=CT FCC ID: A3LSMA155M Report No: HCT-SR-2311-FC001

HCTCO,LTD

DASYS Validation Report for Head TSL

Date: 17,05.2022
Fest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIBOOVZ; Serinl: D1800V2 - SN:2d015

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

Medium parameters used: = 1800 MHz; a = 1.37 S/m; & =~ 38.5: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.63, 8.63, 8.63) (@ 1800 MHz; Calibrated: 10.01.2023
« Sensor-Surface: 1.4mm (Mechamcal Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 19,12.2022
« Phantom; Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASYS2Z 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=5Smm, dy=5mm, dz=5Smm

Reference Value = 109.2 V/m; Power Drift = -0,00 dB

Peak SAR (extrapolated) = 17.3 Wikg

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

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

Ratio of SAR at M2 to SAR at M1 ~ 54.8%

Maximum value of SAR (measured) = 14.5 W/kg

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 Laboratory of Qb-\iz”/ S Schweizsrischer Kafibrierdienst

Schmid & Partner = C Service suisse détalonnage
Engineering AG % Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzeriand ":,‘d‘ﬁ.‘\“\‘_v? S Swiss Calibration Service

Accragited by the Swiss Accrecitation Service (SAS)

Accreditation No.: SCS 0108
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Multilateral Ag gnition of calibration certificates

Cliont

Calibeation procedureds )

Calibeation date:

The measuramants and 1ha Uncer with confl

This calibration certificaie documents the raceabiity 10 national standards, which raslize the physical unis of measurements {S1),
protability sere given on the following pages and are part of the centificate.

Al calbrations have been conducted In the closec

Calibeation Equipmant ussd (METE critical for calibration)

y taciilty: ar it

® {22 £ 3)°C antt hurmidity < 70%.

This calibeation certificade shad not be rep

Primary Standards D # Cal Dule (Carfificate No.) S fod Calwration

Power meter NRP SN: 104778 04-Apr-22 (No. 217-03525003524) Apr-23

Powar sensor NRP.251 SN 103244 D4-Apr-22 (No. 217-03524) Apr-23

Powar sensor NRP-291 SN: 103245 D4-Apr-22 (Na. 217-03523) Apr-23

Refarence 20 4B Aténustor SN: BHO294 (20k) D4-Apr-22 (No. 217-03527) Apr-23

Type-N mismatch combination SN: 310982 | 08327 D4-Ape-22 (No. 217-03528) Apr-23

Raferanca Proba EX30V4 SN 7349 10-Jan-23 (No. EX3.7349_Jan23) Jan-24

DAE4 SN: 601 19-Dec-22 {No, DAE4-601_Dec22) Dec-23

Secondavy Standargs 0# Check Date (in house} Seheduled Check

Power meter E44158 SN GB39512475 30-Oct-14 (n house check Oct-22) In housa chack. Oct-24

Power sensor HP B481A SN: US37202783 07-Oct-16 (in housa check Oct-22) In houss chack: Oct-24

Power s6050r HP B481A SN MY41083318 07-Oct-15 (In housa check Oct-22) in house check: Oct-24

RF generator RES SMT-08 SN 100972 15-Jun-15 (In house check Oat-22) In house chock: Oct-24

Network Aralyzer Agllent E23284 | SN US41080477 I1-Mar-14 (n house cheok Oct-22) In house check: Oct-24
Name

Cafbrated ty:

Appraved by:

d axcept In full without wilten sppeoval of

Issued’ January 24, 2023
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HCT FCC ID: A3LSMA155M Report No: HCT-SR-2311-FC001

HCT COLLTD
Calibration Laboratory of :“'“@""’3 S Schweizerischer Kalibrs
Schmid & Partner % ¢ Service suisse détalonnage

Engineering AG = Servizio svizzero & taraturs
Zoughausstrasse 43, 8004 Zurich, Switzertand ‘a,,,/r_\-?\\_.? S swiss Calitrstion Service
“aly e
Accredited by the Swiss Accroditation Sarvice (SAS) Accredgitation No.: SCS 0108

The Swiss Accreditation Service is one of the signatodies to the EA
Multilsteral Agresment 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 62208-1528, "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 availabie from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Paramelers 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 Retumn 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%.

Cerfificate No: D1900V2-5d061_Jan23 Page 2 of 6
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HCT FCC ID: A3LSMA155M Report No: HCT-SR-2311-FC001

HCT CO,LTD

Measurement Conditions

DASY system configuration, &s far as not given on page 1.
DASY Version DASYS52 V52,104
Extrapolation Advanced 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 MHz
Head TSL parameters
The following parsmeters and calculations were applled.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 400 1.40 mha'/m
Measured Head TSL parameters (220z202)°C 38626% 1.3 mho/m £ 6 %
Head TSL temperature change during test <Q05"C — —
SAR resuit with Head TSL
SAR averaged ovar 1 ecm” (1 g) of Head TSL Condition
SAR measured 250 mW Input power 9.77 Wikg
SAR far nominal Head TSL paramelers normalized to tW 389 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAR moasured 250 mW Input power 5.08 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.3 Wikg = 16.5 % (k=2)
Certificate No: D1900V2-5d061_Jan23 Page 30l 6
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Ha- FCC ID: ABLSMA155M

HCT CO,LTD

Report No: HCT-SR-2311-FC001

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point S8020+63j0
Return Loss -2414¢B
General Antenna Parameters and Design
LElectncal Delay (one direction) [ 1.183 ns

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

The dipole is made of standard semirigid coaxial cabie. The center conducior of the feeding line is directly connectad to the

second arm of the dipole. Tha antenna s tharefore 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 appiied to the dipole amms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

l Manufactured by

SPEAG

Centificate No: D1900V2-5d061_Jan23
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=CT FCC ID: A3LSMA155M Report No: HCT-SR-2311-FC001

HCTCO,LTD

DASYS5 Validation Report for Head TSL

Date: 23.01.2023
l'est Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d061

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

Medium parameters used: £= 1900 MHz: o= 1.39 S/m; 2. = 38.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.43, 8.43, 8.43) @ 1900 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

« 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=5Smm, dy=5Smm, dz=5mm

Reference Value =~ 109.1 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 18.1 W/kg

SAR(I g) = 9.77 W/kg: SAR(10 g) = 5.09 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 54.6%

Maximum value of SAR (measured) = 15.1 W/kg

a8
0
3.20
6.40
-9.60
-12.80
-16.00

0dB = 15.1 W/kg = 1179 dBW/kg
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HCT FCC ID: A3LSMA155M Report No: HCT-SR-2311-FC001

HCT CO,LTD

Impedance Measurement Plot for Head TSL
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Certificate No. D2450V2-1049_Apr23

Muitilateral Agr for the recognition of calibeation certificates
Client HCT

Gyeonggi-do, Republic of Korea
Obisat D2450V2 - SN:1049
Calbration procadure(s) QA CAL-05.v12

Calibention cdate

This calbration canificate documants the
The measuraments and e uncertainties with contidence probabiity are given on the lolowing pages and are pet of the cortiticnto,

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

lity to ¢

Calibration Equipment used (METE critical tar callxation)

| which reslize the physical units of meesuremants (51)

AR calibeiiorss have boan conductad In the closed laboratory faciity. envitorsment ternparature (22 < 3)°C and humidty < 70%

Calbrated by

Approved ty:

Nama
Michast Weber

Sven Kohn

Function

Laboratory Tachnician

Primary Stangards D Cai Date (Certificase No.) Schaduled C 1
Power mater NRP2 SN: 104778 O0-Mar23 (No. 217-0380:,03805) Mar-24

Power sensoe NAP-291 SN; 106244 30-Mar-23 (No. 217-03804) Mar-24

Power sensor NRP-Z91 SN 103245 30-Mar-Z3 (No. 217-038065) Mas-24

Hedorence 20 dB Attenustor SN BHII04 (20k) 30-Mar-23 (No. 217-03809) Mar-24

Type-N mismaich combinstiaon SN 3100682 7 06327 30-Mar-23 (No. 217-03810) Mar24

Reference Probe EX3DV4 SN 7349 10Jan-23 (No, EX3-7348_Jan23) Jan-23

DAES SN 601 18-Dec-22 (No. DAE4-601_Deczz) Dec-23

Secondary Standards | Chwack Date (in house) Sctwtuled Chock .
Powar mater E44198 1 SN GBISS12475 30-Oct-14 {in house check Oct-22) In house choeck: Ox4-24
Pawer sansar HP 84814 SN US372827m3 07-0c1-16 (n house check Oct-22) In howuss checic Oct-24
Poawer sarsor HP 84814 SN MY41093118 G7-0ct-15 (n housa chack Oct-22) In hausa check: Oct-24
AF gererator AAS SMT.08 SN 100972 15-Jun-15 {in house cheok Oct-22) In hause check: Qct-24
Natwork Analyzer Aglont EBIS8A | SN: US41080477 31-Mar-14 (in howse check Oct-22) In house chack: Oct-2¢

T
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Issued: Ageil 26, 2023
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HCT FCC ID: A3LSMA155M Report No: HCT-SR-2311-FC001

HCT COLLTD
Calibration Laboratory of &, S Schweizerischer Kalbrierdienst
Schmid & Partner e G Service suisse détaionnage

Engineering AG T Servizio svizzero of taraturs
Zoughausstrasse 43, 8004 Zurich, Switzerland 7N S swiss Calibration Service
Accradaed by tha Swiss Accreditason Semice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is ono of the signatories to the EA
Multitateral Ags for the recognition of eafibration 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 Valldation Report at the end
of the cenrtificate. 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 85%.

Certificate No: D2450V2-1048_Ape23 Page 2ot 7
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Report No: HCT-SR-2311-FC001

Measurement Conditions

DASY system configuration. as far as not given on page 1
DASY Version DASYSs2 V52104
Extrapolation Advanced Extrapolation
Phantom Moedular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Fraquency 2450 MHz = 1 MMz
Head TSL parameters
Tha following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Head TSL parameters 220"C 392 1.80 mho/m
Measured Head TSL parameters (220£02)°C J37.7+£68% 186 mho/m + 6 %
Head TSL temperature change during test <05°C —— -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Candition
SAH measured 250 mW input power 13.5 Wikg

SAH for nominal Head TSL parameters

normalized to 1W

§2.7 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAA measured 250 mW input power 6.23 Wikg
SAR for nominal Head TSL parameters normalized to 1W 248 Wikg = 16.5 % (k=2)

Cantificate No: D2450V2-1048_Apr23
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HCT CO,LTD

Report No: HCT-SR-2311-FC001

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedancs, transformed to feed point

491 0+ 880

Returmn Loss «21.0dB
General Antenna Parameters and Design
[ Eloctncal Delay (one direction) I 1.180 ns

After long 1erm use with 100W radiated power, anly a slight warming of the dipole near the feadpoint can be measured.

Tha dipole is mada of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained In the
"Measurement Conditions* paragraph. The SAH data are not aftected by this change. The overall dipoln langth is still

according to the Standard

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

feadpoint may be damaged.

Additional EUT Data

I Manutactured by

SPEAG

Cantificate No: D2450V2-1049_Apr23
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=CT FCC ID: A3LSMA155M Report No: HCT-SR-2311-FC001

HCTCO,LTD

DASYS5 Validation Report for Head TSL

Date: 25.04.2023
Test Laboratory: SPEAG, Zurich, Switzertand
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)

DASY 52 Configuration;
= Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) @ 2450 MHz; Calibrated: 10.01.2023
+ Sensor-Surface: | Amm (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 grnd: dx=5mm, dy=5mm, dz=5Smm

Reference Value = 117.0 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 26.9 W/kg

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 Wikg = 13.50 dBW/kg

Certificate No: D2450V2-1048_Apr22 Page S5of 7
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HCTCO,LTD

Impedance Measurement Plot for Head TSL
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Ha- FCC ID: ABLSMA155M

HCT CO,LTD

Report No: HCT-SR-2311-FC001

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

Evaluation Condition
| Phantom [ SAM Head Phaniom | For usage with csarsov2.AL |
SAR result with SAM Head (Top = C0)
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR tor nominal Head TSL parameters

normalized fo 1W

56.2 Wikg = 17.5 % (k=2)

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

condition

SAR for nominat Head TSL parameters

normalized to 1W

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

SAR result with SAM Head (Mouth = F90)

SAR averaged over 1 ecm’ (1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters

normalized to TW

57.3 W/kg % 17.5 % (k=2)

SAR aversged over 10 cm® (10 g) of Head TSL

condition

SAR for nominal Head TSL parameters

normalized to 1W

27.4 Wikg = 16.9 % (k=2)

SAR result with SAM Head (Neck = H0)

SAR averaged over 1 oy’ (1 g) of Head TSL

Condition

SAR for nominal Head TSL parameters

normalized to 1W

54.0 W/kg = 17.5 % (k=2)

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

condition

SAH for nominal Head TSL parameters

normalized to 1W

25.0 Wikg = 16.9 % (k=2)

SAR result with SAM Head (Ear = D90)

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

Condition

SAR for nominal Head TSL. paramaters

notmalized to 1W

34.6 Wikg = 17.5 % (k=2)

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

condition

SAH for nominal Head TSL parameters

normalized to 1W

17.4 Wikg = 16.9 % (k=2)

I Adaitional assassmeris outside the current scope of SCS 0108

Certilicate No: D2450V2-1048_Apr23
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| Otjoct D2600V2 - SN:1106
Galibration procedurefs) QA CAL-05.v12

Calibration cate

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

May 24, 2023

Calbrabon Equipment used (MATE crtical for calibeation)

This calbrbon cortificate documsnts ™he traceabiity 10 national standards, which reaitze the physical Lnits of measursments (Si)
The measuremeants and the uncenaintas wilth confidence probability are gvan on the following pages and are parnt af the candcata.

All calibraticns have baen conducted in 1he cleesd latoratory fuclity: enviranment semparature (22 + 3)°C and humidity < 7%
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Power sansor HP B481A

AF gonerator RAS SMT-06
Natwod Analyzer Aglent EBISAA

SN: US37292784
SN: MY410893315
SN; 100872

SN: US41080477

UTOat-15 (N house check Oct-22)
07-0ct-15 (in housa chack Oct-22)
15-Jun-15 (iIn house check Oct-22)
31-Mar-14 (in house cneck Oct-22)

Nama Function
Calorated by Paula Ping Laboratary Technician
Approved by, Svan Kihn Technical Managar

Pricnary Standaeds D2 Cat Date (Cartificate No.) Scheduled Calbration
Power meater NRP2 SN: 104778 30-Mar-23 (No. 217-03804/03805) Mar-24
FPower sensoc NRP-Z201 SN 106244 30-Mar-23 (No, 217.03804) Mar-24
Power sensor NRF-Z91 SN: 103245 30-Mar-23 (No. 217-03808) Mar-24
Aeterance 20 dB Aftanuator SN: BHA394 (20k) 30-Mar-23 {No, 217-03808) Mar-24
Type-N mismatch combination SN: 310982 / p6327 30-Mar-23 (No. 217-03810) Mar-24
FRetorencs Probe EXIDV4 SN: 7345 10-J4n-23 (No. EX3-7349 Jan23) Jun-24
| DAE4 | BN 801 18-Dec-22 (No. DAE4-801 Dec22) D23
r__sisg_mmy Swndards 0# Check Date (In house) Scheduled Check
Powar metec E44188 SN: GE3R512475 30-0c1-14 (0 house check Oct-22) In house check; Oct-24

In house check: Oce-24
In howuse check: Oct-24
In houssa check. Oct-24
In house check: Oct-24

Sowire
e

S e

Issund: May 24, 2023

This calibrition carficats shall not be raproduesd except in ull without wiitten appeoval f tha aboratory. 11 3k o1 X
= 7255 B £Z2
Certificate No: D2800V2-1106_May23 Page 10t 6 2! 7 ¢t
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzariand

S Sch Kalibrierdi

c Sevvice suisse d'étalonnage
Servizio svizzero di tarstura

S Swiss Calibration Service

Accrediled by he Swiss Accroditation Service {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilaternt 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-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 phantomn.

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

Cartificate No: D2600V2-1106_May23 Page 20t6
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Measurement Conditions

DASY system configuration, as lat as nol given on page 1
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2600 MHz = 1 MHz

Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220'C 39.0 1.96 mho/m
Measured Head TSL paramaters (220202)°C I71+6% 2.00 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 14,2 Wikg

SAR for nominal Head TSL parameters normalized to 1W 55.6 W/kg £ 17.0 % (ke2)

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

SAR measured 250 mW input power 6.37 Wikg

SAR for nominal Head TSL parameters normalized to 1W 25.1 Wikg = 18,5 % (k=2)
Cartificate No: D2600V2-1106_May23 Page 3ot 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed pont 4890-68 0
Ratumn Loss «231dB

General Antenna Parameters and Design

| Etectrical Detay (one direction) | 1.149 ns

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

The dipole is made of standard semirigid coaxlal cable. The center conductor of the feeding lina is directly connected to the
sacond arm of the dipole. The antenna is therefore shont-circuited for DC-signals. On some of the dipoles, small end caps
are agded to the dipole arms in order to improve matching when loaded according to the position as explaned in the
"Measurement Conditions” paragraph, The SAR data are not allected by this change, The overall dipole length is still
according to the Standard,

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

Additional EUT Data

l Manufactured by [ SPEAG ]

Cedificate No: D2600V2-1106_May23 Paga 4o0f6
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DASYS 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 parameters used: = 2600 MHz; o = 2 S/m; & = 37.1; p = 1000 kg/m"

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

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.68, 7.68, 7.68) @ 2600 MHz, Culibrated: 10.01.2023
» Sensor-Surface: |.4mm (Mechanical Surfuce Detection)
» Electronics: DAE4 Sn601; Calibrated:; 19,12,2022
¢ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
» DASYS252.10.4(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=3mm, dy=Smm, dz=5Smm

Reference Value = 117.6 Vim; Power Drift = 0.06 dB

Peak SAR (extrupolated) = 27.7 Wikg

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

Smallest distance from peuks to all points 3 dB below = 8.9 mm

Ratio of SAR at M2 to SAR at M1 =51.4%

Maximum value of SAR (measured) = 23.0 W/kg

daB
0

-4.20
-8.40
-12.60
-16.80

-21.00

0dB =23.0 W/kg = 13.62 dBW/kg

Certficate No: D2600V2-1106_May23 Page 50of 6
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Impedance Measurement Plot for Head TSL
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Calibration Laboratory of

Schweizerischer Kalibrierdienst
Schmid & Pariner Service sulsse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zoughmusstrasse 43, B004 Zurich, Switzerland : Swiss Calitwation Service
Accreditod by the Swiss Accredilation Servics (SAS) Acoreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Tultilateral Ag for the gnition of calibration certificates
Client HCT Certificate No. DSGHzV2-1317_May23
Gyeonggi-do, Republic of Korea
[CALIBRATION CERTIFICATE |
_ ‘
Objmct DSGHzV2 - SNi1317
Callbeation procedureis) QA CAL-22.v7

Calibration Procedure for SAR Validation Sources between 3-10 GHz

Cabration date: May 17, 2023

This caibration canflicats documsnts the tracsabidity 10 nasianal standards, which reailze tha physical urits of messuremanss (S1)
The maasurements and e unces with cons pe ity are given on 1he following pages and am pan of the centificate

All culibradions have basn conducted in the cloesd sborslory fecllily: srveoament tampernstue (22 = 3)°C and humidity < 70%

Caliration Equipmant used {MATE crelcal for callbeation)

Primary Standands DA Cal Data (Cortiticate No ) Schaduled Calbration
Power mater NRP2 SN: 108778 30-Mar-23 (No. 217-03004/03808) Mar24

Powar sensor NAP-291 SN 103244 30-Mar23 (No. 217.03804) Mar-24

Power sensor NRP-291 SN: 109245 30-Mar23 (No, 217.03805) Mar-24

Ratarence 20 o8 Atenuator SN: BHI304 (20K) 30-Mar-23 (No. 297-03809) Mar-24

Typa-N mismasch combination SN: 310082 / D327 30-Mar-23 (No. 217-G3810) Mar-24

Ralerance Probe EX3DV4 SN 3503 O7-Mar-23 (No. EX3-3503 Mar23) Mar-24

DAE4 SN 601 16-Dec-22 (No. DAE4-601_Dec22) Dec-23

Secondary Standards D ¥ Check Date (inhouse) _Scheduled Check
Pawar meter E441608 SN: GH39512475 30-0ct: 14 (In housa check Oct-22) In holse chack: Dot-24
Power sensor HP 84814 SN: US37292783 07-Cet-15 (in house check Oct-22) In houss check: Oct-24
Fowar sansor HFP 8481A SN: MY41063315 O7-001-15 (i houss check Oct-22) In house check. Oct-24
RF ganarator RAS SMT-06 SN: 100972 15-Jun-15 (in house check Oct-22) In house check: Oct-24
Natwork Analyzer Agient EBISBA | SN USA1000477 31-Mar-14 (in house check Oct-22) In house check: Oct-24

Name Function

Signature
| Calibrated by: Michinal Webar Laboratory Techniean //M—
Approvad by: Svan Kihn Tachnical Menager ; E

Issued May 25, 2023
This calibeation certificate shall not ba reproduced except in full without writen approvid of R JEBUOe; <7 | 31 =1 - ‘
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Calibration Laboratory of

Schwelzerischer Kalbrierdienst
Schmid & Partner

(s: Sarvice suisse d'étalonnage
S

Engineering AG Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accrudited by the Swiss Accroditation Sansce (SAS) Accreditation No.: SCS 0108
The Swiss Accraditaion Service is one of the signatories to the EA
Muitilateral Agr for the gnition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NOBRM 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
Absomption 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
phantorn (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 10 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: D5GH2V2-1317_May23 Page 2 of 11
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS2 V52.10.4

Extrapolation Advanced Extrapolation

Phantom Moduiar Fiat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

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

Fronuancy g
5800 MHz + 1 MHz

Head TSL parameters at 5250 MHz
The following parameters and calculabons were applied

Temperature Pormittivity Conductivity

Nominal Head TSL parameters 220"C 358 4.71 mho/m

Measured Head TSL parameters (22.0+0.2)°C ME+E8% 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 em® (1 g) of Hoad TSL Condition

SAR measured 100 mW Input power 7.84 Wikg

SAR for nominal Head TSL parameters normafized to 1W 78.8 W/kg = 19.9 % (k=2)

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

SAH measuwed 100 mW input power 2.28 Wikg

SAHA for nomanal Head TSL parameters normalized to 1W 226 Wikg = 19.5 % (k=2)
Caificate No: DSGHzV2-1317_May23 Page 3of 11
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Head TSL parameters at 5600 MHz
The following parameters and calcutations were apphed

Temperature Permittivity Conductivity

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

Moasured Head TSL parameters (220=202)"C 34626% 4.97 mho/m 4 6 %

Head TSL temperature change during test <05"C — —
SAR result with Head TSL at 5600 MHz

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

SAH measured 100 mW input power 817 Wikg

SAR for nominal Head TSL parameters normalized to TW 81.2 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input powar 2.32 Wikg

SAH for nominal Head TSL parameters nomalized to W 23.0 W/kg = 19.5 % (k=2)

Head TSL parameters at 5750 MHz

Tha following parameters and calculations ware applied

Temperature Permittivity Conductivity
Nominal Head TSL parametars 220°'C 354 522 mho/m
Measured Head TSL parameters (220+02)“C 3M4+6% 5.08 mho/m =6 %
Head TSL temperature change during test <05"C -— -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW Input power 7.78 Wikg

SAR for nominal Head TSL parametars

normakized to 1W

77.4 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.23 Wikg

SAR for nominal Head TSL paramaters

normakzed to 1W

22.1 Wikg = 19.5 % (k=2)

Certficates No: DSGHzV2-1317_May23

Page 4 of 11
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Head TSL parameters at 5800 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 353 5.27 mha/m

Measured Head TSL parameters (22.020.2)°C 34326% 511 mho/m 26 %

Head TSL temperature change during test <05"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 Wrkg

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 nominal Head TSL parameters nomalized 16 1W 21.8 W/kg = 19.5 % (k=2)
Certificate No: D5GHzV2-1317_May23 Page Sof 11
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impadance, transformed to feed point UeN-2012
Return Loss ~243d8

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transtormed 1o leed point 4800-03 10
Return Loss -336dB

Antenna Parameters with Head TSL at 5750 MHz

Impadance, transformed to feed point 4a720+12i0
Return Loss -30,0dB

Antenna Parameters with Head TSL at 5800 MHz

Impadance, transformed to feed point 400 +08i0
Retum Loss «274dB

General Antenna Parameters and Design

I Electrical Delay {one direction) l 1,191 ns I

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

The dipole is made of standard samirigid coaxial cable. The center conducior of the feeding lne is directly connected to the
second arm of the dipole. The antenna is tharefore short-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
‘Messurement 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, becauss they might bend or the soldered connections near the
feedpoint may be damaged,

Additional EUT Data

| Manutactured by | SPEAG

Certficate No: DSGHeV2-1317_May23 Page 6ot 11
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DASYS5 Validation Report for Head TSL
Date: 17.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland

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

Communication System: UID O - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750
MHz, Frequency: 5800 MHz

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

Mediom parameters used: = 5600 MHz; o = 4.97 S/m; & = 34.6; p = 1000 kg/m’

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

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

Phantom section: Flar Section

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

DASYS52 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:
07.03.2023

«  Sensor-Surface: | .4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 19.12.2022

» Phantom: Flat Phuntom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001
= DASYS2 52,104(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 Drift = -0.00 dB

Peak SAR (extrapolated) = 26.9 W/kg

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

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

Ratio of SAR at M2 10 SAR at M1 =71.8%

Maximum value of SAR (measured) = 17.6 Wikg

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

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

Peak SAR (extrapolated) = 30.1 W/kg

SAR(I 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 M1 = 68.8%

Maximum value of SAR (measured) = 18.8 W/kg

Castificate No: DEGH2V2-1317_ May23 Page 7 of 11
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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=14mm

Reference Value = 72,14 V/m:; Power Drift = -0,04 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) =7.79 Wikg; 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 at M1 = 66.1%

Maximum value of SAR (measured) = 18.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 71.84 V/m; Power Drift = 0,00 dB

Peak SAR (extrapolated) = 30.2 Wikg

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

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

Rauo of SAR at M2 1o SAR at M1 = 65.5%

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

a8
0

5.00

-10.00
-15.00
-20.00
-25.00

0 dB = 18.8 W/kg = 12.74 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 Conditions (f=5250 MHz)

| Phantom | SAM Head Phantom | For usage with cSAR3DV2-RIL |
SAR result with SAM Head (Top)
SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR for nominal Head TSL paramaters

normalized to 1W

84.3 W/ikg = 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameaters

normalized to 1TW

24.3 Wikg + 19,9 % (k=2)

SAR result with SAM Head (Mouth)

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

Concdition

SAR for nominal Head TSL parameters

nomalized to TW

83.5 W/kg + 20.3 % (ke2)

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

condition

SAR for nominal Head TSL parameters

nomalized 1o 1TW

23.4 Wikg = 19.9 % (k=2)

SAR result with SAM Head (Neck)

SAR averaged over 1 cmy’ (1 g) of Head TSL Condition
SAH for nominal Head TSL parametaers normakzed to 1W 81,7 W/kg = 20.3 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR for nominal Head TSL parameters normabized to W 234 Wikg = 19.9 % (k=2)
SAR result with SAM Head (Ear)
SAR averaged over 1 cny (1 g) of Head TSL Condition
SAH for nominal Head TSL parameters nomalized to 1W 52.8 Wikg + 20.3 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR for nominal Head TSL parameters nomalized 10 1W 17.9 Wikg = 19.9 % (k=2)
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Appendix: Transfer Calibration at Four Validation Locations on SAM Head?

Evaluation Conditions (f=5800 MHz)

[Phamom [

SAM Head Phantomn

| For usage with csaRaDv2-RL |

SAR result with SAM Head (Top)

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

SAR for nominal Head TSL parameters nomalized 1o 1W 79.9 Wikg = 20.3 % (k=)

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

SAR for nominal Head TSL paramaters normalized to 1W 22.6 W/kg = 19.9 % (k=2)
SAR result with SAM Head (Mouth)

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

SAR for pominal Head TSL parameters normalized to 1TW 86.4 W/kg = 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to 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 nominal Head TSL parameters

normaiized to 1W

77.1 Wikg + 20.3 % (k=2)

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

condition

SAR for nominal Head TSL parameters

normalized to TW

21.7 Wikg = 19.9 % (k=2)

SAR result with SAM Head (Ear)

SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR for nominal Head TSL parameters normalized to 1W 54.9 Wikg = 20.3 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR for pominal Head TSL parameters normalized to TW 18.4 Wikg = 19.8 % (k=2)
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