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Calibration Laboratary of

f RN %, 5§ Schweizerischer Katibrierdienst
Schimid & Partner c Service sulsse d'dialonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerand S Swiss Calibsation Service
Accredited by e Swiss Accreditation Service (SAS) Actreditation No.: SCS 0708

The Swiss Aceredlitation Service is one of the signatories to the EA
faultitateral Agreement for the renognition of calibration certificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According o the Following Standards:

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

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

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

Additional Documeniation:
d) DASY4/5 System Handbook

liethods Applied and Interpretation of Parameters:

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

* Anlenna Parameters with TSL: The dipole is mounted with the spacer to position fts feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parailel to the body axis.

s Feed Point Impedance and Return Loss: These parameters are measured with the dipcle
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.

e Electtical Delay: One-way delay betwsen the SMA conneclor and the antenna feed polint.
No uncertainty required.

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

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

« AR 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
multiphed by the coverage facior k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

Cedificate No, DTBRV3-1058 May15 Page 2 of 8
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Measurement Conditions

DASY aystem configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipele Genter - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency TEO MHz = 1 MHz
Head TSL parameters
The following paramslers and celculations wera applisd.
Termperature Perrittivity Conduetivity
Nominal Head TSL parameters 22.0°C 418 0.88 mho/m
Measured Head TSL parameters @22.0£02)°C 422+£6% 0.90 mho/mz 6%
Head TSL temperature change during test <0.5°C e e
S4R result with Head TSL
SAR averaged aver 1 em® {1 g) of Head TSL Candition

SAHR measured 250 mW input power 2.08 Whikg

8,18 Wiicg = 17.0 % (K=2)

SAR for nominal Head TSL parameters normatized to W

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

SAR measured 250 mW input powar 1,35 Wikg

5.37 W = 16.5 % (k=2)

normalized 1o 1W

SAR for nominal Head TSL parameters

Body TSL parameiers
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameiers 220°C 55.5 0.96 mho/m
Measured Body TSL parameters {22.0+£02)°C 5546 % 097 mho/m= 6%
Body TSL temperature change during test < 035°C e e
SAR result with Body TSL
SAR averaged over 1 em® (1 g} of Body TSL Condition
SAR measursd 250 mW input power 2.16 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

.57 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 ¢} of Body TSL.

condition

SAR measured

250 mW input power

1.43 Wikg

SAR for nominal Body TSL parameters

normalized to W

558 Wikg = 16,5 % (l=2)

Certificate No: D7B0V3-1068_Mayte
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Appendix {(Additional assessments outside the scope of 868 0108)

Anlenna Parameters with Head TSL

Impadance, transformad to feed point 54402-0.20

Return Loss -27.2dB

Anienna Parameters with Body TSL

tmpedance, transformed to feed point 48814 -32iQ
Return Loss - 29.4 dB

General Antenna Parameters and Design

| Etectrical Delay {one direction) | 1,035 ns

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

The dipole is made of standard semitigid soaxial cable. The center conductor of the feeding tine Is directly connested 1o the
sacond arm of tha dipote. The antenna is thetefore shor-circuited for DC-signals, On some of the dipoles, small end caps
are added to the dipole arms in order to Improve malching whern 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.

Mo excessiva force must be applied to the dipole arms, becauss they might bend or the solderad connectlons near the
faedpoint may be damaged,

Additional EUT Data

Mamdactured by SPEAG
Manufactured on March 06, 2012
Certificate No: DYS0V3-1068_Mayis Page 4 of &
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DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zuorich, Switzerfand

DUT: Dipole 758 MHz; Type: D750V3; Serial: D750V3 - SN2 1458

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

Medinm parameters used: =750 MHz; o = 0.9 S8/m; 6, =42.2; p= 1000 kg/m3
Phantom section: Flat Section

Measarement Standard: DASYS (BEBE/AREC/ANSI €63.19.2011)

DASY352 Configuration:

Probe; ES3DV3 - SN3205; ConvF{6.44, 6.44, 6.44); Calibrated: 30.12.2014;
Sensor-Surface: 3mim (Mechanical Surface Detection)

Blectronics: DAE4 Sno01; Calibrated: 18.08.2014

Phantom: Flat Phantom 4.91,; Type: QDOOOPAYAA; Serial: 1001

DASYS2 52.8.8(1222), SEMCAD X 14.6,10(7331}

Bate: 27052613

Dipole Calibration for Head Tissue/Pin=25¢ mW, d=15mm/Zoom Scan {7x7x7yCube 6:
Measurement grid: du=5mm, dy=5mun, dz=5mm
Reference Value = 33,35 Vim; Power Drifli = 0.01 4B
Peak SAR (extrapolated) = 3.06 Wikg

SAR{ g) = 2.66 Wkg; SAR(18 ¢) = L35 Wikg
Maximum value of SAR (measured) = 241 Wikg

0 dB = 2.41 Wikg = 3.82 dBW/kg

Certificate No: D750V 3-1058 _Mayis Page 5 of 8
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Impedance Measurement Plot for Head TSL.
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D750V2 Calibration for Impedance and Return-loss

Equipmen Dipole Antenn Mode! D83&V2
Schmid&Partner .
Manuf r . . rial 4d149
ENLEEUE Englneerlng A IR
Tested b Tomohisa Nakagav
1. Test environment
Date May 8, 2016
Ambient Temperatu 24.0 deg.! Relative humidit 45%RH
Date May 31, 2017
Ambient Temperatu 23.0 deg.( Relative humidit 46%RH
2. Equipment used calibration at 2016
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month
EST-3C Network Analyze Agilent N5230A MY4640031« SAR 2015/08/27 * 1
EST-3C Calibration Ki Agilent 850564 MY4430022¢ [SAR 2015/08/27 * 1
MOS-26 Thermc-Hygromete CUSTOM CTH-201 A08Q2¢ SAR 2016/04/19 * 1
MPF-02 2mm Oval Flat PhantoniSchmid&Partner QDOVA001BB 1045 SAR 2016/05/07 * 12
Engineering A(
MPSAM-02 [SAM Phantom Schmid&Partner QDO0O00P40CB 1333 SAR 2016/05/07 * 12
Engineering A(
MMSLO0750 | Tissue simulation liquid |[Schmid&Partner MSL750Vv2 SLAAM 075 [SAR Pre Check
(Body) Engineering A( AA
MHSLO750 | Tissue simulation liquid|Schmid&Partner HSL750V2 SL AAH 075 [SAR Pre Check
(Head Engineering A( AA
SAR roon3 Daily checl
Equipment used calibration at 2017
Control No. Instrument Manufacturer Model No Serial No Test Item Calibration
Date *
Interval(month
EST-3C Network Analyze Agilent N5230A MY4640031¢ [SAR 2016/08/26 * 1
EST-57 2.4mm Calibration K | Agilent 850564 MY4430022! [SAR 2016/08/30 * 1
MOS-3C  [Thermc-Hygromete [ Custon CTH-201 3001 SAR 2016/07/28 * 1
MMSLO750 |Tissue simulation Schmid&Partner MSL750V2 SL AAM 075 |SAR Pre Check
liquid (Body) Engineering A( AA
MHSLO750 |Tissue simulation Schmid&Partner HSL750V2 SL AAH 075 [SAR Pre Check
liquid (Head Engineering A( AA
MPF-02 2mm Oval Flat Schmid&Partner QDOVA001BB | 1045 SAR 2014/04/14 * 12
Phanton Engineering A(
SAR roonl Daily checl
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3. Test Result

Impeadance, Transformed Head Head Deviation Deviation

to feed point calday |(real part)2] |(img part) [2] [(real part)f2] |(img part) [2] [Tolerance Result

Calibration (SPEAG) 2015/5/28 54140 -0190 - - - -

Calibration(ULJ) 2016/5/8 55.10 -0.69 0.f70 0J22 €148-5]0 Complied

Calibration(ULJ) 2017/5/31 55.64 138 1.p4 2|28 €43-5[Q Complied
Head Deviation Tolerance

Return loss calday |[dB] [dB] [+/-dB] Result

Calibration (SPEAG) 2015/5/28 -27)20 - - -

Calibration(ULJ) 2016/5/8 -26.23 0.97 544 Complied

Calibration(ULJ) 2017/5/31 -25.20 2.00 5|44 Complied

Impeadance, Transformed Body Body Deviation Deviation

to feed point calday |(realpart)2] |(img part) [2] |(real part)2] |(img part) [2] |Tolerance Result

Calibration (SPEAG) 2015/5/28 48J90 -3120 - - - -

Calibration(ULJ) 2016/5/8 51.24 -3.85 2.p4 -0{15 €143-5[0 Complied

Calibration(ULJ) 2017/5/31 51.1D6 -1}95 2p1 1§25 @+3-5]Q Complied
Body Deviation Tolerance

Return loss calday |[dB] [dB] [+/-dB] Result

Calibration (SPEAG) 2015/5/28 -29{39 - - -

Calibration(ULJ) 2016/5/8 -29.05 0.34 5(88 Complied

Calibration(ULJ) 2017/5/41 -33.08 -4.03 5|88 Complied

*Tolerance : According to the KDB865664D01
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Measurement Plots 2016/5/8
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Measurement Plots 2017/5/31
<Head Liquid>

File:

Wiew Channel

Sweep Calbration Trace Scale Marker Swystem  Window Help

Marker: 1 of 3

Marker 1 I 7H0.000000000 kH E

I arker 1

=1

750.000000 hHz
29355pH

SIE40 0
138330

=Chi: Start 550.000 HMHz — Stop 950.000 kHz

5.00 T50.000000 kAHz -25.198 dB

0.oo

o511 ik

—

1500
H0.00

H15.00
20,00

—

F25.00
0,00
F35.00

0,00
F45.00

Ch1: Start 550.000 kiHz —

Stop 950.000 kHz

Cant.

CH1:

E11 | C 1-Pant Dielay LCL

<Body Liquid>

File:

Wiew  Channel

Sweep Calibration  Trace Scale Marker Spstem  ‘Window  Help

Trigger

1.0000f

1.000  Smith

750000000 kHz
108 71 pF

S1.106 0
-1.8521 0

=Chi: Start 530,000 bHz — Stop 330000 kHz

5.00 F50.000000 kMHz -33.073dE

0.oo
300
H0.00

(e ik

i

L

| —""]

F15.00
F20.00

F2s.00 \ f

30,00 7
25.00 .

40,00
4500

Chi: Start 550.000 hiHz =— Stop 950,000 kiHz

Hold

CHT:

51 C 1-Fort Delay LCL

Page No. 10



Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughawssirasse 43, 8004 Zurich, Swilzerlansg

Acuradited by the Swiss Accreditation Servico (SAS)

Calibration Certificate for D835V2 - SN 4d149

Servizio svizzero di taraty
Bwiss Calibration Saervice

@aBOw

‘The Swiss Accreditation Service is one of the signatories to the EA
Wiallitateral Agrasmant for the recognition of calibration cortificates

chient 1)

Sehweizerischer Kalibriardienst
Service suisse d'étalonnage

ra

Avcreditation No: SCE 0108

Gertiticate No DBIBV2-40149: Mar16

[CALIBRATION CERTIFICATE

Object

Calfbration procedure(s}

Calibration date:

The msas

GACALOSYE sEmE e
-Calibration procedute for.dipole validation kits above:.760.MHz: -

DB3BV2: SNeAd149

U

Marchifg, 2n6s o el

This catibration certificate documants the traceabilily to national starstiards, which realize the physicat units of measurements (513,

WS and He un

es with confidence probabifity ars givar on the foffowing pages and are part of the cerdificate,

Alt salibrations have been conductad in the closerd inboratory faciity: environment temperature (22 + 3)°C and humidity « 76%.

Caitbration Equiprent used (MATE crifical for calibration)

Catibratad by:

Approved by:

Clandiosibler: £ 010

Kata Pokovie

- Lalboratory Technicier

i Techricat Manager - 27

Primary Slandards D Cal Dats [Certificate No.) Soheduled Calibration

Fower metar EPM-4424. GRIT4E0T4 07-Qct-15 (No. 217-02222) £061-16

Power sensor HP 8451A U837292783 07-0ct15 (Ne. 217-02222) Oct-18

Power sensor HP 8481A MY41082317 O7-Cot-15 {No. 217-02223) Oct-18

Fefaranca 20 diS Attenuator SN: 5058 (20k) O1-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combinagion SN: 5047.2 7 06327 Q1-Apr-15 (No. 21702134 Mar-18

Reference Proba EX3DV4 SH: 7349 Bi-Dres-15 (No. EX3-7348 [ecis) Dec-16

DAES SH: 601 30-Des-15 {No, DAE4-601_Dec15) Dec-16

Secondary Standards 0 Check Date (in house) Scheduled Check

RF generator R&S SMT-08 ar2 15-Jun-15 {in house chenk Jun-18) in house chack: Jun-i8

Metwork Anatyzer HP 8753E US37I00585 84206 18-0cb01 {in house cheok 0015} in house cheek: Ocl-18
Nama Function

Issued: March 9, 2018

This calibration cexiificate shall not be reproduced exeapt in f without witien approval of the laboratory,

Certificate No: DE3EV2-4d148_Mar16
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, BO04 Zurich, Switzerland

Katibri
Service suisse d'élalonnage
C Servizio svizzero di taratwa
Swiss Calibration Service

Acredited by the Swiss Acoradiiaiion Servico (848} Acoreditation No.. SCS 0108
The Swiss Accraditation Service is one of the signalories o the EA
Hultitaterat Agreement for tha 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 fo the Following Standards:

a) {EEE 8td 1528-2013, 1EEE Recommended Practice for Datermining the Peak Spatial-
Averaged Specific Absorption Rate {SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b} tEC 62209-1, "Procedure fo measure the Specific Absorption Rate (SAR) for hand-heid
devices used in close proximity {o the ear (frequency range of 300 MHz to 3 GHz)",
Febraary 2005

¢}y IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
comimunication devices used in close proximity fo the human body {frequency range of 3¢
MHz to 6 GHz)", March 2010

dy KDB 8565664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Decumentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are avallable 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 s mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms otfented
paratiel to the body axis.

s Feed Point Impedance and Return Loss! These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement af the SMA connector o the feed point. The Return Loss ensures low
reflected power, No uncettainty required.

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

o 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
connacior.

« SAR for nominal TSL parameters:; The measured TSL parameters are used to caloulate the
norpinal SAR result,

The reported uncertainty of measurement is stated as the standard unceriainly of measurement
multiplied by the coverage factor k=2, which for a normal distribulion corresponds to a coverage
probability of approximately 98%.

Cerdficate No: DB35V2-4c149_Mar16 FPage2cf8
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Measurement Conditions

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

DASY Version CASYS V52.8.8

Extrapolation Advanced Extrapolation

Phantom Wiodutar Flat Phantom

Distance Dipoke Center - TSL 15 mm with Spacet

Zoom Scan Resolution dx, dy, dz =5 mm

Fregueney B35 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations werg applied.
Temperaiure Permittivity Conductivity

Nominal Head TSL parameters 22570 41.5 .90 mhofm

Measured Head TSL parameters {(22.6x9.2)°C 41.7+6% 0.93 mhoinx6 %

Head TSL temperature change during test “05°C e e
SAR result with Head TSL

SAR averaged over 1 om® (1 g of Head TSL. Corwdition

SAR measurad 250 mW inpul power 2.38 W/kg

SAR for nomingd Head TSL patameters

normalized fo TW

9.34 Wikg = 17.0 % (k=2

SAR averaged over 16 cm® {10 g) of Head TSL

condition

SAR measured

250 W Input powey

1.55 Wkg

SAR for nominal Head TSL parameters

normalized o 1W

6.08 Wky = 16.5 % {(k=2)

Body TSL. parameters
The following parameters and cajculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 2LB0C 55.2 0.87 mho/m
Measured Body TSL paramelers (22.0:0.2)°C 545 8% 101 mho/m2 8%
Body TSL temperature change during tes? < 0.5°C s -
SAR result with Body TSL
SAH averaged over T em’ (1 g} of Body ¥S£ Condition
SAR measured 250 mW input power 2.46 Wikg
SAR for nominal Body TSL paramsters normalized fo 1W 9.52 Wikg 2 17.0 % (k=2)
SAR averaged over 10 cm® (10 g} of Body TSE coruition
SAR measured 280 mW iInpit power 1.61 Wiy

SAR for noming! Body TSL paramsters

normalized to 1W

5.28 Wkg = 16.5 % (k=2)

Carlificate No: DBE3SBV2-4d149 _Marié
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Appendix {Additional assessments cutside the scope of SCS 0108}

Antenna Parameters with Head TSL

Impedance, ransfermed to feed point 524 0-41)0

Retum Loss - 267 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4838 - 6.1
Return Loss ~238¢8

General Antenna Parameters and Design

i Electrival Delay {one direction) 1.390 ns

After torg term use with 100W radiated powar, only a siight warming of the dipole near the fesdpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The cenfer conductor of the feeding ling is dirsclly connested to the
seeond 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 foaded according to the position as explained in the
*Meagurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is siilt
according to the Standard.

No excessive force must be applied fo the dipole arms, because they might bend or the soldered connactions near the
fesdpoint may bs damaged.

Additional EUT Data
Marufactured by SPEAG
Manutaciured on Mareh 27, 2012
Certificate No: DB3BV2-4d148_Marle Pags 4ot 8
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DASYS5 Validation Report for Head TSL

Date: 08.03.2016
Test Laboratory: SPEAG, Zorich, Switzertand
DXUT: Dipole 835 MHz; Type: D835V2; Serial: D835V - SNidd149

Communication System: UID 0 - W Frequency: 835 MHz ‘
Medium parameters used: f = 835 MHz; 0 =0.93 S/m; 5. = 41.7; p = 1000 kg/m‘3
Measurement Standard: DASYS (IEEE/AEC/ANSI 063.19-201 1)

DASY32 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.83, 9.83, 9.83); Calibrated: 31.12.2015;
=« Sensor-Surface; 1.4mm Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 30.12.2015
+ Phantom Type: QDOO0OP49AA
» DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue EX-Probe/Pin=250 mW, d=15mm/Zoom Scan
(IxTx71Cube U: Measurement grid: du=5mm, dy=Smm, dz=Smm

Reference Value = 61.51 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.60 W/kg

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

Masiowm value of SAR (neasured) = 3.20 Wikg

0dB =3.20 Wikg = 5.05 dBWikg

Caertificate No: DBISV2-40149_Mar16 Page 5of 8
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Impedance Measurement Plot for Head TSI

£ Har 2RI 13151150
EHI] =21 LU s 1: 52484 ¢ 488081 8 4676 pF 235088 RES MMy

)
15*

Hid

CHZ g8 LOE . B dBAREN -2 dB 19 BEN000 990 MHx

S

Ay
i85 9

Hic

START S35.B606 (59 HHz T YR U s a0 058 M

Certificats No: D835V2-4d148_Marts Page 6l

Page No. 16



DASYS Validation Report for Body TSL

Date: 08.03.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN:4d149

Communication System: UID 0 - CW: Frequency; 835 MHz ‘
Meclium parameters used: £= 835 MHz; o = 1.01 S/m; & = 54.5; p = 1000 kg/m’
Measurement Standard: DASYS (JEEEASC/ANST C63.19-2011)

DASYS52 Configuration:
«  Probe: EX3DV4 - SNT349; ConvF{9.73, 9.73, 9.73); Calibrated; 31.12.2015;
s Sensor-Surface: 1.4mum (Mechanical Surface Detection)
« Electronics: 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: Messurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 59.80 V/in; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.61 Wikg

SAR(1 g) = 2.46 W/kg; SAR(I0 g) = 1.61 Wikg

Maximum value of SAR (measured) = 3.24 Wikg

0 dB = 3.24 W/kg = 5,11 dBWrkg

Certificate No: D835V2-4d149_Mari6 Page 7 of B
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impedance Measurement Plot for Body TSL
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D835V2 Calibration for Impedance and Return-loss

Equipmen Dipole Antenn Mode! D83&V2
Schmid&Partner .
Manufacture . . Serial 4d149
Englneerlng A
Tested b Tomohisa Nakagav
1. Test environment
Date Marct 29, 2017
Ambient Temperatu 24.0 deg.! Relative humidit 45%RH
2. Equipment used
Control No. Instrument Manufacturer Model No Serial No Test ltem | Calibration Date *
Interval(month
MOS-37 Digital thermomete LKM electronic DTM300C - SAR 2016/07/28 * 1
MPF-02 2mm Oval Flat Phantom Schmid&Partner [QDOVA001BB 1045 SAR 2016/05/07 * 12
Engineering A(
MOS-26 Therm«-Hygromete CUSTOM CTH-201 A08Q2¢ SAR 2016/04/19 * 1
SSDA-04 Dipole Antenna Schmid&Partner D835V2 4d149 SAR(D835) 2016/03/08 * 12
Engineering AC
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 Analyze KEYSIGHT E5071( MY4652374¢ SAR 2017/02/03 * 1
EST-64 Calibration Ki KEYSIGHT 85032F MY5320170¢ SAR 2017/02/02 * 1
3. Test Result
Head Head Deviation Deviation
Imp eadance, Transformed to feed point cal day|(real part) £2] (img part) [2] (real part) 2] (img part) [2] [Tolerance Result
Calibration (SPEAG) 2016/3/19 52.40 -4110 - - - -
Calibration(ULJ) 2017/3/129 53.28 -0.p9 0.88 3[71 €458-5[Q Complied
Head Deviation Tolerance
Return loss calday |[[dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/3/19 -26.J70 - - -
Calibration(ULJ) 2017/3/29 -29.43 -3.13 5134 Complied
Body Body Deviation Deviation
Imp eadance, Transformed to feed point cal day|(real part) {2] (img part) [2] (real part) 2] (img part) [2] |[Tolerance Result
Calibration (SPEAG) 2016/3/19 48.B0 -6{10 - - - -
Calibration(ULJ) 2017/3/129 48.885 -4.5311 0p9 1157 @AB5]Q Complied
Body Deviation Tolerance
Return loss calday |[[dB] [dB] [+/-dB] Result
Calibration (SPEAG) 2016/3/19 -23.B0 - - -
Calibration(ULJ) 2017/3/20 -26.507 -2.q1 4|76 Complied

*Tolerance : According to the KDB450824D02

Page No. 19




Measurement Plots

<Head Liquid>
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1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State

Resize
P 511 smith (R+jX) Scale 1.000U [F1 Del]
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<Body Liquid>
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Calibration Certificate for D1750V2 - SN 1089

Calibration Laboratory of s‘;‘\"\\‘:\;ﬁ"”z}

Schmid & Partner ﬂag%;//%&
Engineering AG N

Zeughausstrasse 43, 8004 Zipich, Switzerland NN

ey

Agoradited by the Swiss Avareditation Sarvice (SAS)
The Swiss Accrediiation Service is one of the signatories to the EA
Mutiateral Agreesent for the recognition of calibration ceriificates

orent UL Japsi HQY (Vitée)

“Cerlificate N

S ischer Kalibe
Service suisse d'étalonnage

c Bervizio svizzera df taratues

S swiss Calibration Service

Accreditation N BCS 0108

D1750V2:1089 Marte -

[CALIBRATION CERTIFICATE =~

Object DA750V2- BN 1088
Caflbration procedure(s) A CALOB G
procedure for di

Calibration

Cabibration date:

March 11,2018

Calibration Equipment used (M&TE criticat for catibration}

This calibration certifoate documerts the traceskility 1o national standards, which realize the physical units of measurements (81,
The measurements and the unceriainies with confidence probability are givan on the following pages and are part of the certificate.

Al calibrations have been conducied in the closed nboratory fauility: envirenment lemperature (22 + 8)°C and huridity =< 70%.

e Polkovie A ‘Technichl Manager

Primary Standards 24 Cal Date {Cortificats o} Scheduled Caiibration

Power moter FRM-442A GRIT480704 O7-Oct-15 {Na. 217-02228) Oct16

Power sansor HP 34814 US37202783 07-00t-15 (Mo, 217-02222) Oot-16

Power sonsor HP B4B1A MY41082317 07-Oct-18 {No. 21702223} Oct-16

Haference 20 4B Attenuator SN 505 (20K} O1-Apr-18 {No, 217-0243%} Mae-16

Type-N mismatch combination SN: RG47.2 / 06327 Ot-Apr-18 {No. 217-02134) Mar-16

Heference Frobe EX30V4 BN 7348 t-Pec-15 (Mo, EX3-7349_Decis) Dec-16

DAE4 5 801 30-Deg-15 {(No. DAEA-801_Dec5) afele B

Secondary Standards iDH Checlk Date (in house) Behedulad Chaok

FF generafor R&S SMT-08 100872 18-Jun-15 (in house check Jun-15} I Bouse check: Jun-18

Network Analyzer HP B753E LBR7300885 S4206 18-00t-01 {in housa check Oet-15) In house check: Oei-16
Mame ) Funcion . Hignature

Ealibratad by: Hichask Weker - | ahitony Technician: /q&)@” i

p
Approved by

This cafitration centificate shall not be renroduced excapl in full without written approvat of the laboratory.

tastied: March 11, 2016

Coriificate No: D1750V2-1088 Maris Page t of 8
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Calibration Labaoratory of
Schmid & Partner

Engineeting AG
Zaughausstrasse 43, 8004 Zurich, Swiizeriand

ischer Kalitylerd)

Service suisse d'étalonnage

c Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Acoreditation Setvice (SAS) Accreditation No.: $CS 0108
The Swiss Accreditation Service is one of the signalories fo the EA
Multilateral Agreement for the racognition of calibration gertificates

Glossary:

TSL tissue simulating fiquid

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

Calibration is Performed According to the Following Standards:

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

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

o) IEC £2209-2, "Procedure to deterrnine 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

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

Additional Documentation:
e) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

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

s Antenna Parameters with TSL: The dipole is mounted with the spacer {o position its feed
point exactly below the center marking of the flat phantom saction, with the arms oriented
parallel 1o the body axis.

s Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positionad 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.

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.

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

« 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 tactor k=2, which for a normal distribution eorresponds o a coverage
probability of approximately 85%.

Certificate No: D1750V2-1088_Mari6 Page 20i8
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Measurement Conditions
DASY syatem configuration, as far as not

iven on page 1.

DASY Version DASYS v52.8.8
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phaniom
Distance Dipole Center - TSL 10 rmm with Spacer
Zoom Scan Resolution ox, dy, dz = § rmm
Frequency 1750 MHz = 1 MHz
Head TSL paramoters
The following parameters and calculalions were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m
Measured Head TSL parameters 22.0x0.2°C 399 £8% 1.85 mhofm 2 8 %
Head TSL temperature change during test <0.5°C s e
SAR result with Head TSL
SAR averaged over 1 om® {1 g) of Head TSL Congition
SAR moasured 250 W Input powar B8.97 Wikg
SAR for nominel Head T8L parameters nownalized 1e 1W 36.2 Wikg * 17.0 % (k=2)
SAR averaged over 10 om® (10 g) of Head TSL condition
SAR measured 250 mW Input power 4.78 Wikg
SAR for nominat Head TSL paramaters novmalized 1o 1W 19,1 Wikg = 16.5 % (k=2}

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Condugtivity
Nominal Body TSL. parameters 22670 53.4 1.49 mho/m
Measured Body TSL parameters 220x0.2)°C B30+6% 146 mho/m 6%
Body TSl temperature change during test <0.5°C e e
SAR result with Body TSL
SAR averaged over 1 om’® {1 g} of Body TSL Cundition
SAR measured 250 mW input power 5.95 W

SAF for nominal Body TSL parameters

normatized o W

36.2 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.77 Wikg

SAR for nominal Body TSL paramsters

pormalized to 1W

19.2 Wiy + 16.5 % {k=2)

Certificate No: D1750V2-1089_Mar16

Page 30f 8
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Appendix (Additional assessments oulside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 48,98 -2.0(Q
Return Loss -32.6dB

Antenna Parameters with Body TSL

impedance, transformed 1o feed point 4610-2010
Heturn Loss -26.7 4B

General Antenna Parameters and Design

I Electrical Delay (one tirection) 1.217 ns

Alter long term use with 100W radiated powsr, only a slight warming of the dipole near the feadnoint can be measured.

The dipole ta made of standard semirigid coaxiat cable. The center conductor of the Teading line is diractly connectad to the
second arm of the dipole. The antenna is theretore short-circuited for DC-signals. On some of the dipoles, smalf erxd caps
are added o the dipole ars in order to improve matching when loaded according to the position as explained in the
“Measurement Condiions” paragraph. The SAR data are net affected by this change. The averail dipoe length is stil
acoeording to the Standard.

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

Additional EUT Data

MaruHactured by SPEAG
Manufactured on November 07, 2012
Certificate No: D1750V2.1088_Marié Page 4 of B
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DASYS5 Validation Report for Head TSL

Date: 11.63.2016
Test Laboratory: SPEAG, Zuzich, Switzerland
DUT: Dipole 1750 MFz; Type: DI780V2; Serial: DI756V2 - SN: 1089

Communication System: UID § - CW; Frequency: 1750 MHz
Medium parameters used: f = 1750 MHz; 6 = 135 S/m; & = 39.9; p = 1000 kgfm3
Measwrement Standard: DASYS (EEE/EC/ANSIC63.19-2011)

DASYS2 Configoration:
s Probe: FXIDVA - SN7349; ConvF(8.54, 8.54, 8.54); Calibrated: 31.12.2015;
»  Sensor-Surface: 14mm (Mechanical Surface Detection)

+ Blectronics; DAEB4 Sn601; Calibrated: 30.12.2013

*

Phantom Type: QDOOOPS0AA
o DASYS2 5288(1258), SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=19mm/Zoom Scan {7£7x7)/Cube
Measurement grid: ds=5mm, dy=5mm, dz=5mm

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

Peak SAR {extrapolated) = 16.2 Wikg

SAR(1 g) = 8.97 W/kg; SAR(10 g) = 4.76 W/kg

Maximum valee of SAR {measured) = 13,6 Wikg

0 dB = 13.6 Wkg = 11,34 dBW/kg

Cartificate No: D1750V2-1088_Mart6 Page 5 of8
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Impetance Measurement Plot for Head TSL
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DABYS Validation Report for Body TSL

Date: 11.03.2016
Test Laboratory: SPEAG, Zmvich, Switzerland
DUT: Dipole 1750 MHz; Type: DL750V2; Seriak: D1750V32 - SN: 1089

Communication Systen: UID 0 - CW; Frequency: 1750 MHz ‘
Medium parameters used: £= 1750 MHz; o = 146 $/m; 6,= 53; p= 1000 i(glmj
Measurement Standard: DASYS (EEENEC/ANSY €63.19-2011)

DASYS32 Configuration:
e Probe: BEX3DV4 - SNT34%; ConvF(8.25, 8.25, 8.25); Calibrated: 31.12.2015;
s Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
+  Phantom Type: QDOOSPS0AA
« DASY52528.8(1258); SEMCAD X 14.6.10(7372}

Dipole Calibration for Body Tissue/Pin=25¢ mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Valne = 9998 Vim; Power Deift = 0.00 4B

Peak SAR (extrapolated) = 15.6 W/kg

SAR(L g) = 8.95 W/kg; SAR(10 g) = 4.77 Wikyg

Maximum value of SAR (measured) = 13.3 Wikg

OdB =133 W/kg= 1124 dBW/kg

Certificate No: D 750VE-1089_Marté Page 7of8
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Impedance Measurement Plot for Body TSL
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D1750V2 Calibration for Impedance and Return-loss

Equipmen Dipole Antenn Mode! D1750Vz
Schmid&Partner :
Manufacture . : Serial 1089
Englneerlng A
Tested b Tomohisa Nakagav
1. Test environment
Date March 27 and 28,
2017
Ambient Temperatu 24.0 deg.! Relative humidit 50%RF
2. Equipment used
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month
MOS-37 Digital thermomete LKM electronic DTM300C - SAR 2016/07/28 * 1
MPF-02 2mm Oval Flat Phantom Schmid&Partner QDOVA001BB 1045 SAR 2016/05/07 * 12
Engineering AC
MOS-26 Thermc«-Hygromete CUSTONM CTH-201 A08Q2¢ SAR 2016/04/19 * 1
SSDA-06 Dipole Antenna Schmid&Partner D1750V2 1089 SAR(D1750)| 2016/03/11 * 12
Engineering AC
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 Analyze KEYSIGHT E5071C MY4652374¢ SAR 2017/02/0:* 12
EST-64 Calibration Ki KEYSIGHT 85032F MY5320170¢ SAR 2017/02/@2 * 12
3. Test Result
J Heac Heac Deviatior Deviatior
Impeadance, Transformed to feed pdint cal daj(real part) 2] |(img part) [2] |(real part) 2] |(img part) [(2] |Tolerance Result
Calibration (SPEAC 2016/3/1] 48.9( -2.0(]- - - -
Calibration(ULJ 2017/3/2f 49.1¢€ -1.6¢ 0.2€ 0.31[+/-5Q+/-5]Q Compliec
Heac Deviatior Toleranc:
Return loss cal day [[dB] [dB] [+/-dB] Result
Calibration (SPEAC 2016/3/1] -32.6({- - -
Calibration(ULJ 2017/3/2{ -34.6¢ -2.0¢ 6.5z]Compliec
J Body Body Deviatior Deviatior
Impeadance, Transformed to feed pdint cal dal(real part) {2] |(img part) [2] |(real part) 2] |(img part) [(2] [Tolerance Result
Calibration (SPEAC 2016/3/1] 46.1( -2.0(]- - - -
Calibration(ULJ 2017/3/2’ 45.95¢ 0.2294] -0.14 2.2% [+/-5Q+/-5]Q Compliec
Body Deviatior Toleranc:
Return loss cal day |[dB] [dB] [+/-dB] Result
Calibration (SPEAC 2016/3/1] -26.7(]- - -
Calibration(ULJ 2017/3/2 -28.29¢ -1.6(C 5.34Compliec

*Tolerance : According to the KDB450824D02
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Measurement Plots

<Head Liquid>
5071C
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize

Trl 511 smith (R+jX) Scale 1.000U [F1]
»1 1.7500000 GHz 49.162 0 -1.6903 0 53.804 pF

1|Start 1.55 GHz Hz Stop 1.95 GHz _16/16  Cor
511 Log Mag 5.000dB/ rRef -20.00de [F1]

>1 1.7500§00 GHz -34.p90 ds
i}
‘—Kd—\
g
-4 00 ‘:\ f"
2 Start 1.55 GHz TFBW 70 kHz Stop 1.95 GHz TS
Hold 2017-03-28 14:15
<Body Liquid>
5071C
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize
P 511 smith (R+jX) Scale 1.000U [F1]
»1 1.7500000 GHz 45.959 @ 229.43 mQ 20.866 pH
1 Start 1.55 GHz TFBW 70 kHz Stop 1.95 GHz [0
——

Trl 511 Log Mag 5.000dB/ Ref -20.00de [F1]
Y 51 1.7500000 Ghz -28.p99 ds

IFBW 70 kHz Stop 1.
2017-03-2
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