sarvice

focrediled by tha Swise Accredialion Serdce (505)
Tha 3wilas Accreditation Service |5 one of the signatories to tha EA
Muitidateral Agreament Fore the recognition of calibration cerlificates

Arcreditation No.: SCS 0108

cient  DEKRA Certificate No: D1300V2-2d088 Augi7?
CALIBRATION CERTIFICATE
Oibjact D1800V2 - SN:2d099
Calibration proced ure(s) oA CAL-05va
Calibration procedure for dipale validation kits abave 700 MHz
Calbration date August 21, 2017

Thiz caliralion cerificate documants the trecaability to nabional standands, which reakze the physacal units of messurements {58
The messuremants ard lhe uncerairtes with configance prozability are grven onthe Tollowing pges and ane part of fe catificate

Al cabbrations have been conducted in tha chosed iaberatary faciity; enuironmant termperature (22 3 3°C and huirmidity < T0%.

Calitraticn Eguipmens used (METE erilical fee calibration)

Primary Standards 10w Tl Dade (Corificats Ma.) Scheduled Cafbeation
Perwer meter HRP EN. 10477R O4-Apr-17 (Na. 2170282102572} Ape1a

Fower senacr NRP-Z201 S 103244 Qdafpe-17 (W, Z17-02521) Apr-18

Power sensor NRP-Z51 SH: 108248 Qd-Ape-17 (Mo, 217028232) Apr-13
| Ralerense 20 dB Alsnuatar 5M: 5058 (20k) A7-Apr-17 (Mo, 217-02528) Agi-18

Typn-h mismatch combinatian Ex: 5047 2/ 0E32T 07-Api-17 (Ho. 217-02573) I ]

Falerense Proba EXI0VY SM: T3dE F1-pay-17 (Mo, EXF-TI48_May17) May-18

DaE4 SM: B0 28-Mar-17 (No. DaE4-601_Mar1T} Mar-13

Sacondary Standards [ips Check Date (in howsa) Schaduled Check
Powar meler EPM-a424 | 5M: GR37ARTTDS D7-0ct1% (in howse check Oe-18) In howes chess Oci6
Pawer sansor HF 84814 Sk USIT2a2Ta3 O¥-0ct-15 fin house check Oct-16) In house check: Oct-16
P sansoe HP B4B1A S MY41092317 0¥-0ct-15 {in house check Oet-16] In hguse check: Ocl-18
RF gengrabor R4S SMT-08 SM 100E7E 15-Jur-16 [ housa check Oci-16) In hause check: O=-18
Matwork Analyzer HF 8T53E SM. US3T3008858 1E-Dgl-01 fin hause check Oct16) In hause check: Oot-17

Mamia Funztion
Cafbraed by: Caue Leulier Labarafon: Tedhnisan
|
Approved by Kafa Pokowe Tochnical Menages ﬁm

Issued August 21, 2097

Thes ;mwnmmnmsmu ol b= raproduced except in Tl without wittan Apparial aof the labarstary.
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- q IJlllll'll|II
Calibration Laboratory of ﬁimﬁ_;,:a:‘_ §  Schwsizerischer Kalisrierdianst
Schmid & Partner 2 ¢ Service suisss détalonange
Engineering AG P Seevizio svizzero di fratura
Zaughausstrasss 43, 5004 Zurich, Swizarland ‘::{%ﬂ‘f S swiss Calibration Service
Accrecited by e Swiss Accreditalian Sarvice (SA31 Accraditation Mo.. SCS 0108

The Swiss Accraditation Services is one of the slgnatasies to the EA
Muttitateral Ag it far tha gnifion of calibration corificates

Glossary:

TSL tissue simulating lquid

ConvF sensitivity in TSL / NORM x.y,z
[ [ not 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 Wireless
Communications Devices: Measurement Techniques®, June 2013

b} |IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate
{SAR] from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

d) KDB 865664, “5AR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation;
e) DASY4/S System Handbook

Metheds Applied and Interpretation of Parameters:

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

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

* Feed Point Impedance end Return Loss: These parameters are measured with the dipole
pozitionad under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA conneclor to the feed point. The Return Loss ensures low
reflected power. No upcerainty required.

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

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

*  SAR normalized: SAR as messured, normalized to an input power of 1 W at the antenna
connecior.

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

| The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
' probability of approximately 35%.

Certificale M. DIB0GV2-2d089_Augi? Page 2 of &
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Measurement Conditions

DASY systern configuration, as far as not given on page f.

D DEKRA

DASY Version DASYS VE2.10.0

Extrapolation Advanced Extrapolation

Phantom Modular Fiat Phantam

Distance Dipole Contar - TSL 10 mm with Spacer

Zoam Scan Resolution dx, dy, d2 =& mm

Froquency 1800 MHz £ 1 MHz
Head TSL parameters

The fiolicrwing parameters and calculatons were applied,
Temperature Prermittivity Canductivity

Nominal Head TSL parameters 220°C 40.0 1.40 mhaim

Measured Head TSL parameters {220+ 0.2)°C WoHEE% 138 mhoim+ & %

Head TSL temparature change during test <0.5°C —-— g
S5AR result with Head TSL

SAR averaged over 1 cm” {1 g) of Head TSL Condition

SAR measured 250 mW input power B.72 Wikg

SAR for nominal Head TSL paramesers normalized o W 39.0 Wikg £17.0 % (k=2)

SAR averaged over 10 em? (10 g} of Head TSL condition

SAR measured 280 mWW ingut power 5.07 Wikg

SAR for nominal Head TSL parameters normalizad to 19W 20,3 Wikg ® 16.5 % (k=2)
Body TSL parameters

The folkowing parametars and calculations were applisd.
Temperature Permittivity Conductivity

MNominal Body TSL parameters 220°C 533 1.52 mhoim

Measured Body TSL paramaters {22.0+ 0.2} °C 53826 % 1.50 rhaim + B %

Body TSL temperature change during test = 0.5 — .
SAR result with Body TSL

SAR averaged over 1 em” (1 g} of Body TSL Condition

SAR measured 250 MW inpui poweer 85T Wiikg

SAR for nominal Body TSL paramstars

normalized to 1W

38.7 Wilkg £ 17.0 % (ke=2)

SAR averaged over 10 cm® (10 g) of Bady TSL conditian
SAR measunad 250 riW Enpul poraser 5.08 Wkg
SAR for nominal Body TSL parameters normalized to 1W 20.5 Wikg £ 16.5 % (k=2)

Cerificate Mo: 01300228088 Augi?
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Retum Logs - 0.9 dB

Impedance, transfarmad 1o feed peint 4950 -280 A{

Antenna Parameters with Body TSL

Retumn Loss -22.3dB

Impedance, fransformed to feed point 44,50 - 47 j0 ‘

General Antenna Parameters and Design

Electrical Delay (one direction) 1.208 s |

After lang term use with 1000 radialed power, only 2 shght warming of the dipele near the feedpaint can be measured.

The dipole is made of atandard semirigid comcal cable, The center conductor of the faading line |s direclly connected to tha
sacond arm of the dipole. The antenna is therefore short-clrouited for DC-signats. On same of the dipoles, amall end caps
are added to the dipole arms in ordar to improve rssehing when loaded sccording to the poaition as explained in the
"Measurermnent Conditiona” paragragh, The SAR data are net afectsd by this change, The overall dipole length is il
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufachured on January 30, 004
Certificete Ne: DIBDOV2-2d039_Aug1y Fage 4 of B
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DASYS Validation Report for Head TSL

Dhate: 21082017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Diipole 1500 MHz; Type: HB00V2; Serial: D1S00VZ - SN:2d099

Communication System: UID ( - CW; Frequency: 1800 MHz

Medium parameters used: = 1300 MHz; o= 1.38 S/m; &, = 39; p = 1000 kg/m’
Phantom section; Flat Section

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

DASYS2 Configuration:
= Probe: EX3DV4 - SN734%; ConvF(E.56, B.56, £.56); Calibrated: 31.05.2017;
+  Sensor-Surface: Ldmm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 28.03.2017
»  Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001
o DASYS2 52.1000{1446); SEMCAD X 14.6.10{7417)

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

Reference Value = 106.3 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 18.2 Wkg

SAR(L g) = 9.72 Wikg; SAR(10 g) = 5.07 Wikp

Maximum value of SAR (measured) = 14.6 Wikg

-3.60

0dB =146 Wike = 11.64 dBW/kg

Cetificale Mo DIB0INVZ-2d099_Augi1? Page Gaf @
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date; 18.08.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: D1800V2 - SN:2d099

Communication Systern: UID O - CW; Frequency: 1500 MHz

Medium parameters used: f= 1800 MHz; a = 1.5 S/m; & = 53.8; p = 1000 kg/m’
Phantom secticn: Flat Section

Measurement Standard: DASYS (IEEETEC/ANSE C63.19-2011)

DASYA2 Configuration:
« Probe: EXIDV4 - ENT349; ConvF(R.38, 8.38, 8.38); Calibrated: 31.05.2017;
+  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 28.03.2017
« Phantom; Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial; 1002
= DASYS252.10.0(1446), SEMCAD X [4.6.10{7417)

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

Reference Value = 102.2 Vim; Power Drift = -0.07 dB

Peak SAFR. (extrapolated) = 16.6 Wikg

SAR(1 g) = 9.57 Wikg; SAR(10 g) = 5.08 Wikg

Maximum valee of SAR (measured) = 14.0 Wikg

0dB =140 Wkg =11.46 dBW/kg

Cortificate Mo: 018000W2-24099_aug17 Pape Tof 8
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Impedance Measurement Plot for Body TSL
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D DEKRA

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughausstragss 43, BO04 Turich, Switsarland

Schweizerischer Kalibrierdienst
Sarvice suisse d'éalannags
Servizio svizzera di taratura
Swlss Calibration Service

Acgradbed by the Swiss Accradiloion Sanice (SAS]
The Swiss Accreditation Sarvies is one of the signataries to the EA,
Muiltilateral Agreernent for the recognition of callbration sertificates

hecreditation Me.: SCS 0108

client  DEKRA Certificate bio; D2450V2-T56_Augl7?
CALIBRATION CERTIFICATE
Chjact 245002 - SM:756

Calibraticn procedureis)

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

Calibatian data; August 17, 2017

This calibration cartilicale decuments Bg acsabilty 1o national standards, which maize me piyscal units of measuramants (51,
The messuremants and tha uncertainties with conlidence probability ars given on the following pages a9 am part al the cartilicats,
All salibrations have been canducied In the doesd labaratony facilify: smdrerenent lempanaiura (22 = 3 and humidity < 70%.

Callbration Equipment usad (METE critical far calbratisn)

Fuimary Standarnds ID# Cal Datn {Camficats MNa.j Schaduled Calbeation
Pawer meter NRP She 1778 -Apr1 7 (Mo, 217-0252 1008 Apc-18
Powar sensor MRP-Z81 SM: 103244 M-Apr-17 (o, 217-02531) Ap-18
Furwar sensor MRP-791 BN 103245 Q8-AprA7 (Mo, 21702520 Agpr1g
Raeraice 20 dB Atteruatar SM: 5088 (20k) OF-Apr-17 (Mo, #17-02528) Agr-18

| Type-M mismatch ceenbiration SN: 50472/ OpRa7 O7-Apr-17 (No. 217-02Eza) Agr-1a
Fisferancn Probe EXI0W 2l: 348 1 -May-17 (N, EX63-T0_Mayi7) Fay-18
DaE4 | BM: 801 2A-Mar-17 (Mo, DEd-G01_Mari Th Mar-18
Sacondary Saandards (=] heck Diaka (n housa) Schaduled Check
Powar maler EPM-d424 8N GBI74807 04 0F-0ct-16 [in house check Oof-16) Ini piges chack: Oel-18
Pawar sansor HF 84814, St LES3TEaETan 0F-0ck15 {im house check Oct-16) I house ohesch; Oof-18
Powar sensos HP 84814 SHE MiY4i0823317 07-0ct-16 (in house check Cot-16] In hipuse check: Oet-18
RF ganamtor AES SMT-06 EN: 10oaTe 1adunA5 (in house check Oct-16) In hause chack: Oot-18
Malwerk Analyzar HF 8753E SN: US373mI5es 1B-Dsl-0 {in hause chack Ocl-16) In ouge check: 017

Mama Furictian Signahsre
Calibraled by: Michaal Waber Laboratary Techmicsan
L

Approvad by Falia Pakowic Technical Marager

AR AL

IBaLad: August 17, 3017

!_ This calbration cerlilicata shafl et b neproduced sxcepd in Full without witten sporeval of the lboratony,
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. ENTLELT
{:atlb{'ation Laboratory of Eq*\x_:-—_,'}"p,;_ Schwaizerigsher Kalibrierdbanst
Schrid & Partner T Service suisse diétalonnage
Engineering AG i-%ﬁ = Servizio svizsers di taratura
Zeughaussirasse 43, 8004 2urich, Switzerand ’%{Jﬁ‘f Swizs Calibration Service
il
Accradied by the Seiss Accrediabion Seevice (SAS) Accraditation No.: SCS 0108

The Swics Accrodiiation Service is ona of the signatories to the EA
Multitatesal Agreement for the recagnition of callbratien eerlificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, "IEEE Hecommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wirsless
Communications Devices: Measurement Techniques”, June 2013

b} IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear {frequency range of
300 MHz to B GHz)", July 2016

¢) |EC 82209-2, "Procedure to determine the Specific Absorption Rate {SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDE 865664, “S5AR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
&) DASY4/S Systermn Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Conditions: Further details are available from the Validation Report at the end
of 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 flat phantom section, with the arms oriented
parallel to the body axis,

* Feed Point Impadance and Return Loss: These parameters are measured with the dipole
positionad under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Betumn Loss ensures low
reflected power. Mo uncertainty required.

 Electrical Delay: One-way delay betwean the SMA connector and the antenna feed point.
Mo uncartainty required.

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

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

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

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

Cerificats Mo D2450W2-758_Aug17 Page 2 of &
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Measuremant Conditions

DASY system configuration, as far as not ghwen on page 1.
DASY Version DASYS VE2.10.0
Extrapolation Advanced Extragalation
Phantom Modular Flat Phantom
Distance Dipols Genter - TSL 10 mm with Spacer
Zoom Sean Resolution dx, dy, ez =5 mm
Freguency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and caloulations were apgdiad.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 2B0rG 33.2 1.80 mhaoim
Measured Head TSL parameters (22 0+02°C 7B+ B% 1.88 mho'm « 6 %
Head TSL temperature change during lest <0.5°C e -
SAR result with Head TSL
SAR averaged over 1 cm? (1 g} of Heed TSL Candition
S5AR measured 260 mW inpat power 13.0 Wikg
SAR for naminal Head TSL parametsrs nosmalized 1o 1W 50.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® {10 g) of Head TSL condifion
SAR measured 250 mW input power 6.053 Wikyg
SAR for nominal Head TSL parametrs mormalized to 1'W 23.8 Wikg = 16,5 % (k=2)
Body TSL parameters
The following paramaters and caloulations wars applied.
Temperature Parmittivity Conductivity
Hominal Body TSL parameters 2200 527 1.95 miay'm
Measured Body TSL parameters [220+02)°C 518+6% 2 03 mhofm + 6 %
Body TSL temperature change during test <0.5°C Sy
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition ]
5AR measuned 250 W input power 12.8 Wikg
SAR tor nomiral Body TSL pararmibers nomalized to W 501 Wk = 17.0 % (k=2)
SAR averaged over 10 em? (10 g} of Body TSL condition
SAR measursd 250 mW input power 587 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 23.6 Wikg = 16.5 % (k=2)
Cartificate MNe: DR450VR-756_AUGTT Page 3 of 8

Report No: (NIE) 57478RAN.001 Page 257 of 290 2019-08-05



DEKRA Testing and Certification, S.A.U.

Parque Tecnolégico de Andalucia,

¢/ Severo Ochoa n° 2 - 29590 Campanillas - Malaga - Espafa
C.L.F. A29 507 456

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

D DEKRA

Irpedance, transformed 1o feed point SE0L+4.7 0

Retum Loss -22.8dB
Antenna Parameters with Body TSL

Impedance, transformed 1o fesd point S210+681]0

Aeturn Loss < 24.1 d8
General Antenna Parameters and Design

Electrical Delay {one direction) 1,157 n=

After long term use wilh 100W radiated powar, andy & slight warming of the dipola near the feedpoin can be measumsd,

The dipole is mede of standard semirigid coaxial cable, The canter condustor of the faeding ling is diractly cannected fo the
second arm of the dipole, The antanna s therefore shom-circuited for OC-gignals. On some of the dipoles, small end caps
are addad 1o the dipoke amns in order to improve matching when loadeg aceording o the position as explained in the
"Measuremeant Conditions® paragragh, The SAR dats are not allfectsd by thiz change. Tha cverall dipole langth is sl

according to the Standard.

Mo excessiva force must be applied 1o the dipobs ams, because they might bend ar the saldered connections near the

feadpainl may be damaged.

Additional EUT Data
Marufacturad by SPEAG
Manufacturad an Apedl 22, 2004

Cerificate Mo: D2450V2-756_Aug1?
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DASYS Validation Report for Head TSL

Daate: 17.08,2017
Test Laboratory: SPEAG, Zurich, Switzetland
DUT: Dipole 2450 MHz; Type: D2450Y2; Serial: D2450V2 - SN: 756

Communication System: UII} () - CW; Frequency: 2450 MHz

Medium parameters used: £= 2450 MHz; o = 186 S/m; & = 37.8; p = 1000 kg/m’
Phantem section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANST C63,19-2011)

DASYS2 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(2.12, £.12, 8.12); Calibrated: 31.05.2017:
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 En601; Calibrated: 28.03.2017
» Phartom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA; Serdal: 1001
«  DASYS2 52,100001446); SEMCAD X 14.6. 100741 7)

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

Reference Value = 112.0 Vim: Power Drift = -0,05 dB

Peak SAR (extrapolated) = 26.2 Wikg

SAR(L g) = 13 Wikg: SAR(10 g) = 6.03 Wikg

Maximum value of SAR (measured) = 20.8 Wikg

OdBE =208 Wikg = 13.18 dBW/kg

Cartficale Ma: D2450V2-766_Augl? Page 5 of @
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Impedance Measurement Plat for Head TSL
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DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dvpole 2450 MHz; Type: D2450%2; Serial: D2450V2 - §N: 756

Communication System: UID 0 - CW; Frequeney: 2450 MHz

Medium parameters used: { = 2450 MHz; o = 2.03 S/m; & = 51.9; p = 1000 kg/m?
Phantom section; Flat Section

Measorement Standard: DASYS (IEEEAEC/ANSI C43.19-201 1

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(#.1, 8.1, 8.1} Calibrated: 31.05.201 T
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 B50 AA; Serial: 1002
DASY 32 52.10.0(1446); SEMCAD X 14.6,10(7417)

D DEKRA

Date: 17082017

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7)Cube 0:
Measurement grid: dx=5mm, dy=3mm, dr=5mm
Feference Value = 105.0 Vim; Power Drift = -0.06 dB
Peak SAR (extrapolated) = 25.3 Wikg

SAR(I g) = 12.8 Wke: SAR(10 g) = 5.97 Wikg
Maximum value of SAR (measured) = 20.0 Wikg

0 dB = 20,0 Wikg = 13.01 dBW/kg

Cenilicate Ng: D24S0VE-TS6_Augt7 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Erughausstragss 43, 8004 Zurich, Switzarand

Accracited by the Swiss Accradilation Sarvice [SAS)
The Swiss Accreditation Sorvice iz one of the signatories bo the EA
MuRitateral Agreemant for the recogniflon of calibration certificates

cient  DEKRA

A0 M,
ﬁ«.%:"a
e =S

wmoin

D DEKRA

Schweizerischer Kalibrierdéenst
Service auisse o' dtalennage
Safvizio svizzero di taratura
Swilss Calibration Service

Azsreditation MNe; SCS 0108

Cortificate No: D2600Y2-1023_Augi?

CALIBRATION CERTIFICATE

Dlfect

Calibwation procedireds)

Caliraikon dale:

D2600V2 - SN:1023

QA CAL-O5.v3

Calibration procedure for dipole validation kits above 700 MHz

August 17, 2017

Calbratian Equipment Lssd (M&TE crifkeal for caliaraiar)

This caliwation corfificale docurments the tracaability 1 Aalicrsd standards, which realze the physical unils of measumements (81,
Tha maaaumemenls and the unca iginties wilh canfidence probushifty anz ghven on (e lollkawing pagas and & par of the cartifcsts.

A calibralions hava bean conductad in the siosad labaiatony faclity: amdronmeri lernpamtura (22 2 3°C and humidity < 0%,

Scheduled Callbration

Agr-18
Anr-1a
Apr-18
Apr-18
Apr1
Miary-18
MariE

Seheduled Chack

Prmary Standars =1 Cal Date (Cantificata M)

Fowar mater AP | 5N: 10aTTE D4-Apr-17 (b, #17-02521 02522

Power sensor MRE.Z51 SN TOR2A4 04-2pr-17 (No, 217-02821)

Powar senace NAP-Z91 SHE 103245 Od-Aar-17 (Mo, P17-09520)

RAefanance 27 dB Atlanuator S 5058 (20K) OF-AQr-17 (Mo 217-02828)

Type-N mismatch combination SN BDMT.2 006327 OT-AEr1T (Mo, 2170252491

Ratesnea Frobes EXI0VA SN 7348 &1-May-17 (o, EX3-7349_May17)

DAEd SM: 51 2B-Mar17 Mo DAEA-E01_MartT)

Secandany Standards |lme Chaek Date [in hiuss)

Powsr mater EEM-£424 | 5h: RS 74R07 4 07035145 fin house check Con16)

Poawar sansor HP BAB81A S LE3rearvea 7-40c1-15 {in house check Oel-16)

Pawar sanscr HP B4814 SN Myv410EEI T A5 (i house check Get-16)

AF generaior A&S SMT06 SN 100E7E 1E-Jun-15 {in bouge check Oct-16)

Mehenrk Analyzer HF BTEIE M US3T7as0585 A8-Cot-01 (in housa chack Dol-18)
Idams Function

Calibeatad by: Michaal Wetbar Labaratoey Tachréclan

Agproved by; Halja Pakayic Technical Managar

I hauge check: Ocl-18
In bouse check: Ooi-16
In hogs check: Oot-18
In housa chack; Oc-18
In Mss chack: Ocs-17

Signatura

Hbes™

ARG

This calibration wartificate =hall nat be m:-l'nduc:d_umnw N Il wilhout written approval aof the labaratory.

Essuadh August 17, 2017
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Leughausstrasse 43, B0 Zurich, Switzeriand

Schwaizerischer Kalibrierdisnst
Servioe sulsse Sdlaloanage
Servizio svizzeno di taratura
Bwiss Calibration Service

Accrednad by e Swiss Aocraditation Service (SAS) Acereditation Mo.: SCS 0108
The Swiss Accraditation Service is one of the signatorias 1o tha EA
Multitaberal Agreement for the recagnition of calibrafion certificates

Glossary:

TSL fissue simulating liquid

ConvE sensitivity in TSL/ NORM x,y,z
MIA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) |EC §2208-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to & GHz)", July 2016

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

d) KDB BE5664, "SAR Measurement Requirements for 100 MHz to § GHz"

Additional Documentation:
e) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

« Antenna Farameters with T5L: 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 arientad
parallal to the body axis.

= Feed Point Impedance and Retum Loss: These parameters are measured with the dipofe
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point, The Return Loss ensures low
reflected power. No uncerainty required.

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

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

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

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

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

S

Cartificate Mo: D2600Y2-1023_Augl7T Page 2 of §
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Measurement Conditions

DASY system configuration, as far as nol fiven on page 1.

D DEKRA

DASY Version DASYS V52.10.0
Extrapelation Advanced Exirapolation
Phantom Modular Flat Phantom
Distance Dipole Centar - TSL 10 mm with Spacer
Zoom Scan Resolution o, dy, dz =5 mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The fellowing parameters and calculations were aplied.
b Temperature Permittivity Conductivity
Maminal Head TSL parameters 220°C 35.0 1.96 mhovim
Measured Head TSL parameters (2R0+02)°C FExE% 2.03 moim + 6 55
Head TSL temperature change during test =05"C - s
SAR result with Head TSL

S4R averaged over 1 om?* {1 g) of Head TSL Candition

SAH measured 250 mW inpul power 14.7 Wika

SAR for nominal Head TSL parameters noemalized o 1W 57.3 Wikg = 17.0 % (k=2)

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

SAR rmeasured 250 mW input power .48 Wikn

SR for nominal Head TSL paramaters normalized to 1W 25,5 Wikg = 16.5 % (k=2)
Body TSL parameters

The following parametars and calculations were aoplied.

Temperature ] Permittivity Conductivity

Mominal Body TSL parameters 22.0°C 525 216 rmikoim

Measured Body TSL parameters (220 £0.2) 49 B14+B% 222 mivalm & f %

Bedy TSL temperature change during tost =05°C —
SAR result with Body TSL

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

S4R measured 350 mW mput power 1359 Wikg

SAR for nominal Body TSL parameters normakzed o 1W 54.7 Wikg = 17.0 % (k=2)

SAR averaged over 10 em? {10 g) of Body TSL condition

SAR measurad 250 mW input power B.15 Wikg

SAR for nominal Body TSL parametors normalized to 1YW 24.4 Wikg = 16.5 % (k=2)

Certificate Mo: DES00V2-1023_Augl? Page 3ol &
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

D DEKRA

Impedance, transformad to fead point 4550 -55i0 _|
Returmn Loss - 23808

Antenna Parameters with Body TSL

Irmpedance, fransformed to feed point A4 02 -84l

Feturn Loss -221dB

General Antenna Parameters and Design

Electrical Delay (one directian) 1.148 ns

—

AHer long term use with 100W radiated power, only a efight warming of the dipole near the feadpoint can be mesaured,

The dipale Is mide of stendand semirgid comdal cable. The centar condustor of the feeding fne is directly connacted to the
second arm of the dipede, The antenna is thersfore shart-circuited for DC-signais. On some of the dipoles, amall end caps
:':I.I'EI adoed to the dipods ams in ordar 1o imgrowve matching when loaded acoording to the position as hpra;inad in the
Measuremant Canditions" paragraph. The SAR data are not &ffacted by this changes. The ovaral) dipale lenglh is still

accoeding 1o the Standard,

Mo excessive force must be applied to the dipole arme, because they might bend or the soldarad connections near the

feedpoint may be damagad.

Additional EUT Data

Manuiactured by [ SPEAG
Manutaciured on May 13, 2008
Ceafificate Mo DESOOVE-1023_AuglT Page 4 of &
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DASYS Validation Report for Head TSL

Date; 17.082017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600VE - SN: 1023

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

Medium parameters used: { = 2600 MHz; o = 2.03 8/m; &, = 37.2: = 1000 kg/m®
Fhantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST C63.19-201 Iy

DASYS2 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96); Calibrated: 31.05.2017:
s Sensor-Surface: 14mm (Mechanical Surface Cetection)
= Blectronics; DAE4 Sn601; Calibrated: 238.03.2017
+ Phantom: Flat Phantom 5.0 {front); Type: QD 000 P50 AA: Serial: 1001
« DASYS52 52.10.001446); SEMCAD X 1461007417

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan {TXTxT) Cube 0
Measurement grid: dx=5mm, dy=5mm, de=5mm

Reference Value = 115.4 Vim; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 32.0 Wikg

SAR(1 g) = 14.7 Wkg; SAR(10 g) = 6,48 Wikg

Maximum value of SAR {messured) = 24.5 Wikg

dB

-5.20

~10.40
-15.60
-20.80
-26.00

0dB = 24.5 Wikg = 13.80 dBW/kg

Cartificate No: D2E00VE-1083_Aug17 Page 5 aof 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 17.08.2017
Test Laberatory: SPEAG, Zurch, Switzedand

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2Z600V2 - 5N: 1023

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

Medium parameters used: f= 2600 MHz; o = 2.22 S/m; &= 51.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Stendard: DASYS ([EEENEC/ANST C63.19.201 1§

DASY 352 Configuration:

»  Probe: EX3DV4 - SN7349; ConvF(7.94, 7.94, 1.94); Calibrated: 31.05.2017:

2

+  Sensor-Surface: 1 4mm (Mechanical Surface Detection)

+  Electronics: DAE4 Sn601; Calibrated: 28.03.2017

+ Phantom: Flat Phantom 5.0 {back); Type: QL 000 PSO AA; Serial: 1002
= DASYSZ 32 10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7xTWCube O:
Measurement grid: dx=5mm, dy=Smm, dz=5mm

Reference Walue = 105.5 Vim, Power Drift =-0.06 dB

Peak SAR (extrapolated) = 29.7 Wikg

SAR(1 g) = 13.9 Wikg; SAR(10 g) = 6.15 W/kg

Maximum value of SAR (measured) = 22 § Wikg

B

.20

-10.40
-15.60
-20.80
-26.00

0 dB =22.8 Wikeg = 13.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laburatory of «*"i@j@z g Schweizerischer Kallbrissdianst
SI:Eh rntld & Partnar ] ¢ Service sulsse d'étalonnage

nginearing AG L - Servizio svizzoro di taraturs
Zeughausstrasso 43, BI04 Zurich, Switzarland ﬁS B swiss Calibrstion Service

ey fulin

Acoemdited by the Swiss Accreditalion Sendoe (5A5] Accreditation Mo, SCS 0108
The Swiss Accreditation Servica i ane of the signataries to the EA
Mluttilataral Agresment for the recognition of ealibration certificates
cient  DEKRA Certificate Mo: DSGHZV2-1071_Aug17?

CALIBERATION CERTIFICATE

=

Dbject D5GHzV2 - SN:1071

Callbration procedirne]s) A CAL-22 w2

Calibeatian date: Algust 23, 2017

Calibration Eguigment used {METE erilical for caibration)

Calibration procedure for dipole validation kits betwaen 3-8 GHz

This caliratian camficate decuments the traoeability 1o nationa) standards, whish reaize the ghysical unils of measurements (S1).
The maksurements and the uncertalnties with confidence probabitty ara given on the tollowing pages and are part of 1ha cerificats,

All cafibrtians heava baan cancustad in 1he clsed kboratony facilty: smironment lemparalure (32 + 31°C and humidity < 70%.

This calbralion corificae ghall not be roproducan awsapt in full wilkoal witien approval of the lnbaradary.

Primery Slardards |ios Cal Daste {Cariticate No | Schesdulsd Calbration
Poaver medar NAP | SN 104778 Dd-hpr-1 ¥ (Plo. 21 70252 1/02522) Apr18
Power sansor NAP-Z91 SN 103224 a-apr-17 (M. 21 7-02521) Aar-18
Pawer senser NAP-241 | 5ra: 105245 D17 (g, 217-02522) Apr1g
Aedararce 20 o8 Allanualos SM: BO58 20k} OT-Apr-17 (Mo, 21 7-00528) Apr-18
Typa-H mismatch comiination SN ST 06T OT-Apr 1T M 217-02529) Apr-13
Hedararca Froba EX30VE BN 3503 31-Dac-16 (Mo, EX3-3508_Dac1E) Dee-17
DAE4 | Sh: 801 2B-Mar-17 [No, DRES-601_Man 7} Mar-13
Ssecodary Sardands | Io# Chack Date [in hous=s) Schodulod Chack
Pawar mater EFM=-2424 SN GBI74E0Y0L G015 din house cheek Oat-18) In house check: Ocl-18
Porwar ssnsar HP B4@ & S US3IT2RETES O7-Det-15 {in hause check Oot-18) In howse check: Qzi-18
Pormar sansar HE 84614 ShE MYA1082317 0740015 gin house check e 16) In hoasa check: Ost-18
RF genaratar RES SWT-06 S 1o0aT2 18-Jun-15 {in hause check Oct-18) In howsa check: Oc-18
Matwork Analyzar HF 8753E Shic USaraaasas 1800401 (i Bouse check Cot-16) I housa chack: Oc-17
Ir‘-\'_
Mame Functian Signpdura
Calbrated by Ciaudio Leublar Laberatory Technician | i
\
Approved by: Kals Pokdve Tachrcal Manage:

ATH-

|5 e Aupust 23, 2097
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» '3 S iy
Calibration Laboratory of A, §  Senweizerischer Kalibrierdianst
Sl:hl'l'l.rd & F_’artner = c Service sulzse ' #Bonnage
Engineearing AG g Servizio evizzeea di taratura
Zeughausstrasss 43, 8004 Zurich, Switrerland ;,%r;;\&;: S  cwiss Calibration Service
Ml
Accradited by Iha Swiss Accreditation Sandce [SAS) Accreditation Me.: SCS 0108

The Swiss Accreditation Service is one of the signatosies to the EA
Multilateral Agroement for the recognilion of calibration certificatps

Glossary:

TSL fissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR] from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

d) KDB 865664, “SAR Measurernent Beguirements for 100 MHz to 6 GHz"

Additional Documentation:
&) DASY4/S Systerm Handbook

Methods Applied and Interpretation of Parameters:

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

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

» Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liguid filed phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point, The Retum Loss ensures low
reflected power. Mo uncerainty raquired,

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

s S5AR measured, SAR measured at the stated antenna input power.

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

»  SAR for nomingl TSL parameters: The measured TSL parameters are used to calculate the
neminal SAR result.

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

Cerificats Ma: DSGHZV2-1071_Aug17 Page 2 of 13

Report No: (NIE) 57478RAN.001 Page 272 of 290 2019-08-05



DEKRA Testing and Certification, S.A.U.
Parque Tecnolégico de Andalucia,

¢/ Severo Ochoa n® 2 - 29590 Campanillas - Malaga - Espafia

C.I.LF. A29 507 456

Measurament Conditions

D DEKRA

DASY system configuration, as far as nat given on page 1.
DASY Version DASYE VE210.0
Extrapolatian Advanced Extrapolation
Pharntarm Madular Flal Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0mm; dz = 1.4 mm

Graded Ratio = 1.4 (Z direclicn)}

Frequeancy

5200 MHz £ 1 MHz
3500 MHz = 1 MHz

5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The lollewing parameters and celculations were applied.

Temperature Parmittivity Conductivity
Nominal Head TSL parameters 20°C 5.0 466 mivoim
Measured Head TSL parameters (22o+02)C JE4rB% 448 mho'm + 8 %
Head TSL temperature change during test < 0.5"C s
SAR result with Head TSL at 5200 MHz
BAR averaged over 1 em? (1 g) of Head TSL Condition
SAR measured 100 mW input power .63 Wiky
SAR for nominal Head TSL paramatars normalized to 1W 764 Wikg +19.9 % (k=2)
SAR averaged over 10 em? {10 g) of Head T5L condition
EAR measuned 100 W input powear 219 Wikg

SAR for nominal Head TSL parameters:

narrmalized to TW

29.8 Wikg = 10.5 % (kn2)

Cadificate Mo: DEGHzV2-1071_Augty
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Head TSL parameters at 5500 MHz

The following parameiers and calculations were appiked.

D DEKRA

Temparature Permittivity Conductivity

Mominal Head TSL parameters 220G LG 4. 98 mhodm
Measured Head TSL parameters {20202 °C A0 26% 4,80 mhodm + 6 %
Head TSL temperature change during test <05 °C -

SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® {1 g) of Head TSL Condition
S4R measured 100 mW imput power B.23Wihkg
AR for nominal Head TSL parameters normalized to 1W B2.4 W kg = 19.9 3% (k=2)
SAR averaged over 10 cm” {10 g) of Head TSL cardition
SAR measuned 100 MW input power 2.33 Wikg

SAR tor nominal Head TSL perameaters

normalized 1o 1%W

Head TSL parameters at 5800 MHz

The foliowing parameters and calculaticns were applied.

23.3 Wikg = 19.5 % (k=2)

Temperatufe Parmittivity Conductivity
Mominal Head TSL parameters 2200 353 5,37 mho'm
Measured Head TSL parameters (22.0£0.2)°C 355+ 6% 241 mha'm = 6 %
Head TSL temperature changs during test < 0.5°C

SAR result with Head TSL at 5800 MHz

SAR averaged over 1 cm® {1 g) of Head TSL Candition
SAR measurad 100 mW input power .90 Wikg
5AH for nominal Head TSL parameters normalized to 1W 79.0 Wikg = 19.9 % [k=2)
SAR averaged over 10 em” (10 g) of Head TSL conditan
EAR measuned 100 mW Inpul power 2.24 Wikg

SAR for maminal Head TSL parameters

narrnalized o 1W

22.4 Wiieg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz

The following parametars and calculations ware applied.

D DEKRA

Temperature Permittivity Conductivity
Nominal Body TSL parameters 2206°C 480 5.30 mhao'm
Measured Body TSL parameters [(B20+03)"C 471 +8% 5.38 mhoim + 6 5
Body TSL temperature change during test <0.5°C == —_
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 em® (1 g) of Body TSL Condition
| SAR measured 100 mWW input power 747 Wikg

SAR for nominal Body TSL parameters

nomelized 1o W

74,1 Wikg + 19.9 % (k=2)

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

SAR messunsd 100 mW input powear 205 Wikg

SAR for nominal Body TSL paramelers normalized to 1W 20,7 Wikg = 19,5 % (k=2)
Body TSL parameters at 5500 MHz

The following parametsrs and calculations weara applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220" 48,6 5.65 mhoim

Measured Bady TSL parameters (220 £0.2)°C 466 £ 6% B mho/m £ 6%

Body TSL temperature change during test <=0.57C —-- —_
SAR result with Body TSL at 5500 MHz

SAR averaged over 1 cm? (1 g) of Body TSL Candition

SAR measured 100 mW input power BLOZ Wikg

SAR for nominal Body TSL paramatars normalized to W 796 Wikg + 19.9 % (k=2)

SAR averaged over 10 em? {10 g) of Body TSL candition

SAR measurad 100 mW input power 222 Wikg

SAR for nominal Body TSL parametars

normalized to 1%

22,0 Wikg + 19.5 % (k=2)
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Body TSL parameters at 5800 MHz
The follgwing parametsrs and calculations wara applied.

D DEKRA

Temperature Permittivity Conductivity
Neminal Body TSL parameters 220G 482 6.00 mngdm
Measured Body TSL parameters (220+02°C 46,1 8% B.20 mhoim + B %
Body TSL temperature change during test < 0.5 °C - -
SAR result with Body TSL at 5800 MHz
SAR averaged aver 1 em® (1 g) of Body TSL Candition
SAR measunad 100 mW input power 783 Wikg

SAR for nominal Body TSL perameaters

normalized to 1W

TEI Wikg = 19.9 % (k=2)

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

condilion

S8R measured

100 mW inpul power

219 Wikg

SAR for nomingl Body TSL parameters

narmalized to 1TW

21.7 Wikg  19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5200 MHz

Impadance, transformed to faed point 521Q-8110
Figtym Loss -23.5dB

Antenna Parameters with Head TSL at 5500 MHz

Impedance, fransformed to feed point 52.50-28R2
Return Loss - 29.1 g8

Antenna Parameters with Head TSL at 5800 MHz

Impadanca, fransformed to feed point f2E0-130
Retum Loss -305dB

Antenna Parameters with Body TSL at 5200 MHz

Impedanca, transformed to leed posnt G250 -47i0
Astum Loes - 257 dB

Antenna Parameters with Body TSL at 5500 MHz

Impedancs, transformed 1o feed polng GRa0-20j0
Retum Loss -28.3dB

Antenna Parameters with Body TSL at 5800 MHz

Impadance, fransiomesd o fesd point 5300-0.5H
Returm Loss -30.5d8

General Antenna Parameters and Design

[ Elactrical Delay {ona direction) 1.208 ng

After long term use with 100V radisted power, only a slight warming of the dipole near the leedpnint can be measured,

Trvie dlipale is made of siandard semiriged coaxial cable. The centar conductor of the leading line is dirsctly connacted 1o the
second arm of the dpale. The antenna is therefore shor-circuited for DG-signals. On some of the dipoles, small end caps
are added to the dipole arma in order 1o improve matching when loeded sccording 1o the position as explained In the
*Measurerment Condifions” paragraph. The SAR data are nat affected by this change. The ovarall dipoks length is still
accerding 1o the Standand.

Mo excessive foree must be applied to the dipole &rms, beciess they might bend or the soldered conrections near the
fesdpomt may be deamaged.

Additional EUT Data

Manufaciured by SPEAG
Manufactured an September 26, 2008
Certsficate Mo: DSGH2V2Z-1071_Augl 7 Page 7 of 13
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DASYS5 Validation Report for Head TSL

Diate: 23.08.2017
Test Laborstory: SPEAG, Zurich, Switserland
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - 8N: 1071

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHx
Medium parameters used: f = 5200 MHz; @ = 4.49 Sim; & = 36.4; p= 1000 kg/m®

Medium parameters used: = 5500 MHz; o = 4.8 8/m; & = 36; p = 1000 kg/m®

Medium parsmeters used: f= 5800 MHz; o =5.11 S/m; & = 35.5; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS2 Configuration;

= Probe: EX3DVY - SN3503: ConvF{5.76, 5.76, 3.76); Calibeated: 31,12.2016, ConvF(5.2, 5.2, 5.2);
Calibrated: 31.12.2016, ConvF(5.01, 5.01, 5.01); Calibrated: 31.12.2016;

= Sensor-Surface: |.4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 28.03.2017

=  Phantom: Flat Phantem 5.0 (front); Type: QD 000 P50 AA; Seral: 1001
o DASYSZ 521000 1446y, SEMCAD X 14.6. 107417

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70,25 Vim; Power Drift = 0,00 dB

Peak SAR (extrapolated) = 27.5 Wikg

SAR(L g) = 7.63 Wik SAR(10 g) = 2,19 W/ka

Maximum value of SAR (measured) = 17.1 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x 7/ Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 72,96 Vim; Power Drift = 0.03 4B

Feak SAR (extrapolated) = 31.6 Wikg

SAR(1 g) = 8.23 W/kg; SAR(10 g) = 2.33 Wikg

Maximuom value of SAR (measured) = 19.1 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, de=1.4mm

Reference Value = 70.27 V/m; Power Drift = -0.03 dB

Peak SAR {extrapolated) = 31.6 W/kg

SAR(1 g} = 7.9 Wikg; SAR(10 g) = 2.24 Wik

Maximum value of SAR {measured) = 18,5 Wikg

Cenlifizate No; DEGHV2-1071_sug17 Paoge: 8 of 13
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-26.00

O0dB =185 Wikg = 12.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 22.08.2017
Test Laboratory: SPEAG, Zorich, Switzerland
DUT: Dipole DSGHzV2; Type: DSGHZV2; Serial: DSGHzV2 - SN: 1071

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parsmeters used: £= 5200 MHz; o= 5.39 S/m; &= 47.1; p = 1000 kg/m* ,

Medium parameters used: f= 3500 MHz; o = 5.79 5/m; g = 46.6; p = 1000 kg/m* ,

Medium parameters used: f= 5800 MHz; o = 6.2 $/m; & = 46.1; p = 1000 kg/m?

Phantom section; Flat Section

Measurement Standard; DASYS {IEERJAEC/ANSI C63.19-2011)

DASYSZ Configuration:

= Probe: EX3DY4 - SN3503; ConvF(3.29, 5.29, 5.20); Calibrated: 31.12.2016, ConvF(4.62, 4.62,
4.62); Calibrated: 31.12.2016, ConvF(4.48, 448 4 48); Calibrated: 31.12.201 6;

¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

= Electromics: DAE4 Sn601; Calibrated: 28.03.2017

= Phantom: Flat Phentom 5.0 (back): Type: QD 000 P3D AA; Serial: 1002
« DASYSZ 5210001446} SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Walue = 64.59 Vim; Power Drilt = -0.06 dB

Peak SAR (extrapolated) = 28.8 Wikg

SAR(1 g) = 7.47 Wikg; SAR(10 g) = 2.09 Wikg

Maximum value of SAR (measured) = 17.5 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 6547 Vim: Power Drift = -0,07 dB

Peak SAR (extrapolated) = 33.6 Wike

SAR(1 g) = .02 Wikg; SAR(10 g) = 2.22 W/kg

Maximum value of SAR {measured) = 19.3 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=dmm, dz=1.4mm

Reference Value = 64,19 Vim; Power Drift = -0.07 4B

Peak SAR {extrapolated) = 35,2 Wiks

SAR(1 g) = 7.89 Wikg: SAR(10 g) = 2.19 Wikg

Maximum value of SAR (measured) = 19.6 Wikg
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0dB =175 Wikg =12.43 dBW/kg
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Impedance Measurement Plot for Body TSL
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