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Zeughausstrasse 43, 8004 Zurich, Switzerland SN S Swiss Calibration Service

o™
Accredited by the Swiss Accroditation Sarvice (SAS)

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

Accreditation No.: SCS 0108

Certificato No: D750V3-1014_May20
— =
| Object D750V3 - SN:1014
| Caiibration procedusels) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
A= '3 A L i =
Cadibyration dute: May 19, 2020

This calibration cerfilicate documents Ihe traceability 1o national standasds, which reaize the physical units of measurements (S1)
The measurements and 1he uncertainties with confidence pecbability are given on the following pages and are parn of the cerlificate

All cafibrations have baen conductad in the closed laboratory faciity: enviroomant tamperalure (22 « 3)°C and humidily < 70%.

Calranon Equipment used (METE critical or calibration)

This calbration cerfificate shall not be reproducad except in full wihoul witlen approval of the laborsionry

Primary Standards D¢ Cal Date (Certificate No.) Scheduled Casbration

Powear mater NRP SN 104778 01-Ape-20 (No. 217-03100/03107) Apr-21

Power sensor NRP-291 SN 103244 01-Ape-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 105245 01-Ape-20 (No. 217-03101) Apr-21

Ratarance 20 08 Attenuator SN BHI394 (20k) 31-Mar-20 (No. 217-03108) Apr-21

Type-N mismalch combination SN 310962 / 06327 S1-Mar-20 (No. 217-03104) Apr-21

Ratarance Probe EX3DV4 SN 7348 31-Dec-19 (No. EX3-7345_Dec19) Doc-20

DAE4 SN 60 27-Dac-18 (No. DAE4-601_Dec18) Doc-20

Secondary Standards D Check Date (in house) Schodided Chack

Powsar metor E44158 EN: GB39512475 30-Oct-14 (In house chack Fab-19) In housa check: Oct-20

Powar sensor HP 84814 SN US3T7292783 07-0ct-15 {in house chack Oct-18) In house checx: Oct-20

Powar sensor HP 84814 SN: MY41092317 07-0ct-15 (in house check Oct-18) In house check: Oct-20

RF ganerator RAS SMT06 SN: 100072 15-Jun-15 (In housa check Oct-18) In house check: Oct-20

Network Analyzer Aglent EBISBA | SN: US41080477 J1-Mar-14 {in house check Oct-19) In house check: Ocl-20
Name Signature

Calibrated by Jalfisy Katzmean '/ : g g

Appraved by: Kantja Pokavic

Issusd; May 22, 2020

Cenrtificate No: D750V3-1014_May20
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Calibration Laboratory of

r §  Schweizerischer Kalibriordienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero dl taratura
Zeughsusstrasse 43, 8004 Zurich, Switzeriand S Swiss Calibration Service
Accredied by the Swiss Accred2ation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multiisteral Agreement for the recognition of calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NOBM 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 62208-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) 1EC 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 Retum Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

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: D750V3-1014_May20 Page 2 of 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52104
Extrapolation Aagvanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 750 MHz + 1 MMz
Head TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C M9 0.89 mha/m
Measured Head TSL parameters (220+02) °C 42126% 0.91 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 213 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 8.39 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 250 mW input power 1.40 Wikg
SAR for nominal Head TSL parametaers normalized to 1W 5.53 W/kg = 16.5 % (k=2)
Certificate No: D750V3-1014_May20 Page3at 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 10 feed point 539Q+30j0

Return Loss -265d8

General Antenna Parameters and Design

LElec!mal Delay (one direction) l 1.041 ns

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

The dipole s made of standard semingid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna |s therefore short-ciroulted for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the pasition as explained in the
‘Measurement Conditions® paragraph, The SAR data are not affected by this change. The overall dipole length is still
according to the Standard

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

feedpoint may be damaged
Additional EUT Data

| Manutactured by | SPEAG i
Certificate No: D7S0V3-1014_May20 Page 4 ol 6
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DASYS5 Validation Report for Head TSL

Date: 19.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1014

Communication System: UID () - CW; Frequency: 750 MHz

Medium parameters used: f =750 MHz: 6 = 0.91 S/m; & =42.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07) @ 750 MHz; Calibrated:; 31.12.2019
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 100]

« DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 58.88 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.18 W/kg

SAR(1 g) = 2.13 W/kg; SAR(10 g) = 1.40 W/kg

Smallest distance from peaks to all points 3 dB below = 18.4 mm

Ratio of SAR ut M2 to SAR st M| = 67.1%

Maximum value of SAR (measured) = 2.81 Wikg

-4.00
-6.00
-8.00
-10.00
0dB =281 Wikg =449 dBW/kg
Ceﬂcate No: D750V3-1014_May20 Page 5016
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Impedance Measurement Plot for Head TSL
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HCTCO, LTD.
Calibration Laboratory of SN, G Schweizerischer Kalibrierdienst
Schmid & Partner % C Servico sulsse détalonnage
Engineering AG e Sarvizio avizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzeriand g, 1.,/’,\?.\*\{ S swiss Calibestion Service

Accradited by the Swiss Acoreditation Servics (SAS)
The Swiss Accreditation Servico is one of the signatories to the EA

Accreditation No.: SCS 0108

Musttilateral Ag t for the recognition of calibeation certificates
% 0= I oF 91 4
b < :
Obact L R g 5 I N
i 4|0 [0 d | Y0 /[3.‘3
Caloraton procedure(s)
Caibration date: August 27,2020

Catbration Equipment used (MATE critical for calibeasion)

This calbration cenificate cocumants the tracaabilty to nationsl standards, which raalize tha physical units of measuremants (S1)
The measuremants and the uncadanties with confidence probability ara given on the Tollowing pages and are past of the cadificate

All calibrations have baen conducted in the closed lsboratory facility: environment teenporature (22 + 3°C and humidity < 70%.

This calibration cartificate shall not be raproducad eacept in full withau witien approval of the laboeatery,

Frimary Standards 1Dy Cal Date (Centicate No.) Scheduled Calibration

Powsr mater NRE SN 104778 01-Ape-20 (Na, 217.03100:03101) Ape-21

Power sansor NRP-Z281 SN 103244 01-Ape-20 (No. 217-03100) Apr21

Power sansor NRP-281 SN- 103245 01-Ape-20 (No, 21703101) Ape21

Reference 20 dB Alterusior SN BHE394 (20K) 31-Mar-20 (No. 217-03108) Agr-21

Typa-N mismatch combinasan SN 310982 / 06327 31-Mar-20 (No. 217-03104) Apr21

Reference Probe EX3DV4 SN:- 7349 292020 (No. EX3-7349_Jun20) Jun-21

DAES SN 601 27-00c-18 (No. DAE4-601_Dec19) Dec-20

Secondary Standards 10 % Check Data (In house) Schedisad Check

Pawer meter E44108 SN: GB39512475 30-0c¢1-14 (in housa check Feb-18) In housa check: Oct-20

Fawer sensor HP 84814 SN: US37292783 07-0¢1-15 (in houss check Oct-186) In hause check: Oot-20

Power sensor HP 8481A SN: MY41062317 07-0ct-15 (in houss check Oct-18) In housa check: Owl-20

RF ganaratar RAS SMT-06 SN; 100672 15-Jun-15 (m house chack Oct-18) In hausa check: 00120

Network Analyzer Aplent EBISSA | SN: US41080477 31-Mar-14 (in houss check Det-19) In housa check: Oct-20
Name Function Signature

Calivrated by: dslley Katzman ‘Labaratory Technician / a E ‘

Approved by: Katja Pokentc Technical Managar

lssued: August 28, 2020

Certficate No: D835V2-40266_Aug20
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 0004 Zurich, Switzariand

Schweizerischer Kalibrierd
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Sarvice

Accrodiled by the Swiss Accreditstion Servics (SAS) Accreditation No.: SCS 0108
MWMWSMBOMMNMMMMBOMEA

Muttilatersl 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, "I[EEE 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) |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 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 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 fo the body axis.

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

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

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

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

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

Centificate No: DB35V2-4d266_Aug20 Page 20l 7
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Measurement Conditions

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

DASY Version DASYS V52,104

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Frequency B35 MHz = 1 MMz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 415 0.90 mho/m

Measured Head TSL parameters (2201+02)"C 422+6% 0.93 mha/m 4 6 %

Head TSL temperature change during test <05°C R —
SAR result with Head TSL

SAR averaged over 1 em? (1 g) of Head TSL Caondition

SAR measurad 250 mW input power 2.41 Wikg

SAR for nominal Head TSL parameters normakized to TW 9.44 Wikg = 17.0 % (k=2)

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

SAR measurad 250 mW input power 1.56 Wikg

SAR for nominal Head TSL parameters normalized to 1W 6.13 W/kg = 16.5 % (k=2)
Certificate No: D835V2-4d266_Aug20 Page30t7
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed paint 5020Q-24i0
Retumn Loss -325dB

General Antenna Parameters and Design

| Esectrical Deiay (ane direction) 1,389 ns |

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the
second arm of the dipale. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arma 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 applled to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
I |

Certificate No: D835V2-44266_Aug20 Paged ot 7
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DASYS5 Validation Report for Head TSL

Dare: 27,08,2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serinl: D835V2 - SN:4d266

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

Medium parameters used: f =835 MHz; o =0.93 S/m; & =42.2; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS2 Configuration:
= Probe: EX3DV4 - SN7349; ConvF(9.69, 9.69, 9.69) @ 835 MHz; Calibrated: 29.06.2020
« Sensor-Surface: .4mm (Mechanical Surface Detection)
» Electronics; DAE4 Sn601; Calibrated: 27.12.2019
* Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

« DASY5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 62.47 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2.41 W/kg: SAR(10 g) = 1.56 W/kg

Smallest distance from peaks to all points 3 dB below = 16 mm

Ratio of SAR at M2 to SAR at M1 = 67.2%

Maximum value of SAR (measured) = 3,19 W/kg

-2.00
-4.00
-6.00
-8.00

-10.00

0 dB = 3.19 W/kg = 5.04 dBW/kg

Certificate No: D835V2-4d266_Aug20 Page Sol 7
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Impedance Measurement Plot for Head TSL
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head'

Evaluation Condition

[ Phantom | SAM Head Phantom

For usage with cSAR3DV2-A/L |

SAR result with SAM Head (Top = C0)

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

SAR for nominal Head TSL paramaters nommalized to 1W 8.97 Wikg = 17.5 % (k=2)

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

SAR for nominal Head TSL parameters normalized to 1W 5.93 Wikg = 16.9 % (k=2)
SAR result with SAM Head (Mouth = F90)

SAR averaged over 1 em” (1 g) of Head TSL Candition

SAH for nominal Head TSL parameters normalized to 1W 9.42 Wikg = 17.5 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized 1o 1W

6.31 W/ka = 16.9 % (k=2)

SAR result with SAM Head (Neck = H0)

SAR averaged over 1 cm® (1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters nommalized to 1W 8,95 Wikg = 17,5 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR for nominal Head TSL parameters nomalized to 1W 6.03 W/kg = 16.9 % (k=2)

SAR result with SAM Head (Ear = D90)

SAR averaged over 1 em” (1 g) of Head TSL

Caondition

SAH for nominal Head TSL. parameters

normalized to TW

7.69 Wikg = 17.5 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normilized to 1W

5.17 Wikg = 16.9 % (k=2)

: Additional assessments outside the cument scope of SCS 0108

Certificate No: DB35V2-4d266_Aug20 Page 7017
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Calibration Laboratory of S, e Schweizerischer Kalibrierdienst
Schmid & Partner *:@%’i “ N‘ 2 Service suisse d'étalonnage
Engineering AG < Sorvizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland N /S swiss Calibration Service

Accredited by the Swiss Accredilaton Senion (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresment for the recognition of callbration certificates

Accreditation No.: SCS 0108

Client

Caibration date:

The WS and e unce

with conf

Calibeation Equpment ussd (MATE aritical for calbration)

mwmmmmmnwnmmmmmwmmmm(m
probetiity are civen on tha following pages and are part of the certificate.

M@mm=mmnmmnmmbammmmmmnmzs)'c:mmmnwnm

Primary Standards 10 # Cal Date (Contd No.) Schaduled Calibration

Power meler NRP SN 104778 D1-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP- 21 SN 103244 O1-Ape-20 {No. 217-03100) Apr-21

Power sensor NRP.Z91 SN 103245 01-Apr-20 (No. 217-03101) Apr21

Reference 20 &8 Attoruator SN. BHEA6S (20k) 31-Mar-20 (No. 217-03106) Apr21

Type-N mizmatch combinatian SN: 310082 1 06327 31-Mar-20 (No. 21703104) Apr-21

Reference Probe EX30V4 SN: 7349 29-Jun-20 (No. EX3-7348_Jun20) Jun-21

DAE4 SN: 601 27-Dec-18 (No. DAE4-601_Dec18} Dec-20

Secandary Standards D # Check Date (n house) Scheduled Check

Power metar E44188 SN GB38512475 30-0ct-14 (In house check Feb-19) In house check: Oct-20

Power sensoe HP BAB1A SN: US3T202783 07-0ct-15 {in hause chack Oct-18) In house chack: Det-20

Power sensor HP BLEIA SN MY41082317 07-0ct-15 (In house check Oc1-18) In housa check: Oct-20

RF generator RE&S SMT.06 SN 100972 15-Jun-15 (in house check Oct-18) in housa chack: Oct-20

Network Analyzer Agllent EE3584 | SN US41080477 31-Mar-14 {in house check Oct-19) In housa check: Oct-20
Name Function

Approved by:

issued: August 27, 2020

m;wmmmwmmmwmummmwummmuy.

Cerificate No: D1800V2-2d007_Aug20
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Calibration Laboratory of
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\-\" e, Sk worischor Kalibri

Schmid & Partner % g Service suisse d'étaloanage

Engineering AG o Servizio svizzero di taraturs
Zoughsusstrasse 43, 8004 Zurich, Switzertand e S Sswiss Calibration Service
Accrediied by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agr for the recognition of calibeation 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 62208-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) IEC 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 fiat phantom section, with the arms oriented
parallel to the body axis,

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Varsion DASYS V52104
Extrapolation Advanced Extrapolation
Phantom Modutar 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 calcutations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters (220+02)°C 404+6% 1.38 mhoim + 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 9.43 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condifion
SAR measured 250 mW input power 4.90 Wikg
SAR for nominal Head TSL parameters nomadized to 1W 19.7 Wikg £ 16.5 % (k=2)
Certificate No: D1800V2-2d007_Aug20 Page 3 of 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed {o feed point 4620-77 0
Return Loss -21.0dB

General Antenna Parameters and Design

Elactrical Detay (one direction) r 1.204ns

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 semirigld coaxial cable. The center conduclor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms In order o improve maiching when loaded according to the position as axplained in the
"Measurement Condltions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard

No excessive force must be applied to the dipcie amms, because they might bend or the soldered connections near the
feedpoint may be damaged,

Additional EUT Data

l Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 26.08.2020
Fest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: D1800V2 - SN:2d007

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

Medium parameters used: = 1800 MHz; o = 1.38 $/m; &= 40.4; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.38, 8.38, 8.38) (@ 1800 MHz: Calibrated: 29.06.2020
» Sensor-Surface: | 4mm (Mechanical Surface Detection)
e Electronics: DAEA Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 100]

o DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 106.8 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17.7 W/kg

SAR(] g) = 9.43 Wikg: SAR(10 g) = 4.9 W/kg

Smallest distance from peaks to all points 3 dB below = [0 mm

Ratio of SAR at M2 to SAR at M1 = 53.8%

Maximum value of SAR (measured) = 14.7 Wikg

dB

3.40
-6.80
-10.20
-13.60

-17.00

0dB = 14.7 Wikg = 11.68 dBW/kg
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Impedance Measurement Plot for Head TSL
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Schmid & Partner N (S: Sorvice suisse d'étalonnage
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Accredited by the Swiss Accrediiation Sarvics (SAS) Accreditation No: SCS 0108

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

ceer  HONRDWDWEY 0 -

Calibration procedure!s)

Calitwaticn date:

Thia calibration cerlificate the tality 16 nisticnal standards, wivch realize the physical unts of ts (S1),
The measurements and the uncenainties with confidence peotiahilty are given an the faliowing pages and are part of the cantificate

Al calibeations have been conducted in the clased | y facility: arvie P (22 » 8)°C and humidity < 70%

Catbration Equipment used (MATE critical for calibration)

Primary Standards De Cal Date (Canificata No.) Schetuled Calibrafion

Power meter NRP SN: 104778 03-Apr-19 (No. 217-02892/028253) Apr20

Power sensor NAP-Z81 SN: 103244 03-Apr-19 (No. 217-02892) Apr-20

Powar sensor NAP-Z91 SN; 10G245 03-Apr-19 (N 217-02693) Apr20

Retarance 20 dB Attenuator SN: 5058 {200) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN; 50472 / 06327 04-Apr-18 (Np. 217-02685) Apr-20

Referanca Proba EX3DVA SN: 7348 31-Dec-13 (No. EX3-7348_Dec18) Dac-20

DAE4 SN 601 27-Dec-19 (No. DAE4-601_Dec19) Dec-20

Secondary Standards 10 # Check Dale (in house) Scheduled Check

Powar meter £44198 SN: GB39512475 30-001-14 (in housa check Feb-16) In house check: Oct20

Powsr sensor HP 8481A SN: US37292763 07-0c1-15 (in house check Oct-18) In housa checi: Oot-20

Power sansar HP 84814 SN: MY41002317 07-0c1-15 (0 house check Oci-18) In housa check: Oci-20

AF genecator FISS SMT-06 SN 100872 15-Jun-15 (In house check Oct-18) In house check: Ox-20

Netwark Anafyzer Agient EB35BA | SN: US41080477 J1-Mas-14 (in house check Ool-18) In housa check: Ocf-20
Name Function

Catbratod by;

Approved by:

This calibeation cedificate shall not be reproduced except In ful without writien approval of the laboratory.
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Calibration Laboratory of
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Schmid & Partner ¢ Service suisss d'étalonnage
Engineering AG Servizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerfand S Swiss Calibration Service
Accrodited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108

Tha Swiss Accroditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cedtificates

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: Measureament 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 centificate are valid at the frequency indicated.

« Antenna Parameters with TSL: The dipcle is mounted with the spacer to position its feed
point exactly below the center marking of the fiat 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 Return Loss ensures low
reflected power. No uncertainty required.

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

e 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 caiculate 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 85%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.103
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ox, dy, dz =5 mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and caleulaticns were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha/m
Measured Head TSL parameters {(220=02)°C 414+6% 1.38 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 9.85 Wikg

SAR for nominal Head TSL paramsters

normalized to 1W

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

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

SAR measured 250 mW input power 5.13 W/kg

SAR for nominal Head TSL parameters normalized ta 1W 20,7 W/kg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations wers applied.
Temperature Peormittivity Conductivity

Nominal Body TSL parameters 220"C 533 1.52 mho/m

Measured Body TSL parameters (220+0.2)°C 542+6% 1.50 mhoim + 6 %

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

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

SAR measured 250 mW Input power 9.83 Wikg

SAR for nominal Body TSL paramelers normalized to 1W 39.8 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 518 Wikg

SAR for nominal Body TSL parameters nommalized to TW 20.9 W/kg = 16.5 % (k=2)

Cenificaie No: D1800V2-5d061_Jan20
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 502Q+61)Q

Return Loss -243dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 47T10+68jQ
Retumn Loss -22.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1.194ns ]

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 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 to the Standard.

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

Additional EUT Data

I Manufactured by SPEAG

Caerificato No: D1900V2-5d061_Jan20 Paga4ofd
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DASYS Validation Report for Head TSL

Date: 21.01.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d061

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

Medium parameters used: f= 1900 MHz; o= 1.39 S/im; £.=41.4; p= 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration
¢ Probe: EX3DV4 - SN7349; ConvF(8.6, 8.6, 8.6) @ 1900 MHz: Calibrated: 31.12.2019
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 27.12.2019
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 100]

» DASYS5252.10.3(1513); SEMCAD X 14.6.13(7474)

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

Reference Value = 108.8 V/m: Power Drift = 0,06 dB

Peak SAR (extrapolated) = 18.3 W/kg

SAR(1 g) = 9.85 W/kg; SAR(10 g) = 5.13 W/kg

Smallest distance from peaks to all points 3 dB below = 9.2 mm

Ratio of SAR at M2 to SAR at M1 = 54.4%

Maximum value of SAR (measured) = 15,3 Wikg

dB

-3.49
-5.98
-10.46

-13.95

-17.44

0dB =153 W/kg = 11.85 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 21.01.2020
Test Laboratory: SPEAG, Zarich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d061
Communication System: UID 0 - CW; Freguency: 1900 MHz ‘
Medium parameters used: f= 1900 MHz: o = 1.5 S/m; & = 54.2; p = 1000 kg/m

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe; EX3DV4 - SN7349: ConvF(8.42, 8.42. 8.42) @ 1900 MHz: Calibrated: 31.12.2019
«  Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 3.0 (back); Type: QD 000 P50 AA: Senal: 1002

« DASYS252.10.3(1513); SEMCAD X 14.6.13(7474)

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 = 104.6 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17.3 Wikg

SAR(I g) = 9.83 W/kg: SAR(10 g) =5.19 W/kg

Smallest distance from peaks to all points 3 dB below = 9.2 mm

Ratio of SAR at M2 to SAR at M1 =57.8%

Maximum value of SAR (measured) = 14.9 Wikg

3.30
-6.59
-9.89
-13.38

-16.48

0dB =149 W/kg = 11.73 dBW/kg
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Impedance Measurement Plot for Body TSL
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Zoughausstrasse 43, 8004 Zurich, Switzerland T WY/ S swiss Calibration Service

Accredited by !e Swiss Accreditation Service (SAS)
The Swiss Accreditation Service |s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

|4 _* @0 J 0.6 | 1239 it

Caloration procedurds)

Calbration dute:

mwnmmmmnmmmnm-mmmmmmaMdmmm(sn.
Mmmwmmmmmm“ﬁmmh'oiodmmmdnpmo'mm.

This calibeation carticate shall not be reprod

Al caltrations have boen condictad in the cosed kab y faciiity: ar int (22 £ 3)°C and humidity < T0%,

Cafibration Equipment used (MATE crifical for calibragon)

Primary Stancards Dw Cal Date (Carsficste No ) Scheduied Calibration

Power meter NRP SN: 104778 O1-Ape-20 (No. 247-03100/03101) Ape2t

Power sensar NRP.29) SN: 103244 01-Ap-20 (No. 217-03100) Apr21

Power sensar NRP-201 SN 103245 D1-Apr-20 (No. 217-03101) Apr-21

Referanca 20 0B Attanuator SN: BHI304 (20k) 31-Mar-20 (No. 217-03106) Ape-21

Type-N mismatch combination SN: 310082 1 06327  31-Mar-20 (Na. 217.03104) Apr21

Retarence Probe EXIDV4 SN: 7349 29-Jun-20 (No. EX3-7349_Jun20) Jun-21

DAES SN 601 2700019 (No. DAEA-801_Dec18) Dec-20

Sacondary Standards oy Check Dete (in house) Scheduled Check

Power mater 44198 SN GB39S12475 30-0ct-14 (in house check Feb-19) I house cheosc: Oct-20

Power sensor MP 84814 SN USAT292783 07-0ct-15 (in house chack Oct-18) In house check: Oct-20

Power sansor HP 84814 SN MY41092317 07-0ct-15 in house check Oct-18) In house chedc Dct-20

RF genarator RSS SMT-08 SN 100072 15-Jun-15 (In house check Oct18) In house check: Oct-20

Network Analyzer Aglent E8358A | SN USA1080477 31-Mar14 (n house check Oc-18) In house check: Oct-20
Name Function

Caibrated by i

Approvad by

‘mmmlmmmwmmw
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Calibration Laboratory of PAYS Schwaizerischar Kabrierdienst
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Engineering AG To Y Servizio svizzero di taratura

Zoughnusstrasse 43, 8004 Zurich, Switzeriand 14,4/“,7‘;\/_:\}? S swiss Callbration Service

Accradited by the Swiss Accreditaton Senvics {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service ks one of the signatories to the EA

Multilateral Agr for the recognition of calib certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

DASY Version DASYS V52.10.4

Extrapolation Advanced Extrapotation

Phantom Modular Fial Phantom

Distance Dipoie Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 2300 MHz £ 1 MMz
Head TSL parameters

The following par and calculstions were applled.
Temperature Parmittivity Conductivity

Nominal Head TSL parameters 220°C 395 1.67 mhaoim

Measured Head TSL parameters {220202)°C 39446% 1.68 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 Candition

SAR measured 250 mW Input power 12.1 Whkg

SAR for nominas Head TSL parameters rormalized to 1W 48.2 Wikg £ 17.0 % (k=2)

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

SAR measurad 250 mW input power 5.88 Wikg

SAR for nominal Head TSL parameters normalized o 1W 23.5Wikg £ 16.5 % (k=2)
Cortificate No: D2300V2-1010_Aug20 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 4850-26 10
Retumn Loss -304dB

General Antenna Parameters and Design

| Etectrical Delay (ane direction) [ 1170 na

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is direclly connecled to the
second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some of the dipoles, small end caps
aré added to the dipole arms in order to improve matching when loaded according 1o Ihe posifion 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
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DASYS5 Validation Report for Head TSL

Date: 26.08.2020
l'est Laboratory: SPEAG, Zurich, Switzerfand
DUT: Dipole 2300 MHz: Type: D2300V2; Serial: D2300V2 - SN:1010

Communication System: UID 0 - CW; Frequency: 2300 MHz

Medium parameters used: f=2300 MHz; o = 1.68 S/m; & = 39.4: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASYS (IEEE/TEC/ANSI C63,19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.82, 7.82, 7.82) @ 2300 MHz; Cahibrated: 29.06.2020
» Sensor-Surface; 1.4mm (Mechanical Surface Detection)
« Electromcs: DAE4 Sn601; Calibrated: 27.12,2019
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

» DASYS5252.10,4(1527), SEMCAD X 14.6.14(7483)

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

Reference Value = 114.4 V/m; Power Drift = .00 dB

Peak SAR (extrapolated) = 22.7 Wikg

SAR(! g) = 12.1 W/kg: SAR(10 g) = 5.88 W/kg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 = 53.7%

Maximum value of SAR (measured) = 19.2 Wikg

-8.00
-12.00

-16.00

-20.00

0dB =192 Wkg=12.83 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client

Object

Caibration procedure(s)

Caibraton date

Calibration Equipment used (METE critical for callbeation)

This calbration certificate documents the traceability to national standards, which realize the physi

All cafbrafions have been conducted in the closed laboratory fadility: envronmant temperaturs (22 + 3)"C and humidity < 70%.

units of {sh
The measurements and the uncenainGas wilh ceafidence probabiity are given on the following pages and are pan of the certificate.

Primary Standards D# Cal Date (Certificate No ) Schaduled Calibration

Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100V03101) Apr21

Pawar sansor NRP-Z91 SN: 103244 01-Apr-20 {No. 217-03100) Apr-21

Powor sansor NRP-Z1 SN: 103245 01-Apr-20 (No. 217-03101) Apr21

Roference 20 08 Attenuator SN BHEIB (20K) 31-Muar-20 (No. 21703108) Ape-21

Typa-N mesmatch combmation SN: 310882 /06327  31-Mar-20 (No, 217.03104) Apr-21

Roference Probe EX30V4 SN: 7349 20-Jun-20 (No. EX3-7349_Jun20) Jun-21
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Pawer sersor MP 84814 SN MY 41082317 07-0¢1-15 {in house check Oct-18) In house check: Oct-20

RF generator RES SMT-06 SN 100072 15-Jun-15 (in house check Oce-18) In housa check: Oct-20

Netwark Analyzar Agiant ES3584 | SN. USA1080477 31-Mar-14 (in house check Oct-19) In house check: Oct-20
Name Funcsion Signature

Approved by

Issued: August 31, 2020

This calibvation certficate shall not be reproducad axcapt i full wihout written approval of the laboratory,
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Accradited by tha Swiss Accreditaion Senvice (SAS) Accreditation No.: SCS 0108

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

Multilateral Agre 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) 1EC 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 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR 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 uncertainty required.

» FElectrical 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,

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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Measurement Conditions

DASY system configuration. as far as not given on page 1.

DASY Version DASYS V5210.4

Extrapolation Advanced Extrapolation

Phantom Modular 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 mhoim

Measured Head TSL parameters (220+02)°C 389+6% 1.84 mha/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 260 mW input power 13.0 Wikg

SAR for nominal Head TSL parameters normatized ta 1W 51.4 Wikg £17.0 % (k=2)

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

SAR measured 250 mW input pawer 6.06 Wikg

SAR for nominal Head TSL parameters normalized to 1W 241 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4350+85|0
Return Loss -214dB

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1.161 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the leeding line s directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipotes, 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 lo the Standard.

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

Additional EUT Data

| Manufactured by | SPEAG
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DASYS5 Validation Report for Head TSL
Date: 26.08.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 1049
Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: f= 2450 MHz; o = 1.84 S/m; & = 38.9; p = 1000 kg/m’

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

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvE(7.74, 7.74. 7.74) (@ 2450 MHz: Calibrated: 29.06.2020
= Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 27.12.2019
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Scrial: 1001

 DASYS2 52.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 115.7 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 25.5 Wikg

SAR(1 g) = 13 W/kg: SAR(10 g) = 6.06 W/kg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 =51.3%

Maximum value of SAR (measured) = 21.4 Wrkg

dB

-4.40
-8.80
-13.20
-17.60

-22.00

0dB=21.4 Wkg=13.30dBW/kg
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Impedance Measurement Plot for Head TSL
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head'

Evaluation Condition

| Phantom | SAM Head Phantom | For usage with csarapva-R1L |

SAR result with SAM Head (Top = C0)

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normadized to 1TW 54.8 Wikg £17.5 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normmalized to 1W 25.6 Wikg £ 16.9 % (k=2)

SAR result with SAM Head (Mouth = F90)

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR for nominal Mead TSL parameters normalized to 1W 55.9 Wikg £ 17.5 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized to 1W 269 Wikg £ 16.9 % (k=2)

SAR result with SAM Head (Neck = H0)

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normalized to 1W 52.6 Wikg £ 17.5 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized to 1W 245 Wikg £ 16.9 % (k=2)

SAR result with SAM Head (Ear = D90)

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normalized to 1W 33.7 Wikg £17.5 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized to 1W 17.1 Wikg £ 16.9 % (k=2)

' Addiional assessmants outside fe current scope of SCS 0108
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rmmmummmwlubnmsmmmmm: ical urits of s (S1).
ThsmeasumnmlswmammmmmhyngmmmmmN@smvamdmmﬂm.

Mealmsammuowmmnmmmmwmy:mmnmmm £ 3)°C and humidity < 70%.

Calibration Equipment use! (MATE criticsl for calibraion)

Primary Standards oz Cai Date {Certificats No.) Schaduled Calibeation
Fower meter NRP SN 104778 01-Apr-20 (No. 217-03100:03101) Apr-21

Power sermor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensar NRP-261 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Rederence 20 dB Attenuator SN: BHS394 (20K) 31-Mar-20 (No. 217-03106) Apr-21

Type-N msmatch combination SN-310062 /06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX30V4 SN 7349 29-Jun-20 (No. EX3.7348_Jun20) Jun-21

DAE4 SN- 801 27-Dec-19 (No, DAE4A.601_Dects) Dec20

Secondary Standands ID# Check Date (in house) Scheduled Check
Power meter E44198 SN: GB38512478 30-Oct-14 (in house check Feb-18) In house chegk: Oct-20
Power sensor HP 84814 SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Power sensor P 84814 SN: MY41092317 07-001-15 (n house check Oct-18) In house check: Out-20
RF penerator R&S SMT-06 SN: 100672 15-Jun-18 (in house chack Ocl-1B) In house chedc: 020
Natwork Anglyzer Aglent EBISEA | SN US41080477 31:-Mar14 (n house chack O 18) In house check: 0120

Name Function

Calibrated by:

Appraved by:

Issued: August 27, 2020

‘rriscaiummmmmw«mwmmumummmwdmmam.
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Calibration Laboratory of

S Schweizerischer Kallbrierdlenst
Schmid & Partner ¢ Sorvice sulsse cétalonnage
Engineering AG Servizio svizzero @i taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S swiss Calibration Service
Accradited by e Swiss Accraditation Service {SAS) Accraditation No.: SCS 0108

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

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 8 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 faed point.
No uncertainty required.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

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

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The fallowing parameters and caiculalions were applied,
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 390 1.96 mho/m
Measured Head TSL parameters {22020.2)°C 38326% 2.01 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 powar 14.4 Wikg
SAR for nominal Head TSL parameters normalized lo 1W 56.7 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input pawer 6.42 Wikg
SAR for nominal Head TSL parameters normalized to 1W 254 Wikg % 16.5 % (k=2)
Certificate No: D2600v2-1015_Aug20 Page 3 of 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed fo feed pomt 491 0-40j02

Retumn Loss -27.7dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.150 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected o the
second arm of the dipole. The antenna is therefore short-circuited far DC-signals. On some of the dipales, 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 dats are not affected by this change. The overall dipoie length is still
according 1o the Standard

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

Additional EUT Data

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL
Date: 26.08,.2020
l'est 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= 2.01 Sim; & = 38.3; p = 1000 kg/m”

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

DASYS2 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.54, 7.54, 7.54) (@ 2600 MHz; Calibrated: 29.06.2020
* Sensor-Surface: 1. 4mm (Mcchanical Surface Detection)
« FElectronics: DAE4 Sn601: Calibrated: 27.12.2019
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Value = 117.6 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 28.6 Wkg

SAR(1 g) = 14.4 W/kg: SAR(10 g) = 6.42 W/kg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 =~ 50.2%

Maximum value of SAR (measured) = 24.0 W/kg

-4.60
-9.20
-13.80

18.40

-23.00

0dB=24.0 W/kg = 13.8 dBW/kg
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Impedance Measurement Plot for Head TSL
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Zaughalasiraess 45, 004 Zuioh, Switeriend f@ Y/ S swiss Catibration Service

Accredited by the Swiss Accredsation Service (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No: SCS 0108

ciew  HCT@ymsted)
Coject
Calbration procedure(s)
Callbeation date;
il & Y
Y %|dpde [ /4 |2mre 12/ ]
This calbration certificate documents the traceabilty 1o national standards, which malize the physical units of (S1).

The measuroments and the uncanairties with confidence probabiity are given on the follawing pages and are part of the cartificate.
All calbrations have baen conducted in the closed latbonetoey facilty: environment tamperature (22 = 3)°C and humidity < 70%

Calivestion Equipment used (MATE critical for callbration)

Primury Standards 1D # Cal Date (Canificate No ) Schisduted Calibeaton

Pawer meter NRF SN: 104778 03-Apt-18 (No. 217-02832/02863) Apr-20

Power aansor NRP-Z81 SN: 103244 03-Apr-18 (No. 217-02832) Apr-20

Power sarsor NRP-Z81 SN 103245 03-Anr<15 {No. 217-02833) Apr-20

Reaterence 20 dB Attenuaior SN 5058 (20x) 04-Apr-18 (No. 217-02854) Apr-20

Type-N mismatch combination SN: 50472 7 06327 Oa-Ape-18 (No. 217-02885) Ape-20

Reference Proba EX30V4 SN 3508 26-Moe-19 (No. EX3-3503_Mang) Mar-20

DAEA SN BN 30-Ape-19 (No. DAE4-601_Apr19) Apr-20

Secondary Standards i Check Date {in housa) Scheduled Chack

Pawar meter E44158 SN: GB39512475 30-Oct-14 (In house chack Fab-19) In house check: Oct-20

Powar sensar HP 8481A SN: US37282733 07-Oct-15 (In house chack Oct-18} In bouse cheok: Oct-20

Power sansor HP 8481A SN: MY41082317 07-0Oct-15 {in house chack Oct-18} In hause check: Oct-20

AF genarator RAS SMT-06 SN: 100672 15-Jun-15 (In houss check Oct-18) In housa check: Oct-20

Netwark Analtyzar Agliant ES358A | SN: US41000477 31-Mar-14 (in house check Oct-19) In house check: Oct-20
Name Function

Approvod by:

Thi= calibration candicate shall not be reproduced except in full without writlen approval of the laborstocy,

Cartificate No: D3700V2-1065_Dec19
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Zeughausstrasse 43, 8004 Zurich, Switzerfand S Swiss Calibration Service

Accredited by the Swiss Accred#ation Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories to the EA

Multilataral Agr t 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

¢) 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:

o 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 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.

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%.

Centificate No: D3700V2-1066_Dec19 Page20i8
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Measurement Conditions
DASY systemn configuration, as far as not given on page 1.
DASY Version DASY5 V52.10.3
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4 mm, dz = 1.4 mm Graded Ratlo = 1.4 (Z direction)
Frequency 3700 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations wera applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 37.7 3.12 mho/m
Measured Head TSL parameters {(220=x0.2)°C 368=+6% 3.05 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 100 mW input power 5.80 Wikg
SAR for nominal Head TSL paramatars normalized 10 1W 68.0 W/kg = 19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 100 mW input power 248 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.5 Wikg = 19.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 51.0 3.55 mho/m
Measured Body TSL parameters (220x02)°C 48526% 354 mho/m £ 6%
Body TSL temperature changoe during test <05°"C e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW Input power 6,58 Wikg
SAR for nominal Body TSL parameters normalzed to 1W 65.4 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAA measured 100 mW input power 2.36 Wikg
SAR for nominal Body TSL parameters normalized to TW 23.5 Wikg = 19.5 % (k=2)
Cedificate No: D3700V2-1066_Dec18 Page 30of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed 10 feed point 485Q-07/2
Return Loss -354dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47680Q+211Q

Return Loss -298dB

General Antenna Parameters and Design

[ Esectrical Detay (one direction) | 1.138 ns |

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

The dipole is made of standard seminigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm 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 1o iImprove matching when loaded according 1o the position as expiained in the
*Measurement Conditions’ paragraph. The SAR data are not affected by this change. The cverall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by | SPEAG

Certificate No: D3700V2-1066_Dec19 Page 4 of 8
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DASY5 Validation Report for Head TSL

Date: 31.12.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3700 MHz; Type: D3700V2; Serial: D3700V2 - SN: 1066

Communication System: UID 0 - CW; Frequency: 3700 MHz

Medium parameters used: f = 3700 MHz; o= 3.05 S/m; g, = 36.8; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN3503; ConvF(7.3, 7.5, 7.5) @ 3700 MHz; Cahbrated: 25.03.2019
« Sensor-Surface: . 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2019
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

« DASY5252.10.3(1513): SEMCAD X 14.6.13(7474)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm/Zoom Scan, dist=1.4mm
(8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 70.43 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 19.5 W/kg

SAR(1 g) = 6.8 W/kg: SAR(10 g) = 2.46 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 = 72.7¢
Maximum value of SAR (measured) = 13.7 Wikg

dB
o

-71.00

-14.00
-21.00
-28.00
-35.00

0dB = 13.7 W/kg = 11.37 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL
Date: 31,12.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3700 MHz: Type: D3700V2; Serial: D3700V2 - SN: 1066
Communication System: UID () - CW; Frequency: 3700 MHz

Medium parameters used: T = 3700 MHz; ¢ = 3.54 S/m; g, = 49.5; p = 1000 kg/m’

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN3503; ConvF(7.1, 7.1, 7.1) @ 3700 MHz; Calibrated: 25.03.2019
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2019
« Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA; Serial: 1002

« DASYS5252.10.3(1513); SEMCAD X 14.6.13(7474)

Dipole Calibration for Body Tissue/Pin=100 mW, d=10mm/Zoom Scan , dist=1.4mm
(8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.48 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.3 W/kg

SAR(1 g) = 6.58 W/kg; SAR(10 g) = 2.36 W/kg

Smuallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 to SAR at M1 = 74.4%

Maximum value of SAR (measured) = 12.7 W/kg

-6.00
-12.00
-18.00

-24.00

-30.00

0dB =127 W/keg=11.04 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accradited by tha Swiss Accredilation Service (SAS)
The Swiss Accreditation Setvice is one of the signatories to the EA
gnition of calibeation certificates

Accraditation No.: SCS 0108

Carticate No: DSGHZV2-1253_Aug20
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‘ 4 | /| 0.0 (1210 | (2 &
Calibration procedure{s) QA CAL-2245 8 i 2
Calibration Pracedure for SAR Validation Sources between 3-10 GHz
| Calbration date August 31, 2020
This caliiration cedificale documents the yior ds, which realize the physical units of messuremeants (S1),

The measurements and the uncartainties with confidence probabiity ara given on the following pages and are part of the certificate
Al calibeations have been conducted In the cosed laboratory facdity: environment lemperaturs (22 « 5)°C ana humidity < 70%.

Calieration Equipment used {MATE oritical far calibration)

Primary Standards 1D« Cal Date (Certificate No.) Scheduled Calibration

Power metar NAP SN: 104778 O1-Apr-20 (Na, 21 7-03100/03101) Ape-2t

Powar senscr NRP-281 SN 103244 01-Ape-20 (No, 217-03100) Ape2t

Powar sensoe NRP-Z31 8N: 106245 01-Ape-20 {No. 217-03101) Apc21

Relecence 20 dB Attenusaton SN: 8HR384 (20k) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismaich combinagion SN: 310862 [ 06327 J1-Ma0-20 (No. 21703104) Apr-21

Retarence Prabe EX3DVA SN: 3503 31-Dec19 (No. EX3-3503 Dectd) Dec-20

DAES SN 601 27-Dec-18 (No. DAE4-601_Dec1®) Osc20

Secondary Standarts D # Check Date {In howsa) Schedued Check

Fowar matar 44168 SN: GB3BS12475 F0-0¢t-14 {In house chack Fab-19) In house check: Oct-20

Powar sensor HP BaB1A SN: US37292783 07406115 {In housa chack Oct-14) In house check: Oct-20

Power sensor HP 8481A SN: MY41062317 070ct-15 {in house chack Oc-18) In house check: Oct-20

RF genarator AAS SMT-08 SN: 100872 15-Jun-15 (in house check Oct-18) In house checic Oct-20)

Natwork Analyzer Aglent EAS58A | SN: US41080477 F1-Mar-14 (in houss check Oot18) In house chedk: Oct-20
Name Function Signature

Calioated by Jeton Kozt  Labarstery Teehnician

Approwed by: Xalja Poiove Tachnecal Managar

e

Issued: August 31, 2020

This callbeation carnfcate shall nol be reproducad axcept In full withaut written approval of the laboratary
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Calibration Laboratory of
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3 SN2 § Schweizerischer Kafibrierdienst

Schmid & Partner % G Service auisse d'étslonnage

Engineering AG =S Servizic svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzadand R S Swiss Calibration Service
Accradited by 1he Swiss Accredeation Sanics (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is ane of the signatories to the EA
Multitatersl Ag for the recognition of calibration certificatos
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) |EC 62208-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) |IEC 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,

« FElectrical 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 nomalized: 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
nomina! 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: D5GH2zV2-1253_ Aug20 Page 20l 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1

DASY Version DASYS V52104

Extrapolation Advanced Extrapolation

Phantom Modular Fiat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy = 10.0 mm, dz = 10.0 mm Graded Ratio = 1.4 (Z direction}
5250 MHz = 1 MHz

Frequency 5600 MMz = 1 MHz
5750 MHz + 1 MiHz

Head TSL parameters at 5250 MHz
The following parameters and calculations were applied.

Tempoerature Permittivity Conductivity

Nominal Head TSL parameters 220'C 359 4.71 mho/m

Measured Head TSL parameters (220£02)*C ME+6% 448 mho/m =6 %

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 8.04 Wikg

SAR for nominal Head TSL parameters normalized to TW 79.7 Wika = 19,9 % (k=2)

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

SAR measured 100 mW input power 231 Wikg

SAR for nominal Head TSL parameters normalized 10 1W 22.8 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 355 5.07 mho/m

Measured Head TSL parameters (220=202)°C 342:6% 4.83 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

SAR measured 100 mW input power 8.31 Whky

SAR for nominal Head TSL parameters normalized to 1W 82.2 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 238 Wikg

SAR for pominal Hesd TS parameters normalized to 1W 23.5 Wikg = 19.5 % (k=2)
Certificate No: D5GHzV2-1253_Aug20 Page 30cf8
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Head TSL parameters at 5750 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 354 5.22 mboim

Measured Head TSL parameters {(220=202)°C 340+6% 4.98 mho/m + 6 %

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

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

SAR measured 100 mW input power B.04 Wikg

SAR for nominal Head TSL parametors normalized 10 1W 79.6 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.30 Wkg

SAR for nomanal Head TSL parameters normalized 1o 1W 22.7 Wikg = 19.5 % (k=2)

Certilicate No: DEGHzV2-1253_Aug20
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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 paint 5020-4410

Retum Loss -271dB

Antenna Parameters with Head TSL at 5600 MHz

Impedance, tranafarmed to feed point 520Q+18[Q
Return Loss «31.6dB

Antenna Parameters with Head TSL at 5750 MHz

Impedancs, transformed 1o fead point 5580+23jQ
Retumn Loss -246d8

General Antenna Parameters and Design

I Electrical Delay (one direction) I 1.186 ns l

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

The dipole 1 made of standard semingid coaxial cable. The center conductor ol the feading line is directly connected 1o the
second arm of the dipole. The antenna is therefore shornt-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 Improve matching when lpaded according to the position as explained in the
“Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipoie length is still
according to the Standard,

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

Additional EUT Data

| Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 31.08.2020
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; 6 = 4,48 S/m; ¢, = 34.6; p = 1000 kg/mr' .

Medium parameters used: = 5600 MHz; ¢ = 4.83 S/m; &, = 34.2; p = 1000 kg/m* ,

Medium parameters used: f = 5750 MHz; o = 4.98 S/m; g = 34.0; p = 1000 kg/m’

Phantom section: Flut Section

Measurement Stundard: DASYS (IEEENEC/ANSIC63,19-2011)

DASY52 Configuration:

»  Probe: EX3DV4 - SN3503; ConvF(5.5, 3.5, 5.5) @ 5250 MHz,
ConvF(5.1, 5.1, 5.1) @ 5600 MHz, ConvF(5.08, 5.08, 5.08) @ 5750 MHz; Calibrated: 31.12.2019

* Sensor-Surface; 1L.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibruted: 27.12.2019
*  Phantom: Flat Phuntom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

*  DASYS252.104(1527); SEMCAD X 14.6.14(7483)

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 = 77.63 V/im; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 27.8 Wikg

SAR(1 g) = 8.04 W/kg: SAR(10 g) = 2.31 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Ratio of SAR at M2 1o SAR at M1 = 69.8%

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 = 77.49 V/im; Power Drift = -0,06 dB

Peak SAR (extrapolated) = 31.3 Wikg

SAR(1 g) = 8.31 Wikg; SAR(10 g) = 2.38 W/kg

Smallest distance from peaks 10 all points 3 dB below = 7.4 mm

Ratio of SAR at M2 to SAR at M1 = 66.9%

Maximum value of SAR (measured) = 19.7 Wikg

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

Reference Value = 75.13 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 31.8 Wikg

SAR(I g) = 8.04 W/kg: SAR(10 g) = 2.30 W/kg

Smallest distance from peaks to all points 3 dB below = 7.4 mm

Rutio of SAR at M2 to SAR at M1 =65.3%

Maximum value of SAR (measured) = 19.4 Wikg
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0 dB = 19.7 Wikg = 12,94 dBW/kg
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FCC ID :A3L-EFKG991

Report No: HCT-SR-2011-FI008-R5

Impedance Measurement Plot for Head TSL
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