16.6 Calibration Certificate for below 2GHz

System Check Dipole SAR Calibration Certificate —Dipole 7S0MHz (D750V3, S/N: 1058)

. . Yy
Callbratlon Laboratory of ‘\QM/3 S Schweizerischer Kalibrierdienst
Schmid & Partner ilaﬁﬁ&é c Service suisse d'étalonnage
Engineering AG Z 7—\\ & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 4//,, /7/_\?\\\\3 S Swiss Calibration Service
MM
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

cient UL Japan (Vitec) . Gentificate No:: D750V3-1058_May18
fCAL_IBRATION CERTIFICATE

Object D750V3 - SN:1058

Calibration procedure(s) QA CAL-05.v10

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: May 18, 2018

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

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2/ 06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7349_Dec17) Dec-18

DAE4 SN: 601 26-Oct-17 (No. DAE4-601_Oct17) Oct-18

Secondary Standards ID # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) In house check: Oct-18

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-16) In house check: Oct-18

Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Oct-17) In house check: Oct-18
Name Function ‘ Signature

Calibrated by: Manu Seitz . Laboratory Technician -

Approved by: Katja Pokovic ‘ Technical Manager ; /;/{/7%/" £
. . D e

Issued: May 22, 2018

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of R\

i 3 @/ %, Schweizerischer Kalibrierdienst
Schmid & Partner ilﬂﬁ&ﬁié Service suisse d'étalonnage
Engineering AG S /_/% & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland {'/,, /ﬁ\\x} Swiss Calibration Service
Y[l
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “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, “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

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

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

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASY5 V52.10.1
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m
Measured Head TSL parameters (22.0+0.2) °C 41.0+6 % 0.89 mho/m + 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

250 mW input power

2.06 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

1.35 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

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

Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 5476 % 0.96 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 2.15 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

SAR averaged over 10 cm?® (10 g) of B

ody TSL condition

SAR measured

250 mW input power

1.43 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D750V3-1058_May18
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 56.8 Q2 +0.8jQ
Return Loss -23.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.1Q-4.2jQ
Return Loss -27.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.034 ns J

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.

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 March 06, 2012
Certificate No: D750V3-1058_May18 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 17.05.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1058

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

Medium parameters used: f = 750 MHz; ¢ = 0.89 S/m; & = 41; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(10.22, 10.22, 10.22) @ 750 MHz; Calibrated: 30.12.2017
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 26.10.2017
¢ Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
¢ DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

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 = 59.10 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.09 W/kg

SAR( g) = 2.06 W/kg; SAR(10 g) = 1.35 W/kg

Maximum value of SAR (measured) = 2.74 W/kg

-11.00

0dB =2.74 W/kg =4.38 dBW/kg

Certificate No: D750V3-1058_May18 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 18.05.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1058

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

Medium parameters used: f = 750 MHz; 6 = 0.96 S/m; & = 54.7; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(10.19, 10.19, 10.19) @ 750 MHz; Calibrated: 30.12.2017
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 26.10.2017
o Phantom: Flat Phantom 4.9 (Back); Type: QD O0R P49 AA; Serial: 1005
o DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 57.78 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.18 W/kg

SAR(1 g) = 2.15 W/kg; SAR(10 g) =1.43 W/kg

Maximum value of SAR (measured) = 2.83 W/kg

4.00
-6.00

-8.00

-10.00 , ,‘ : .
0 dB = 2.83 W/kg = 4.52 dBW/kg
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Impedance Measurement Plot for Body TSL
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System Check Dipole SAR Calibration Certificate -Dipole 835MHz (D835V2,S/N:4d149)

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoeughaussirasse 43, 8804 Zurlch, Switzerland

8 hweizerischer Kalib
c Service sulsse d'étalonnage
8

Servizio svizzero di taratura
Bwiss Calibration Service

Accradited by the Swiss Accreditation Servics (SAS)
The Swiss Accreditation Saervice is one of the signatories to the EA
Mullitaterat Agresmant for the recognition of calibration certificates

cient  ULidapan HO (Vites)
|{CALIBRATION CERTIFICATE .

Object DBIsV2 - BNMAd 148

Avcredilation No: SCE 0108

Gemroaie o DBISV2:4d149: Mari6:;

Calibration procsdura(s}

Calibration date:

Marchi08; 20160 i

This calibration certificate documants the traceabilly to national slandards, which realize the physical units of measarements (813,
The measuremants and the uncerianties with confidence probability ane givar on the foliowing pages and are part of the ceriificate,

Adi salibrations have been conductad in the closed Inboratory faciity: envirenment temperature {22 + 31°C and humidity « 70%.

Calibration Equipment used (MATE critical for calibration)

Approved y:

.Ka_ij_a Pekowc s

This calibration carfificate shall not bs reproduced exeapt in &l Without wiitien approval of the laboratory,

LR U adgratory: Techniclan

Prmary Slandards 21 Cat Date Certiffcate Nog Seheduted Callbration

Powesr metar EPM-442A GBIF4E0TH 07-Qut-15 (Mo, 217-02222) {0316

Powaer sensor HP 8461A US37282783 07-Qot-15 (No. 217-022822) Oct-16

Powar sensor HP 8481A MY41085317 07-Oot-15 (No. 217-02223) Oct-16

Heforenca 20 o Atennator SN 5058 (20x) O1-Apr-15 (No. 217-02131) Mar16

TFype-N mismatch combipafion SN 5047.2 7 06327 QE-Ap-15 (Mo, 217-02134) Mar-18

Reference Proba EX30V4 SHE: 7349 31-Des-15 (No. EX3-7348 [ecis} Dec-16

DAES SN 601 39-Dec-15 {No, DAE4-801_Dec15) Dec-16

Secondary Standards D Chack Data {in house} Schedulad Check

RF generator RES SMT-08 100972 18-3ur-15 {in house chaok Jun-15) in house chack: Jun-t8

Hetwork Anadyzer HP 87538 US37380585 54206 18-0ek-01 in house ¢heok Oel-15) in house chesk: Ocl-1B
Name Fynclion

Caibrated by: Blaidio teubler

Issued: March 8, 2014

Certificate No: DE35V2-4d149_Mar1g
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughausstrasse 43, BO04 Zurich, Switzerland

chweizerischer Kalibrierdienst
¢ Bervice suisse d'éaionnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Bwiss Accradiiaion Service (SA8) Accreditation No.: S8 0108
The Swiss Accreditation Service is one of the signalories io the EA
ultitateral Agreement far the recognition of calibration certificates

Glossary:

T8L tissue simulating Hquid

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

Calibration is Performed According to the Following Standards:

a)

b}

0

d}

IEEE Sid 15828-2013, “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

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

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

KDB 865664, “SAR Measurement Requiremenis for 100 Mz to 6 GHZ”

Additional Documentation:

8}

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

a

Measurement Conditions: Further delails are available from the Validation Report at the end
of the certificate. All figures stated in the cerificate are valid at the frequency indicated,
Antenna Parameters-with TSL: The dipole is mounted with the spacer to position 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 Retum Loss: These pararmeters are measured with the dipole
positioned under the liquid filled phantom, The impedance slated is transformed from the
measurement at the SMA connector to the feed point. The Returm Loss ensures low
reflected power, No uncertainty required.

Elecirical Deiay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

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 unceriainty of measurement
mudtiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 95%.

Carificate No: DB35V2-4c149_Marté Page 20f 8
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Measurement Conditions

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

DASY Version DABYS vE2.8.8
Extrapolation Advanced Extrapolation
Phantom WModular Flat Phartom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Reschution dx, dy, dz =5 mm
Frequency B35 MHz + 1 MHz
Head TSL parameters
The following parameters and calcuiations werg applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 2290 41,5 0.90 mhofm
Kessured Head TSL parametsrs (22.6£0.2) °C 41726% 083 mho/m=6%
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL
SAR averaged over T om® {1 g of Head TSI, Corgdition
SAR measurad 250 iV input power 239 Wikg
SAR for nomdnat Head TSL paramstars normalized to 1W 9,34 Wikg = 17.0 % (k=2})
$AR averaged over 10 om® {10 g) of Head TSL gondition
BAR measured 250 mW input power 1.55 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 6.08 Wikg = 16.5 % (k=2)

Body TSI parameters
The fnjlowing parameters and calculations were applied.
Temperature Pormittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters {22.0£0.2)°C 545 +6% 101 mho/m =z 8 %
Body TSL temperature change duzing test < 0.5°C e -
SAR result with Body TSL
SAR averaged over 1 om® (1 g} of Body TSL Condition
SAR measured 250 mW input power 2.46 Wikg
SAR for nominal Body TSL parameters normaiized to 1W 9.52 Wikg = 17.0 % {k=2)
SAR averaged over 10 cm® (10 g) of Body TSL cordition
SAR measured 280 mW input power 1.61 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.28 Wikg = 16.5 % {k=32)

Certificate No: DE35V2-4d148_Mari
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Appendix (Additional assessments cutside the scope of SCS 0108}

Antenna Parameters with Head TSL

Impedance, transformed to feed point 524 G410
Return Loss -28.7 dB
Antenna Parameters with Body TSL
Inpedance, transformed to Tead point 483 €1 - 6.1 10
Return Loss - 23.8 dB
General Antenna Parameters and Design
i Eiectrical Defay {one direction} 1.390 ng

After fong term use with 100W radiated power, only a sfight wammning of the dipole near the feedpoint can be measured.

The dipola is made of standard semirigid coaxial cable, Tha center sonductor of the feeding line is directly connected to the
sseond arm of the dipole. The amtenna is therefore shorl-circuiied for DG-signals. On some of the dipoles, small end caps
are added to the dipule armgs in arder to improve matching when foaded 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 fo the dipole arms, because they might bervd or the soldered conmactions near the

feedpoint may be damaged,

Additional EUT Data

Marufactured by

SFEAG

Manufaciured on

Merch 27, 2612

Certificate No: DBISVR-4d149_Maris
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DASYS Validation Report for Head TSL

Date; 08.03.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 833 MHz; Type: D835V2; Serial: D83SV2 - SNidd149

Communication System: UID 0 - CW; Frequency: 835 MHz .
Medium parameters used: = 835 MHz; 6 =0.93 S/my; 6, = 41.7; p = 1000 kg,fm"’
Measurement Standard: DASYS (IEEEAEC/ANSICA3.19-2011)

DASY52 Configuration:
«  Probe: EX3DV4 - SN7349; ConvF(9.83, 9.83, 9.83); Calibrated: 31.12.2015;
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sa601; Calibrated: 30.12.2015
¢« Phantom Type: QDOOOP49AA
« DASYS52 32.8.8()258); SEMCAD X 14.6.10(7372}

Dipole Calibration for Head Tissue EX-Probe/Pin=250 mW, d=15mm/Zoom Scan
(IxXTxTHCube §: Measurement grid: dx=5mm, dy=Smm, dz=Smm

Reference Value = 8151 Vm; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.60 W/kg

SAR(1 g} = 2.39 W/kg; SAR(10 g) = 1.55 Wikg

Maximum value of SAR (measured) = 320 Wikg

0dB =3.20 Wikg = 5.05 dBW/kg

CertHicats No: DBI5SV2-4d149_Mari6 Page 5of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSE

Date: 08.03.2016
Test Laboratory: SPEAG, Zurich, Switzerland
BUT: Dipole 835 MHz; Type: D835V2; Serial: DS35V2 - SN:4d149

Communication System: UID 0 - CW; Freguency: 835 MHz ‘
Medium parameters used: = 835 MHz; 6 = 1.01 S/m; &, = 54.5: = 1000 kgim3
Measarement Standard: DASYS (IBEEAEC/ANSI C63.19-2011)

DASYS2 Configuration:
+  Probe: EX3DV4 - SN7349: Convi¥9.73, 9.73, 9.73); Calibrated: 31.12.2015;
s Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Blectronics: DAE4 Sn601; Calibrated: 30.12.2015
+  Phantom Type: QDOUOP49AA
= DASYS2 52.8.8(1258); SEMCAD X 14.6,10(7372)

Dipole Calibration for Body Tissue EX-Probe/Pin=250 mW, d=15mm/Zoom Scan
{7x7x7)/Cube 0: Mezsurement grid: dx=5mm, dy=5mm, dz=Smm

Reference Value = 539,80 Vim; Power Drift = -0.01 dB

Peak SAR {extrapolated) = 3.61 Wikg

SAR(1 g) = 2.46 Wikg; SAR(I0 g) = 1.61 Wikg

Maximum value of SAR (measared) = 3,24 W/kg

0dB =324 Wikg = 5.11 dBWikg

Certificate No: D835V2-4d148 Martf Page 7 of &
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Impedance Measurement Plot for Body TSL
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D835V2 Calibration for Impedance and Return-loss

Equipment Dipole Antenna Model D835V2
Schmidé&Partner .
Manufacture . . Serial 4d149
Engineering AG
Tested by Tomohisa Nakagawa
1. Test environment
Date March 29, 2017
Ambient Temperature 24.0 deg.C Relative humidity 45%RH
Date March 30, 2018
Ambient Temperature 24.0 deg.C Relative humidity 45%RH
2. Equipment used
Calibration at March, 2017
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month)
MOS-37 Digital thermometer LKM electronic [DTM3000 - SAR 2016/07/28 * 12
MPF-02 2mm Oval Flat Phantom Schmid&Partner QDOVAO001BB 1045 SAR 2016/05/07 * 12
Engineering AG
MOS-26 Thermo-Hygrometer CUSTOM (CTH-201 A08Q29 SAR 2016/04/19 * 12
SSDA-04 Dipole Antenna Schmid&Partner D835V2 4d149 SAR(D835) 2016/03/08 * 12
Engineering AG
MMSL0900 Tissue simulation liquid Schmid&Partner MSL900V2 SL AAM 090 CA | SAR*Daily Pre Check
(Body) Engineering AG Check Target
Value £5%
MHSL0900 Tissue simulation liquid Schmid&Partner HSL900V2 SL AAH 090 BB | SAR*Daily Pre Check
(Head) Engineering AG Check Target
Value +5%
EST-63 Network Analyzer KEYSIGHT ES071C MY46523746 SAR 2017/02/03 * 12
EST-64 Calibration Kit KEYSIGHT 85032F MY53201709 SAR 2017/02/02 * 12
Calibration at March, 2018
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month)
MOS-37 Digital thermometer LKM electronic [DTM3000 - SAR 2017/07/26 * 12
MPF-03 2mm Oval Flat Phantom Schmid&Partner QDOVAO001BB 1203 SAR 2017/05/29 * 12
Engineering AG
MPSAM-03 SAM Phantom Schmid&Partner (QD000P40CD 1764 SAR 2017/05/29 * 12
Engineering AG
MOS-35 Digital thermometer HANNA Checktemp 4 - SAR 2017/07/26 * 12
MMSL0900 Tissue simulation liquid Schmid&Partner MSL900V2 SL AAM 090 CA | SAR*Daily Pre Check
(Body) Engineering AG Check Target
Value £5%
MHSL0900 Tissue simulation liquid Schmid&Partner HSL900V2 SL AAH 090 BB | SAR*Daily Pre Check
(Head) Engineering AG Check Target
Value +5%
EST-30 Network Analyzer Agilent INS230A MY46400314 SAR 2017/08/17 * 12
EST-57 2.4mm Calibration Kit Agilent 85056A MY44300225 SAR 2017/08/25 * 12
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3. Test Result

Head Head Deviation Deviation
Impeadance, Transformed to feed point cal day (real part) [Q] (img part) [jQ] (real part) [Q] (img part) [jQ] Tolerance Result
Calibration (SPEAG) 2016/3/19 52.40 -4.10|- - - -
Calibration(ULJ) 2017/3/29 53.28 -0.39 0.88 3.71 [+/-5Q+/-51Q Complied
Calibration(ULJ) 2018/3/30 51.02 -3.48 -2.26 -3.09 |+/-5Q+/-5)Q Complied
Head Deviation Tolerance
Return loss cal day [dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/3/19 -26.70|- - -
Calibration(ULJ) 2017/3/29 -29.83 -3.13 5.34|Complied
Calibration(ULJ) 2018/3/30 -28.91 0.92 5.97|Complied
Body Body Deviation Deviation
Impeadance, Transformed to feed point cal day (real part) [Q] (img part) [jQ] (real part) [Q] (img part) [jQ] Tolerance Result
Calibration (SPEAG) 2016/3/19 48.30 -6.10|- - - -
Calibration(ULJ) 2017/3/29 48.89 -4.53 0.59 1.57]+/-5Q+/-5jQ Complied
Calibration(ULJ) 2018/3/30 49.63 -5.44 0.74 -0.91]+/-5Q+/-5jQ Complied
Body Deviation Tolerance
Return loss cal day [dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/3/19 -23.80|- - -
Calibration(ULJ) 2017/3/29 -26.51 -2.71 4.76 | Complied
Calibration(ULJ) 2018/3/30 -25.25 1.26 5.30 |Complied
*Tolerance: According to the KDB865664D01
Measurement Plots
<Head Liquid> 2017 <Head Liquid> 2018
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System Check Dipole SAR Calibration Certificate -Dipole 17S0MHz(D1750V2,S/N:1089)

Calibration Laboratory of s@\“\‘f\;f/"m,,} s isches Kelibtierdienst
Schmid & Partner im e Sarvice sulsse d'étalonnage
Engineering AG b= N Servizia svizzera di taratura
Zeughousstrasse 43, 8004 Zurich, Switzerland A /TF\T\‘&” S swiss Calibration Service
RLTHTA
Accradited by the Bwiss Assraditation Sarvice [SAS) Accreditation Nea SCS 0108

‘The Swiss Accreditation Service is one of the signatories i the EA
fMuthiateral Agreement for the recognition of calibration ceriificates

chent UL Japan HQ (¥

DS ‘ceniticas No: D1750V2:1089:Mar16. -
[CALIBRATION CERTIFICATE

Objsot PATE0VS BN 108

Calibration procedurs{sy QACAL—GSVQ Pmaiaan D
-Calibration procedurs for dipole validation Kits above 700 MHz -

Cafibration date: M’at«':h 11,2056 S

This calibration cartificate documents the traceability o nafional standards, which realize the physical units of measurements (81,
The measurements and the uncertainties with confidence probabliity are givan on e following pages and are part of the cerlificats.

Al calibrations have heen conducied in the closed laboratory fasilty: environment temperatre (22 3 3)°C and hurmidity < 70%.

Calibration Equipment used {M&TE oriticat for calibeation}

Primary Standards 163 3 Cal Date {Codificats Ho.) Scheduled Calibration
Power meter EPM-4420 GBIT480704 07-0ct-15% {Ne. 217-02222) Oct-16

Power sensor HP 84814 USE7228783 07-Cot-15 e, 21702222} Qot-16

Power sansor HF 84814 RMY41082317 07-Oct-15 {No. 217-02223} Get-186

Faference 20 dB Attenuator S 5058 (20k) O1-Apr-18 {No. 217-02131} Mar-18

Type-N mistratch combination SN: B047.2 / 06327 Ot-Apr-18 {No. 217-02124}1 Mar-1¢

Heference Frobe EX30DV4 BN 7348 Al-lee-15 (Mo, EX3-7348_Deeis) Dee-16

DAE4 58 801 30-Diec-15 {No. DAE4-601_Dec15) Boc-16

Secondary Standaris o H Chack Date (in house) Scheduled Check

i generator R&B SMT-06 100872 15-Jun-15 {in houss check Jun-18} I house chacks Jun-18
Network Analyzer HP 8763E LUS37390585 $4206 1800101 (in housa check Get-18) in house chack: Opt-16

Approved by: Kalja Pokovic

Function . Signature
Calibrated by: ELa.wa?UW_TﬁsCh“ié'aﬁ B /y & e i
. e
s Mang 2 M "/@——w o

tasued: March 11, 2016

This callbration cerificate shall rot be renroduced excapt in full withowt wrilten approvat of the laboratory.

Cartificate No: D1750V2-1088_Maris Page 1 of 8
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Calibration Laboratory of
Schmid & Partner

Enginesting AG
Zaughausstrasse 43, 8004 Zurich, Swiizeriand

ischer Kalib
c Service suisse J'étalonnage
Servizic svizzero di faratura
Swiss Catibration Service

Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service js one of the signatories fo the EA
Muttilateral Agroement for the racognition of calibration certificates

Glossary:

ToL tissue simulating fiquid

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

Calibration is Performed According to the Following Standards:

&) IEEE Sid 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate {SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, June 2013

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

o) lEC 52209-2, "Procedure to deterrnine the Speciiic Absorption Rate (SAR) for wireless
communication devices used in close proximity fo the human body {frequency range of 30
MHz to 6 GHz)", March 2010

di KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 6 Grz’

Additional Documentation:
¢) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

e 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 eorresponds o a coverage
probability of approximately 85%.

Certificate No: R1750V2-1088_Mar16 Page20i8

Page No.

20



Measurement Condilions

DASY eystam configuration, s far as not given on page 1.

DASY Version DASYS v52.8.8
Extrapolation Advanced Extrapotation
Phantom Moduiar Flat Phantom
Distance Dipole Center - TSL 10 o with Spacer
Zoots Scan Resolution dx, dy, dz = & rmm
Freguency 1750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculafions were applied.
Temperature Permitiivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m
Measured Head TSL parameters 22.0x0.2y°C 392 £8% 1.5 mhom: 8 %
Head T8 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 260 mW Input power B8.97 Wikg
SAR for nominal Head TSL parameters normatized to 1TW 36.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL sondition
SAR measured 250 m¥y Input power 4.78 Wiky
SAR for nominal Head TSL paramaters normalized 1o 1W 19,1 Wikg = 16.5 % {k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Condutivity
Nominal Body TSL. parameters 22.6°C 53.4 1.49 mho/m
Measured Body TSL parameters P20x0.2)"C 530+6% 1.46 rbo/m £ 6 %
Body TSL temperature change during test <0.5°C - e
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Cunditlon
SAR measured 250 mW input power £.95 Wi

SAR for nominal Body TSL parameters

normatized o 1W

36.2 Wikg = 17.0 % (k=2)

SAH averaged over 10 cm® (10 g} of Body TSL

condition

SAH maasured

250 mW input power

477 Wikg

SAR for nominal Body TSL parameters

aormalized o W

19.2 Wik £ 16,5 % {k=2)

Certificate No: DI750V2-1089_Mar18

Page 30i 8
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Appendix (Additional assessments outside the scope of SC8 0108)

Antenna Parameters with Head TSL

impedance, fransformed to feed point 4898 -20[Q
Retum Loss -32.648

Antenna Parameters with Body TSL

impedance, transformed 10 feed point 48.1Q-20Q

Aeturn Loss -26.7 4B

General Antenna Parameters and Design

I Flectrical Dalay (cne direction) 1.217 ns

Aler long term use with 100W radiated power, only a sfight warming of the dipole near the feedpoint can be measured.

The dipole ta made of standard semirigid coaxial cable, The center conductor of the feading line is directly connected to the
second arm of the dipole. The antanina is theretore shart-circuited for DC-signats, On some of the dipoles, small end caps
are added fo the dipole amms In order to improva matching when loaded according to the position as wxplained In the
“Measurement Sondiions” paragraph, The SAR data are not affected by this change. The overall dipola length is sti
according to the Standard.

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

Additional EUT Data

Manufactured by SREAG
Manufactured on Movember 07, 2012
Certificate No: D1750V2-1083_Marie Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 11.03.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipote 1750 MHz; Type: DI750VZ; Serial: D1750V2 - SN: 1089

Communication System: UID 0 - CW; Frequency: 1750 MHz
Medium parameters used: { = 1750 MHz; 6 = L35 3/m; & = 39.9; p = 1000 kgfm3
Measurement Standard: DASYS (IEEE/IEC/ANSIC63,18-2011)

DASYS2 Configuration:
s Probe: EX3IDV4 - SNT349; ConvE(R.54, 8.54, 8.54); Calibrated: 3£.12.2015;
»  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Flectronics: JAR4 $n601; Calibrated: 30.12.2013
» Phantom Type: QDOOPS0AA
o DASYSZ 52.8.58(1258), SEMCAD X 14.6.10(7372}

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

Reference Value = 104.4 V/m; Power Drift = 0.02 dB

Pezk SAR {extrapolated) = 16.2 Wikg

SAR(I g) = 8.97 W/kg; SAR(10 g) = 4.76 Wikg

Maximuam vahie of SAR {measured) = 13.6 Wikg

GdB = 13.6 Wikg = 1134 dBW/kg

Cartificate No: DI750V2-1089_Marig Page 50f8
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Impedance Measurement Plot for Head TSL
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Certificate No: TH780V2-1089_Mar1g Page 6 of 8
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DASYS Validation Report for Body TSL

Date: 11.03.2016
Test Laboratory: SPEAG, Zivich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Seriak: D1750V3 - SN: 1089

Communication System: UID 0 - CW; Frequency: 1750 MHz
Medium parameters used: £= 1750 MHz; o = 146 $/m; &, = 53; p= 1000 kg
Measurement Standard: DASYS (IEEEAEC/ANSY C63.19-2011)

DASYS2 Configuration:
« Probe: EX3DV4 - SN734%; ConvF(8.25, 8.25, 8.25); Calibrated: 31.12.2015;
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
s Flectronics: DAE4 8$n601; Calibrated: 30.12.2015
+ Phantom Type: QDOOGPI0AA
« DASYS2 52.8.8(1258), SEMCAD X 14.6.10(7372)

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

Reference Valne = 9998 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 15.6 Wikg

SAR(IL g) = 8.95 W/kg; SAR(10 g) = 4.77 Wiky

Maximum value of SAR {measured) = 13.3 Wikg

OdB =133 Wike = 11.24 dBW/kg

Cartificate No: D1750V2-1089_Maris Page 7 of 8
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Impedance Measurement Plot for Body TSL
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D1750V2 Calibration for Impedance and Return-loss

Equipment Dipole Antenna Model D1750V2
Schmid&Partner .
Manufacture . . Serial 1089
Engineering AG
Tested by . Tested by .
Tomohisa Nakagawa Tomohisa Nakagawa
(2017) & (2018) &
1. Test environment
Date March 27 and 28,
2017
Ambient Temperature 24.0 deg.C Relative humidity 50%RH
Date March 16, 2018
Ambient Temperature 24.0 deg.C Relative humidity 54%RH
2. Equipment used
Calibration at March, 2017
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month)
MOS-37 Digital thermometer LKM electronic IDTM3000 - SAR 2016/07/28 * 12
MPF-02 2mm Oval Flat Phantom Schmid&Partner IQDOVAO001BB 1045 SAR 2016/05/07 * 12
Engineering AG
MOS-26 Thermo-Hygrometer CUSTOM ICTH-201 A08Q29 SAR 2016/04/19 * 12
SSDA-06 Dipole Antenna Schmid&Partner ID1750V2 1089 SAR(D1750) |[2016/03/11 * 12
Engineering AG
SSLM175-01 Tissue simulation liqud Schmid&Partner SL AAM 175 AA - SAR*Daily Pre-check
(1750MHz,body) Engineering AG Check Target
Value £5%
SSLH175-01 Tissue simulation liqud Schmid&Partner SL AAH 175 AA - SAR*Daily Pre-check
(1750MHz,head) Engineering AG Check Target
Value £5%
EST-63 Network Analyzer KEYSIGHT E5071C MY46523746 SAR 2017/02/03 * 12
EST-64 Calibration Kit KEYSIGHT 85032F MY53201709 SAR 2017/02/02 * 12
Calibration at March, 2018
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month)
SSDA-06 Dipole Antenna Schmid&Partner ID1750V2 1089 SAR(D1750) |[2016/03/11 * 24
Engineering AG
SSLM175-01 Tissue simulation liqud Schmid&Partner SL AAM 175 AA - SAR*Daily Pre-check
(1750MHz,body) Engineering AG Check Target
Value +5%
SSLH175-01 Tissue simulation liqud Schmid&Partner SL AAH 175 AA - SAR*Daily Pre-check
(1750MHz,head) Engineering AG Check Target
Value £5%
MPF-04 2mm Oval Flat Phantom Schmid&Partner QDOVAO001BB 1207 SAR 2017/05/17 * 12
Engineering AG
MDH-03 Device holder Schmid&Partner Mounting device for |- SAR Pre Check
Engineering AG transmitter
MOS-35 Digital thermometer HANNA Checktemp 4 - SAR 2017/07/26 * 12
EST-30 Network Analyzer Agilent N5230A MY46400314 SAR 2017/08/17 * 12
EST-57 2.4mm Calibration Kit Agilent 85056A MY44300225 SAR 2017/08/25 * 12

Page No. 27




3. Test Result

Head Head Deviation Deviation
Imp eadance, Transformed to feed point cal day (real part) [Q] (img part) [jQ] (real part) [Q] (img part) [jQ] Tolerance Result
Calibration (SPEAG) 2016/3/11 48.90 -2.00|- - - -
Calibration(ULJ) 2017/3/28 49.16 -1.69 0.26 0.31 |+/-5Q+/-5jQ Complied
Calibration(ULJ) 2018/3/16 47.14 -0.76 -2.02 0.94 |+/-5Q+/-5jQ Complied
Head Deviation Tolerance
Return loss cal day [dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/3/11 -32.60]- - -
Calibration(ULJ) 2017/3/28 -34.69 -2.09 6.52| Complied
Calibration(ULJ) 2018/3/16 -30.32 4.368 6.94| Complied
Body Body Deviation Deviation
Imp eadance, Transformed to feed point cal day (real part) [Q] (img part) [jQ] (real part) [Q] (img part) [jQ] Tolerance Result
Calibration (SPEAG) 2016/3/11 46.10 -2.00|- - - -
Calibration(ULJ) 2017/3/27 45.96 0.23 -0.14 2.23 |[+/-5Q+/-5jQ Complied
Calibration(ULJ) 2018/3/16 45.70 1.52 -0.26 1.30 |+/-5Q+/-5jQ Complied
Body Deviation Tolerance
Return loss cal day [dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/3/11 -26.70]- - -
Calibration(ULJ) 2017/3/27 -28.30 -1.60 5.34|Complied
Calibration(ULJ) 2018/3/16 -26.43 1.87 5.66|Complied
*Tolerance: According to the KDB 865664 DO1.
Measurement Plots
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System Check Dipole SAR Calibration Certificate -Dipole 1900MHz (D1900V2,S/N:5d169)

Catlibration Laboratory of

ischer Kafibr 3

. s

Schmid & Pariner o Service suisse d'étatannage
Engineering AG Servizio svizzero df laratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S swiss Calibration Sepvice

Acuredited by the Swiss Accreditation Servics (5AS) Accreditation No: SCS 0108
The Swiss Accreditation Service Is one of tha signatories to the EA
Multitateral Agresment for the recognition of catibration cerlificates

Ot o D1900V2.-5169 Marts.

Chject

Calibration procedurefs)

Calibration date:

Thiz callration contfiloate documents ihe Traceskbility & national starards, which reafize the physival units of maasuraments (S
The measurements and the uncertainties with cordidences probability are given an the following pages and are part of the cerlificate.

At ealibrafions have been conducled in e closed laboratory tacility: environment temperature {22 x 37°C and humidity < 70%.

Calibration Equipment yssd (METE oritical for calibration)

Primary Standards g Cal Dats Cartificate No.} Schedoled Celibrafion
Powar tnoter ERPM-2424 GB37480704 07-Oet-15 (No, 217-62222) Oet-16

Power sengor HP 84814 US37252788 07-Cet15 (No, 217-02228) Ot 18

Power sengor HP 84814 WY41092317 07-Oct-15 (No. 21702223 Oot-16

Refarence 20 dB Atterualor SN: 5088 (20k) 01-Apr15 (No. 217-02131) Mar-16

Type-h mismatch combinatinn 8N 5047.2 7 08327 01-Apr-15 (No, 21702184} Mar-16

Rafarence Probe EX30V4A 8N 7349 a1-Dec-16 iNo. EX3-7349_Dects) Dec-16

DAE4 SN: 601 30-Dac-15 (Mo, DAE4-603_Dacis) Dac-t6

Secondary Standards i Check Dale (in house} Schetuled Chesk

RF generator R&S SMT-08 1004972 15-Jun-15 {in house check Jun-15} in house check: Jun-18
Network Anadyzer HP? 8753K US37390585 54206 18-0ct-01 (in house check (Oel-15) in house chack: Oet-16

Function

_ Signature
Calibratsd by: :

Approved by:

fssuad: March 10, 2016

“This callbration ceriificats shall not be reproducad axcept in full without writian approval of the laboratory.

Cerificate No: D1S00V2-54158 _Mare Page 1 of &
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Calibration Laboratory of S, s Kalibrk
N =, =
Schmid & Partner ety = c Service sufsse d'éfalonnage
Engineering AG N Servizic svizzers di taratura
Zeughausstrasse 43, 8004 Zurich, Switzartand ! ,ﬁ\,\\“ S swiss Calibration Service
Frfrel by
Accradited by the Swiss Accreditation Service (SAS) Accredhiation Bo.: SCS 0108

The Swiss Accreditation Service Is one of the signatories fo the EA
Multiateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 1EEE Std 1528-2013, IEEE Recommaended 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 622091, "Procedure to measure the Specific Absorption Rate {SAR) for hand-held
devices used in close proximily to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢} IEC 62208-2, "Procedure o determine the Specific Absorption Rate {(SAR) for wireless
communication devices used in close proximity to the human body {frequency range of 30
MHz to 68 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Mandbook

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 certiticate are valid at the frequency indicated.

« Antenna Parameters with T5L: The dipole is mounted with the spacer to position its feed
point exactly below the cenfer marking of the flat phantomn section, with the arms oriented
parailel to the body axis.

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

s Elactrical Delay: One-way defay between the SMA connactor and the antenna feed point.
No uncertainty required.

« S8AR measured: SAR measured at the staied antenna input power.

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

s SAR for nominal T5L. parameters: The measured TSL parameters ave used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
musitiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 85%.

Certificate No: D1800V2-54169_Marls Page 2of 8
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Measurement Conditions
DASY systam 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 38.8x6% 1.39 mho/m+ 6%

Head TSL temperature change during test <{0.5°C e e
SAR result with Head TSL

SAR averaged over 1 em® {1 g) of Head TSL Condition

SAR measured 250 mW input power 9.68 Wiy

SAR for nominal Head TSL parameters

normalized to 1W

38.8 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.08 Wikg

SAR for nominat Head TSL. parameters

normalized to 1W

20.4 Wikg % 16.5 % (k=2)

Body TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters {22.0+£0.2)°C 52.9£6% 1.51 rho/m 6 %
Body TSL temperature change during test <0.5°C ——
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.99 Wikg

SAR for nominal Bedy T8l parameiers

normalized to 1W

40,0 Wkg  17.0 % (k=2)

SAR averaged over 10 cm® (10 g} of Body TSL

condition

SAR measured

250 mW input power

5.28 Wikg

SAR for nominal Body TSL parameters

normalized to TW

21.1 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d168_Mar16

Page 30f8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.20+42iQ

Return Loss -25.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4800 +581Q

Return Loss -24.5d8

General Antenna Parameters and Design

Elsctrical Delay (one direction) 1.203 ns

After long lerm use with 100W radiated powar, only a slight warming of the dipole near the fsedpoint can be measured.

The dipole is made of standard semirigid coaxtal 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, smalt 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 thay might band or the soldered connections near the
fesdpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on June 08, 2012
Certificate No: D1800V2-5d169_Mari6 Page 4 of 8
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DASYS Validation Report for Head TS1

Date: 09.03.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Bipole 1906 Miz; Type: DI980V2; Serial: DIWOV2 - SN:5d169

Communication System: UID 0 - CW; Freguency: 1960 MHz
Mediom patsmeters used: £ = 1900 MHz; o = 1.39 S/m; £ = 39.8: p = 1000 kefm®
Measurement Standard: DASYS (JEEEAEC/ANSI C63.19-2011)

DASYS52Z Configuration:
»  Probe: EX3DV4 - §N7349; ConvF(8.2, 8.2, 8.2); Calibrated: 31.12.2015;
»  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Hlectronics: DAE4 Sn601; Calibrated: 30,12,2015
+  Phantom Type: QDO0OPS0AA
»  DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube (:
Measurement grich: dx=53mm, dy=5mm, dz=53nwn

Reference Value = 107.4 V/m; Power Drift = 0,04 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(L ¢) = 9.68 W/kg; SAR{10 g) =508 W/kg

Maximum value of SAR (measured) = 14.7 Wikg

0dB = 14.7 Wikg=11.67 dBW/kg

Certificate No: D1800VE-5d169_Marlg Page 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 09.03.2010
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1906V2; Serial: D1900V2 - SN:5d169

Comnsapication System: UID 0 - CW; Frequency: 1900 MHz
Medivm parameters used: £ = 1900 MHz; 6 = 1.51 S/m; &, = 52.9; p = 1000 kg/m®
Measgremnent Standard: DASYS (IEEE/MEC/ANST C63.19-201 1)

DASYS2 Configuration:
»  Probe: BX3DV4 - SNT340; ConvF(8,03, 8.03, 8.0%); Calibrated: 31.12.2015;
¢ Sensor-Surface: 1.4nm (Mechanical Surface Detection)
+ Electropies: DAE4 $a601; Calibrated: 30.12.2015
»  Phantom Type: QDOOOPIGAA
» DASYS2 52.8.8(1258);, SEMCAD X 14.6.10(7372}

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

Reference Value = 104.2 V/m; Power Drift = 0.62 dB

Peak SAR {extrapolated) = 17.6 Wikg

SAR(1 gy =999 Whg; SAR(I0 g) = 5,28 W/kg

Maxinum value of SAR (measured) = 15.0 Wikg

0dB = 15.0 Wig = 11.76 dBW/kg

Certificate No D1900V2-5¢169_Mari6 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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D1900V?2 Calibration for Impedance and Return-loss

Equipment Dipole Antenna Model D1900V2
Schmid&Partner .
Manufacture . . Serial 5d169
Engineering AG
Tested by . Tested by .
Tomohisa Nakagawa Tomohisa Nakagawa
(2017) & (2018) &
1. Test environment
Date March 29, 2017
Ambient Temperature 24.0 deg.C Relative humidity 45%RH
Date March 23, 2018
Ambient Temperature 24.0 deg.C Relative humidity 45%RH
2. Equipment used
Calibration at March, 2017
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month)
MOS-37 Digital thermometer LKM electronic [DTM3000 - SAR 2016/07/28 * 12
MPF-02 2mm Oval Flat Phantom Schmid&Partner (QDOVAO01BB 1045 SAR 2016/05/07 * 12
Engineering AG
MOS-26 Thermo-Hygrometer CUSTOM (CTH-201 A08Q29 SAR 2016/04/19 * 12
SSLM195-01 Tissue simulation liqud Schmid&Partner SL AAM 195 BA - SAR*Daily Pre-Check
(1950MHz,body) Engineering AG Check Target
Value £5%
SSLH190-01 Tissue simulation liqud Schmid&Partner SL AAH 190 AA - SAR*Daily Pre-Check
(1900MHz,head) Engineering AG Check Target
Value +5%
EST-63 Network Analyzer KEYSIGHT E5071C MY46523746 SAR 2017/02/03 * 12
EST-64 Calibration Kit KEYSIGHT 85032F MY53201709 SAR 2017/02/02 * 12
Calibration at March, 2018
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month)
MOS-37 Digital thermometer LKM electronic IDTM3000 - SAR 2017/07/26 * 12
MPF-03 2mm Oval Flat Phantom Schmid&Partner QDOVAO001BB 1203 SAR 2017/05/29 * 12
Engineering AG
MOS-35 Digital thermometer HANNA Checktemp 4 - SAR 2017/07/26 * 12
SSLM195-01 Tissue simulation liqud Schmid&Partner SL AAM 195 BA - SAR*Daily Pre-Check
(1950MHz,body) Engineering AG Check Target
Value £5%
SSLH190-01 Tissue simulation liqud Schmid&Partner SL AAH 190 AA - SAR*Daily Pre-Check
(1900MHz,head) Engineering AG Check Target
Value £5%
EST-30 Network Analyzer Agilent INS230A MY46400314 SAR 2017/08/17 * 12
EST-57 2.4mm Calibration Kit Agilent 85056A MY44300225 SAR 2017/08/25 * 12
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3. Test Result

Head Head Deviation Deviation
Imp eadance, Transformed to feed point cal day (real part) [Q] (img part) [jQ] (real part) [Q] (imgpart) [jQQ] | Tolerance Result
Calibration (SPEAG) 2016/3/19 53.20 4.20(- - - -
Calibration(ULJ) 2017/3/29 54.96 5.57 1.76 1.37 |+/-5Q+/-51Q Complied
Calibration(ULJ) 2018/3/23 51.89 5.11 -3.07 -0.46 |+/-5Q+/-5jQ Complied
Head Deviation Tolerance
Return loss cal day [dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/3/19 -25.90]- - -
Calibration(ULJ) 2017/3/29 -23.13 2.77 5.18| Complied
Calibration(ULJ) 2018/3/23 -27.53 -4.41 4.63| Complied
Body Body Deviation Deviation
Impeadance, Transformed to feed point cal day (real part) [Q] (img part) [jQ] (real part) [Q] (imgpart) [jQQ] | Tolerance Result
Calibration (SPEAG) 2016/3/19 49.00 5.80]- - - -
Calibration(ULJ) 2017/3/29 50.45 5.73 1.45 -0.07 |+/-5Q+/-5)Q Complied
Calibration(ULJ) 2018/3/23 49.04 3.34 -1.42 -2.39 |+/-5Q+/-5jQ Complied
Body Deviation Tolerance
Return loss cal day [dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/3/19 -24.50]- - -
Calibration(ULJ) 2017/3/29 -27.31 -2.81 4.90 | Complied
Calibration(ULJ) 2018/3/23 -27.55 -0.24 5.46 |Complied
*Tolerance : According to the KDB865664D01
Measurement Plots
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