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Glossary:

TSL lissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) IEEE 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 B65664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Decumentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

S5AR measured: SAR measured at the stated antenna input power.

SAR normahzed: 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 uncenainty 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 given an page 1

DASY Version DASYS WE2 0.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phanfom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were appled.
Temperature Parmittivity Conductivity
Mominal Head TSL parameolers 220°C 40.1 1.37 mibaim
Measured Head TSL parametors (220202 °C 3ILE% 1.36 mha'm = 6 %
Head TSL temperature change during test <05°C =
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR maasured 250 mW ingut power 9.23 Wikg

SAR lor nominal Head TSL paramaiers

nasmalized o 1%

36.9 Wikg  17.0 % (k=2)

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

condition

SAR measuied

250 m\W inpul power

4 87 Wikg

SAR for nominal Head TSL paramelers

nosmalized o 1%

19.5 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Pormittivity Canductivity
Hominal Body TSL paramaters 220°C 53.4 1.49 mha'm
Measured Body TSL parameters (22.0 +0.2) °C B12 B % 1.47 mho/m = 6 %
Body TSL temperature change during test <05 "C mees
SAR result with Body TSL
SAR averaged over 1 em® {1 g} of Body TSL Condilion
SAR measuned 250 mW inpul porwer 815 Wikg

SAR for nominal Body TSL parameters

narmalized 1o W

36.9 Wikg = 17.0 % (k=2)

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

condsfion

SAF measured

250 W inpul power

4.91 Wikg

SAR for nominal Body TSL parameieds

mormahzed 1o 1W

187 Wikg = 16.5 %o (k=2
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, translomed o feed pomnd ED20+ 050
Returm Loss ~45 348

Antenna Parameters with Body TSL

Impedance, transformed 10 feed point AT -0.7H
Retum Loss - 329 dB

General Antenna Parameters and Design

Elgcinical Delay (one diraction) 1218 n=

After long term use with 100W radated power, only a slight warming of the dipoie 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 10 the
second arm of the dipole. Tha antenna is therefore shon-circuited for DC-signals, On soma of the dipoles, smakl end caps
aré acded 1o the dipole arms in order to improve matching when loaded according 1o the position as explained in the
‘Measurement Conditions® paragraph. The SAR data are not aflacted by this changa. The overall dipobe length is still
according to the Standamd.

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

Additional EUT Data
Manufacturad by SPEAG
Manufaciured on Augusl 20, 2008
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DASYS Validation Report for Head TSL

Dawe: 27.06,2017
Test Laboraory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1023

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

Medium parameters used: = 1750 MHz; o= 1.36 S/m; & = 39.2; p = 1000 kg/m'
Phantom section: Flat Section

Measurement Standard: DASYS (IEEENEC/ANS] Ca3.19-2011)

DASY 52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.73, 8.73, 8.73); Calibrated: 31.05.2017;
= Sensor-Surface: 14mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (from); Type: QD 000 P50 AA; Serial: 1001

DASYS2 52.10.0¢ 1446); SEMCAD X 14.6.10(7417)

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

Reference Value = 105.0 V/im: Power Drifi = -0.02 dB

Peik SAR (extrapolated) = 17.2 Wikg

SAR(D g) =923 Wikg: SAR(10 g) = 4.87 W/kg

Maximum value of SAR (measured) = 14.0 Wikg

-3.60
-7.20
-10.80

-14.40

~18.00

0dB = 14.0 Wikg = 11.46 JBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 27.06.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipale 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1023

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

Medium parameters used: = 1750 MHz; 0= 1,47 S/m; .= 53.2; p = 1000 kg/m’
Phantom section: Flm Section

Measurement Standard: DASY S (IEEE/EC/ANSI C63.19-2011)

DASYS2 Configuration:
= Probe: EX3DVY - SNT349; ConvFi8.46, 8,46, 8.46); Calibrated: 31.05.2017;
=  Sensor-Surface: | 4mm (Mechanical Surface Detection)
#  Electronics: DAE4 Sn60); Calibrated: 28.03,2017
«  Phantom: Flat Phantom 5.0 (hack); Type: QD 000 P30 AA; Serial: 1002
= DASYS5252.10,00 1446); SEMCAD X 14.6.1IN7417)

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

Reference Value = %9 38 Vim; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 15.9 Wikg

SARII g) = 9.15 Wikg: SAR(10 g) = 4.91 Wikg

Maximum value of SAR (measured) = 13.0 Wikg

-3.40
-6.80
-10.20

"] J|Eu

“17.00

0dB = 13.0 Wkg = 1114 dBWikg
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Impedance Measurement Plot for Body TSL
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Glossary:

TSL tissue simulating hquid

ConvF sensitivity in TSL / NORM x.y.z
MIA 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 Technigues®, June 2013

b) IEC 62208-1, “Measuremeant 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 1o 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 o the body axis.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transtormed 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.
Mo uncertainty required.

e SAR measured: SAR measured at the stated anténna input power.

s  SAR nomnalized: SAR as measured, normalized to an input power of 1 W al 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 1o a coverage
probability of approximately 95%.

Certificate No: D1900V2-53018_Jun17 Page 2 of B



Measurement Conditions

DASY system configuration, as far as nolt given on page 1.
DASY Version DASYS V5210.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phaniom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution du, dy, dz =5 mm
Frequency 1500 MHz = 1 MHZE
Head TSL parameters
Thae mem and calculations wera appliad.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha'm
Measured Head TSL parameters [22.0=02)"C 408 =6 % 1.37 mha'rm £ 6 %
Head TSL temperature change during test < 0.5°C ey s
SAR result with Head TSL
SAR averaged over 1 em? (1 g) of Head TSL Condition
SAR measured 250 mW inpul povweer 9.85 Wikg

SAR for nominal Head TSL paramelars

normalized 1o 1%

40.1 Wikg = 17.0 % (k=2)

SAR aversged over 10 em? {10 g of Head TSL condition

SAR measured 250 mW input power .18 Wikg

S5AH for nominal Haad TSL paramaters normabized o 1W 20.9 Wikg = 16.5 % (kn2)
Body TSL parameters

The following parameters and calculations were applied
Température Permittivity Conductivity

Noeminal Body TSL parameters 220°C 53.3 1.52 mho'm

Measured Body TSL parameters (220+02)°C 540s6% 1.49 mho'm = 6 %

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

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

SAR maasurad 250 mW input powear 889 Wikg

SAR for nominal Body TSL paramaters nomadized 1o 1W 40.6 Wikg = 17.0 % (k=2)

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

SAR measuned 250 mW inpul power £.32 Wikg

SAH Tor momingl Body TSL paramedans

normalized o 1%

21.5 Wikg = 16.5 % (k=2)

Cearfificate No: D1900V2-50018_Jan17
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to leed point 51240+ 1.7 j
Return Loss - 33.5dB

Antenna Parameters with Body TSL

impadanca, transformed 1o leed polnt &7F.7 61+ 36 g}
Return Loss -27.1dB

General Antenna Parameters and Design

Efectrical Delay {one direction) 1.184 n3

After long team ume with 100W radiated poweds, only & slghl waming of the dipole near tha feedpaint can b maasursd.,

The dipgle = made of standand semirigid copxasl cable. The center conductor of the leeding line is directly connectad to the
sacond amm of the dipode. The antenna is therefore shon-circuited for DC-signals, Cn some of the dipolas. small end caps
are addad 1o the dipole arms in order to mprove matching whan loaded according o the position as explained In the
"Measurement Condibons” paragraph, The SAR data are nod affected by this change. The gverall dipole length is still
according 1o the Standarg,

Mo excessve force mast be applied to the dipole arms, because thay might bend or the soldered connections near the

teedpoint may be damaged.

Additional EUT Data

Manulachuned by SPEAG

Maniudactused on Jure 04, 2002

Cartficate Mo: D1 900V2-50018_Juni 7 Pags 4 of B



DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzertand

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN:5d4018

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

Medium parameters used: = 1900 MHz; o= 137 5/m: & =408 p = 10606 kg/m”
Phantom section: Flal Section

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

DASY 52 Configuration:

Probe: EX3DV4 - SNT7349; ConvF(8.43, 843, 8.43); Calibrated: 31.05.2017;

Senzor-Surface: 1.4mm (Mechanical Surface Letection)

Electronics: DAE4 Sn601: Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
DASYS2 52.10.0(1446); SEMCAD X 14.6.10(7417)

Date: 28.06.2017

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube {:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 106.0 Vim; Power Drift = -0.03 dB
Peak SAR (extrapolated) = 18.2 Wikg

SAR(] g) = 9.85 Wikg; SAR(10 g) = 5.18 W/kg
Maximum value of SAR (measured) = 15.0 Wikg

-1.60

-1.20

-10.80

-14.40

0dB = 15.0 Wikg = 11.76 dBW/ikg

Cartificate Mo, D100WV2-54018 _JuntT Page 5ol B



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

Date: 28.06.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V 2: Serial: D190V 2 - SN:5d0158

Communication System: UID 0 - CW; Frequency: 1900 MHz )
Medium parameters used: [ = 1900 MHz; o = 1.49 $/m; & = 54; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEMTEC/ANST C63.19-2011)

DASY 352 Configuration:
« Probe: EX3DV4 - SN7349: ConvF(8.2, 8.2, 8.2): 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
« DASYS2 52.10.001446); SEMCAD X 146 10(7417)

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

Reference Value = 103.1 Vm: Power Drift =-0.04 dB

Peak SAR (exirapolated) = 17.5 Wikg

SAR(I g) = 9.99 W/ikg: SAR(10 g) = 5.32 W/kg

Maximum value of SAR (measured) = 14.5 Wikg

-10.20

-17.00

0dB = 145 Wikg = 1 1L.61 dBW/kg

Certiticate Mo, D1800W2-53018_Juni? Poge 7 of B



Impedance Measurement Plot for Body TSL
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Object D2300V2 - SN: 1053
Calibration Procadure(s) FF-E11-ﬂﬂ3~ﬂ1

Calibration Procedures for dipole validation kits
Calibration date: ‘August 30, 2017

This calibration Certificate documents the traceabllity to national standards, which realize the physical units of
measurements(3l). The measurements and the uncertainties with confidence probability are glven on the following
pages and are part of the certificate.

All calibrations have been conducted i the closed laboratory facility: emironment temperature(22:3)T and
eurniclity-<70%,

Calibration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Power Meter NRVD 102083 22-Sep-16 (CTTL. No.J18XDEE09) Sep-17
Power sensor NRV-Z5 | 100595 22-Sep-16 (CTTL. No.J16X06809) Sep-17
Reference Probe EX3DV4 | SN 3617 23-Jan-17{EPEAG No.EX3-3617_Jan1T) Jan-18
DAE4 SN 1331 19-Jan-17(CTTL-SPEAG No.217-87015) Jan-18
Secondary Standards Io& Cal Date{Calibrated by, Certificate No.} Scheduled Calibration
Signal Generator E4438C | MY4S071430 13-Jan-17 (CTTL, No.J17X00286) Jan-18
Network Analyzer ESO71C | MY46110673  13-Jan-17 (CTTL, No.J17X00285) Jan-18
Mame Funclion Signature
Calitirated by Zhao Jing SAR Test Engineer A.ﬁ g_
Reviewed by Lin Hao SAR Test Engineer
Approved by Qi Dianyuan SAR Project Leader

Issued: Septamber 2, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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CALIBRATION LABORATORY
Add: Mo S| Kusyuan Road, Habdian Desirict, Beifing, 100151, Ching
Tel: #B&-{lb 25040332079 Fax: +8Bh-10-62 30463 3-2 504

E-mail: emliEchimsil com hatper s chinand. en
Glossary:
T5L tissue simulating liquid
ConvF sensitivity in TSL / NORMax,y.z
MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 82209-1, *"Measurement procedure for assessmeant of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

c) IEC 62209-2, "Procedure to measure the Specific Absorption Rate {SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
J0MHz to BGHz)", March 2010

d) KDBBESE64, SAR Measuremenl Requirements for 100 MHz to 8 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 staled in the cerificate are valid at the frequency indicated.

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

» Feed Foint Impedance and Relurn Loss: These parameters 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 Return Loss ensures low
reflected power. No uncertainty required.

« Elecirical 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 lo an input power of 1 W at the antenna
connecior.

« SAR for nominal TSL paramelers: The measured TSL paramelers are used to calculate the
nominal SAR resull.

The reported uncerainty of measurement is slaled as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nomal distribution
Comesponds o a coverage probability of approximately 95%.
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Measurement Conditions
DASY sysiem configuration, as far as nod given on page 1,
DASY Version DASYS2 52.1000.1446
Extrapolation Advanced Extrapotation
Phantom Triple Fiat Phantom 5.1C
Distance Dipole Conter - TSL 13 mm with Spacer
Zoom Scan Resolution o, dy, dE= 5 mm
Frequancy 2300 MHz 2 1 MHz
Head TSL parameters
The felowing paramelers and caloulations were apolied,
Temparaiure Parmittivity Conductivity
Nominal Head TSL paramaters 220°C 305 1.67 mhoim
Measured Head TSL paramoters (220202)°C 393 26% 1.68 mhofm £ 6 %
Head TSL temperature change during test <100 — o
SAR result with Head TSL
SAR averaged over 1 cri' (1 g) of Head TSL Condition
SAR measured 250 MW ingul pawer 123mWig
SAR for nominal Head TSL paramelers norralieed (o W 48.9 mW Ig + 18.8 % (k=2)
SAR averaged over 40 cm’ (10 g} of Hoad TSL Condition I
SAR measuned 250 mW input power SBTmW/ig
SAR for nominal Head TSL paramaters normalized o 1W 234 mW ig £ 18.7 % [k=2)
Body TSL parameters
Tha following paramiaters and calculations were apphisd
Temperaturs Parmittivity Conductivity
Hominal Body TSL parameters 220%°C 528 1.8% mhoim
Measured Body TSL paramaters [22.0%0.2) °C 25x6% T80 mbhalm + 8 %
Body TSL temperature change during test <10°C - =
SAR result with Body TSL
SAR averaged over 1 cni’ (1 g) of Body TSL Condition
SAR measurod 250 mW input power 123mW i g
SAR for nominal Body TSL parameters normalized to 1W 49.3 mW ig £ 18.8 % [k=2)
SAR averaged over 10 ¢ (10 g) of Body T5L Condition
SAR measured 250 W inpul power B85 mW /g
SAR for nominal Body TSL parameters normalized to 14 23.5 mW /g £ 18.7 % (k=2) |
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Appendix(Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL

Impedance, transipmmed 1o fead point 48090 3,840
Raturm Loss = 27.9dB

Antenna Parameters with Body TSL

impedance, transformed (o feed point 45 50- 181j0
Return Lass - 24, 6dB

General Antenna Parameters and Design

Elecirical Delay (one direction) 1,279 ns

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

The dipole is made of standard semirigid coaxal cable. The center conductor of the feeding fine is directly
connected to the second arm of the dipole, Tha antenna is therafore short-circuited for DC-signals. On some
of the dipoles, smafl end caps are added to the dipole arms in order to improve matching when lcaded
acoonding 1o the possbon as explained in the "Measurement Conditions” paragraph. The SAR dats are not
affected by this change. The overall dipole length is still according to the Standard.

Mo excessive force must be appled to the dipole arms, because they might bend or the solderad
connections near the feedpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG

Certificate No: Z17-97122 Pagedofd
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DASYS Validation Report for Head TSL rate: 08.30.2017

l'est Laboratory: CTTL, Beijing, China

DUT: Dipole 2300 MHz: Type: D2300V2: Serial: D2300V2 - SN: 1053
Communication System: UID 0, CW; Frequency: 2300 MHz; Duty Cycle: 1:1
Medium parameters used: = 2300 MHz; o = 1.638 S/m; er = 39.32; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASY S (IEEETECIANSI C63.19-2007)

DASY S Configuration:

* Probe: EX3DV4 - SN3617; ConvF(7.87, 7.87. 7.87); Calibrated: 1/23/2017;

»  Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

« Electronics: DAE4 Snl1331; Calibrated: 1192017

« Phantom: Triple Flat Phantom 5.1C; Type: QD000 P31 CA; Serial: 116171

»  Measurement SW DASY 52, Version 52 10 (0); SEMCAD X Version 14.6.10
(7417

Dipole Calibration/Zoom Scan (7Tx7x7) (TxTx 7y Cube 0; Measurement grid: dx=5mm,
dv=5mm, de=3mm

Reference Valiee = [01.5 Yim: Power Drift = -0.00 dB

Peak SAR (extrapolated) = 24.9 Wikp

SAR(L 2= 123 Wikes SAR(ID g) = 5.87 Wik

Maximum value of SAR (measured) = 20.3 Wikg

0 dB =20.3 W/kg = 1307 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Bady TSL Date: 08302017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2300 MHz; Type: D2300VL; Serial: D2300V2 - SN: 1053
Communication System: UID 0, CW; Frequency: 2300 MHz; Duty Cycle: 1:1
Medium parameters used: = 2300 MHz o = 1.8 8/m; & = 52.46; p = 1000 kg/m’
Phantom section; Right Section
Measurement Standard: DASY S (IEEEJEC/ANSI C63.19-2007)

DASYS Configuration;

» Probe: EX3DV4 - SN3617; ConvF(7.87, 7.87, 7.87): Calibrated: 1/23/2017:

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

»  Electronics: DAE4 Snl331; Calibrated: 171972017

« Phantom: Tripte Flat Phantom 3.1C; Type: QD 000 P51 CA: Serial: 116171

o  Measurement SW: DASY 52, Version 52.10 (0); SEMCAD X Version 14.6.10
(74l7T)

Dipole Calibration/Zoom Scan {Tx7x7) (Tx7x 7y Cube 0: Measurement grid: dx=3mm,
dv=>mm, d&=5mm

Reference Value = 60.65 Vim; Power Drift = -0.03 4B

Peak SAR (extrapolated) = 24.4 Wikg

SAR(I g) = 12.3 Wikg: SAR(10 g) = 5.86 Wikg

Maximum value of SAR (measured) = 19.8 W/kg

dB
0

-4.12
-8.24

-

~16.49

“20.61 -{'

0dB=19.8 W/kg = 11.97 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
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Aocredited by Ba Swiss Accroditation Sendos (5A45)

i

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilsteral Agreement for tho recagnition of ealibration cerificates

Client Auden

oW

Schweizerischer Knlibrierdienal
Service suwissa d' dalonnage
Servizio gvizzero di aratura
Ewiss Calibration Service

Acoreditation Mo SC5 0108

Cortiticate No: D2450V2-835_Juni17

CALIBRATION CERTIFICATE

Calibeation Equipmant used (MATE crifical for calbemtion)

Otyect D2450V2 - SN:835
Catibration peocedura(s) QA CAL-05.v2

Calibration procedure for dipole validation kits above 700 MHz
Calibrahon dxte: June 27, 2017

Tras calibration codfcale documants he imcaatdy o nafcnsl siandadds. which realee fha physical units of measunsments [S1)
Thes measuraments and the uncentaintios with confidenco protabsity s g on T folicwing pages. and sis padt of e Conticals

Al cabbrations havvn boen concuched in the closed labesatory Eacilty: environment Memperabune [22 + 3)°C ard hurmidity < T

This calibration coddcais shall nol be reproduced sxcepd in full without witien spproval of i aboriion.

l"lhwl'ﬂ_;-hl_'hh'ﬁ 0w Cal Dt {Cartficate Mo ) Schaduled Calibrabon

Powar maies NRF SN 1047 et-fipra 1 F {NQ. 21 T2 10EEEE] Apa-18

Powar soreor HRP-Z91 SN 103244 Ceb-Apd- 1T (Mo, 21 T-02521) Apa-18

Powent sardar NFRP-231 Shi- 103245 Deb-Apre 1 7 Mg, 21705522 Ape-18

Refaronce 30 9B Atisnuasor SN SOGH 30k OF-dpr-1 7 (Mo 21 708508 Ape-18

Type-W mismaich combnation Shi: 50472 [ DEIZT OF-Apr- 17T (Mo, 29 70252 Aps-18

Hednrancs Proba EXIDVA Eh- 740 30 -May-17 (Ho. EX3-7340 kayi17) lary-18

DAE4 Sy 601 Z2E-Mar-17 (Mo, DAEL-604 WMariT) Wai-18

| Secondary Standands in . Check Dabs [in housa) Sersimiad Chasck

Powepe migler EPRE-4428 S GEITABROM QT -AC-15 (in house chock Oc-16) In hewse chock: Ocl-18

Povear sensor HP 84814 S USSR TEd OP-Chci- 15 (in Feissd Sharck 01-16) in housa chirck. Del-16

P secsar HP B4814 S WYL 1027 OFChet=15 fin house chack 0ot 16) in house chock: Ocl-18

RF ganamior RS SMT06 SM100ET72 15 Jur-15 [in houss chacl Dcl-16) in house check: Del-18

Metwark Analyser HP BTLIE Sh USATIR05E5 180t (in Fouse check Oct-18) in g chack: Ool17
Mami Fumnition Sigrurtun
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Cartificate Mo: D2450VE-B35_Jun17

Page 1 ol B




Calibration Laboratory of L

' Nt Sehweizorischer Kalibrierdienat
achmid & Partner — = S Sereice oulsss o Halonnage
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Zeughaussirasse 43, 8004 Zurich, Switreriand £y &ﬁ_\f S Swiss Calibration Service
Accregiied by fhe Swas Accreditabon Sonice (SAS) Accreditabion Na,: SCS 0108

The Swiss Accroditation Sarvice i8 one of the signatodes 1o the EA
Muttilateral Agreement for the recognition of ealibrsion certificaion

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

by 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 20186

c) IEC 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) KDB B65664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
g) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the 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 lo the body axis.

Feed Point Impedance and Retumn 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 Returmn Loss ensures low
reflected power. No uncertainty required.

Elactrical Defay: One-way delay between the SMA connector and the antenna feed point.
MNo 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 uncerainty of measurement is stated as the standard uncertainty of measurement
multiplied by lhe coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cartificats No: D245002-835_Junt 7 Faga 2 ol B




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

DASY Version DASYs V52100
Extrapaolation Advanced Extrapolation
Phanitom Modudar Flat Phariom
Distance Dipale Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dx =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The follewing parameters and caleulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220 °C a9.2 1,80 mhodm
Measured Head TSL parameters (22.0=0.2)°C 37T0=6% 1,85 mho/m = 6 %
Head T5L 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 133 Wikg

SAR for nominal Head TSL parameters

narmilized o 1W

52.1 Wikg £ 17.0 % (K=2)

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

comndition

SAR measured

250 mW input power

B.18 Wikg

SAR for nominal Head TSL parameters

nommalized o 1%

24.4 Wikg = 16.5 % (k=2)

Body TSL parameters
The loflowing parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.85 mhodim
Measured Body TSL parameters (220202 C E2226% 204 mho'm = 6%
Body TSL temperature change during test =05°C e e
SAR result with Body TSL
SAR pveraged over 1 em® (1 g) of Bady TSL Conddion
SAR maasured 250 miW nput power 12.9 Wikg
SAR for nominal Body TSL pararmalers normalized fo W 50.4 Wikg = 17.0 % (k=2)
SAR avoraged over 10 cm® (10 g) of Body TSL condion
SAR maasured 250 mW inpLi power B.07 Wikg
SAR for nominal Body TSL parameters normsalized to 1W 24.0 Wikg = 16.5 % (k=2)

Cenificate No: D2450V2-835_Jun17
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, irafstacrmed 1o feed poind B3840+ 5.8 H1
Return Loss -2334dB

Antenna Parameters with Body TSL

Impedance, transformed 1o fead point 49.7 £ + 7.0 1}
Feturn Loss -231 4B

General Antenna Parameters and Design

Etzctrical Detay (ondg difd:tion) 1.161 n3

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

The dipole is made of standard sernirigid coaxial cable, The center conducior of the feeding line is directly connectad to the
second arm of tha dipole. The antenna is theralore short-circuited for DC-signaks. On some of the dipoles. small end caps
are added o the depolir arms in order 1o improve matching when loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAA data are not atlected by this change. The overall dipole length is still
according to the Standard,

Mo excassive force must be appled 10 the dipole arms, becawse they might bend or ihe soldered connections near the
feadpaint may be damaged,

Additional EUT Data

Mamdactured by SPEAG
Manutactured on July 20, 2009
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DASYS5 Validation Report for Head TSL

Date: 27.06,2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:835

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

Medium parameters used; §= 2450 MHz; o= 185 S/m: ¢, = 379 p = 1000 kgm:‘
Phantom section: Flat Section

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

DASYS2 Configuration:
= Probe: EX3DV4 - SN7349; ConvFi8.12, 8,12, §.12); Calibrated: 31.05.2017;
o Sensor-Surface: L4mm (Mechanical Surface Detection)
»  Electromics: DAES Sn601; Calibrated: 28.03.2017
= Phantom: Flat Phantom 5.0 (front): Type: QD 000 P50 AA; Serial: 1001
« DASYS2 52.10,0(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=5mm, dv=5mm, dz=5mm

Reference Value = 112.5 V/m: Power Drift = -0.L06 dB

Peak SAR (extrapolated) = 26.6 Wikg

SAR( gh = 13.3 Wikg: SAR(10 g) = 6.18 Wikg

Maximum value of SAR (measured) = 21.2 Wikg

0 dB =21.2 Wikg = 13.26 dBW/kg

Comficate Mo: 245802835 Jun1¥ Page 5 of 8



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

Diate: 27.06.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:835

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

Medium parameters used: = 2450 MHz; o = 204 5/m: £ = 52.2; p= 1000 kgfm’
Phantom section: Fla Section

Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-201 1)

DASYS2 Configuration:
*  Probe: EX3DV4 - SN7349; ConvFi.1, 8.1, 8.1): Calibrated: 31.05.2017:
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
«  Electronics: DAEA Sn601: Calibrated: 28.03.2017
o  Phantom: Flat Phantom 5.0 (back): Type: QD 000D P30 AA; Serial: 1002
« DASYS2 5210000 1446); SEMCAD X 14.6,117417)

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

Reference Value = 104.4 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 25.3 Wikg

SAR(] g) = 12.9 W/kg; SAR(10 g) = 6.07 Wikg

Maximum value of SAR (measured) = 20.0 Wikg

-4.40
-8.80
-13.20

-17.60

-22.00

0 dB = 20.0 Wikg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE I
Ot D2600V2 - SN:1058

Canbration procedursis) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Cafiteatan dalo Jupe 27, 2017

Thes calibrasion eomfcate dotumants e iracaakality b nalional standids, which eakze the pivecal units of mersunbments (31
Theit Friodsunaments. &nd the uncertainiios wilh confidence protabsity e given on ife foliowing pages and ao part of the cadificalm
Al cabbrations. huns boen conducted in the closad labocatony Eaclity. environment lemperatung (22 3 3)°C and humiddy < 70%

Calibfalien Egupimant used (MATE criiical hor cakbwaton)

Piimary Standards |II:II' Cal Ontp (Certificate Mo, Sehadulod Caltaton
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) |EEE 5td 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, “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 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 6 GHz)", March 2010

d) KDBE B65664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Condifions: 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 1o 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 Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty reguired.

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

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

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

The reported uncertainty of measuremant is stated as the standard uncertainty of measurement
multiphed 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 lar as nol given on page 1.

DASY Version DASYS W52 1000
Extrapalation Advanced Extrapolation
Phantom Modular Flal Phaniom
Distance Dipole Center - TSL 10 rmm with Spacer
Zoom Scan Resolution o, oy, it =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 39.0 1.96 mihoim
Measured Head TSL parameters (220+02)"C ATAzE% 2.02 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
SAA measured 250 mW inpul power 148 Wikg
SAR for nominal Head TSL paramaters G rmalized to 1W 57.0 Wikg + 17.0 % (k=2)
SAR aversged over 10 em” (10 g) of Head TSL conddion
SAR maasurad 250 W input powes 646 Wika

SAR for nominal Head TSL pasameatens

nomalized 1o 1W

25.5 Wikg = 16.5 % (k=2)

Body TSL parameters
Tha fellowing parameters and calculabons were applied.
Temperature Pormittivity Conductivity
Hominal Body TSL parameters 22.0°C 525 2,16 mhadm
Measured Body TS5L parameaters (22.0=02)°C B51.T=h% 222 mhofm =6 %
Body TSL temperature change during best = 05" - “ae
SAR result with Body TSL
SAR averaged over 1 cm’ {1 g) of Body TSL Condition
SAR maasuned 250 miW Inpul power 13.8 Wikg
SAR for nominal Body TSL parametars nomalized 1o 1W 543 Wikg = 17.0 % [k=2)
SAR averaged over 10 em® (10 g) of Body TSL condinon
SAR meagsured 250 miW inpul power .14 Wikg
SAR tor nominal Body TSL parkmlers noermalized 1o 1% 24.3 Whkig = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, ransiormed to fead poind 48.4 {1 - 7.5 |
Fotum Loss - 222 dB

Antenna Parameters with Body TSL

impedancs. (ranstormed 1o leed poing 4584 -57 |0
Retum Loss - 22 6 dB

General Antenna Parameters and Design

Elecincal Delay (one ditection) 1.148 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line is directly connected fo tha
gacond anm of the dipole. The anténna is theralore short-circuited for DC-signals. On soms of the dipoles, small and caps
are added 1o 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 10 the Standarnd,

No excegsive lorce must be applied 1o the dpole arms, because they might band or the soldered connections near the
feedpoint may be damaged,

Additional EUT Data
Manufactured by SPFEAG
Manufactured on August 14, 2012
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DASYS Validation Report for Head TSL

Dhee; 27.06,20)7
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2: Serial: D2600V2 - SN: 1058

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

Medium parameters used: = 2600 MHz; 0 = 2.02 S/m; & = 37.3; p = 1000 kg/m'
Phantom section: Flar Section

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

DASYS52 Configuration:
«  Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96); Calibrated; 31.05.2017:
»  Sensor-Surface: 1.4mm {Mechanical Surface Detection)
= Electronics: DAE4 Snb01; Calibrated: 28.03.2017
= Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA: Serial: 1001
= DASYSZ 52.10.0{ 1446}, SEMCAD X 14.6.1087417)

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

Reference Value = 113.9 Vim; Power Drift = -0,06 dB

Peak SAR (extrapolated) = 31.3 Wikg

SAR(I g) = 14.6 Wikg: SAR(10 g) = 6.96 W/kg

Maximum value of SAR (measured) = 24.1 Wikg

-5.00
=10.00
-15.00

-20.00

-25.00

0dB =241 Wikg = 13.82 dBWikg

Canificate No: D2600V2.1068_Jun17 Page & of 8



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

Drate: 27.06.2017

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V 2; Serial: D2600V2 - SN: 1058

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

Medium parameters used: = 2600 MHz; a =222 8/m: e, = 5.7 p= 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/JEC/ANS] C63.19-2011)

DASY52 Configuration:

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Probe: EX3DV4 - SN7349; ConvF(7.94, 7.94, 7.94); Calibraed: 31.05.2017:
sSensor-Surface: 1. 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (hack); Type: QD 000 P50 AA: Serial: 1002
DASYS2 52.10.0¢ 1446): SEMCAD X 14.6.10(7417)

Measurement grid: dx=Smm, dv=5mm, dr=5mm
Reference Value = 104.3 Vim; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 29.2 Wikg

SARII g = 13.8 Wikg: SAR(10 g) = 6.14 W/kg
Maximum value of SAR (measured) = 22.2 Wikg

-4.80

-9.60

-14.40

-19.20

=24.00

0dB =222 Wikg = 1346 dBW/kg
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Impedance Measurement Plot for Body TSL
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|GALIBHATIDN CERTIFICATE |
Dbject D5GHzVZ - SN:1040
Calibraton procedures) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

| Caloration aate July 13, 2017

This caibmtion cedilicabe documents fiss iraceabiily bo nniional sinedands, which realire tho physical unis of measuiemenls (51
The measurements and B UNCEMAINGES with confidencs probability are given on thi Yolknwing pages and are parl of e cerficate
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Marmir Fung b Sigraiure
Casbrated by, Leil Klysnas Laboraiony Technician WW
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

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

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

KDB 865664, "SAR Measurement Requirements for 100 MHz to 6§ GHz"

Additional Documentation:

a)

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 phantem. 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 paint.
No uncertainty required.

SAR measured: SAR measured at the staled 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

orted uncerainty of measurement is stated as the standard uncertainty of measurement

multiphed by the coverage factor k=2, which for a normal distribution commesponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not gi

5600 MHz = 1 MMz
5800 MHz + 1 MHz

on page 1.

DASY Version DasYs V52.10.0

Extrapolation Advanced Extrapolation

Phantarm Maodular Flat Phaniom V5.0

Distance Dipole Center - TSL 10 mim with Spacer

Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (2 direction)
5200 MHz = 1 MHz
5300 MHz = 1 MMz

Frequency 5500 MHz = 1 MHz

Head TSL parameters at 5200 MHz

The ollowing parameters and calculations ware applied

Temperature Parmittivity Conductivity
Hominal Head TSL parametars Z20°C 360 4 66 mho/m
Measured Head TSL parameters (2.0 = 0.2) "G A2E% 4 51 mho/m = 6 %
Head TSL temperature change during test <0.5*C — 0
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm?® (1 g} of Head TSL Candition
SAH measured 100 mW input power 7.85 Wihg
SAR for nominal Head TSL parameters normalized to 1W 79.6 Wikg = 10.9 % (k=2)
SAR averaged over 10 em?® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.28 Wikg

SAR for nomimal Head T5L parameters

normalized fo 1W

22.8 Wikg = 19.5 % (k=2)

Cartficats Mo DSGH2V2-1040_Jult?
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Head TSL parameters at 5300 MHz

The following parameters and calculations were apphed.

Tomperatung Permittivity Conductivity

Nominal Head TSL parameters 220°C isg 4.76 mha'm
Maasured Head TSL parameters 22.0+£0.2)°C WBi1xE% 4 81 mboim x 8 %
Head TSL temperature change during test =05°C -

SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Gonditian
SAR maasured 100 miyy input power B30 Wikg
SAR for noméinal Head TSL parameters normalized 10 1W BI.0W/ kg = 19.9 % (k=2)
SAR averaged over 10 em® {10 g) of Head TSL condition
SAR mepszured 100 MW input power 237 Wirg

SAR for nominal Head TSL paramelens

nodrmalized to W

237 Wikg = 19.5 % (k=2)

Head TSL parameters at 5500 MHz

Tha lollowing paramaters and calculafions were applied.

Temperature Parmittivity Conductivity
Mominal Head TSL parameters 220°C AR A 406 mito/m
Measured Head TSL parameters (220=02]"C 358i68% 4,81 mho/m =6 %
Head TSL temperature change during test <0.5°C reer —_
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm?® (1 g of Head TSL Condition
SAR measurad 100 W input posiar B8.37 Wikg

SAR for nominal Head TS pasamaters

narmalized o 1W

83.7 Wikg = 10.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condithon
SAR measured 100 mW inpul power 237 Whg
SAR for nominal Head TSL paramelans naemalized to 1W 23.7T Wikg £ 19.5 % (k=2)

Cordicate Mo: DSGHzV2-1040_Jul17

Page 4 of 16




Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.

Tomperatune Permittivity Conductivity
Nominal Head TSL paramaiers 22.0°C 355 5.07 mhaim
Measured Head T5L parameters (220202)"C 35T+B8% 4.92 mivo'm = 8 %
Head TSL temperature change during tost <05°C e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR mpasured 100 mW input power B.54 Wikg
SAR for nominal Head TSL paramaters normatized 1o 1W B5.4 Wikg = 19.9 % [k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condiion
4R measured 100 mW inpul power 243 ¥hg
SAR for nominal Head TSL parameters mormalized 1o 1W 24,3 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz
The lollowing parameters and calculations were applied.
Temperaturs Permittivity Conductivity
Nominal Head TSL parameters 20°C ka3 5.2T mhoim
Moasured Head TSL parameters (22002 *C AHd4=6% 5.14 mhafm « 6 %
Head TSL temperature change during test < 0.5°C —
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input posar 820 Wikg
SAR for noménal Head TSL parameaters resmmakized o 1W B82.0 Wikg = 15.9 % [k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measurad 100 mW Enpul posier 2.32 Wikg
SAR for nominal Head TSL paramaters normalized 1o 1TW 23.2 Wikg = 19.5 % (k=2)

Cenihcate Mo: DEGHzV2-1040_Jul7?
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Body TSL parameters at 5200 MHz

The foflowing paramalers and calculations were applied.
Temperature Permitibvity Canductivity
Nominal Body TSL parameters 220°C 49.0 5.30 mha'm
Measured Body TSL parameters (220402 "C 474:26% B4 mho'm 6%
Body TSL temperature change during test «05°C e -—
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g} of Body TSL Condition
SAR maasured 100 mW input powear 747 Wikg

SAR for nominal Body TSL parameters

nofmalized o 1%

74.2 Wikg £ 19.9 % (k=2)

SAR averaged over 10 em” (10 g} of Body TSL

Gcanditecn

SAR maasurad

100 mbY input power

2.08 Wikg

SAR for nominal Body TSL parameters

normahized 1o W

20.7 Wikg + 19.5 % (k=2)

Body TSL parameters at 5300 MHz

Thae tellowing parameters and calculations were appled.

Temperature Permittivity Conductivity
Hominal Body TSL parameters 220°C 48,9 5.42 mho/m
Measured Body TSL parameters (2.0 £0.2) "C 472 + 8% 5.58 mha'rm £ B %
Body TSL temperature change during test =050 S e
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR measured 100 mW inpiut power ¥.73 Wikg
S5AR for nomenel Body TSL parameters nomalized o 1W 6.8 Wikg = 19.9 % (k=2)
EAR averaged over 10 em” {10 g) of Bady TSL conditian
SAR measurad 100 mW Enput power 2197 Wig

SAR for nominal Body TSL paramaters

normadized fo 1W

21.5 Wikg = 19.5 % (k=2)

Cenfficate No: DSGHzVZ-1040_Jult?
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Body TSL parameters at 5500 MHz

The following parameters and caloulations wene appined,

Temperature Pormittivity Conductivity
Hominal Body TSL parameters 22.0°C 48.6 5.65 mim
Measured Body TSL parameters (220« 02 "C 460 &5 % 5.BS mhaim £ B %
Bedy TSL temperature change during test <05°C
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm? (1 g} of Body TSL Condition
2AR meaasured 100 oWy ERpul power B.13 Wikg
SAR far nominal Body TSL parameters mormalizad o TW 80.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm? (10 g) of Body TSL candition
SAR measured 100 W ingut power 225 Wikg

SAR for nomenal Body TSL parameters

normalizaed to TW

22.3 Wikg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The lollowing paramedars and calculations were apphed.

Temperature Permittivity Conductivity
Hominal Body TSL parameters 220°C 48.5 577 mhom
Measured Body TSL parameters (220:2021°C 487 £ 8 % 599 mhim £ B T
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR maasured 100 mWW inpul power 805 Wikg

SAR for nominal Body TSL paramederns

normalized 1o 1%

BO.0 Wikg = 19.9 % (k=2)

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

Condiion

S5AH maassred

100 mW inpud peowwer

2.25 Wikg

SAR for nominal Body TSL paramelass

nofmalized 1o 1%

22.3 Wikg = 18.5 % (k=2)

Corificate Mo: DEGHZV2-1040_Jul1?
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Body TSL parameters at 5800 MHz

The following parameters and calculalions were applied,

Temperature Permittivity Conductivity

Hominal Body TSL parameters 22.0°C 48.2 B.O0 milhaim
Measured Body TSL parameters (22,0 0.2)*C 48.4 £ 8 % 628 mho/m =6 %
Body TSL temperature change during test 050 -

SAR result with Body TSL at 5800 MHz
SAR averaged over 1 em® {1 g) of Body TSL Condition
SAR maasured 100 MW ingul power 7.73 Wikg
SAR for nominal Body TSL parameters narmalizad to 1TW 76.9 Wikg = 19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Bady TSL conditian
SAR maasuned 100 mW ingut power 2.15 Wik
SAH for nominal Body TSL parameters nomalizad to TW 21.3 Wikg = 19.5 % (k=2)

Cerbdicatn Mo: DRGHVE-1040_Jul17

Paga & ol 16




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5200 MHz

Impedance. translormed io feed point 49.8 (1 - 8.3 1

Aiurm Loss 21,608
Antenna Parameters with Head TSL at 5300 MHz

Impadancs, ransformed 10 feed point 48,361 - 3.5

Return Loss - 28.0dB8
Antenna Parameters with Head TSL at 5500 MHz

Impadance iransiormed 1o feed point 50461 - 7.0 0

Raturn Loss «23.2 di
Antenna Parameters with Head TSL at 5600 MHz

impedanca, transiommed 1o fead poin SE6e0-330

Faturn Loss =233 dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transicmad to lood poin S54201-180

Raturn Loss =271 dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, fransformed bo leed point 491 41 - 6.9 ¥

Retum Loss -23.04d8
Antenna Parameters with Body TSL at 5300 MHz

impadance, transtormed 10 fead poink 48641 - 1.6 0

Reaburn Logs -331dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transioamed 19 kead point 51.201 - 4.7 ji2

Reatum Loss - 263 dB

Carificate Mo: DSGHZY2-1040_Jult 7
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Antenna Parameters with Body TSL at 5600 MHz

Impadance, transtormad to faed point E7.56-20 0

Retum Loss -2284d8
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transiosmed 1o feed poind E5E k- 1.4 {2

Return Loss - 5.3 d8
General Antenna Parameters and Design

Electrical Dalay (one direction) 1.203 na

Afer long term use with 100W radialed power, ondy a shight warming of the dipole near the feedpoinl can be maasured.

The dipole is made of standard seminigid coaxial cable. The center conducior of the feeding line is directly connected 1o the
sacond arm of the dipole. The antenna is theretore 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 kaded according to the position as explained in the
"Measurement Conditions™ paragraph. The SAR data are nol atfected by this changa. The averall dipole kength is still

according to the Standard.

Mo excessive lorce must be applied 1o the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damadged,
Additional EUT Data

Mamutactured by

SPEAG

Mardaciurad an

Decambar 30, 2005

Cartdicate No: DSGH2V2-1040_Jull?
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DASYS Validation Report for Head TSL

Dhae: 13072007
Test Laboratory: SPEAG. Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1040

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz. Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz; 0 = 4.51 5/m; & = 36.3; p = 1000 kg/m”’ , Medium parameters
used: = 5300 MHz; o = 4.61 S/m: & = 36.1; p= 1000 kg/m" , Medium parameters used: = 5500 MHz; o =
4.81 5/m; & = 35.8; p= 1000 I:g.l'm" . Medium parameters vsed: (= 3600 MHz; e =492 5/m: e =357 p=
1000 kg/m”* , Medium parameters used: = 5800 MHz: a = 5.14 5/m: ¢, =35.4; p= 1000 kg/m®

Phantom section: Flat Section

Measurement Stundard: DASY S (IEEENECFANST C63.19-2011)

DASYS2 Configuration:

«  Probe: EX3DV4 - SN3503; ConvF(5.76, 5,76, 5.76); Calibrated: 31.12.2016, ConvF(5.35. 5.35,
5.35); Calibrated: 31.12.2016, ConvF(5.2, 5.2, 5.2); Calibrated: 31.12.2006. ConvF(5.09, 5.09. 5.09)
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 Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
=  DASYS52 52.10.0{1446); SEMCAD X 14.6, 1007417}

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=3200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 63,84 Vim: Power Drift = -0.09 dB

Peak SAR (extrapolated) = 29.0 Wk

SAR(L gl =795 Wikg: SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 18.2 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 71.51 Vim: Power Drift = -0.09 dB

Peak SAR (extrapolated) = 29.9 Wikg

SARI1 g) = B3 Wikg; SAR(10 g) = 2.37 Wikg

Maximum value of SAR {measured) = 19,1 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=3500 MHzZoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm. dy=4mm. dz=1.4mm

Reference Value = 69.97 Vim; Power Dnft = -0.08 JdB

Peak SAR (extrapolated) = 32.8 Wikg

SARI] p) = B.37 Wikg: SAR(10 g) = 2.37 Wikg

Maximum value of SAR (measured) = 19.7 Wikg

Corificate Mo DROHEV2-1040_Jut 7 Page 11 of 16



Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4dmm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = T0.63 Vim; Power Drifi = -0.07 dB

Peak SAR (extrapolated) = 334 Wikg

SAR(L g) = 8.54 Wikg: SAR(10 g) = 243 W/kg

Maximum value of SAR (measured) = 20,1 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurcment grd: dx=4dmm, dyv=4mm, dz=1.4mm

Reference Value = 67.92 Vim: Power Drift = -0.07 dB

Peak SAR lexirapolated) = 33.4 Wikg

SAR(l g) =82 W/kg; SAR(10 g) = 2.32 Wikg

Maximum value of SAR (measured) = 18.7 Wikg

d8
(|

-6.00
-12.00
-18.00

-24.00

-30.00

0dB = 19.7 Wrkg = 12.94 dBW/ke
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 12072017
Test Laboratory; SPEAG. Zunich, Switzerland

DUT: Dipole DSGHZV2; Type: DSGHzV2: Serial: DSGHzV2 - SN:1040

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 3500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz: o = 5.45 S$/m; & = 47.4; p = 1000 kg/m" , Medium parameters
used: £= 5300 MHz; o = 5.58 Sim; & =47.2; p= 1000 kg/m® , Medium parameters used: = 5500 MHz: o =
5.85 S/m; £ = 46.9; p = 1000 kg/m* , Medium parameters used: = 5600 MHz: 0= 5.99 8/m; &, = 46,7; p =
1000 kg/m” . Medium parameters used: = 5800 MHz; o = 6.28 S/m; & = 46.4; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

s Probe: EX3DV4 - SN3503; ConvF(5.29, 5.29. 5.29): Calibrated: 31.12.2016, ConvF{5.04, 5.04,
5.0d); Calibrated; 31.12.2006, ConvF{4.62, 4.62, 4.62): Calibrated: 31.12.2016, ConvF(4.57, 4.57,
4. 57 Calibrated: 31.12.2006, ConvFi(4.48, 4. 458, 4.4%); Calibrated: 31,12.2016;

s Sensor-Surface: 1.4mm {Mechanical Surface Detection)

« Electronics: DAE4 Sn601: Calibrated: 28.03.2017

= Phantom: Flat Phantom 5.0 {(back); Type: QD 000 P30 AA; Serial: 1002
«  DASYS252.10.0(1446); SEMCAD X 14.6.1007417)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =520 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=dmm, dy=4mm, dz=1 4mm

Reference Value = 64.58 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 28.8 W/kg

SAR(L g) = 7.47 Wikg: SAR(10 g) = 2.09 Wikg

Maximum value of SAR (measured) = 17.7 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =530 MHz/Zoom Scan,
dist=1.4mm (Bx8x7 V¥ Cube 0: Measurement grid; dx=4mm, dy=4mm, dr=1_4mm

Refercnce Value = 64.69 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 30.5 W/ikg

SAR(L g) = 7.73 Wikg; SARi10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.4 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, [=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Meusurement grid: dv=dmm, dy=4mm, dz=1.4mm

Reference Value = 65.64 Vim: Power Drift = -0.08 dB

Peak SAR (extrapolated) = 34.0 W/ikg

SARI1 g) = 8.13 Wikg: SAR(10 g) = 2.25 Wikg

Maximum value of SAR (measured) = 19.8 W/ikg

Cenificate No: DEGH2V2-1040_Jul1? Page 14 of 16



Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7 ¥ Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.99 Vim: Power Drift = -0.07 dB

Peak SAR {extrapolated) = 33.9 Wiks

SAR(] g) = 8.05 Wikg: SAR(10 g) = 2.25 Wikg

Maximum value of SAR (measured) = 19.5 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,

dist=1.4mm (8x8x7 )/ Cube 0: Measurement grd: dx=4dmm, dy=34mm, dre=14mm
Reference YValue = 63.02 Vim; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 34.5 Wikg

SAR(I g) = 7.73 Wikg: SAR(1D g) = 2.15 Wikg

Maximum value of SAR (measured) = 19.2 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB = 192 Wikg = 12.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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- CALIBRATION
Add: No.31 Xueyuan Road, Haidian District, Befjing. 100191, China %‘ﬁ v CNAS LO5T0

Tel: vBA-10-62304633-22 18 Fax: +86-10-62304633-2200
E-mail: erlli@china]. com Hitp:twww chinaml cn
Client Emtek(Shenzhen) Certificate No: Z17-97195

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3870

Calibration Procedurels) FF-Z11-004-01
Calibration Procedures for Dosimetric E-field Probes

Calibration date: MNovember 02, 2017

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 cenlificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(z2+3)C and |
' humidity=<70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Date(Calibrated by. Certificate No.) Scheduled Calibration
Power Meter NRP2 | 1018185 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Power sensor NRP-Z81 | 101547 2T=-Jun-17 (CTTL, No.J17X05857) Jun-18
Power sensor MREP-Z81 | 101548 27-Jun-17 (CTTL, Mo.J1TX05857) Jun=18
Reference10dBAttenuator | 1BNSOW-10dB  13-Mar-18(CTTL No.J16X01547) Mar-18
Referance2(dBAttenuator | 18NS0W-20dB  13-Mar-16(CTTL, No.J16X01548) Mar-18
| Referance Probe EX3DV4 | SN 3817 23-Jan-1T(SPEAG No.EX3-3617 _Jan1T7) Jan-18
DAE4 SN 549 13-Dec-16(SPEAG, No.DAE4-549_DeciB) Dec-17
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3T00A | 6201052605 27-Jun-17 (CTTL, Mo.J17X05858) Jun-18
Network Analyzer ESOT1C __I:I":’dﬁ 10673 13=Jan-17 (CTTL, Na.J1 TXD0ZES) Jan-18 |I
Name Function Signature
Calibwoled by. Yu Zongying SAR Test Engineer aﬁéﬁ}
b Lin Hao SAR Test Engineer ﬂ]?,%
Approved by. Qi Dianyuan SAR Project Leader T

Issued: November 03, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory

Certificate No: Z17-9719% Page 1 of 11
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Add: No.31 Xueyuan Road, Haidian District, Bedjing, 100191, China
Tel: +86-10-62304633-2218  Fax: +86-10-62304633-2209

E-enail: entbietinagil com Hizptwoww chimatil.cn
Glossary:
TSL tissue simulating liguid
MORMx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD medulation dependent linearization parameters

Polanzation @ @ rotation around probe axis

Polarization 8 @ rotation around an axis that is in the plane normal to probe axis (at measurement center), |

8=0 is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-heid and body-mounted devices used next to the ear {frequency range of 300 MHz to 6 GHz)",
July 2018

¢) IEC 6220%-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 & GHz)", March
2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to § GHz"

Methods Applied and Interpretation of Parameters:

»  NORMx 2 Assessed for E-field polarization 8=0 (f=800MHz in TEM-cell: f=>1800MHz: waveguide).

NORMx.y.z are cnly intermediate values, ie., the uncertainties of NORMx v,z does not effect the

E® -field uncertainty inside TSL (see below ConvF).

o NORM(f}x .z = NORMx,y z* frequency_response (see Frequency Response Chart). This
hneanzation is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response Is included in the stated uncertainty of ConvF.

* DCPx 2z DCP are numerical linearization parameters assessed based on the data of power sweep
{no uncertainty required). DCP does not depend on frequency nor media.

« PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics.

o Axpz Bxyz CxyzVRxyzABC are numerical linearization parameters assessed based on the
data of pawer sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fsB00MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. The same setups are used for assessment of the paramaters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary,
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty cormesponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

+  Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a flat
phantom exposed by a patch antenna,

o 3ensor Offsel: The sensor offset comesponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

* Conneclor Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required),

Certificate No: Z17-97195 Page 2 of 11
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Add: No.51 Xocyuan Road, Haidisn District, Beijing, 100191, China
Tel: +R6-10-A2304633.32 | & Fax: +B6- 10-62304633-2209

E-mail: efliuichinst].comm Hitp: U chimadil.cn

Probe EX3DV4

SN: 3970

Calibrated: November 02, 2017
Calibrated for DASY/EASY Systems

(Nate: non-compatible with DASY2 systam|)
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HAuld: Mo 51 Xueyuan Road, FHaldian Disrice, Beifing. 100191, China
Tel: +Bb-10-623104633-2218 Fux: +56=1 062304 633- 2004
E-mail: ettl fehinaitl. com Hupe v chinaitlcm

DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3970

Basic Calibration Parameters

- Sensor X | Sensor Y Sensor Z Unc (k=2) 1
| Norm{pVi{Vim)*)* 0.49 | 0.64 0.26 +10.0%
DCP{mV)" 102.2 | 105.1 | 98.2
Modulation Calibration Parameters
uID Communication A B c D I'vr Unc®
System Mame dB EE-;'p'H‘ dB il (k=2)
0 cW x |00 Joo 1.0 0.00 [176.2 |%23%
Y |oo [oo |10 2115
z |00 Joo  [10 | 1156

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nomal distribution

Corresponds to a coverage probability of approximately 95%.
|

p , The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page &).

Hl.marmal linearzation parameter: uncertainty not required.
£ Uncertainly is determined using the max. deviation from linear response applying rectangular distribution

and is exprassed for the square of the field value.

Certificaie Mo: Z17-97195 Page 4 of 11
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CALIBRATION LABORATORY
Add: No.51 Xueyusn Road, Haidian District, Befjing, 100091, Chins

Fan; +86-10-62304633-2 209

DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3970

Calibration Parameter Determined in Head Tissue Simulating Media

| [+

f [MHz)" Fa:m . Em.':;;:fr ConvF X | ConvF Y | ConvF Z | Alpha® [:::':;' :":;}'
750 41.9 D.89 10.41 1041 | 1041 | 030 | 080 | £121%
835 | 415 0.90 1003 | 1003 | 1003 | 016 | 126 | =121%
800 | 415 0.97 1005 | 1005 | 1005 | 014 | 146 | +121%
1750 40.1 1.37 B.68 .68 868 | 021 | 111 | +12.1%
1800 40.0 1.40 B8.25 B.25 8.25 0.24 | 100 | +12.1%
2300 39.5 1.67 8.08 8.08 BOB | 056 | 070 | £121%
2450 39.2 180 | 781 7.91 791 | 055 | 073 [+121%
2600 35.0 1.96 759 | 759 758 | 051 | o7 |£121%
5200 36.0 4 66 592 582 502 | 035 | 150 | +133%
5300 35.9 476 5,67 5.67 567 | D35 | 140 | +133%
| 5500 35.6 4.96 622 | 522 | 522 | 035 | 145 [+133%
5600 355 5.07 512 | 512 | 512 | 035 | 165 | +133%
5800 35,3 5.27 5.21 5.21 5.21 040 | 135 | +£13.3%

. Frequency validity above 300 MHz of +100MHz cnly applies for DASY v4.4 and higher (Page 2), else It is restricted to
$50MHz. The uncertainty is the RSS of ConvF uncertainly at calibration frequency and the uncertainty for the indicated

frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Abova 5 GHz frequency validity can be extended to + 110 MHz.

" At frequency below 3 GHz, the validity of tissue parameters (z and o) can be relaxed to +10% I liquid compensation
formuta is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is
restricted to £5%. The uncartainty is the RSS of the ConvF uncerainty for indicated target tissue parameters.

® Alpha/Depth are determined dunng calibration. SPEA(S warrants that the remaining deviation due to the boundary
effect after compensation is always less than £ 1% for frequencies below 3 GHz and below £ 2% for the frequancies
between 3-6 GHz at any distance larger than half the probe tip diameter fram the boundary.

Certificate Mo: £17-97105
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3970

Calibration Parameter Determined in Body Tissue Simulating Media

|

(e’ | pa?:r::::;,rf c““':;‘::;:" ConvF X | ConvF Y | ConvF 2  Alpha® [:“r::r:; :";:
750 55.5 0.96 1035 | 1035 | 1035 | 040 | 085 | +121%
835 55.2 0.97 1016 | 1016 | 1016 | 019 | 1.33 [+£121%
800 55.0 1.05 1012 | 1042 | 1042 | 023 | 121 | +121%
1750 53.4 1.49 B.32 8.32 832 | 025 | 104 | x121%
1900 | 533 152 810 | 810 810 | 020 | 115 | +12.1%
2300 52.9 1.81 7.80 7.80 780 | 054 | 079 [£121%
2450 52.7 1.95 7.83 7.83 783 | 066 | 070 | +121%
2600 52.5 2.16 7.49 7.49 749 | 054 | 078 |£121%
5200 49.0 5.30 5.19 519 519 | 050 | 1.30 | £13.3%
5300 48.9 5.42 4.73 4.73 473 | 050 [ 136 |+13.3%
| 5500 48.6 5.65 4.42 4.42 442 | 050 | 140 | £13.3%
5600 48.5 5.77 431 | 431 | 431 | 050 | 1.60 | £13.3%
5800 48.2 6.00 440 | 440 440 | 050 | 1.72 | £13.3%

e Freguency validity above 300 MHz of +100MHz only apphes for DASY wd.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz iz £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above § GHz frequency validity can be extendad to + 110 MHz.
F At frequency below 3 GHz, the validity of tissue parameters (£ and ) can be relaxed to £10% if liquid compensation
formula is applied to measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (£ and o) is
restricted to 25%. The uncertainty is the RSS of the CornwF uncertainty for indicated target tissue parameters.

“ Adpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than 1% for frequencies below 3 GHz and below £ 2% for the frequencies
between 3-§ GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No: Z17-97195
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.4% (k=2)
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22

o F R N A T il
[+ 100MHz —-- B00MHz —-— 1800MHz - — 2500MHz]
Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)
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Uncertainty of Linearity Assessment: 10.9% (k=2)
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Conversion Factor Assessment

f=750 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)
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Deviation from Isotropy in Liquid

08 —|
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02 -]
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02 -]
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08 -]
08~

Z Mg

10 -080 080 -040 020 0 030 040 060 O8O 10
Uncertainty of Spherical Isotropy Assessment: £3.2% (K=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3970

Other Probe Parameters

|

Sensor Arrangement Triangular
Connector Angle () 160.2
Mechanical Eurfa;:n Detection Mode enabled !
| Optical Surface Detection Mode disable |
r Probe {'.'wurnll- Length 337mm
wPr::-ha -Eudy Diameter 10mm
‘ Tip Length - aSmm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point imm
Probe Tip to Sensor Y Calibration Point imm
Probe Tip to Sensor Z Calibration P;:-int 1mm
Recommended Measurement Dis;.anm from Surface 1.4mm

Centificate No: Z17-97195 Page 11 of 11
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E-maal: @iligchananloom Heip:tweawchinasilen

Client . Emtek(Shenzhen) Certificate No: Z17-97194
CALIBRATION CERTIFICATE
r Object DAE4 - SN: 1418
Calibration Procedure(s) FF-711-002-01
Calibration Procedure for the Data Acquisition Elecironics
(DAEX)
Calibrirtion date: October 09, 2017

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.

All calibrations have been conducted in the closed laboratory facility: environment temperaturezs3)c and
hiumidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards | iD# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1871018 ZT=Jun=1T (CTTL, No.l17X05853) June-18
- | |
MName Function Signature
bbb Yu Zongying SAR Test Engineer Q;:a‘@ '
Reviewed by: Lin Hao SAR Test Engineer #17&,7%7

| Appraved by: Qi Dianyuan SAR Project Leader %ﬂ_‘ﬁ |

Issued: Oclober 09, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: £17-97194 Page 1 of 3
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Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement: Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

« Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

« The report provide only calibration results for DAE, it does not contain other
performance test results.

Certificate Mo: £17-97194 Page X of 3



Audd; W0, 31 Xeeyuon Road, Haldian Ddstric, Beijmg. 100191, China
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E-mail: crtdi@ehinatl, com Hitpiwww.chinaiil.cn
DC Voltage Measurement
AJD - Converter Resolution nominal
High Range: iLsB= BV, fullrange=  -100...+300 mV

Low Range: L5 = &iny | full range = 1. e 3mY
DASY measurament parameters: Auto Zero Time: 3 sac: Measuring time: 3 sec

Calibration Factors X Y ' Z

High Range 404,125 4 0.15% (k=2) | 404.657 £ 0.15% (k=2) | 404.348 + 0.15% (k=2)

Low Range 3.98870 + 0.7% (k=2) j 400074 £ 0.7% (k=2) | 3.97540 = 0.7% (k=2)
Connector Angle

Emnnﬂurlngluluheumnmsv'wﬂm 163°¢1* \
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Appendix D. Photographs of EUT and Setup
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FCC SAR Test Report Access to the wg

<Photographs of EUT>

Report Format Version 1.0.0
Report No. : ES171226956W09



FCC SAR Test Report

Eccess to thIchi K

<Antenna Location>

EUT Left Side

EUT Top Side

-

WWAN Antenna-0

WLAN-0 /BT Antenna

\_

WWAN Antenna-1

~
[

/

EUT Bottom Side
<EUT Front View>

The separation distance for antenna to edge:

EUT Right Side

Antenna To Izr(?]f;cn?de To R(lr%m)sme To '{%en?lde To Bo(tr;c]c;nrr; Side

WWAN-0 5 310 80 30
WLAN-0/ BT 40 246 206 5

WLAN-1 310 5 30 150

Report Format Version 1.0.0
Report No. : ES171226956W09
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<Photographs of SAR Setup>

)

Rear Face of EUT with 0 cm Gap Rear Face of EUT with 1.0cm Gap

G

Left Side of EUT with 0 cm Gap Left Side of EUT with 1.0cm Gap

d i

Right Side of EUT with 0 cm Gap Top Side of EUT with 0 cm Gap

Report Format Version 1.0.0
Report No. : ES171226956W09



FCC SAR Test Report

|

Bottom Side of EUT with Ocm Gap

Report Format Version 1.0.0
Report No. : ES171226956W09
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