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Copect D750V3 - SN:1014

Callbration procsdure{s) QA CAL-D5v12 . _
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: May 23, 2023
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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) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 6 GHz"

Additional Documentation:
c) DASY Systern Handbook

Methods Applied and Interpretation of Parameters:

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

= Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the fiat phantom.

* Retumn Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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 neminal 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, s far as not given on page 1
DASY Version DASYSs2 V52104
Extrapolation Advancead Extrapolation
Phantom Modular Flat Phantom
Distance Dipoie Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calcudations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220+02)"C 407 +6% 0.90 mho/m = 6 %
Head TSL tempecature change during test <05°C — —_
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condifion
SAR measured 250 mW input power 218 Wikg
SAR for nominal Head TSL parameters nomalized 10 TW B8.58 Wikg = 17.0 % (k=2)
SAR avernged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.42 Whkg
SAR for nominal Head TSL parameters normalized to 1W 5.62 Wikg = 16.5 % (k=2)

Certificate No: D750V3-1014_May23

F-TP22-03 (Rev. 06)

Page 3of 6

The report shall not be (partly) reproduced except in full without approval of the laboratory.

Page 244 of 325



Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Report No. HCT-SR-2404-FC004

Impedance, transformed to feed point 547Q4+371
Heturn Loss ~248dB
General Antenna Parameters and Design
[ Electrical Delay (one dmmction) [ 1.038 ns

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

The dipoie is made of standard semingid cosxial cabie. The center conductor of the feeding line & directly connected to the
second arm of the dipole, The antenna is therefore shomt-circuited for DC-signals. On some of the dipoles, small end caps
ars added 1o the dipole ams in order 10 improve maltching when koaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affectad by thiz change. The overall dipola length is still

acoording to the Standard.
No excesslve lorce must be applied to the dipole arms, because they might bend or the soldered connections noar the
feedpoint may be damaged
Additional EUT Data
[ Manutactured by | SPEAG &
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DASYS Validation Report for Head TSL

Date: 23.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1014

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

Medium parameters used: £ = 750 MHz; 6 = 0.9 S/m; & = 40.7, p = 1000 kg/mt
Phantom section: Flat Section

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

DASY352 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.11, 10.11, 10.11) @ 750 MHz; Calibrated: 10.01.2023
» Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 19.12,2022
«  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

« DASYS5252.10.4(1535), SEMCAD X 14,6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5Smm

Reference Value = 61.58 V/im; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 3.34 Wikg

SAR(I g) = 2,18 W/kg; SAR(10 g) = 1.42 W/kg

Smallest distance from peaks 1o all points 3 dB below = 17,1 mm

Ratio of SAR at M2 to SAR at M| = 64.9%

Maximum value of SAR (measured) = 2,90 Wikg

dB
0

-2.40
-4.60
-1.20

-9.60

-12.00

0dB =290 Wikg = 4.62 dBW/kg
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Impedance Measurement Plot for Head TSL
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S Swiss Calibration Service

Aceragitation No.: SCS 0108

Cortticate No. D@35V2-4d165_May23

Caltration Equipment used (M&TE cribcal for calbmagion)

Otject DB35V2 - SN:4d165
Calbmsion procecursds) QA CAL-05.vi2
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Calibration date: May 23, 2023
This calibration nts the y to national
The MESFNIGMenss and the ur with |

A calisrations have baen concucted In the dosed laboratory faciity; envirgnmant temperalues (22 1 3°C and humidity < 705

tn, which reaize the physical units of messcramants (Si)
probabaity ara givan on The falowing pages and ans part of the cartificate

Primary Standards 2] Cal Date (Certificats No.) Schaduled Calibration

Power maler NRP2 SN 104778 30-Mar-23 (Na, 217-03804/03808) Mar 24

Pawer sensor NAP-Z81 SN 103244 30-Mar23{Na. 217.03804) Mar-24

Pawer sensor NRP-281 SN 103245 30-Mar-23 {No. 217-0380S) Mar-24

Arfamnca 70 U8 Attenustor SN BHSG84 (20k) 30-Mar-23 (Na. 217-03808) Mar-24

Type-N misnatch combination SN- 3100482 / 05327 30-Mar-23 {No, 217.03810) Mar-24

Refarerion Probe EX30V4 SN 7349 10-Jan-23 (No, EX3-7340_Jan23) Jan-24

DAE4 SN 601 18-Dec-22 (No. DAEL-E01 _Dec2?) Dec-23

Secondary Stay D ¥ Check Date {in house) Schy Chack

Pawer metes E44196 SN GB30512475 30-Oct-14 {in house check Oot-22) I housa check: Oot-24

Powar sansor HP BH1A SN US37282783 07-0ct-15 {In housa chack Oc1-22} I house check: Oct-24

Pawer sensor HP B43TA SN MY41093315 07-Cct-15 (iIn housa chack Oc-22) In house check: 0124

AF genanvtor RAS SMT-06 SN 100972 15-Jun-14 (in house check Oct-22) I house eneck! Dut-24

Neotwork Analyzer Aglen EB3S8A | SN. USA1000477 31:Mar-14 {in house check 0122} In howusa check: Oct-24
Nama Functon Sigratura

Calrated by: Michael Wober Laberstory Technican

Apgroved by Sven Kibn Techrical Manage g“ l—

Issued: May 23, 2023
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Schmid & Partner o ¢ Service suisse detalannage
Engineering AG Tt Servizio svizzaro di taratura
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Accraited by Ihe Smins Acoeditation Servics |SAS) Accrestation No.: SCS 0108
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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) IEC/EEE 62209-1528, “Measurement Procedure For The Assessment Of Specific

Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Heid And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB B65664, "SAR Measurament Requirements for 100 MHz to 6 GHz"

Additional Documentation:
¢) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Retum Loss ensures low
reflected power. 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 Qiven on page 1.

DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapalation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and caiculabions were applied.
Temperature Pormittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho'm
Measured Head TSL parameters (220=02)"C 40528% 0.93mhom +6 %
Head TSL temperature change during test <05°C — o
SAR result with Head TSL
SAR sveraged over 1 em® (1 g) of Head TSL Caondition
SAA measured 250 mW input power 251 Whg
SAH for nominal Head TSL parameters normakzed to TW 9.74 Wikg = 17.0 % (k=2)
SAR averaged over 10 em? (10 g) of Head TSL condition
SAR measured 250 mW input powes 1.62 Whg
SAR for nominal Head TSL paramaters normalized to 1W 6.33 Wikg = 16,5 % (k=2)
Corificate No: DB3SV2-4d165_May23 Pape 3016
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Report No. HCT-SR-2404-FC004

Impedancs, transformed fo feed point 51.202-32iQ
Asturn Loss -20548
General Antenna Parameters and Design
| Etectrical Delay (one direction) | 1.389 ns

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

The dipole i made of standard semingid comeal cable. The center conductor of the feeding line is directly connected o the
second arm of the dipole. The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o 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 10 the dipole arms, because they might bend or the soldered connections near the

leedpont may be damaged,

Additional EUT Data

I Manutactured by

SPEAG

Centiticate No: DEISV2-4d365_May23
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DASYS5 Validation Report for Head TSL

Date: 23.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35V2 - SN: 4d165

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

Medium parameters used: f = 835 MHz; 6 = 0:93 S/m; 2 = 40.5; p = 1000 kg/m"’
Phantom section: Flat Section

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

DASY52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.69, 9.69, 9.69) @ 835 MHz: Calibrated: 10.01.2023
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 19,12.2022
« Phantom: Flat Phantom 4.9 (front); Type: QD O0L P49 AA: Serial: 1001

* DASYS5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=Smm

Reference Value = 64.33 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.79 Wikg

SAR(1 g) = 2.51 W/kg; SAR(10 g) = 1.62 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 65.9%

Maximum valvue of SAR (measured) = 3,35 Wikg

dB
0

-2.40
-4.80
-7.20

-9.60

-12.00

0 dB =3.35 Wikg = 5.25 dBW/kg
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Impedance Measurement Plot for Head TSL
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Schweizeriacher Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates
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Callbration procedure|s)

Calibeation Equipment used [METE eritical for cotbration)

This calibeation certificate documaents the traceablity to national siandards, which realize the phy

Al calibrations have bean conducted in the dosed laborstary facilty: environment temperature (22 £ 3)°C and humidity < 70%.

units of
The measurements and the uncertainties with corfidence probabiity are given on the following pages and are part of the camficats.

ents (S1)

Primary Standards D# Cal Date (Certificate No.) Scheduled Catbration

Power meter NRP2 SN: 104778 30-Mar-23 (No. 217-03804/03805) Mar-24

Powar sansor NRP-Z31 SN: 103244 30-Mar-23 (No. 217-03804) Mar.24

Power sansor NRP-Z91 SN: 103245 30-Mar-23 (No. 217-03805) Mar-24

Reference 20 8 Attenuator SN: BHEGS4 (20%) 30-Mar-23 (No. 217-03309) Mar-24

Typa-N mizmatch combination SN: 310882 / 08327 30-Mar-23 (No. 217-03310) Mar-24

Raference Proba EX3DVA SN: 7340 10-Jan-23 (No. EX3-7348_Jen23) Jan-24

DAE4 SN; 801 10-Dec-22 (No. DAE4-601_Dec22) Dec-23

Secendary Standards D# Chack Date (in house) Schaouled Chack

Power meter E44168 SN: GB33512475 30-0c2-14 {in house chack Oc1-22) In housa chack: Oct-24

Power sensor HP B481A SN: US37202783 07-0cs-14 {in housa check Oct-22) In housa chack: Oct-24

Power sensor HP BABTA SN MY41083315 07-0ct-15 {In house chack Oc1-22) In house check: Oct-24

AF genarator R&S SMT-06 SN: 100872 15-Jun-15 {in house check Oct-22) In heose chack: Oct-24

Network Analyzer Agilent EB358A | SN: USS1080477 31-Mar-14 {In housa check Oct22) In house check: Oct-24
Name Function Signature

Catorates by:

Approved by.
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sued: July 18, 2023
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Calibration Laboratory of S,
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Schmid & Partner % G Service suisse détalonnage
Zoughausstrasse 43, 804 Zurich, Switzerland '-,,‘I’ﬁ‘w« S swiss Calibration Service
Accradited by the Swess Accreditation Sendcs (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Muitilatesal 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) |IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

* Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

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

s 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%.

Cartificate No: D1640V2-345_Jul23 Page 2 of 6
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Report No. HCT-SR-2404-FC004

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS2 V52104
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1640 MHz £ 1 MH2
Head TSL parameters
The following parameters and calcutations ware applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 402 1.31 mho/m
Measured Head TSL parameters (220+02)°C A01+6% 1.28 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 8.34 Wikg
SAR for nominal Head TSL parameters normalized to TW 33.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 4.52 Wkg
SAR for nominal Head TSL parameters normalized 10 1W 18.3 Wikg * 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, fransformed to feed point 5000+68|0
Return Loss -2334dB

General Antenna Parameters and Design

| Etectrical Detay (one direction) | 1232 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 semirigid coaxial cable. The center canductor of the feeding line is diractly 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 aqms In order o 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
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DASYS Validation Report for Head TSL
Date: 12.07.2023
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 1640 MHz; Type: D1640V2; Serial: D1640V2 - SN:345
Communication System: UID 0 - CW; Frequency: 1640 MHz
Medium parameters used: £= 1640 MHz; o = 1,28 S/m; & =40.1; p = 1000 kg/m’

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.68, 8.68, 8.68) (@ 1640 MHz; Calibrated: 10.01.2023
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

» DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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 = 105.0 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 15.0 Wikg

SAR(1 g) = 8.34 W/kg: SAR(10 g) = 4.52 W/kg

Smallest distance from peaks to all points 3 dB below = 10.8 mm

Ratio of SAR at M2 to SAR at M1 = 56.1%

Maximum value of SAR (measured) = 12.6 Wkg

-3.20
-6.40
-9.60

-12.80

16.00

0dB = 12.6 Wikg = 11.00 dBW/kg
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Impedance Measurement Plot for Head TSL
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Accreditation No.: SCS 0108

Accredited by the Swiss Accreditaton Service (SAS)
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Calbeation procedure(s)

Caibeation date
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units of (S1).
The maasurements and the uncertsinties with confidence probabiity are green on e following pages and ane par of the cetilicate.
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Power sensor HP B481A SN MY41083315 07-0ct-15 (in house check Oc22) 1n house check: Oct-24
RF genarator RAS SMT-06 SN. 100072 18-0un-15 {In houss chixk Oct-22) In house check: Oct-24
Natwark Analyzer Agient EBISEA | SN: US41080477 31-Mar-14 (in house check Oct-22) i houss check: Oct-24
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Calibration Laboratory of PN

NS, s S cischer Kalibrierdienst
Schmid & Partner % G Service suisse diétalonnage
Engineering AG T Sarvizio SvIZZaro G tarsturs
z F S
Zeughausstrasse 43, 8008 Zurich, Switzedand -;,‘,/F'\\\w\» Swiss Cafibeation Service
T M
Accredited by e Swiss Accreditation Senace (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Sarvice is one of the signataries 1o the EA
Multilaternl Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity In TSL / NORM x.y.z2
INIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

* Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power, 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
connactor,

« 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 sysiem configuration, as fsr as not given on page 1.
DASY Version DASYS2 V52104
Extrapolation Advanced Extrapolation
Phantom Modular Flal Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ax, 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 400 1.40 mhoim
Measured Head TSL parametors (220202)"C 38526 % 1.37 mhoim £ 8 %
Head TSL temperature change during test <05°'C — -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Haad TSL Conditlon
SAR measured 250 mW input power 5.42 Wikg
SAR for nominal Head TSL parameters normakzed to 1W 37.8 Wkg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 4.92 Wikg
SAR for neminal Head TSL paramelers normatized to 1W 19.7 Wikg £ 16.5 % (k=2)
Certificato No: D1800V2-26015_May23 Page 3of 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impecance, transformed to feed point 429 0Q-402
Retumn Loss -276dB

General Antenna Parameters and Design

[ Electncal Dalay (one direction) | 1.214ns ]

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

The dipole |5 made of standard semirigid coaxial cable. The center conductor of the feeding ine is directly connected 1o the
second arm of the dipote. The antenna s therefore short-circuited for DC-signats. On some of the dipoles, small end caps
are adoad 10 the dipole amms in order to improve matching when loaded according to the postticn as expiained 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 excassive force must be applied to the dipole arms, because they might band or the solderad connections near the
feedpoinl may be damaged

Additional EUT Data
I Manufactured by SPEAG ]
Cerificate No: D1800V2-2d015_May23 Page 4 of
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DASYS5 Validation Report for Head TSL
Date: 17.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI1S00V2; Serial: DI800V2 - SN:2d015
Communication System: UID 0 - CW; Frequency: 1800 MHz
Medium parameters used: f= 1800 MHz 6 = 1.37 S/m: & = 38.5; p = 1000 kg/m’

Phantom section: Fliat Section
Measurement Standard: DASY S (IEEE/IEC/ANST C63.19-2011)

DASY 52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.63, 8.63, 8.63) (@ 1800 MHz; Calibrated: 10.01,2023
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial; 1001

« DASYS2 52.10.4(1535). SEMCAD X 14.6.14(7501)

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 = 109.2 Vim; Power Drift = -0,00 dB

Peak SAR (extrupolated) = 17.3 Wikg

SAR(I g) = 9.42 W/kg; SAR(10 g) = 4.92 W/kg

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

Ratio 0of SAR at M2 to SAR at M| = 34.8%

Maximum value of SAR (measured) = 14,5 Wikg

dB

— 0
-3.00
-6.00
-9.00
-12.00
-15.00

0dB = 145 Wikg=11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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[CALIBRATION CERTIFICATE
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e

Object D1900V2 - SN:5d032
Callbration procedureds) QAcAL-os.wz e ol Al _
oration Procedure for SAR Validation Sources between 0.7-3 GHz
[T = &
Calibeation dat January 18, 2024 2 .7'! Zﬁ’ /%\
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This calibeation certificate documents the traceabiity 10 national standards, which realize the physical units of s (S1).

Al calibrations have bean conducted In the closad labaratory laciity: env i lure (22 = 3)°C

Calibration Equipmont used (M&TE critical for calibration)

The measuremants and 1he uncerainties with confidanca probability &re givan on tha follawing papas snd are part of the cedilicate.

and humidity < 70%,

Primary Standarcs 10 & Cal Date {Certilicate No.) Scheduled Caibration

Fower meter NRP2 SN 104778 30-Mar-23 (No. 217-03804/03806) Mar-24

Power sensoe NRP-Z81 SN 103244 30-Mar23 (No. 217-03504) Mar-24

Power sensor NRP-Z81 SN 103245 30-Mar-23 (No. 217-03805) Mar-24

Aelerence 20 dB Attenuator SN BHS364 (20k) 30-Mar23 (No. 217-03809) Mar-24

Type-N mismatch combination SN- 310062 / 06327 30-Mar-23 (No. 217-03810) Mar-24

Aeforence Probe EX20V4e SN 7349 0G-Now-23 (No, EX3-7343_Nov23) Nov-24

DAE4 SN: 601 03-0ct-23 (No. DAE4-601_0ct23) Oct-24

Sacondary Standards D # Check Date (in house) Schadulud Chack

Power meter E44198 SN: GBas612475 30-Cc3-14 (in house chack Oct-22) In house chack: Oot-24

Power sarsar HP 8481A SN: US37292783 07-Oct-15 (In house chack Oct-22) In house check: Oct-24

Pawer senzor HP 8481A SH: MY41003315 07-Cct-15 (In housa check Oct-22) In house check: Oat-24

AF genecatar RAS SMT-06 SN: 100672 15-Jun-15 (n house check Oct-22) In house check: Oct-24

Netwark Analyzer Aglant EB3584 | SN: US41060477 31-Mar-14 (in house check Oct-22) In house check; Oct24
N Function Sgnatue

Calibeated by: Paulo Pina. Labaratory Technician ‘- : 2 >

a-":
Approved by: “Sven Kahn Technical Managar
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Calibration Laboratory of Schwelzerischer Kalibrierdienst
Schmid & Partner Service suisue d'étalonnage
Engineering AG Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzerand Swiss Callbration Service
Accredited by the Swiss Accreditation Semvica (SAS) Accraditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilsteral 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) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Heid And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

e Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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 895%.
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Measurement Conditions

DASY system coafiguration, as far as not given on page 1.
DASY Version DASYS52 V52.10.4
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MMz
Head TSL parameters
The following parameters and calculations were appilied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0"C 40.0 1.40 mho/m
Measured Head TSL parameters (220402)"C 41.3+6% 1.40 mho/m =8 %
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 9.97 Wikag
SAR for nominal Head TSL parameters normalized 1o 1W 40.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.22 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.0 W/kg = 16.5 % (k=2)
Cortificate No: D1800V2-5d032_Jan24 Page 30f 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed point 5020 +681Q
Retum Loss -234dB

General Antenna Parameters and Design

| Esectrical Delay (one divection) | 1,182 ns |

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

The dipole is made of standard semingid coaxial cable. The center conductar of the feeding line is directly connected to the
second arm of the dipole, The antenna is therefare short-circuited for DC-signals. On scme of the dipeles, small end caps
are added 1o the dipole arms in order 1o improve matching when loaded according to the position as expiained In the
*Measurement Conditions® paragraph. The SAR data are not affected by this changs. The overall dipole langth is still

according to the Standard.
No excessive force must be applied to the dipole arms. because they might bend or the soidered connections near the
feedpoint may be damsged.
Additional EUT Data
| Manutactured by | SPEAG
Centificate No: D1800V2-5d032_Jan24 Page 4 of 6
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DASYS5 Validation Report for Head TSL

Date: 18.01.2024
Test Lahoratory: 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: 6 = 1.4 S/m; & = 41.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.43, 8.43, 8.43) @ 1900 MHz; Calibrated: 03,11.2023
o Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 03.10.2023
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Senal: 1001

« DASYS5252.10.4(1535): SEMCAD X 14.6.14(7501)

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

Reference Value = 109.9 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 18.3 Wikg

SAR(1 g) =9.97 W/kg; SAR(10 g) = 5,22 W/kg

Smallest distance from peaks to all points 3 dB below = 9.8 mm

Ratio of SAR at M2 to SAR at M1 =54.9%

Maximum value of SAR (measured) = 15.5 Wikg

dB
0

-3.00
-5.00
-9.00

-12.00

-15.00

0dB = 1535 W/kg = 11.90 dBW/kg
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Impedance Measurement Plot for Head TSL
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Primary Standards 10 W Cal Date {Cedificate No.) Scheduled Calbration

Powar matar NRP2 SN: 104778 30-Mar-23 (No, 217-03804/03805) Mar-24

Power sensor NRP-Z91 SN 103244 I0-Mar-23 (No, 217-05804) Mar-24

Powar sensor NAP-Z81 SN 10a245 30-Mar-23 (No. 217-03805) Mar-24

Reterance 20 dB Attenuator SN: BHI394 (20K) 30-Mar-23 (No. 217-03800) Mar-24

Type-N mismatch combination SN 3100682 / 06327 30-Mar-23 (No. 217-03810) Mar-24

Aeterance Probe EX30V4 SN 7349 10-Jan-23 (No. EX3-7349_Jan23) Jan-24

DAE4 SN 60t 19-Dac-22 (No, DAE4-601_Dec2) Dec-23

Sacondary Stundards 0¥ Chack Date {in house} Scheduled Check

Power meter E44198 SN: GB3G512475 30-0at-14 (in houss check Oct-22) In house check: Oce-24

Pawer sansor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-22) In house check: Oc-24

Powar sansor HPF 8481A SN: MY41093315 07-0ct-15 (n houss check Oct-22) In housa check: Oct-24

RF genarator RAS SMT-06 SN: 100872 15-Jun15 (in house check Oct-22) In housa check: Oct-24

Natwork Analyzer Agilent EBISSA | SN: US41080477 31-Mar-14 (in house check Oct-22) In house chack: Oct-24
Nama Function Signature

Caibrated by Paufo Fing Lasboratory Techniclan == .

Approved by: ‘Sven Kihn Technical Manager

S“
Issued: July 18. zm
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Calibration Laboratory of &

A 2 o -
' SN, s ize Kaiit
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di tarstura
Zoughausstrasse 43, 8004 Zurich, Switzerland e S Swiss Calibration Service
i
Accreditad by ihe Swiss Accreditation Senvice (SAS) Accraditation No.: SCS 0108

The Swise Accreditation Service is one of the signatories to the EA
Multilsteral 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) |IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

* Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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 DASY52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = Smm
Frequency 2300 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 395 1.67 mho/m
Measured Head TSL parameters (220+£02)"C 3B3+6% 1.68 mho/m £+ 6 %
Head TSL temperature change during tost <05*C - —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAH measured 250 mW input power 12.2 Wikg
SAR for nominal Head TSL parameters normalized to 1W 48.3 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 5.95 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.6 Wikg = 16.5 % (k=2)

Cerificate No: D2300V2-1010_Ju23
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedancs, transformed to feed point 484 0-0902
Retumn Loss -34.6dB

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1.170 s |

After long term use with 100W radiated power, only & sbght warming of the dipole near the feedpaint can be measured.

The dipole ks 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 soms 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 tha Standard,
No excassive force must be applied to the dipole arms, because they might bend ar the soldered connections near the
feedpoint may be damaged
Additional EUT Data
| Manufactured by | SPEAG
Cartificate No: D2300V2-1010_Jul23 Paged4oi6
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DASYS5 Validation Report for Head TSL

Date: 19.07.2023
Test Luboratory: SPEAG, Zurich, Switzerland
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; & = 38.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(7.9%, 7.9%, 7.98) @ 2300 MHz; Calibrated: 10.01.2023
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 19.12.2022
+ Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001
« DASYS2 52.104(1535); SEMCAD X 14.6.14(7501)

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

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

Peak SAR (extrapolated) = 21.7 W/ikg

SAR(1 g) = 12.2 W/kg; SAR(10 g) = 5.95 W/kg

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

Ratio of SAR at M2 10 SAR at M1 = 56.5%

Maximum value of SAR (measured) = 18.9 W/kg

dB
0

-3.40
-6.80
-10.20

-13.60

-17.00

0dB = 18.9 Wrkg = 12,76 dBW/kg
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Impedance Measurement Plot for Head TSL
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Calibration Laboratory of S, Schwetzerischer Kallbriardienst
Schmid & Partner e Service suisse d'étalonnage

Engineering AG ? & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzoriand % ,”/'/'?1\_&\\? Swisa Calibration Service
Accradifed by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibeation cortificates
Chent SIGS: Cortificate No. D2450V2-1049_Apr23

[CALIBRATION CERTIFICATE .‘
Objoct D2450V2 - SN:1049
Catbration procedure(s) mCAL-OS\dZ s :
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: April 25, 2023

This calbration cartificate documants the fraceabydity to nasonal standards, which raalize the physical ursts of measurements (S1).
The nents ard the uncer with cond probability are glven on the following pages mnd are part of the certificate,

AR calibraons have bean conductad In the dosed laboratory facilty: envirarment lemparature {22 + 3)°C ard humidity < 70%.

Calibeation Equpmant usad (M TE critical for cailbration)

Primary Standards Da Cat Date (Centificate No.) Schaduled Calibration
Powar mater NRP2 SN: 104778 30-Mar-23 (No, 217-03804/03805) Mar-24

Power sensor NRP-291 SN: 103244 30-Mar-23 (No. 217-03804) Mar-22

Powear sensor NRP-291 SN. 103245 30-Mar-23 (No. 217-03805) Mar-24

Hederence 20 dB Attanuator SN BHE394 (20K) 30-Mar23 (No. 217-03806) Mar-24

Type-N mismalch combination SN: 310982 / 068327 30-Mar-23 (No. 217-03810) Mar-24

Reterence Probe EX3DV4 SN: 7349 10-Jan-23 (No. EX3-7348_Jan23) Jan-24

DAE4 SN: 601 18-Dec-22 (No. DAE4-G01_Decz2) Dec-23

Secondery Standards Ds Chack Dete {in house) Scheduled Check
Power mater E44198 SN: GBINS12475 30-Oct-14 (iIn house check Oct-22) In houss check: Dar-24
Power sansor HP 84814 SN US37282783 07-0ct-16 (n house check Oct-22) In house check: Oct-24
Powor sansor HP 84814 SN MY41093315 07-0ct-15 (in houss check Oct-22) In hausa check: Det-24
RF panarator R3S SMT-06 SN 100672 15-Jun-15 (in house check Cct-22) In housa chack: Oct-24
Network Analyzer Aglent EB3584 | SN: US41080477 31-Mar-14 (in house check Oct-22) In house check: Oct-24

Name Function
Calbrated ty: Michaal Weber Laboratory Tachaician mr—

Issued: April 26, 2023

This calbration cartficate shall not bo reproduced excapt in full without written spproval of [N BBomioy] . 21 | 51 A7 A
— Lk L a4 =
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Calibration Laboratory of S, [\ S Schwoizerischer Ksiibierdionst
Schmid & Partner %& ¢ Servics suisse détalonnage
Engineering AG T A Servizio svizzero di taratura
Zeughausstrasse 43, 904 Zurich, Switzerland ’//’/,-.3‘\\\‘ /S Swiss Calibration Service
Accredaed by tha Swies Accreditusion Servics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recagnition of calibration cortificates

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) |IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the fiat phantom.

* Retum Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause), The Return Loss ensures low
reflected power. 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 on page 1
DASY Version DASYs2 V52104
Extrapolation Advanced Exirapolation
Phantom Medular Fiat 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 392 1.80 mho/m
Measured Head TSL parameters (220+02)°C 377+6% 1.86 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 Caondition
SAR measured 250 mW input power 13.5 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 52.7 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 623 Wikg
SAR for nominal Head TSL parameters normalized to 1W 248 Wikg = 16.5 % (k=2)
Cerificate No: D2450V2-1043_Apr23 Page 30f 7
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 10 feed point 481 0+88jQ
Return Loss -21.0dB
General Antenna Parameters and Design
| Etectrical Delay (one direction) | 1.160 s |

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

The dipole is made of standard semitigid coaxial cable. The center conductor of the feading line is directly connected to the
second amm of the dipole. The antenna is therefare 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 still

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Cantificate No. D2450V2-1048_Ap23
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DASYS5 Validation Report for Head TSL

Date: 25.04.2023
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 = 1.86 S/m; & = 37.7. p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) @ 2450 MHz; Calibrated: 10.01.2023
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 19.12.2022
»  Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
» DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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 = 117.0 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.9 Wikg

SAR(1 g) = 13.5 W/kg; SAR(10 g) = 6.23 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 50.1%

Maximum value of SAR (measured) = 22.4 Wikg

dB
o

-4.40
-8.80
-13.20
-17.60
-22.00

0dB =224 W/kg = 13.50 dBW/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 cSARIDV2-RIL
SAR result with SAM Head (Top = C0)
SAR averagoed over 1 cm® (1 g) of Head TSL Condition

SAR for nominal Head TSL parameters

nomalized 1o 1W

56.2 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

26.1 Wikg = 16.9 % (k=2)

SAR resulit with SAM Head (Mouth = F90)

SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR for nominal Head TSL paramaters normalized to TW 57.3 Wikg = 17.5 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized 10 1W 27.4 Wikg = 16.9 % (k=2)

SAR result with SAM Head (Neck = H0)

SAR averaged over 1 cm® (1 g) of Head TSL Conditson
SAR for nomina! Head TSL parameters normalized to 1W 54.0 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

25.0 W/kg = 16.9 % (k=2)

SAR result with SAM Head (Ear = D90)

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

Caondition

SAR for nominal Head TSL parameters normalized 1o 1W 34.6 Wikg = 17.5 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized o 1W 17.4 Wikg = 16.9 % (k=2)

| Additionsl assassments outskde the curant scope of SCS 0108
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Calibration Laboratory of

Schweizerizcher Katibriordienst
Schmid & Partner Service suisse o élalonnage
Engineen'ng AG Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Ascrecited by the Swass Accredilalion Senice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatoriés 1o the EA

Multilateral Agreement for the recognifion of calibration certificates

Crent  HCT

Gyeonggi-do, Republic of Korea

[CALIBRATION CERTIFICATE

Clyect D2600V2 - SN:1106
Caltrason proceduns(s) QA CAL-05vw12 i
GMMPMIB for SAR Validation Sources betwaen 0.7-3 GHz
Calbation date May 24, 2023
This caibeation canificate d the ity to national

ds, which reaize the physical units of measuremants (S1)
The measwrements and the uncerainties wit confidencs probability sre gheen on the fakowing pages and are pan of the cenilicate.

; All cakbrifions have been conducted n the closed Bbaratory taciily: envronment temperatuse (22 + 3)°C and humidity < 70%.

J

| Cadbration Equipmant usad (MATE critical for catbeation)

| Primary S D # Cal Duta ([Contcase Mo | Schaduled Calineation

| Powar metar NRP2 SN 104778 30-Mar-23 (No. 217-03304/03805) Mar-24
Powar sansor NAP-Z91 SN: 103244 30-Mar-23 (No. 217-03804) Mar-24
Powsar sanser NRP-Z51 SN 103245 30-Mar-23 (No. 217-05305) Mar-24
Aetorence 20 dB Asanuaior SN BHI3M (20x) 30-Mar23 (No. 21705309 Mar-24
Typa-N mismatch combination SN: 310882 / ueaz7 30-Mar-23 (No. 217-03810) Mia1-24
Aetarence Probe EXIDVE SN: 7349 10-dan-23 (No. EX3-7348_Jan23) Jun-24
DAE¢ SN 801 16-Dec-22 (No. DAES-801_Dec22) Doc-23
S y Standards D¢ Check Date (in hause) Scheduled Check
Power maler £E44198 SN GB3§S12475 30-Oct-14 {in house check Oot-22) In house check: Oct-274
Power sermor HP B481A SN US37282783 07-0ct-15 {In housa check Oct-22) In house check: Oct-24
Power sersor HP B481A SN: MY41033315 07-0ct-15 (in houss chack Oct-22) In house check: Oct-24
RF genesator RAS SMT-06 SN: 100972 15-Jun-15 (in hooss chack Oct-22) in houss check. Oct-24
Netwark Analyzer Aglert ES3SAA | SN; US41080477 31-Mar-14 (in house check Ox-22) 0 houss check: Cct-24
Catteatod by Pk Pina Laboratory Tachnickan e __,—-;'__H_)

e o —

Appeod by: Suen Kiltn Tuctinical Manager
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Calibration Laboratory of X

W\

Wy,
SN2, Schwetzerischer Kafibrierdienst
Schm!d & Partner % (S: Service suisse ¢'étalonnage
Engineering AG b Servizio svizzero di taratues
Zeughausstrasse 43, 1004 Zurich, Switzerand ‘-f,_,fF\\\_.w S swiss Calibestion Service
RN
Accraditng by The Swiss Accreditaion Sonvice (5AS) Accreditation No.: SCS 0108

The Swiss Accreditation Service ts one of the signatories to the EA
Multilatoral Agreement for the recognition of calibration cartificates

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) IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Spacific

Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
¢) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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

rsroned 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 DASYS52 V52 104
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, @y, dz =5 mm
Frequency 2600 Mz = 1 MMz
Head TSL parameters
The follewing parameters and calculatons were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mho/m
Measured Head TSL parameters (220202)"C 371=6% 2.00 mho/m =8 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL
SAR averaged over 1 ey (1 g) of Head TSL Condition
SAR measured 250 mW inpaut power 14.2 Wikg
SAR for nominal Head TSL parameters nomalized o 1W 55.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condibon
SAR measured 250 mW input power 6.37 Wiy

SAR for nominal Head TSL parameters

nomalized to 1W

25.1 Wikg = 16.5 % (k=2)

Certificate No: D2800V2-1105_May23

F-TP22-03 (Rev. 06)

Page doté

The report shall not be (partly) reproduced except in full without approval of the laboratory.

Page 287 of 325



Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Report No. HCT-SR-2404-FC004

Impedance, transformed to fead point 4890-68iQ
Retum Loss ~231dB
General Antenna Parameters and Design
[ Elactrical Delay (one dirsction) I 1.149ns

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

The dipole ls made of standard semirigid coaxial cable. The center conductor of the feeding line is diractly connected to the
second arm of the dipole. The antenna is theredore shart-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when lcaded according 10 the position as explained in the
‘Measurament Condiions® paragraph. The SAR data are not affacted by this change. The oversll dipole length is still

according to the Standard.
No excessive loroe must be applied 10 the dipole arms, bacause they might bend or the solderad connections near the
foedpoint may be damaged.
Additional EUT Data
Marwfactured by | SPEAG |
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DASYS5 Validation Report for Head TSL

Date: 24.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1106

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

Medium parumeters used: { = 2600 MHz: 6 = 2 §/m; & = 37.1; p = 1000 kg/m’
Phantom section; Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(7.68, 7.68, 7.68) @ 2600 MHz: Calibrated: 10.01.2023
= Secnsor-Surface: 1.4mm (Mechanical Surfuce Detection)
« Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom; Flat Phantom 5.0 (frant): Type: QD 000 PS0 AA; Serial: 1001

« DASYS52 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 117.6 V/im; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(1 g) = 14.2 W/kg; SAR(10 g) = 6.37 W/kg

Smallest distance from peaks to ull points 3 dB below = 8.9 mm

Ratio of SAR at M2 1o SAR it M1 = 51 4%

Maximum value of SAR (measured) = 23,0 Wrkg

dB
0

-4.20
-5.40
-12.60

-16.80

-21.00

0 dB =23.0 Wike = 13.62 dBW/kg
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Impedance Measurement Plot for Head TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG
Zeughausstrasse

43, 8004 Zurich, Switzerland

Accredied by the Swiss Accreditaton Sarvice (SAS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Calitration Equipment usad (METE critical for calibeation)

S,
S AN
Y= \t £
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This calibration certificate documents the traceabiity 1o national standards, which realize the physical urits of measurements (S1),
The measwemants and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calorations have been conducted In tha closed Eaboratory facility: emsronment temperature (22 + 3)°C and humidity < 709%.

Report No. HCT-SR-2404-FC004

Schweizerischer Kallbrierdienst
Service sulsse d'dalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Primary Standards D# Call Date (Cartificate No.) Scheduled Calitration

Power meter NRP2Z SN: 104778 30-Mar-23 {No. 217-03804/03805) Mar-24

Pawer sansor NRP-Z81 SN: 103244 30-Mar-23 (No. 217-03304) Mar-24

Pawer sansor NRP-Z81 SN: 103245 30-Mar-23 (No. 217-03805) Mar-24

Reference 20 08 Attenuator SN: BHEGS4 (20&) 3J0-Mar-23 (No, 217-03809) Mar-24

Type-N mismalch combination SN: 310882 / 06327 30-Mer-23 (No. 217-03310) Aar-24

Relerence Probe EX3DV4 SN: 3503 07-Mar-23 (No. EX3-3503_Mar23) Mar-24

DAE4 SN. 601 03-0ct-23 (No, DAE4-601_Oc23) Oct-24

Secondary Standards D# Check Date (1 house) Schoduled Chack

Power meater £441968 SN: GB38512475 30-Oct-14 (in house check Ocl-22) in housa check: Oct-24

Power sensor HP BAB1A SN US37292783 07-0ct-15 (in house check Oct-22) In housa chack: Oct-24

Power sensor HF B481A SN.MY41093315 07-0ct1-15 {in house check Oct-22) in housa check: Oct-24

RF geneestor RES SMT-06 SN 100872 15-Jun-15 (in house check Oct-22) In housa chack: Oct-24

Network Analyzer Agiiant EB358A | SN: US41080477 31-Mar-14 (in house check Oct-22) In housa chack: Oct-24
Name Funcion

Appeoved by

Thes calibeation certificate sha® not be reprocduced axcegt in fll without written approval of e iaboratory.

Issued: January 23, 2024
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Report No. HCT-SR-2404-FC004

Calibration Laboratory of L8, S  Schweizerischer Kafibrierdienst

Schmid & Partner S G Service suisse détalonnage
Engineering AG o Sarvizio svizzero d taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % 4@.\.&' S swiss Calibration Service

Accracited by the Swiss Accreditason Senvice (SAS) Accreditation No.: SCS 0108

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

Multitateral Age for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

NIA not applicable or not measured

Calibration is Performed According to the Following Standards:
a) |EC/IEEE 62200-1528, "Measurement Procedure For The Assessment Of Specific

Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c¢) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom,

Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power, 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%.

F-TP22-03 (Rev. 06)
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy=4mm,dz =1.4mm Graded Ratio = 1.4 (Z direction)}
Frequency 3500 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculalions were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C are 2.91 mha/m
Measured Head TSL parameters (220:202)°C 38126% 2.90 mholm £ 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 6.50 Wikg
SAR for nominal Head TSL parameters normalized to 1W 65.1 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 2.46 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24,6 Wikg £ 19.5 % (k=2)
Certificate No: D3500V2-1132_Jan24 Pago 3 of 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5190-38jQ
Ratum Loss -276dB

General Antenna Parameters and Design

Eiectrical Delay (one direction) l 1.130ns

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 semingid coaxial cable. The center conduclor of the feeding line is directly connected to the
sacond arm of the dipole, The antenna Is therefore short-circuited for DC-signats. 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
"Measurament 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 (o 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: D3500V2-1132_Jan24 Page 4ol 6
F-TP22-03 (Rev. 06) Page 294 of 325

The report shall not be (partly) reproduced except in full without approval of the laboratory.



H—a- Report No. HCT-SR-2404-FC004

DASYS5 Validation Report for Head TSL

Date: 23.01.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3500 MHz; Type: D3500V2; Serial: D3500V2 - SN:1132

Communication System; UID 0 - CW; Frequency: 3500 MHz

Medium parameters used: £ = 3500 MHz; o = 2.9 S/m; & = 38.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN3503; ConvF(7.91, 7.91, 7.91) @ 3500 MHz; Calibrated: 07.03.2023
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 03.10.2023
« Phantom: Flat Phantom 5.0 (front); Type: QDOGOPSOAA; Serial: 1001

« DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3500MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 66.18 Vim; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 17.1 Wikg

SAR(1 g) = 6.50 W/kg: SAR(10 g) = 2.46 W/kg

Smallest distance from peaks to all points 3 dB below ~ 8.4 mm

Ratio of SAR at M2 to SAR at M1 = 75.7%

Maximum value of SAR (measured) = 12.2 W/kg

B
L

-6.94
-13.89
-20.83

-27.78

-34.72

0dB = 12.2 Wikg = 10.86 dBW/kg
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Impedance Measurement Plot for Head TSL
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Report No. HCT-SR-2404-FC004

S Schweizerischer Kalibrierdienst

c Bervice sulsse détalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No. D3700V2-1105_Nov23

ud

Client HCT
[CALIBRATION CERTIFICATE
Object D3700V2 - SN:1105
Caliteaticn procadure(s) QA CAL-22.v7 o
Calibration Procadure for SAR Validation Sources between 3-10 GHz
Calbration dage: November 20, 2023

Calbraton Equipment used (MATE critical for calibration)

Thes calitention cestificate documents Ihe trecashilty 1o national standards, which realize the phy

| uns of (s1).

The measurmmania and 1ha uncenainties with confidanca probatility e given an the fallowing pages and are pan of the cartificate

All catbrations have baen canducted in tha closad labaratory facility; envircamant tempearature {22 + 3)°C and humidty < 70%,

Calibrated by

Aporevad by:

Notwork Analyzer Agilent EB388A | SN US41030477

Name
Paulo Pina

Swan Kihn

31-Mar-14 (in house check Oct-22)

Function

o

Technical Manages

Primary Standards 0w Cal Date {Certificate No.) Scheduled Calbration
Powar mater NAP2 SN 104778 30-Mar-23 (No. 217-03804/03805) Mar-24

Powear sensor NRP-Z81 SN 103244 J0-Mar-23 (No. 217-03504) Mar-24

Power sensor NRP-281 SN 103245 30-Mar-23 (No, 217-03805) Mar-24

Aeference 20 dB Attenuator SN BHE3 (20k) 30Mas-23 (No. 217-03809) Mar-24

Type-N miamaich combination SN: 310882 / 068327 J0-Mar23 (No. 217-03810) Mar-24

Aeference Probe EX3DV4 SN. 3508 A7-Mar-23 (No. EX3-3508_Mar23) Mer-22

DAE4 SN 601 03-0ct-23 {No. DAES-801_Oct23) Oct-24

Sacondary Standasds 1D # Chack Date (n house) Schoeduied Check
Power meter E£4158 SN: GB39512475 30-Oct-14 {in house check Oct-22) In housa check: Dct-24
Powar sansor HP B4B1A SN: US37292783 07-0ct-15 (in housa check Oct-22) In house check: Oct-22
Powar sensor HP BAB1A SN MY41033315 07-0ct-15 (in house check Oct-22) In house chack: Oct-24
RF generator &S SMT-06 | 5K 100972 15Jur-15 {In house check Oct-22) In housa chack: Oct-24
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Calibration Laboratory of I, D, .
2 SO Schweizerischer Kalibrierdienst
Schmid & Partner S fO‘ (S: Service sulsse d'‘étalonnage
Engineering AG = = Servizio svizzero di taratura
Znug::gum ga. 5004 Zurich, Switzerland ’ﬁ\‘ ) S suias Callbration Sarvice
Al »
Accradied by the Swas Accreditation Sendce (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multitateral 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) IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528; Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

b) KDB 885664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

* Retumn Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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 unceriainty 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%.

Cortificate No: D3700V2-1105_Nov23 Page20f 6
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Measurement Conditions
DASY systemn configuration, as far as not given on page 1.
DASY Version DASY52 V52,104
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
Frequency 3700 MHz = 1 MHz
Head TSL parameters
Tha following paramaters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 377 3.12 mho/m
Measured Head TSL parameters (22.0202)°C 381+£6% 3.06 mho/m 2 8 %
Head TSL temperature change during test <05°C — —
SAR resuit with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 6.66 Wikg
SAR far nominal Head TSL parameters normalzed to W B87.1 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAHA measured 100 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.4 Wikg = 19.5 % (k=2)
Cartificate No: D3700V2-1105_Nov23 Page 30f 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o teed point 4580-08jQ
Retum Loss -270dB

General Antenna Parameters and Design

| Electrical Detay (one direction) | 1.139 ns

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

The dpole 15 made of standard semingid coaxial cable. The center conductor of the feeding fine is directly connected to the
second arm of the dipole. The antenna Is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length is still

according to the Standard
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged
Additional EUT Data
[ Manufactured by | SPEAG |
Cenificate No: DI700V2-1105_Nov23 Page 4 of 6
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DASYS Validation Report for Head TSL

Date; 20.11.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3700 MHz; Type: D3700V2; Serial: D3700V2 - SN:1105

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

Medium parameters used: f= 3700 MHz, o = 3.06 S/m; & = 38.1; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN3503; ConvF(7.73, 7.73, 7.73) @ 3700 MHz; Calibrated: 07.03.2023
» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 03.10.2023
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA:; Serial: 1001

« DASY5252.10.4(1535); SEMCAD X 14.6,14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3700MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=| 4mm

Reference Value = 68.83 V/m; Power Drift = (.08 dB

Peak SAR (extrapolated) = 18.2 Wrkg

SAR(1 g) = 6.66 W/kg; SAR(10 g) = 2.43 W/kg

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

Ratio of SAR at M2 to SAR at M| = 74.7%

Maximum valee of SAR {measured) = 13.0 Wikg

-7.00
-14.00
-21.00

-28.00

-35.00

0dB =13.0W/kg=11.13dBW/kg
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Impedance Measurement Plot for Head TSL

Ch) Aeg= 20
C0 Sl 250000 OMs

3700000 GHz

/5877 ar

3 700000 GHz

45760 O)
BEB 18 mQ)
44 672 mu

Sop 3 0000 GHe

8 00

-2 998 dB

(.00

b5 00

o

1500

b0 0

0

L3 Cn 1 Ao = 120

Ch: R 250000 Ghz —

Stop 350000 Ok

Swm _oHY BN

m.

Report No. HCT-SR-2404-FC004

Cerfificate No: D3700V2-1105_Nova23

F-TP22-03 (Rev. 06)

Page 6of 6

The report shall not be (partly) reproduced except in full without approval of the laboratory.

Page 302 of 325



Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzecland

Accredaed by me Swiss Accrediiation Sarvice (BAS)
The Swiss Accreditation Service is ane of the signatories to (he EA
Multitateral Agreement for the recognition of calibration certificates

Clent  HCT
s i

AP,
R

T

2
=

*
g

Report No. HCT-

Katibriords

(S: Service suisse détalonnage

Servizio svizzero di taratura
Swiss Calibration Service

Acceeditation No.: SCS 0108

Certificate No. DIBOOV2-1019 May23
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Object D3%00V2 - SN:1019
Catbration procedura(s) QA CAL-22.v7
Calibration Procedure for SAR Validation Sources between 3-10 GHz
Calbeanion date: May 19, 2023
This caily J d the bilty to nabonal

, which roaize the physical unhs of maasurements (S1).
The measuramants and the uncertaintios wih confidence probabilly are givan on 1he folowing pages and are paet of the canificate
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Calibration Laboratory of X, obitrmboier Kakibe
Schmid & Partner S .- (S: Service suisse d'étalonnage
Engineering AG 2 3 Servizio svizzoro di taratura
P S
Zeughausstrasse 43, 8004 Zurich, Switzerland 4 ﬂff‘_\:..‘"\: Swiss Calibeation Service
Accraciad by $ha Swiss Accradilaion Sandce (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is ono of the signatories o the EA
Multilateral Agreement Tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the fiat phantom.

* Return Loss: This parameter is measured with the source pasitioned under the liquid filled
phantom (as described in the measurement condition clause), The Return Loss ensures low
reflected power. No uncertainty required.

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

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

» SAR for nominal TSL parameters; The measured TSL parameters are used to calculate the
nominal SAR 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 systermn configuration, as far as not given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modudar Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, @y = 4.0mm, dz = 1.4mm Graded Ratio = 1.4 (Z direction)
Frequency 3900 MHz = 1 MHz

Head TSL parameters at 3900 MHz

The following parameters and calculstions were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 375 332 mho/m

Measured Head TSL parameters (220=02)"C 36.726% 323mha/m =83

Head TSL temperature change during test <05°C - -—
SAR result with Head TSL at 3900 MHz

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

SAR measurad 100 mW input power 6.97 Wikg

SAR for nominal Head TSL parameters normalized 10 1W 69.7 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 242 Whkg

SAR for nomingl Head TSL paramedors normalized 10 1W 24.1 Wikg = 18.5 % (k=2)

Cenificate No: DS800V2-1019_May23
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3900 MHz

Report No. HCT-SR-2404-FC004

Impedance, transtormed to feed point 48040-7812
Retum Loss -21.7d8
General Antenna Parameters and Design
[ Electrical Delay (one direction) J 1.100 ns

After long term use with 100W radiated power, only 2 slight warming of the dipols 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 1o the
second arm of the dipole. The anteana is therefore shon-circuited for DC-signals. On some of the dipsies, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the position as sxplained in the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipale length is still

according to the Standard.
No excessive force must be appbed to the dipole arms, because they might bend or the soldered connections near the
Ieedpoint may be damaged.
Additional EUT Data
| Manutactured by | SPEAG

Certificate No: D3500V2-1019_May23

F-TP22-03 (Rev. 06)

Page 4of 8

Page 306 of 325

The report shall not be (partly) reproduced except in full without approval of the laboratory.



H—a- Report No. HCT-SR-2404-FC004

DASYS Validation Report for Head TSL

Date: 19.05.2023
Test Laboratory: SPEAG, Zunch, Switzeriand
DUT: Dipole 3900 MHz; Type: D3900V2; Serial: D3900V2 - SN:1019

Communication System: UID 0 - CW; Frequency: 3900 MHz

Medium parameters used: = 3900 MHz: o = 3.23 S/m: g = 36.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
= Probe: EX3DV4 - SN3503; ConvF(7.39, 7.39, 7.39) @ 3900 MHz: Calibrated: 07.03.2023
o  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom: Flut Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASYS5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3900MHz/Zoom Scan,
dist=1L4mm (8x8x8)/Cube 0: Measurement gnd: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 71.29 V/m: Power Drift = -0.03 dB

Peak SAR (extrapolated) = 19.8 Wikg

SAR(] g) = 6,97 W/kg; SAR(10 g) = 242 W/kg

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

Ratio of SAR at M2 to SAR at M| = 73.5%

Maximum value of SAR (measured) = 13,7 Wikg

-1.20

-14.40
-21.60
-28.80

-36.00

0dB = 13.7 Wkg = 11.37 dBW/kg
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Impedance Measurement Plot for Head TSL

Report No. HCT-SR-2404-FC004
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Calibration Laboratory of & : Botekiaitackier Kaltbraca
Schmid & Partner %’é (S: Service suisse d'étalonnage
Engineering AG NN Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘."'m W S Swias Calibration Service
Accradited by the Swiss Accredeation Servica (545} Accreditation No,: SCS 0108

The Swiss Accraditation Service is one of ihe signatories to the EA
Multilatoral Agreament for the recognition of calibration certificates

Cenifcate No. CLA13-1016_Sep23.

Calibrafion procedure(s)

Calibration date: September 21, 2023

Thiz cafibration cetificate documents the traceabiity 1o national stardards, which realtze the physical units of measurernents {SI).
Tham and the with o probaniity are givan on the following pages and are part of the cerficate

All calibrations have been corducted in the closed laboratary facilty: eavecnmant sampemiure {22 + 3)°C and humidity < 70%

Callbration Equipment used (MATE critcal for calioratan)

Primeary Standurty [ID# Cal Datte (Cestificate No,) Schocuded Calibration
Powar meter NRP2 | SN 104778 30-Mar-Z3 (No. 217-0380403805) Mar-24
Powert sansar NRP-Z81 SN 108294 30-Mar-23 (Na. 217-03804) Mar24
Powar sensor NRP-281 AN 10GE2es 30Mar-23 (No. 217-03805) Mar-24
Aetarenca 70 0B Attanumtor I SN CC2552 (20x) 30-Mar-23 (Na, 217-0380€) Mar-24
Typea-N mismatch combination SN 870982 /08327 30-Mar-23 {No. 21703810} Mar-24
Refarance Probe EXIOVA SN 3877 06-fan-23 (No. £X3-3377_Jan2d) Jen-24
DAsS | SN: 654 27-Jan-23 (Mo. DAE4-854_tan2d) Jan-24

| Secondary 5% Loy CTheck Date (In houss) Schaduled Chack
Powar meter NREZ | 8N 107193 08-Now-21 (1 housse check Dec-22) 1 houss check: Doc-24
Powsr sansor NRP-Z81 | SN, 100222 15-Dec-08 (n house chaok Dec-22) In housa theck: Dac-24
Power sensor NRP-281 | 8N: 100418 01Jan-04 (in houss chack Dec-22) 0 housa check: Dec-24
HF genarator HF° 85480 SN US3842001700 04-Aug-98 (in house chack Jun-22) In housa check: Jurv24
Network Arstyzer Agilant EB358A | SN- LS41080477 31-Mar14 {in housa check Oct-22) In houss check: Dct-24

Namo Function

Calitrated by: olcn Kz Laboeatory Technician

v
Certificate No: CLA13-1016_Sep23 Page 10f 6 / (4 s

pt/ vml; ot’“ ﬂ%«

F-TP22-03 (Rev. 06) Page 309 of 325

The report shall not be (partly) reproduced except in full without approval of the laboratory.



H—a- Report No. HCT-SR-2404-FC004

Calibration Laboratory of

- e Wablitanl
Schmid & Partner Seevice suisse d'dtalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Accradited by the Swiss Accroditation Sonvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttiisteral 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) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further detalls are avallable from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

» Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the fiat phantom,

» RAeturn Loss: This parameter is measurad with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

* SARA 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 paramelters are used to caiculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
muitiphed 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 vi2.104
Extrapolation Advanced Extrapolation
Phantom ELI4 Flat Phantom Shell thickness: 2 = 0.2 mm
EUT Positioning Touch Pasition
Zoom Scan Resolution dx, dy =« 40 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
Frequency 13 MHz = 1 MH2
Head TSL parameters
The following pammeters and calculations were applied.
Temperature Parmittivity Conductivity
Nominai Head TSL parameters 220°C 55.0 0.75 mho/m
Measured Head TSL parameters (220=202)°C 531+26% 0.72 mho/m =6 %
Head TSL temperature change during test <05°'C —
SAR result with Head TSL
SAR averaged over 1 cmy’ (1 g) of Head TSL Condition
SAR measured 1 Winput powar 0.539 Wik
SAR for nominal Head TSL paramaters nommalized fo TW 0.553 Wikg = 18.4 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL candition
SAR measured 1 W inpul powes 0.335 Wrkg
SAR for nominal Head TSL parameters nomalized to 1W 0.343 Wikg = 18.0 % (k=2)
Certificate No: CLA13-1016_Sep23 Page 3 of 6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Report No. HCT-SR-2404-FC004

Impedancs, transformed 10 feed point

51.302+00jQ

Rstum Loss -37.8dB
Additional EUT Data
i Manutaciured by [ SPEAG
Centificate No: CLA13-1016_Sep23 Page 4o 6
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DASYS5 Validation Report for Head TSL
Date; 21.09.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: CLA13; Type: CLA13; Serial: CLA13 - SN: 1016
Communication System: UID 0 - CW; Frequency: 13 MHz
Medium parameters used: f= [3 MHz; 0 =0.72 S/m: & = 53.1; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Stundard: DASYS (IEEETEC/ANSI C63.19-2007)
DASY52 Configuration:
« Probe: EX3DV4 - SN3877; ConvF(153.33, 15.33, 15.33) @ 13 MHz; Calibrated: 06.01.2023
» Sensor-Surface: | Amm (Mechanical Surface Detection)
» Electronics: DAE4 Sn654; Calibrated: 27.01.2023
s Phantom: ELI v6.0; Type: QDOVAOD3ZAA; Seral: TP:2034

« DASYS5252.10.4(1535); SEMCAD X 14.6.14(7501)

CLA Calibration for HSL-LF Tissue/CLA-13, touch configuration, Pin=1W/Zoom Scan,
dist=1L4mm (8x10x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 30.91 V/m: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 1.09 Wikg

SAR(I g) = 0.539 Wikg: SAR(10 g) = 0.335 W/kg

Smallest distance from peaks to all points 3 dB below = 17.6 mm

Ratio of SAR at M2 1o SAR at M1 = 78.6%

Maximum value of SAR (measured) = 0.796 Wikg

d8
0

-2.00
-4.00
6.00

-10.00

0 dB =0.796 Wikg = -0.99 dBW/kg
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Impedance Measurement Plot for Head TSL
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Accredited by he Satss Accracitason Service (SAS)
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Ciient HCT Certificate No.

Report No. HCT-SR-2404-FC004

S {zsrischar Kalibri
Service suisse d'étalonnage
Servizio svizzero o taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

D5GHzV2-1317 _May23

Gyeonggi-do, Republic of Korea

Oyect D5GHzV2 - SN:1317

Calioration peocedute]s) QA CAL-22v7

Casbvaton Equipment used (MATE critical for calbration)

Calibration Procedure for SAR Validation Sources between 3-10 GHz

Cafibeation date May 17, 2023

This el y certificaie o s the tracaabiily lo naticnal standards, which reaitze the physical uniis of maasuraments (S1)
hor ardd the i with canfidence y a1 given oo e lolowing pages and are part of the canilicale
Al caltrmtions have been conducted n the closed y aciity: e % (22 = 37°C and humdity < 70%,
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Natwork Analyzor Aglent EB358A | SN US41080477 31-Mar-14 {In housa check Oct-22) In housa check: Oct-24
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Approved by Svan Kiw Technical Managar 5’ 3
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Calibration Laboratory of

S her Kallb:
Schmid & Partner g Service suisse d'étalonnage
Engineering AG Servizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzeriand S Swiss Calibration Service
Accreditud try the Swiss Accraditation Sanice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is oo of the signatories 10 the EA
Multitateral 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) |EC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

b) KDB 865664, “SAR Measurement Requirements for 100 MHz 1o 6 GHz"

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom,

* Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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%.

Certificate No: DSGHzV2-1317_May23 Page 2af 11
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Measurement Conditions
DASY systemn configuration, as far as not given on page 1.

DASY Version DASYS52 V52.10.4

Extrapoiation Advanced Extrapciation

Phantom NModular Flat Phantom V5.0

Distance Dipole Center - TSL 10 men with Spacer

Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Hatio = 1.4 {Z direction)
5250 MHz + 1 MHz

Froquancy 750 Mt + 1 Witz
5800 MHz + 1 MHz

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

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.71 mha'm
Measured Head TSL parameters {(220+£02)°C 34B26% 4.60 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 Caondition
SAR measured 100 mW input powar 7.94 Wikg
SAR for nominal Head TSL parameters normalized to 1W 78.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurod 100 mW input power 228 Wiy
SAH for nominal Head TSL parameters nommalized to 1W 22.6 Wikg = 19.5 % (k=2)
Centificate No; DSGHZV2-1317_May23 Page 3o 11
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied

Report No. HCT-SR-2404-FC004

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (220+02)°C ME+6% 4.97 mhom +6 %
Head TSL temperature change during test <05"C e -
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 B.17 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

81.2 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.32 Whg

SAR lor nominal Head TSL paramaeters nomalized to TW 23.0 Wkg = 19.5 % (k=2)
Head TSL parameters at 5750 MHz

The following p ters and calculations were applied.
Temperature Peormittivity Conductivity

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

Measured Head TSL parameters (220:02)"C 3ME:6% 5.08 mha/m = 6 %

Hoad 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 7.79 Whkg

SAR for nominal Head TSL parameters normalized 10 TW T7.4 Wikg = 19,9 % (k=2)

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

SAH measured 100 mW input power 223 Whg

SAR for nomingl Head TSL parametors normalized to TW 22,1 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Report No. HCT-SR-2404-FC004

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C a3 5.27 mha/m
Meoasured Head TSL parameters (220202)"C 34326% 511 mho/m =6 %
Head TSL temperature change during test <Q05°C -

SAR result with Head TSL at 5800 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.75 Wkg
SAR for nominal Head TSL parameters normalized to 1W 76.9 W/kg + 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measurad 100 mW input power 2,20 Wikg

SAR for nomenal Head TSL parameters

nommalized to 1W

21.8 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Report No. HCT-SR-2404-FC004

Impedance, transformed 1o feed point MEQ-2010

Retum Loss -24.3dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, translormed 1o feed point 4800-03iQ

Raetumn Loss -336dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed 10 feed polnt 4720+12[;1

Retum Loas -300d8
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transfarmed to feed point 4600 +08 0

Aetum Loss -27.4d8
General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1181 s

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

The dipole is made of standard semingid coaxdal cable, The center conductor of the feeding line iz diractly connected to the
second arm of the dpole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small and caps
e added to the dipole arms in order to improve matching when loaded according Yo the position as explained in the
"Measuremant Conditions® paragraph. The SAR data are not affected by this change, The overall dipole length s still

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
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H—a- Report No. HCT-SR-2404-FC004

DASYS5 Validation Report for Head TSL
Date: 17.05.2023
Test Luborutory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1317

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750
MHz, Frequency: S800 MHz

Medium parameters used: f = 5250 MHz; 6 = 4.6 S/m; &, = 34.8; p = 1000 kg/m’

Medium parameters used: £ = 5600 MHz; 0 = 4.97 S8/m; & = 34.6; p = 1000 kg/m’

Medium parameters used: f=5750 MHz; o = 5.08 S/m; & = 34.4; p = 1000 kg/m’

Medium parameters used: f = 5800 MHz; o = 5.11 8/m; & = 34.3; p = 1000 kg/m’

Phantom section: Flut Section

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

DASY52 Configuration:

= Probe: EX3DV4 - SN3503; ConvF(5.5, 5.5, 5.5) @ 5250 MHz, ConvF(5.1, 5.1, 5.1) @ 5600 MHz,
ConvF(5.08, 5.08, 5.08) @ 5750 MHz, ConvF(5.01, 5.01, 5.01) @ 5800 MHz; Calibrated:
(17.03.2023

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

« Electronics: DAE4 Sn601: Calibrated: 19.12.2022

« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA; Senal: 1001
o DASYS252.10.4(1535); SEMCAD X 14.6,14(7501)

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 = 75.29 V/m; Power Drft = -0.00 dB

Peak SAR (extrapolated) = 26.9 Wikg

SAR(1 g) = 7.94 W/kg: SAR(10 g) = 2.28 W/kg

Smallest distance from peaks to ull points 3 dB below = 7.2 mm

Ratio of SAR at M2 to SAR at M1 =71.8%

Maximum value of SAR (measured) = 17.6 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 dmm

Reference Value = 74.66 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 30.1 Wrkg

SAR(1 g) = 8.17 W/kg; SAR(10 g) = 2.32 W/kg

Smallest distance from peaks to all points 3 dB below = 6.8 mm

Ratio of SAR at M2 to SAR at M| = 68.8%

Maximum value of SAR (measured) = 18.8 Wikg
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H—a- Report No. HCT-SR-2404-FC004

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 = 72.14 V/m; Power Drift = {).04 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) =7.79 W/kg; SAR(10 g) = 2.23 W/kg

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

Ratio of SAR at M2 to SAR ut M1 = 66.1%

Maximum value of SAR (measured) = [8.2 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Valoe = 71.84 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 30.2 Wrkg

SAR(1 g) = 7.75 W/kg: SAR(10 g) = 2.2 W/kg

Smuallest distance from peaks to all points 3 dB below = 7.2 mm

Ratio of SAR at M2 1o SAR at M1 = 65,5%

Maximum value of SAR (measured) = 18.3 Wrkg

dg
0

-5.00

-10.00
-15.00
-20.00
-25.00

0dB =188 W/kg = 1274 dBW/kg
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H.a- Report No. HCT-SR-2404-FC004

Impedance Measurement Plot for Head TSL
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Report No. HCT-SR-2404-FC004

Appendix: Transfer Calibration at Four Validation Locations on SAM Head'

Evaluation Conditions (f=5250 MHz)

| Phantom | SAM Head Pnantom | For usage with csamaov2.RL |

SAR result with SAM Head (Top)

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

SAR far nominal Head TSL parameters nomalized to 1W B4.3 Wikg = 20.3 % (k=2)

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

SAR for nominal Head TSL paramsters nommalized to 1YW 24.3 Wikg = 19.9 % (k=2)
SAR result with SAM Head (Mouth)

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

SAR for nominal Head TSL parametors normalized to W B83.5 Wikg = 20.3 % (k=2)

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

SAR for nominal Head TSL paramaters nomalized 1o TW 23.4 Wikg = 19.9 % (k=2)

SAR result with SAM Head (Neck)

SAR averaged ovaer 1 cm?® (1 g) of Head TSL Condition
SAR tor nominal Head TSL parameters normalized 1o 1W B81.7 Wikg = 20.3 % (k=2)
SAR aversged over 10 cm® (10 g) of Head TSL condition
SAR for nominz! Head TSL parameters normalized to TW 23.4 Wikg = 19.9 % (k=2)
SAR result with SAM Head (Ear)
SAR averaged over 1 cm® (1 g) of Head TSL Candition
SAR for nominal Mead TSL parameters nomalized to 1W 52.8 Wikg = 20.3 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL conditon
SAR for nominal Head TSL paramaters normalized to 1W 17.9 Wikg = 19.9 % (k=2)

' Additional assessmants ouasce e cumant scope of SCS 0104
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head?

Evaluation Conditions (f=5800 MHz)

| Phantom [ SAM Head Phantom For usage with ¢SARIDV2-AL |

SAR result with SAM Head (Top)

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

SAR for nominal Head TSL parameters normalized to 1W 79.9 Wikg « 20.3 % (k=2)

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

SAR for nominal Head TSL parameters nomalized to 1W 22.6 Wikg = 19.9 % (k=2)
SAR result with SAM Head (Mouth)

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

SAR for nominal Head TSL parametors normalized o 1W 86.4 Wikg = 20.3 % (k=2)

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

SAR for nominal Head TSL parameters normalized 10 1W 24.6 Wikg = 19.9 % (k=2)

SAR result with SAM Head (Neck)

SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR for neminal Head TSL parametors normalized 1o W T7.1 Wikg = 20.3 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normalized 1o 1W 21,7 Wikg = 19.9 % (k=2)
SAR result with SAM Head (Ear)
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR tor neminal Head TSL parameters nommalized to 1W 54.9 Wikg = 20.3 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAH for nominal Head TSL parameters nommalized 1o W 18.4 Wikg = 19.9 % (k=2)

7 Addtional assessmanss outside tha curmed acops of SCS 0106
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