H.a- Report No. HCT-SR-1908-FC006-R2

DASY5 Validation Report for Body TSL

Date: 18.09.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT:

Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d 165

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

Medium parameters used: £ = 835 MHz; 6 = 0.99 S/m; & =55.4; p = 1000 kg/m
Phantom section: Flat Section

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

DASY52 Configuration;

Probe: EX3DV4 - SN7349; ConvF(10,05, 10.05, 10.05) @ 835 MHz; Calibrated: 30,12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: Flat Phantom 4.9 (Back): Type: QD 00R P49 AA; Serial: 1005

DASYS52 52.10.1(1476). SEMCAD X 14.6.11(7439)

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

Reference Value = 60.86 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.62 Wikg

SAR(1 g) = 2.41 W/kg; SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3.22 Wikg

d8

1-2.00
-4.00
-6.00
-8.00
-10.00

0dB =322 W/kg =5.08 dBW/kg
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Impedance Measurement Plot for Body TSL
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Report No. HCT-SR-1908-FC006-R2

Calibration Laboratory of \@;, S Schweizerischer Kalibrierdienst

Schmid & Partner % C Service suisse d'étalonnage
Engineering AG = Sarvizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzeriand K S Swiss Calibration Service

Accredited by the Swiss Acoreditation Servics (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral Agreamant for the recognition of calibration cenificales

Accreditation No.: SCS 0108

cient  HCT (Dymstec)

Cartificate No: D1800V2-2d007_Nov18

[CALIBRATION CERTIFICATE —

Object

Calibration procodure(s)

Calbration date: ‘November 19, 2018
This calibration camdicate o tha bility 1o

All c s have been cond

Calibvation Equipment used (MATE critical for callbvation)

I standards, which readize the physical units of measurements (S1),
The measurements and the uncenainties with corfidenca probability arm given on the folowang pages and ame part of the cerificate

d in the closed iaboratory faclity. environmant temperaiura (22 = 3)°C ana humidity < 708,

This calibration cartificate shall not be reproduced except In full without writtan approval of the laboratory,

Primary Standasds D # Cal Date (Cestificate No.) Schaduled Cakbration

Power mater NRP SN: 104778 04-Apr18 (No, 217-02672102673) Ape-19

Power sensor NAP-Z91 SN 103244 04-Apr-18 (No. 217-02672) Apr19

Power sensor NAP-Z91 SN; 103245 D4-Ape-18 (No, 217-02673) Apr1g

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

Type-N mismalch combination SN; 5047.2/06327  04-Apr-18 (No. 217-02683) Apr 1§

Raferance Probe EXIDV4 SN: 7349 30-Dec-17 (N0, EX3-7348_Dect7) Dsc-18

DAE4 SN 601 04-Oct-18 {No. DAE4-501_Cct18) Oct-19

Sacondary Standards 10 # Chock Date (in house) Scheduled Chack

Powar mater EPM-4424 SN: GBI7480704 07-Cct-15 (In house check Oct-18) In house chacic Cet-20

Power sensor HP 84814 SN: US37202783 07-0ci-15 {in house check Oct-18) In house chack: 0ct-20

Pawer sansor HP B481A SN: MY41062317 07-0ct-15 {in house check Ocl-18) i house check: Oct-20

RF generator RES SMT-06 SN: 100872 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Netwark Analyzer Agilent EBISBA | SN: US41060477 31-Mas-14 (in house chack Oct-18) In house check; Oct-19
Name Function Signature

Caltirated by. Manu Seltz Latoratory Technician >

Approved by: Katja Pokeic Tecnnical Manager

Certificate No: D1800V2-2d007_Nov18
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H.a- Report No. HCT-SR-1908-FC006-R2

Calibration Laboratory of S Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étslonnage
Engineering AG C  servizio avizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Acereditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 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

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

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

Additional Documentation:
e) DASY4/5 System 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 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.

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

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

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

Certilicate No: D1800V2-2d007 _Novia Page20fB8



Report No. HCT-SR-1908-FC006-R2

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy, dz =5 mm
Frequency 1800 MMz = 1 MHz
Head TSL parameters
The fallowing parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (22.0:02)C 395+6% 1.37 mho/m = 6 %
Head TSL temperature change during test <05°C _— —
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.67 W/kg
SAR for nominal Head TSL parameters nomaiized to 1W 39.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAHR measured 250 mW input power 5.05 Wikg
SAR for nominal Head TSL parameters normatized to 1W 20.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calkculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters {220+02)°C 540+6% 1.49 mho/m =6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAHA measured 250 mW input power 0.45 Wiy
SAR tor nominal Body TSL parameters normatized to W 38.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 4.96 Wkg
SAR for nominal Body TSL parameters normalized to 1W 20.0 W/kg = 16.5 % (k=2)

Certificate No: D1800V2-2d007_Nov18
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Report No. HCT-SR-1908-FC006-R2

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 473Q-73Q

Retum Loss -220dB
Antenna Parameters with Body TSL

Impedance, transiormad to feed paint 4300-60j1Q

Retumn Loss -20.14d8
General Antenna Parameters and Design

Electrical Delay (one direction) | 1.205 ns

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

The dipole is made of standard semirigid coaxial cable. The center conducior of the feeding line is direct!y connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms In order to Improve matching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according 1o the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged,

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 23, 2001

Certificate No: D1800V2-2d007_NoviB
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H.a- Report No. HCT-SR-1908-FC006-R2

DASYS Validation Report for Head TSL

Date: 19.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN:2d007

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: f = 1800 MHz; ¢ = 1.37 §/m; & = 39.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/NEC/ANSIC63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.3, 8.3, 8.3) @ 1800 MHz; Calibrated: 30,12.2017
=  Sensor-Surtace: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: (04.10.2018
« Phantom: Flat Phantom 5.0 (front): Type: QD 000 P50 AA; Serial: 1001)

= DASYS5252.10.2(1495): SEMCAD X 14.6.12(7450)

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

Reference Value = 110.2 Vim; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 18.0 Wikg

SAR(I g) = 9.67 Wikg; SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 15.0 W/kg

-4.00
-8.00
-12.00
-16.00

-20.00

0dB = 150W/kg=11.76 dBW/kg

Certificate No: D1800V2-20007_Nov18 Page 50f 8



Impedance Measurement Plot for Head TSL

Report No. HCT-SR-1908-FC006-R2
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H.a- Report No. HCT-SR-1908-FC006-R2

DASYS5 Validation Report for Body TSL

Date: 19.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2: Serial: D1800V2 - SN:2d007

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: f = 1800 MHz; o = 1.49 S/m: & = 54; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349: ConvF(8.25, 8.25, 8.25) @ 1800 MHz: Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« FElectronics: DAE4 Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA: Senal: 1002

« DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 103.8 V/im; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 16.9 Wikg

SAR(1 g) = 9.45 W/kg: SAR(10 g) = 4.96 Wikg

Maximum value of SAR (measured) = 14.4 Wikg

d8
0

-4.00
-8.00
-12.00
-16.00

-20.00

0dB =144 W/kg =11.58 dBW/kg

Certificate No: D1600V2-203007_Nuovid Page 7ot 8



H.a- Report No. HCT-SR-1908-FC006-R2

Impedance Measurement Plot for Body TSL
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Report No. HCT-SR-1908-FC006-R2

Calibration Laboratory of S, o Sctweizerischer Kalibrierdienst

Schmid & Partner SN 8 Service suisse d'étalonnage
Engineering AG 2 3 C servirio sviemro taraturs

Zeughausstrasse 43, 8004 Zurich, Switzorland ’z@ \‘ </ Swiss Calibration Service
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Primary Standards 0¥ Cal Date (Cortficats No.) Scheduled Caftiration

Power mater NRP SN: 104778 04-Apr-18 (No. 217-02572/02673) Apr-19

Pawer sensor NRP-291 SN: 103244 04-Apr-18 (No. 217-02672) Apr-18

Power sensor NRP-281 SN: 103245 04-Apr-18 (No, 217-02673) Agr18

Reference 20 dB Aftarustor SN: 5058 (20k) 0D4-Apr-18 {No, 217-02682} Apr-1g

Type-N mismatch combination SN 5047 2 / 06327 D4-Apr-18 (No. 217-02683) Apr1§

Raferance Probe EX3DV4 SN: 7349 31-Doc-18 (No. EX3-7345_Daec18) Dec-19

DAE4 SN: 601 04-Oct-18 (No. DAE4-£01_Oct18) Oct-19

Sscondary Standards iD# Check Date (in house) Schaduled Chack

Power metor £44188 SN: GB33512474 07-Oct-15 {in houss check Feb-14) In house chack: Oct-20

Powar sensar HP B4E1A SN, USar2eerss 07-0ct-15 (in housa cheak Oct-18) In house chack: Oct-20

Power sensor HP 8481A SN: MY41082317 07-0ct-15 (in houss check Oct-18) In house check: Oct-20

RF ganarator RAS SMT-06 SN: 100972 15-Jun 15 {in house cheak Oct-18) In house check: Oct-20

Network Analyzer Agient ES35BA | SN: US41080477 31-Mar-14 (In house chock Oct-18) In housa check: Oct-10
Name Function

Casibrated by Manu S bortorn

Approved by

Issued: February 21, 2019

Certificate No; D1900V2-5d032_Feb19
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H.a- Report No. HCT-SR-1908-FC006-R2

Calibration Laboratory of
Schmid & Partner
Engineering AG

S Schweizerischer Kallbrierdienst
c Service suisse d'éalonnage
s Servizio svizzero di taratura

Zeughausatrasee 43, B004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swies Accroditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is ane of the signatories to the EA

Multilateral Age for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: D1900V2-5d032_Feb19 Page 2 of 8



Report No. HCT-SR-1908-FC006-R2

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220*C 40.0 1.40 mho/m
Measured Head TSL parameters (220+02)°C 409x6% 1.38 mho/m + 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.87 Wikg
SAH for nominal Head TSL parameters normalized to 1W 40.0 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input powsr 517 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.9 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mha/m
Measured Body TSL parameters {(220202)°C 536+6% 1.47 mhoim =6 %
Body TSL temperature change during test <058"C — e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.71 Wikg
SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 513 W/ka
SAR for nominal Body TSL parameters normalized ta 1W 20.8 Wikg = 16.5 % (k=2)

Centificate No: D1900V2-50032_Feb18 Page30f8



H.a- Report No. HCT-SR-1908-FC006-R2

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4980+ 6612
Retumn Loss -236d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point BEQ+67Q
Retun Loss -222dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.198 ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the {eeding line is directly connected to the
sacond am of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according 1o the Standard

No excessive lorce must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

| Manutactured by | SPEAG

Certificate No: D1900V2-5d032_Feb19 Page 40t 8



H.a- Report No. HCT-SR-1908-FC006-R2

DASYS5 Validation Report for Head TSL

Date: 21.02.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032

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

Medium parameters used: { = 1900 MHz; o = 1.38 S/m: & = 40.9; p= 1000 }.ga’m‘
Phantom section: Flat Section

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

DASY52 Configuration:

Probe; EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26) @ 1900 MHz: Calibrated: 31.12.2018
Sensor-Surface: L.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

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

DASYS52 52.10.2(1495), SEMCAD X 14,6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=53mm, dy=5Smm, dz=5mm

Reference Value = 109.8 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 18.2 Wikg

SAR(1 g) = 9.87 W/kg; SAR(10 g) = 5.17 W/kg

Maximum value of SAR (measured) = 15.3 W/kg

-4.00

-8.00

-12.00

-16.00

-20.00

0dB =153 W/kg = 11.85 dBW/kg

Cenificate No: D1800V2-50032_Feb18 Paga 50l 8



Impedance Measurement Plot for Head TSL

Report No. HCT-SR-1908-FC006-R2
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H.a- Report No. HCT-SR-1908-FC006-R2

DASYS5 Validation Report for Body TSL
Date: 21.02.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; o = 1.47 S/m; ¢, = 53.6; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard; DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.23, 8.23, 8.23) @ 1900 MHz; Calibrated: 31.12.2018
= Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 04.10.2018
= Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

« DASY5252.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 104.5 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.3 Wikg

SAR(1 g) =9.71 W/kg; SAR(10 g) =5.13 W/kg

Maximum value of SAR (measured) = 14.6 W/kg

-4.00
-8.00
-12.00
-16.00

-20.00

0dB = 14.6 W/kg = 11.64 dBW/kg

Cenificate No: D1900V2-5d032_Feb19 Page 7ol 8



H.a- Report No. HCT-SR-1908-FC006-R2

Impedance Measurement Plot for Body TSL
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H.a- Report No. HCT-SR-1908-FC006-R2

Calibration Laboratory of Schweizerischer Kafibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand Swiss Calibration Service
Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

(260 SN[ Zp 54

4 (912 &
Calbration procedure(s) . LS %
X 2 _ar
Caltration date: January 28, 2019
Thie calibeation cenmflicate documents the traceabiity 1o national standards, which realize the physcal units of wits {S1),

The measurements and the uncertainties with confidence protatiility are givan on the ollowing pages and are pan of the cendicate,
All calbrabons have been conducted In the closed laboratory fadility: environment tempedative (22 « 3)°C and humidty < 70%.

Calibration Equpment used (MATE critical for calibration)

Primary Standarus 1D # Cal Data (Cortificate No.) St Calibration

Power meler NAF SN 104778 04-Apr-18 {No. 217-02672/02673) Apr-18

Power sansor NRP-281 SN: 103244 04-Apr-18 (No. 217-02672) Apr-18

Power sensor NRP-291 SN: 103245 04-Apr-18 (No. 217-02673) Apr-18

Reference 20 dB Attenuator SN: 5068 {20K) 04-Apr-18 (No. 217-02682) Apr-18

Typa-N mismatch combination SN: 50472 / 06227 04-Agr-18 (No. 217-02683) Apr-18

RAetorence Probe EX30V4 SN: 7348 31:Dec-18 (No. EX3-7348_Dec18) Dec-19

DAE4 SN: 601 04-Cct-18 (No, DAE4-601_Oct18) Cot-19

Secondary Standards D8 Check Data (in house) Schedulsd Check

Pownr matar EPM-442A SN: GBa7480704 07-0ct-15 (n house check Oct-18) In house chack: Cct-20

Power sensor HP BAB1A SN: US37292783 07-Oct-15 ( house check Oct-18) In house check: Oct-20

Power sensor HP B48TA SN: MY41062317 07-0c1-15 (0 house check Oct-18) In house chack: Oct-20

FF generator R&S SMT-06 SN; 100872 15-Jun-15 (In house chack Oct-18) In house chack: Oct-20

Network Analyzer Agllent EBISEA | SN! US41080477 31-Mar-14 (in house chack Oct-18) In house check: Oct-18
Name

Calibeated by: Many Saitz

Approved by’

Issued: January 28, 2019

This calibeaticn cerificate shall not bo reproduced except in full without writlen approvisl of the laboratory.

Certificate No: D2450V2-743_Jan18 Page 1 of 8



Calibration Laboratory of W,

] P N OBV
Schmid & Partner % (s: Sk dulees Fulonmigs
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland % ,'ﬁ‘w\? S Swiss Calibration Service
Accredied by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories fo the EA
Multiiateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

Report No. HCT-SR-1908-FC006-R2

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

Certificate No: D2450V2-743_Jan19 Page 2 of B



Report No. HCT-SR-1908-FC006-R2

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS v52.102
Extrapolation Aavanced Extrapolation
Phantom Moduiar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+02)°C 378+6% 1.87 mho/m =6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.3 Wikg
SAR for nominal Head TSL parameters normalized to 1W 51.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 6.14 Wkg
SAR for nominal Head TSL parameters normalized to 1W 24.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220:02)°C 51126% 2.03 mho/m =6 %
Body TSL temperature change during test <05°C —_— ees
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.8 Wikg
SAR for nominal Body TSL parameters normalized to 1W 49.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.94 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.4 Wikg = 16.5 % (k=2)

Centificate No: D2450V2-743_Jan19
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H.a- Report No. HCT-SR-1908-FC006-R2

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o fead point 536Q+55j0
Retumn Loss -24.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5020+78Q
Retumn Loss -22.14d8

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1,161 ns |

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

The dipole is made of standard semirigid coaxia! cable. The center conductor of the feeding ling is directly connected to the
sacond arm of the dipole. The antenna is therefore short-circuited for DC-signais, On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
‘Measurement Conditions® paragraph. The SAR data are not affected by this change, The overall dipole length is still
according to the Standard,

No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

[ Manutactured by SPEAG

Certificate No: D2450V2-743_Jant8 Page4of 8



H.a- Report No. HCT-SR-1908-FC006-R2

DASYS5 Validation Report for Head TSL

Date: 28.01.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

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

Medium parameters used: f = 2450 MHz; o = 1.87 S/m; & = 37.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz: Calibrated: 31.12.2018
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 5.0 (front): Type: QD 000 P50 AA: Serial: 1001

« DASYS2 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 116.5 Vim; Power Drift = (0.01 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) = 13.3 W/kg; SAR{(10 g) = 6.14 W/kg

Maximum value of SAR (measured) = 22.1 W/kg

0dB =22.1 Wikg = 13.44 dBW/kg

Certilicate No: D2450V2-743 Jan19 Page 50l 8



H.a- Report No. HCT-SR-1908-FC006-R2

Impedance Measurement Plot for Head TSL
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H.a- Report No. HCT-SR-1908-FC006-R2

DASYS5 Validation Report for Body TSL

Date: 28.01.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

Communication System: UID () - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; 6 =2.03 S/m; & = 51.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASYS (IEEETEC/ANSI C63.19-2011)

DASYS52 Configuration;
» Probe: EX3DV4 - SN7349; ConvF(8.09, 8.09, 8.09) @ 2450 MHz; Calibrated: 31.12.2018
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA; Serial: 1002
« DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 107.2 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 25.5 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g) = 5.94 W/kg

Maximum value of SAR (measured) = 20.7 W/kg

0dB =207 W/kg = 13.16 dBBW/kg

Certificate No: D2450V2-743 Jan19 Page70l8
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Impedance Measurement Plot for Body TSL
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Report No. HCT-SR-1908-FC006-R2

Calibration Laboratory of SO, Schnreizarie

Schmid & Partner %s \\é/’é D s.rvieonlu:“ﬂ::l‘m "
Engineering AG T € arviato svtaxare di tarsturs

Zeughausstrasse 43, 8004 Zurich, Switzerland =N S swiss Calibration Service

NS
"":J..l i

Accradbed by the Swiss Accradtation Senica (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agresment for the recognition of calibration certificates

Accreditation No.: SCS 0108

Cartificate No: D2600V2-1015_Nov18

SW /ﬂ’%
Cailbration procedure(s) i& Pl L LY
Caiibration date: November 20, 2018

This cadbration cerificate documants the raceability to national standards, which realize the physical units of s {S1),
The maasuremants and the unceraintias with confidence probabifity are given on the following pages and are part of the ceriéicate

Caloration Equipmant used (MATE critical for calbration)

Al calibrations have bean conducted in the closed laboratory facility: amwonment femperature (22 + 3)°C and humidity < 70%.

Prisnary Standards D # Cal Dato (Cartificate No.) Schadules Callbraton

Power metar NRP SN: 104778 D4-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NAP-291 SN: 102244 D4-Apr-18 (No. 217-02672) Apr-18

Power sensot NRP-231 SN: 103245 D4-Apr-18 (No. 217-02673) Apr18

Ralerence 20 ¢B Allanuntor SN 5058 (20k) D4-Apt-18 (No. 217-02682) Apr19

Type-N mesmatch combinatan S 5047.2 1 06327 0D4-Apr-18 (No. 217-02683) Apr-1%

Refarance Probe EX3DVA SN: 7349 30-Dec-17 (No. EX3-7349_Dec17) Dec-18

DAE4 SN: 601 04-Oct- 18 (No, CAE4-601_Octi8) Oct-18

Secondary Stendargs 2 # Check Data (in house) Schaculad Chack

Pawar mater EPM-442A SN: GB37480704 07-0c1-15 (In house check Oct-18) In house chack: Oct-20

Power sensor HP BA81A SN: US37292783 07-0ct15 (in housa check Oct-18) In house chack: Oct-20

Pawer sensor HP BAB1A SN MY£1082317 07-0ct-15 (n house check Oct-18) In house chacke Oct-20

RAF generator A&S SMT-06 SN: 100872 15-Jun-15 (in house chack Oct-18) In houge check: Oct-20

Network Analyzer Agilent EBISEA | SN: US41080477 J1-Mar-14 (in house check Oct-18) In house check: Oet-19
Name Function

Calibrated by: Laif Kiysnar Laboratory Technician

Agproved by: Kaia Polovic.

Issuad. Novembar 20, 2018

This calbration certificate shall not ba reproduced axcept in full without witten approval of the Iaboratory.

Cortificate No: D2600V2-1015_Nov18
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Calibration Laboratory of LN
Schmid & Partner SN

Engineering AG 3 ?
Znughgnwmu gs. 8004 Zurich, Switzeriand ’,//,%\\\‘

RZARS

Accrediied by the Swiss Accredaton Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Multitateral Agr for the recognition of calibration certificates
Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

Report No. HCT-SR-1908-FC006-R2

S Schwelzerischer Kalibeierdienst

c Service sulsse d'@alonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

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

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

300 MHz to 6 GHz)", July 2016

¢) |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30

MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

parallel to the body axis.

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

reflected power. No uncertainty required.

e FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.

No uncertainty required.

o SAA 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.

probability of approximately 95%.

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

Certificata No: D2600V2-1015_Nov18 Page2of8



Report No. HCT-SR-1908-FC006-R2

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS Vs52.10.2
Extrapolation Advanced Extrapciation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mha/m
Measured Head TSL parameters (220202)°C 37326% 2,03 mho/m =6 %
Head TSL temperature change during test <05"C eee ee
SAR result with Head TSL
SAR averaged over 1 emy® (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.9 Wkg
SAR for nominal Head TSL parameters normalized to 1W 58.1 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW Input power 6,63 W/ky
SAR for nominal Head TSL parameters normalized to 1W 26.1 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mha/m
Measured Body TSL parameters (220:02)°C 509+6% 2.20 mho/m £ 8 %
Body TSL temperature change during test <D5'C - -
SAR result with Body TSL
SAR averaged over 1 cm? (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.9 W/kg
SAR for nominal Body TSL parameters normalized to 1W 54,8 Wikg + 17,0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6,14 Wikg
SAR for nominal Body TSL parameters normalized to 1W 24.3 Wikg = 16.5 % (k=2)

Certficate No: D2600V2-1015_Nov18
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Report No. HCT-SR-1908-FC006-R2

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4960-410
Return Loss -276dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4580-28|Q
Return Loss -255dB
General Antenna Parameters and Design
| Electrical Delay (one direction) [ 1.150 s |

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

The dipole i3 made of standard semirigid coaxial cable, The center conductor of the feeding line Is directly connected to the
second am of the dipole. The antenna Is therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is st

according 1o the Standard.

No excessive force must be apphed to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged,

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

October 30, 2007

Certificate No: D2600V2-1015_Novis
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H.a- Report No. HCT-SR-1908-FC006-R2

DASYS5 Validation Report for Head TSL
Date: 16.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1015
Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: = 2600 MHz; o = 2.03 S/m; & = 37.3; p = 1000 kg/m”

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.7, 7.7, 7.7) @ 2600 MHz; Calibrated: 30.12.2017
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001

o DASY5252.10.2(1495), SEMCAD X 14.6.12(7450)

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

Reference Value = 121.3 V/m; Power Daft = -0.04 dB

Peak SAR (extrapolated) = 30.2 W/kg

SAR(1 g) = 14.9 W/kg; SAR(10 g) = 6.63 W/kg

Maximum value of SAR (measured) = 25.0 Wikg

-4.80
-9.60
-14.40

-19.20

-24.00

0dB =25.0 W/kg = 13.98 dBW/kg

Certificate No: D2600V2-1015_Nov!i8 Page Sof 8



Impedance Measurement Plot for Head TSL

Report No. HCT-SR-1908-FC006-R2
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DASYS5 Validation Report for Body TSL
Date: 20.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1015
Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: = 2600 MHz; 6 = 2.2 $/m; & = 50.9; p = 1000 kg/m"

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(7.81, 7.81, 7.81) @ 2600 MHz; Calibrated: 30.12.2017
o Sensor-Surface: 1.4mm (Mechuanical Surface Detection)
= Electronics: DAE4 Sn6é01; Calibrated: 04.10.2018
o Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

= DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 108.5 V/m; Power Drift =-0.09 dB

Peak SAR (extrapolated) = 28.6 W/kg

SAR(1 g) = 13,9 W/kg; SAR(10 g) = 6.14 W/kg

Maximum value of SAR (mecasured) = 23.1 W/kg

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =231 W/kg = 13.64 dBW/kg

Cerfiticate No: D2€00V2-1015_Novi8 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schweizerischer Kalibrierdienst

Schmid & Partner % fo\ g Birios nudadd & Wialedtige
Engineering AG £ Servizio svizzero di tarstura

M 8004 Zurich, Switzerland L N4/ S suiss Calibration Service

Accradiied by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilsteral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

Calbration Equipment used (MATE chitical for calbration)

This callbeation corticate documents the traceabdity 10 national stendards. which regfize the physical units of measurements (S1),
The measuraments and the uncensinties wah contidenca probability are given on the Tolowing pages and am part of the centificate.

Al calibeaticns have bean conducted n the closed aboratory facfity: environment temperature {22 2 3)°C and humidity < 70%,

Primary Standards 10 # Cal Date (Carfificate No.) Scheduled Calibration

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

Powar sanaor NRP-Z§1 SN: 103244 04-Apr-18 {No. 217-02672) Agr18

Power sensor NRP-Z01 SN: 103245 04-Apr-18 (No, 217-02673) Apr19

Asderence 20 dB Atteauator SN: 5058 {20k} 04-Apr-18 (No. 217-02662) Apr-19

Type-N mismatch combination SN: 5047.2/08327  O4-Ape-18 (No, 217-02683) Ape-19

Aaference Probe EX30V4 SN: 3503 30-Dec-17 (No. EX3-3503_Dec17) Dac-18

DAES SN: 601 04-Oct-18 (No. DAE4-€01_Oct18) Oct-19

Seceadary Standards 0 ¢ Cheack Date (n houss) Schedues Check

Power metés EPM-4424 SN: GB3I7480704 07-0ct-15 {in house check Oct-18) In house check: Oct-20

Power sansor HP BAB1A SN: US37202783 O7-0ck15 (in house check Oct-16) In house check: Oct-20

Power sensor HP BAB1A SN MY41082317 07-0ct-15 (in house check Oct-18) In house check: Oct-20

AF generator RES SMT-06 SN: 100872 15-Jun-15 {In house check Oct-18) In house check: Oct-20

Natwork Analyzer Agillent EBISEA | SN: US41080477 31-Mar-14 (In house chack Oct-18) In houss check: Oct-19
Name Function

wm w: '«’-1 TN y ‘; 5

Approved by:

Issuedt. November 22, 2018

This caliration cedificate shall not ba reproduced except in full without written approval of the laboratory.
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H.a- Report No. HCT-SR-1908-FC006-R2

Calibration Laboratory of S, S Schweizerischer Kalibrierdienst

Schmid & Partner % G Service suiase d étalonnage
Engineering AG b Servizio svizzeco di taratura

Zoughausstrasse 43, 8004 Zurich, Switzeriand TN S swiss Calibeation Service

Accredzed by 1he Swiss Accradtation Sorvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agr for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e 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.

e 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 Retumn Loss ensures low
reflected power. No uncertainty required.

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

o 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
connector.

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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H.a- Report No. HCT-SR-1908-FC006-R2

Measurement Conditions
DASY system configuration, as far &s not given on page 1.

DASY Version DASYS V52.10.2

Extrapolation Aadvanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm vith Spacer

Zoom Scan Resolution dx, dy =4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz £ 1 MHz

Frequency 5600 MHz = 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz
The lollowing parameters and calculations ware applied.

Tempersature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.71 mha/m

Measured Head TSL parameters (220+02)°C 362+6% 4.50 mho/m 46 %

Head TSL temperature change during test <05°C —— -
SAR result with Head TSL at 5250 MHz

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

SAR measured 100 mW input power B.20 Wikg

SAR for nominal Head TSL parameters normalized 1o 1TW 82.0 Wikg = 19.9 % (k=2)

SAR averaged over 10 em” (10 g) of Head TSL condition

SAR measured 100 mW input power 2.34 Wika

SAH for nominal Head TSL parameters normalized to 1W 23.4 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1253_Novig Page 3of 13



Head TSL parameters at 5600 MHz

The following parameters and caloulations were applied.

Report No. HCT-SR-1908-FC006-R2

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 355 5,07 mho/m

Measured Head TSL parameters (220+0.2)°C 357 +6% 4.84 mho/m £ 6 %

Head TSL temperature change during test <05°C . -
SAR result with Head TSL at 5600 MHz

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

SAA measured 100 mW input power B.39 Wikg

SAR for nominal Head TSL parameters normalized to 1W 83.8 W/ kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2,39 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.9 Wkg = 19.5 % (k=2)
Head TSL parameters at 5750 MHz

The following parameters and calcutations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 354 5.22 mho/m

Measured Head TSL parameters (220+£02)°C 355+6% 510 mho/m =6 %

Head TSL temperature change during test <05°C - —
SAR result with Head TSL at 5750 MHz

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

SAR measured 100 mW input power 8.23 Wikg

SAR for nominal Head TSL parameters normalized to 1W 82.3 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.34 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W 23.4 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1253_Nov18
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Body TSL parameters at 5250 MHz

The following parameters and caiculations were applied,

Report No. HCT-SR-1908-FC006-R2

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 489 5,368 mho/m

Measured Body TSL parameters (22.0+02)°C 47528% 5.48 mho/m = 8 %

Body TSL temperature change during test <05°C - —
SAR result with Body TSL at 5250 MHz

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

SAR measured 100 mW input power 7.84 Wikg

SAR for nominal Body TSL parameaters normalized to 1W 78.0 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 217 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The follewing parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.5 5,77 mho/m

Measured Body TSL parameters (220%02)°C 468+6% 5.94 mho/m £ 6 %

Body TSL temperature change during test <05°C e -
SAR result with Body TSL at 5600 MHz

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

SAR measured 100 mW input power 8,21 Wikg

SAR for nominal Body TSL parameters normalized tc 1W 81.6 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 100 mW input power 2.28 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 22.6 Wikg = 19.5 % (k=2)

Certificate No: DSGHzV2-1253_Novis
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Report No. HCT-SR-1908-FC006-R2

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 483 5.84 mha/m

Measured Body TSL parameters (220:02)"C 46.6 £6 % 6.15 mho/m £86 %

Body TSL temperature change during test <05°C — -
SAR result with Body TSL at 5750 MHz

SAR averaged over 1 cm® (1 g) of Body TSL Caondition

SAR measured 100 mW input power 7.77 Wikg

SAR for nominal Body TSL parameters normalized to 1W 77.3 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 216 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.4 W/kg = 19.5 % (k=2)

Certificate No: DSGHzV2-1253_Nov1g
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 4920-42[02
Return Loss -274d8

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 527Q+27Q
Return Loss -286dB

Antenna Parameters with Head TSL at 5750 MHz

Impedance, transiormed to feed point 5410+4010
Retumn Loss -252dB

Antenna Parameters with Body TSL at 5250 MHz

Impedance, fransformed 1o feed point 4840-20jQ
Return Loss -336dB

Antenna Parameters with Body TSL at 5600 MHz

impedance, transtormed to feed paint 525Q+31jQ
Aeturn Loss -282dB

Antenna Parameters with Body TSL at 5750 MHz

Impadance, transtormed to feed point 5650+ 3812
Return Loss -230dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1195 ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductar of the feeding line is directly connected to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions* paragraph, The SAR data are not affected by this change. The overall dipole length is still
according to the Standard,

No axcessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manutactured on January 22, 2016
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H.a- Report No. HCT-SR-1908-FC006-R2

DASYS Validation Report for Head TSL

Date: 15,11.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2: Type: DSGH2V2;: Serial: DSGHzV2 - SN:1253

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz: 6 = 4.5 S/m; ¢, = 36.2; p = 1000 kg/m”,

Medium paramelers used: f = 5600 MHz; 6 = 4.84 S/m; & = 35.7; p = 1000 kg/m’

Medium parumeters used: £ = 5750 MHz; 0 = 5.1 S/m; ¢, = 35.5; p = 1000 kg/m'

Phantom section: Flat Section

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

DASYS52 Configuration:

¢ Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51) @ 5250 MHz,
ConvF(5.05, 3.05, 5.05) @ 5600 MHz,
ConvF(4.98, 498, 4.98) @ 5750 MHz; Calibrated: 30,12.2017

* Sensor-Surfuce: 1.4mm (Mechanical Surface Detection)

»  Electronics: DAE4 Snf01 (5G); Calibrated: 04.10.2018

*  Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001
o DASYS252.10,2(1495); SEMCAD X 14.6.12(7446)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 80.61 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 27.6 Wikg

SAR(] g) = 8.2 W/kg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

Dipole Calibration for Head 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 = 77.68 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 30.8 Wrkg

SAR(1 g) = 8.39 W/kg; SAR(10 g) = 2.39 W/kg

Maximum value of SAR (measured) = 19.6 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75.48 Vim; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 30.7 W/kg

SAR(1 g) = 8.23 W/kg; SAR(10 g) = 2.34 W/kg

Maximum value of SAR (measured) = 19.2 W/kg

Cenrtificate No: D5GHzV2-1253_Nov18 Pagasof 13



dB

-8.59

-17.17

-25.76

-34.34

-42.93

0dB =185 Whkg=12.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 22.11.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1253

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; o = 5.46 S/m; £, = 47.5; p = 1000 kg/m',

Medium parameters used: { = 5600 MHz; o = 5.94 S/m; £ = 46.8; p = 1000 kg/m',

Medium parameters used: f= 5750 MHz; o = 6.15 S/m; ¢, = 46.6; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/AEC/ANS] C63.19-2011)

DASYS2 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.26, 5.26, 5.26) @ 5250 MHz,
ConvF(4.65, 4.65, 4.65) @ 5600 MHz,
ConvF(4.57, 4.57, 4.57) @ 5750 MHz; Calibrated; 30,12,2017

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

« Electronics: DAEA Sn601 (5G); Calibrated: 04.10.2018

« Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA: Serial: 1002
o  DASYS2 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 69,32 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 30,5 Wikg

SAR(I g) = 7.84 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.6 Wikg

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 = 69.85 V/im; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 34.8 Wikg

SAR(1 g) = 8.21 W/kg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 20,3 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 67.21 Vim; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 33.5 Wikg

SAR(1 g) = 7.77 W/kg; SAR(10 g) = 2.16 W/kg

Maximum value of SAR (measured) = 19.3 Wikg
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Impedance Measurement Plot for Body TSL
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Schmia & Pariner Engnesrnng 4G §7 e g a g

Zeughaussirasse 43, 8004 Zunch, Switzeslana
Frong +41 44 245 9700, Fax +4% 44 245 9779
info@speag.cam, hitg wwaw speag com

Certificate of conformity / First Article Inspection

Item Triple Modular Flat Phantorn V5.1
Type No QD OCOPS1C
Series No 1100 and higher
Manufacturer / Origin Untarsee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland

Tests
The sub-units of item 1100 are identified with the designation 1100/1, 1100/2 and 1100/3. Tesls were
conducted on all 3 sub-units of this phantom.

"Test | Requirement Details Units tested

Material Compliant with the standard 2 mm +/- 0.2 mm all

thickness requirements. N 30 points over the bottom area

Material Dislectric parameters for required | 200 MHz - 6 GHz - Material

parameters frequencies Relative permittivity 3 - 5 sample
R Loss tangent < 0.05.

Material The material is compatible with DGBE based simuiating liquids, | Material

resistivity the liquids defined in the Observa Technical Note for Samples

standards If handied and cleaned | material compatibiity,
according to the instructons.
Shape internal dimensions Internal height: > 175 mm Pre-series,
Bottom internal length: 280 mm | design

Bottom Internal width; 175 mm
Nominal filing hewght: 155 mm
Nominal volume: 9.2 | J—
Sagging Depending on standard No initial sagging (negative 110072
preshaped, change < 0.5 mm)

Standards

[1] |EEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spalial-Average Specific
Absorption Rate (SAR) in the Human Head Irom Wireless Communications Devices; Measurement
Techniques®, June 2013

[2] |EC 62209 - 1, *Specitic Absorption Rate (SAR) in the frequency range of 300 MMz to 3 GHz -
Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February
2005

[3] |EC 62208 - 2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices In the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Part 2: Procedure to determine the Specific
Absorption Rate (SAR) for ... including accessories and multiple transmittars®, March 2010

[4] KDB 865664, “SAR Measurement Requirements for 100 MMz to 6 GHZ"

Conformity
Based on the dimensions and sample tests above, we certdy that this ftem is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.

Date 16.07.2015

Signature / Stamp 8 _a
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