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CALIBRATION REPORT
F.1 E-Field Probe(EX3DV4 - SN:3717)
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mmmmﬁmwwmlmm which realiza the physical units af
measurements(Sl). The measurements and the uncerainties with confidence probability are given on the following
pages and are part of the certificate.

All calibraions have been conducied in the ciosed laboratory faciity: environment temperature@2s3rc and
humidity<70%.

Cal Date(Calibrated by, Certificate No)  Scheduled Calibratiod

Powar Meter NRP2 16-Jun-20(CTTL, No,J20X04344) Jun-21
Powaer sensor NRP-Z01 16-Jun-20(CTTL, No.J20X04344) Jun-21
Power sensor NRP-291 16-Jun-20(CTTL, No.J20X04344) Jun-21
Referance 10dBAttenuator 10-Feb-20(CTTL, No.J20X00525) Feb-22
Reference 20dBAttenustor 10-Fab-20(CTTL, No.J20X00526) Feb-22
Referance Probe  EX30V4 27-Jan-21(SPEAG, No.EX3-3617_Jan21) Jan-22
DAE4 15-Jan-21(SPEAG, No.DAE4-15568_Jan21) Jan-22
Secondary Standards Cal Dato(Cailitrated by, Certificats No.) Scheduled Calbration
SignaiGanerator MG3700A 23-Jun-20(CTTL, No.J20X04343) Jun-21
Network Analyzer ES5071C 21-Jan-21(CTTL, No.J20X00515)

Calibrated by 4
mw ........
Approved by: :
] issued: June 08, 2021 ‘
mmuﬂmwmmmmmmunw
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Report No.: BL-SZ2240492-701 EII'DUIJ

in Collsboraton wih
M
. CAUSRATION LABORATORY
- Add No 3 HuaYuanBel Road, Huldian District, Beijing, 100191, China
Tel: #H0-10-62304813-2412 Fas. +86- 104210483 3. 2504
Glossary: ‘
TSL tissue simulating liquid
NORMx.y.z sensitivity in frée space
ConvFF sensitivity in TSL / NORMx,y.z
pee diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modufation dependent linearization

Polarization ® @ rotation around probe axis
Polarization 8 8 rotation around an axis that is in the plane normal 1o probe axis (st measurement center), |
6=0 is normal o probe axis
Connector Angle Wmnmmhmsvmmwammwxmwmmw
Calibration is Performed According to the Following Standards:
a) IEEE Sd 1528-2013, “"IEEE Recommended Practice for Detarmining the Peak Spatisl-Averaged’
Absorption Rate (SAR) in the Human Head from Wieless Communications Devices:
Measuremeant Techniques®, June 2013
b) IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-heid and body-mountad devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2018
c)lEcmZMbmmmMAmRm(SAR)fame,
devices used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March
2010
d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"
mwammdnm
NORMY,y,z: Assessed for E-field polarization 8=0 (fs800MHz in TEM-cell, {>> 1800MHz waveguide).
mvzmeMm Le., the uncertainties of NORMx,y.z does not affect the
anymm(uomwm
. Mn-mn frequency_response (see Fraquency Response Chart), This
hnplo:mhﬂhb:::lnﬁwuemm:uw42 The uncertainty of the
Mm included stated uncertainty of ConvF
. WWmm&mmmdwmmmdwm
% required). DCP does not depend on frequency nor media.
. muummmmounmmmmmbuwmmwm

. m&.xzaxrvmmsc”mmuuﬁm parameters assessed based on the
data of power sweep for spacific modutation signal mmdondmonmcynor
Mmuumw range expressed in RMS voltage across the diode.

. Ovaand WMMWMEM(orTmm '
%-:mwmmuw distributions based on
mmb’f The same setups are used for assessment of the parameters.
applied for boundary compensation (aipha, depth) of which typical uncertainty valued are given
Tmmmw‘hmswmmwmmmmdmmmmm
The sensitivity in TSL to NORMx.y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF A dependent ConvF is used in DASY version 4.4 and higher which

mmwmt«mm1m
«  Spherical isolropy (3D deviation from isotropy): n a field of low gradients realized using a flat
phantom exposed by a patch antenna.
* Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
MM Whmmmmwmmmm
-
(no uncertainty required)
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DMIWEASY ~ Parameters of Probe: EX3DV4 — SN:3717

Basic Calibration Parameters
Sensor X | Sensor Y Sensor Z Unc (k=2)
) 050 {047 0.56 £10.0%
DCP{mV)" 100.0 | 104.7 1018 |
Modulation Calibration Parameters
UID | Communication | A 8 c o VR Unc®
System Name d8 dBpv | dB8 mV (k=2)
0 cw 00 Jo0o |10 000 |1788 |+21%
| y |oo Joo 1.0 1729 |
z (00 Joo [10 189.7

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

A The uncertainties of Norm X, YZ&MMWEMumMMTSL(umQ

¥ Numerical linearization . uncertainty not required

!whmmmm deviation from linear response applying rectanguiar distribution
uuwhmmuumm

Centificate No:Z21-60175 Page ) of 9
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Report No.: BL-SZ2240492-701 EII'DUIJ

Ted: #86: 1062306332912 Fax: +86-10-620M633. 2504
E-onall: ctthdichinant| com Hitciwwrw.chinatil on

DASY/EASY - Parameters of Probe: EX3DV4 — SN:3717

Calibration Parameter Determined in Head Tissue Simulating Media

roway | e[S | comex | com | comez w2 0
7850 419 0.89 9.44 9,44 9.44 040 | 075 | +12.1%
835 415 0.90 8.95 8.95 896 | 023 102 | £121%
200 415 0,97 8.92 8.92 892 | 0417 | 127 | +121%
1750 40.1 137 7.80 7.80 7.80 0.24 @ 103 | +121%
1900 40.0 1.40 7.63 7.63 7.63 021 | 116 | +121%
2300 395 1.67 7.37 7.37 1.37 045 | 077 | +121%
2450 39.2 1.80 716 7.16 7.16 042 | 085 | +121%
2600 39.0 1.96 8.91 6.91 6.91 044 084 | +121%
3500 37.9 291 8.45 6.45 6.45 043 | 095 | +13.3%
5260 359 an 517 517 517 045 | 135 | +133%
5600 356 8.07 474 474 4.74 0.50 | 1.30 | +13.3%
5750 354 6.22 476 4.78 476 | 050 @ 130 | £13.3%

© Frequency validity above 300 MHz of £100MHz only applies for DASY v4.4 and higher (Page 2), eise It is restricted 1o
£50MHz. The uncartainty is the RSS of ConvFF uncertainty at calibration frequency and the uncertainty for the indicated
fraquency band, Frequency validity balow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 84, 128,
150 and 220 MHz respectively. Above § GHz frequency vaiidity can be extended 1o + 110 MHz.

F At frequency below 3 GHz. the validlty of tissue parametens (¢ and o) can be relaxed to +10% If liquid compensation
muwnmmhnmmammmummummb
restricted 1o £5% The uncertainty is the RSS of the ConvF uncertainty for indicated targe! tissue parameters

% Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below & 2% for the frequencies
Mumnmmwmwmmwmmmm

f
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Report No.: BL-SZ2240492-701 Group

Add: No. 52 HuaYuanBel Road, Hisdian Distrsct, Beifing, 100091, China
Tel: +B6-1062304653-2512 Fax: 4801 0623046332504
E-tmail: cnbi@chinatil com | ittn/www chinaati.cn

Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: 7.4% (k=2)

Certificate NoZ21-60175 Page sof 9
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Report No.: BL-SZ2240492-701 Group

Add No 52 HimYumBei Road, Haidian District, Beifing. 100191, China
Tel: +86-1 0823046332412 Fax: +B6-10-62 30461 3- 2404
il ottiipchinat! com Higp Swww shisattlcn

Receiving Pattern (®), 8=0°

=600 MHz, TEM f=1800 MHz, R22

-0.5 ' ‘

I ? 1 ‘

<5 | | | | 1
150 -100 %0 o S0 100 1%0

Roll[*)
= LOOMME * GOOMHE ~ ABOOMMHE ~ 2S00MH=
Uneertainty of Axial isotropy Assessment: £1.2% (4=2)
Centificute No:Z21-60175 Page 6 of 9
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Report No.: BL-SZ2240492-701 GI'DUIJ

Addi No 92 MusYiseBel Road, Haidian District, Beiging, 100191, China
Teb: +86-10-62004633-2512 Fax. +86-10-62304633-294

E-madl: catbigchinant] com At www chinas) o

Dynamic Range f(SARnead)
(TEM cell, f = 900 MHz)
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[_-e notoompensstec o comgessstes
Uncertainty of Linearity Assessment: £0.9% (k=2)
Certificate No:221-60175 Page 7 of 9
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€‘ i Coaboraton with
CALBRATION LABORATORY
Add: No. 53 Hisa Yo Bl Road, Haldian District, Beijing, 100191, China

Tel: 86 1062304633-2512  Fax: +86- 1062304433
Eenssll catdiiichingt! com Hitpwww shinatil on

Conversion Factor Assessment
=750 MHz,WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)

SANL WO OO )W
-
-
BARIWA/NO VW

10 480 000 O 9020 00 020 040 080 0K 10
Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)

Centificate No:Z21-60175 Puge s of 9
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Report No.: BL-SZ2240492-701 GI'DUIJ

Add: No 32 HuaYoanBei Road, Haidian District, Beijing, 100191, China
Tel, +86-10-62304633-2512 Fac +Ro-1 0623046312504
E-mail: ctthitchinmnt! com Haptwws chinanl cu

DASY/EASY — Parameters of Probe: EX3DV4 — SN:3717

Other Probe Parameters , '
Sensor Arrangement Triangular |
Connector Angle (°) 158.8
Mechanical Surface Detection Mode | enabled
Optical Surface Detection Mode disable
Probe Overall Length _ 337mm |
Probe Body Diameter ' 10mm
Tip Length | omm

‘ Tip Diameter - Y 2.5mm
Probe Tip to Sensor X Calibration Point o . 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point - 1mm
Recommended Measurement Distance from Surface 1.4mm

Centificate No:Z21-60175 Page 9 of
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Report No.: BL-SZ2240492-701

F.2 Data Acquisition Electronics (DAE4 - SN:1226)

" inCollsboration with

Add: No.52 Hua Yuanlict Rosd, Huidian District, Beijing, 10019), Chins
Tel: +86- 1023046332512 Faox: +86-10-62304633-2504
Fenil: ctiligchinatt!. com Hisp:www chinasil cn

i&mmmumbmnmmmmmma
'M) The measurements and the uncertainties with confidence probability are given on the following
mmnmdum

Al calibrations have been conducted in the closed faboratory facility: environment temperature(22+3yC and
humidity<70%

Calibration Equipment used (MATE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

Process Calibrator 753 | 1871018 16-Jun-20 (CTTL. No.J20X04342) Jun-21

Issued: May 19, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: 22160174 Page10f)
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Report No.: BL-SZ2240492-701 EII'DUIJ

Add: No 52 HuaYuanBel Rosd, Haidien District, Beijing, 100191, China
Tel: +86-10-62304633.2512 P 486 1062304633-2504

E-mail: entbigchinatil com Hitp/"www chanatil on
‘Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

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

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

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

Certificate No: Z21-60174 Page 2 of 3
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Report No.: BL-SZ2240492-701 EII'DUIJ

TL In Collaboration weth

Add: No. 52 Hus YousBei Rond, Haidian Districy, Bedjmg, 100191, Ching
Tek: +86- 1623046332512 Fax: ~H6 105230463 32404

F-mail cxdibchinattl com HitpPwww chinstt cn
DC Voltage Measurement
AD - Convarter Resolution nominal

High Range: 1LSE = 614V, full range = -100...+300 mV
Low Range: LS8 = 6inV full ange = -1 *3mv
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring ime: 3 sec

Calibration Factors X Y r 4

High Range 404,810 = D 15% (k=2) | 404.370 = 0.15% (k=2) | 404.105 + 0.15% (k=2)

Low Range 397763+ 0.7% (k=2) | 4002202 07% (k=2) | 3.88371 £ 0.7% (k=2)
Connector Angle

Connector Angle 1o be used in DASY system ' 28450 51%
Centificate No: 221-60174 Page 3 of 3
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F.3 750MHz Dipole

Calibration Laboratory of i, o B

Schmid & Partner % g Service suisse d étalonnage
Engineering AG s Sorvizio nvizzero ¢l taratura

Zoughausstrasse 43, B004 Zurich, Switzerand R S Swiss Calibration Service

Accredited by the Swiss Accreditation Sarvice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilsteral Agreement for the recognition of calibration certificates

ciient  Balun-SZ (Auden)

Accreditation No.: SCS 0108

Certiticats No: D750V3-1201_Nov20

CALIBRATION CERTIFICATE
Otyoct D750V3 - SN:1201
Caltiration procsdurais) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: November 11, 2020
The oanficate o the ity 1o which rustze the (84
The and the with confick probabilty are given on ihe lollowing pages and are pant of the corslicals.
Al calbrabons have been conducted In the cosed | y facility: er T (22 = 3)°C and humidity < 70%.
Calibeation Equpment used (MATE critical lor calibration)
Primary Standards 04 Cal Date (Certificate No.) Scheduled Calitiration
Fowar meter NRP SN 1778 01-Ape-20 (No. 217-03100/03101) Ape-21
Powar sersor NRP-251 SN 10a244 01-Ape20 (No, 217-03100) Apr-21
Power sensor NRP-Z81 SN 1032456 01-Apr20 (No, 217.03101) Ape21
Releronce 20 dB Atlenuator SN BHIIS (20K) 51-Mar-20 (No. 217-03108) Ape2t
Type-N mismaich combination SN 310082 /06327  31-Mar-20 (No. 217-03104) Apr-21
Felerence Probe EXI0VA SN. 7405 29-Jun-20 (No. EXS-7408_Jun2D) Jurv21
DAE4 SN 601 02-Nov-20 (No. DAE4-601_Nov20) Nowv-21
Secondary Stand: D» Check Date (in houss) Scheduled Check
Powes meter E44188 BN GB39512475 30-Oct-14 (In houss check Oct-20) In house check: Oct-22
Power sensor HP 8461A SN USIT202783 07-0ct-15 (In house check Oct-20) In houss check: Oct-22
Pomur sensor HP 8481A SN: MY41032317 07-0ct15 (in house check Oct-20) In house check: Oct-22
AF gerwrator RES SMT-06 SN 100872 15-Jun-15 (in house check Oct-20) In houss checx: Oct-22
Natwork Anatyzar Aglorst EB358A | SN: US31080477 31-Mar-14 (in housa check Oct20) In house check: Oct-21

Name Furcton Signature
Calorated by Joton Kastras Laboeatory Tachecian 2’

C - o~

Approved by Kaga Pokovic Technical Manager

L

tssued November 11, 2020

Thes calbration cediticate shall not be reproduced excopt in hull without written approval of the aboratory,

Certficate No. D750V3-1201_Nov20 Page 1018
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Report No.: BL-SZ2240492-701

Calibration Laboratory of SO, " ainsd
Schmid & Partner — (s: Service suisse d'étalonnage
Engineering AG %—, i Servizio svizzero di taratura
Zoughausstrasse 43, 1004 Zurich, Switzertand ""'/.ﬁ.\-“': S Swiss Calibeation Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiateral Agreement for the recognition of caliteation certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
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
multipliad by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

LK Group

Certificate No: D750V3-1201_Nov20 Page20f6
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Report No.: BL-SZ2240492-701

LK Group

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.104
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220+02)°C 426286% 097 mho/m =6 %
Head TSL temperature change during test <05°C i —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 250 mW input power 210Whkg
SAR for nominal Head TSL paramaeters normalized to 1W 8.29 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.36 Wikg
SAR for neminal Head TSL parameters normalized 10 1W 5.38 Wikg = 16.5 % (k=2)
Certificate No: D750V3-1201_Nov20 Page 3 of 6
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Report No.: BL-SZ2240492-701 Gruup

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

Impedance, transformed to feed point 5330-2450
Return Loss -282d8

General Antenna Parameters and Design

| Electrical Detay (one direction) | 1.031 ns |

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

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding ine ks directly connected 1o the
second arm of the dipole, The antenna is therelore short-circuited for DC-signals, On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according 1o the position as explained in the
"Measurament Conditions™ paragraph. The SAR data are not aflected by this change. The overall dpoie length is atill
according to the Standard,

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

Additional EUT Data

[ Manutactured by [ SPEAG |

Cortificate No: D750V3-1201_Nov20 Page 4 ol 6
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DASYS5 Validation Report for Head TSL
Date: 11.11.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN:1201
Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: = 750 MHz; o = 0.91 S/m; & = 42.6; p = 1000 kg/m’

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

DASY52 Configuration:
« Probe: EX3DV4A - SN7405; ConvF(10, 10, 10) @ 750 MHz; Calibrated: 29.06,2020
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibruted: 02.11.2020
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
= DASYS252.10.4(1527); SEMCAD X 14.6.14(7483)

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

Reference Vilue = 58.00 V/m: Power Drift =-0.01 dB

Peak SAR (extrapoluted) = 3.23 Wikg

SAR(1 g) = 2.1 W/kg; SAR(10 g) = 1.36 Wikg

Smallest distance from peuks to all points 3 dB below = 17 mm

Rutio of SAR at M2 to SAR at M1 =65,1%

Muximum value of SAR (measured) = 2.81 Wrkg

-2.20
-4.40
-6.60

-8.80

-11.00

0 dB =2.81 Wikg = 4.49 dBW/kg

Caertificate No: D750V3-1201_Nov20 Page S5of 6
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Impedance Measurement Plot for Head TSL

Fle Yew Chemel Segep Calbrestion Jrace Icole Marker System Window Help
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Certificate No: D750V3-1201_Nov20 Page & ol 6
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F.4 835 MHz Dipole

n.u ",

\\\_// A A
TTL !_.D_LLH_ CN Asus:n:u

Add: No,52 HuaYusaBei Road, Haidian District. Beijing, 100191, Ch ¥ CALIBRATION
AT " P A BTN ’m CNAS L0570
Eamail: ctthiehinatt! com hetpc/www.chimattl cn
Client baluntek Certificate No: Z21-60168
CALIBRATION CERTIFICATE
Object DB35V2 - SN: 4d187
Calibration Procedure(s) FF-Z11 1

Calibration Procedures for dipole validation kits

Calibration date: May 17, 2021

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements (S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory faciity: environmen! temperature (22:3y¢ and
humidity<70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No,) Scheduled Calibration
Power Meter NRP2 108277 23-Sep-20 (CTTL, No.J20X08338) Sep-21
Power sensor NRP8S 104291 23-Sep-20 (CTTL, No.J20X08338) Sep-21
ReferenceProbe EX3DV4 | SN 36817 27-Jan-21(SPEAGNo EX3-3617_Jan21) Jan-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.Z21-80003) Jan-22
Secondary Standards 1D# Cal Date(Calibrated by, Certificate No ) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00583) Jan-22
NetworkAnalyzer ES071C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Cailbrated by: Zhao Jing SAR Test Engineer g

Reviewed by: Lin Hao SAR Test Engineer 7&(" F1A

Approved by: Qi Dianyuan SAR Project Leader N

Issued. May 24, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z21-60168 Page 1 of 6
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS2 V52104
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Canter - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
Tha following parametars and calculaions were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20C s 0.80 mhafm
Measured Head TSL parameters 220£02)°C A1828% 0.89 mhoim + 6 %
Head TSL temperature change during test <10°C =5 o
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Candition
SAR mesasured 250 mW input power 241 Whg
SAR for nominal Head TSL parametors normalized to 1W 8.76 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.34 Wikg £ 18.7 % (k=2)

Cenificate No: Z21-60168
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 52.60-1.3010
Retum Loss - 30.9d8

General Antenna Parameters and Design

Electricat Delay (one direction) ] 1.305ns

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

The dipole is made of standard semirigid coaxial cable. The center 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 dipoies, small end caps are added to the dipole arms in order to improve malching 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 soidered
connections near the feedpoint may be damaged.

Additional EUT Data

Manutaciured by | SPEAG =]
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DASYS Validation Report for Head TSL Date: 05.17.2021

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d187
Communication System: UID 0, CW; Frequency: 835 MHz: Duty Cycle: 1:1
Medium parameters used: {= 833 MHz; o = 0.887 S/m; & = 41,77; p = 1000 kg/m’
Phantom section: Right Section

DASYS5 Configuration:

Probe: EX3DV4 - SN3617; ConvF(9.73, 9.73, 9.73) @ 835 MHz; Calibrated;
2021-01-27

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

Electronics: DAE4 Sn777; Calibrated; 2021-01-08

Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx: Serial: 1062
Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14,6.14
(7483)

Dipole Calibration/Zoom Secan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 58,96 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.72 Wikg

SAR(1 g)=2.41 W/kg; SAR(10 g) = .57 W/kg

Smallest distance from peaks 1o all points 3 dB below = 19,8 mm

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

Maximum value of SAR (measured) = 3.27 Wikg

2.14

-4.28

-65.43

-8.57

-10.71

e e - .

0dB=327 W/kg =5.15 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client baluntek Certificate No:  Z221-60169
CALIBRATION CERTIFICATE
Object D1750V2 - SN: 1130

Calibration Procadura(s) FF-211-003-01
Calibration Procedures for dipole validation kits
Calibration date: May 17, 2021

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements (S1), The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate,

All calibrations have been conducted in the closed laboratory facility. environment temperature (22+3)C and
humidity<70%

Calibration Equipment used (MATE critical for calibration)

Primary Standards D# | Cal Date(Calibrated by, Certificate No.) _ Scheduled Caiibration
Power Mater NRP2 106277 23-Sep-20 (CTTL. No.J20X08336) Sep-21
Power sensor NRPBS | 104291 23-Sep-20 (CTTL. No.J20X08336) Sep-21
ReferenceProbe EX3DV4 | SN 3846  26-Apr-21(CTTL-SPEAG No.Z21-60084) Apr-22
DAE4 SN 771 08-Jan-21(CTTL-SPEAG No.221-60003) Jan-22
Secondary Standards D# | Cal Date{Calibrated by, Certificate No ) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No J21X00583) Jan-22
NetworkAnalyzer ESO71C | MY46110673 14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Culibrated by. Zhao Jing SAR Test Engineer

Reviewed by Lin Hao SAR Test Engineer mf %

Appiowed by Qi Dianyuan SAR Project Leader =~ A

Issued: May 24, 2021
This calibration cartificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Measurement procedure for assessment of specific absorption rate of human
exposure 1o radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

« SAR measured: SAR measured at the stated antenna input power,

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

Certificate No: 221-60169 Page 2 of &
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Measurement Conditions
DASY system configuration, as far as not givan an page 1
DASY Version DASY52 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Triple: Flat Phantom 5,1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.1 1.37 mhaim
Measured Head TSL parameters (220202)C V9LE% 1.38 mho/m & 6 %
Head TSL temperature change during test <10°C — s

SAR result with Head TSL

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

SAR measured 250 mW input power 9.20 Wikg

SAR for nominat Head TSL paramesers normaized lo 1W 36.7 Wikg £ 18.8 % (k=2)

SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition

SAR measured 250 mW input power 478 Whg

SAR for nominal Head TSL parameders normalized to 1W 18.1 Wikg £ 18.7 % (k=2)
Certificate No: Z21-60169 Page 3 of 6
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, lransformed 1o feed point 50.10Q- 1.68|Q
Retum Loss -355d8

General Antenna Parameters and Design

—

rww(mmm] 1128 ns

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

The dipole Is made of standard semirngid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some
of the dipcles, 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

Certificate No: Z21-60169 Page 4 of'6
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DASYS Validation Report for Head TSL Date: 05,17.2021
l'est Laboratory; CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1130
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycele: 1:]
Medium parameters used: = 1750 MHz; o= 1.376 S/m; & = 39.86; p = 1000 kg/m’
Phantom section: Right Section
DASYS Configuration:

« Probe: EX3DV4 - SN3846; ConvF(8.22, 8.22, 8.22) @ 1750 MHz; Calibrated;
2021-04-26

«  Sensor-Surfice: | 4mm (Mechanical Surfiace Detection)

o Electronics: DAE4 Sn777; Calibrated; 2021-01-08

+ Phantom: MFP_V35.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

s  Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 97.24 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.7 Wikg

SAR(1 g)=9.2 Wikg; SAR(10 g) = 4.79 W/kg

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

Ratio of SAR at M2 to SAR at M| = 52.3%

Maximum value of SAR (measured) = 14.5 Wikg

-10.64

-14.18

17.73 L—_‘ggz

0dB =145 W/kg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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Client baluntek Certificate No:  Z21-60170
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 50193
Coloralion Prooedure(s) FF-Z11-003-01
Calibration Procedures for dipole validation kits
Calibration date:

May 20, 2021

This calibeation Certificate documents the traceability to national standards, which realize the physical units of
measurements (Sl), The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the clesed laboratory facility. environment temperature (22:3y°C and
humidity<70%

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate Na.) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No.J20X08338) Sep-21
Power sensor NRP8S 104261 23-Sap-20 (CTTL, No.J20X08336) Sep-21
ReferenceProbe EX3DV4 | SN 3848 26-Apr-21(CTTL-SPEAG No.Z21-80084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.Z21-60003) Jan-22
Secondary Standards D& Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY498071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
NetworkAnatyzer ES071C | MY46110873  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function Signature

Calibrated by. Zhao Jing SAR Test Engineer

Reviewed by: Lin Hao SAR Test Engineer ng" _.7%

Approved by: Qi Dianyuan SAR Project Leader =\

Issued: May 24, 2021

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx.y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1, Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Centificate No: 721-60170 Page 20f 6
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Measurement Conditions
DASY system canfiguration, as far as not given on page 1.
DASY Version DASY52 V52104
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
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 parameters and calculations were appiied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 400 1.40 mhalm
Measured Head TSL parameters (220202)C 40926% 1,39 mho/m £ 6 %
Head TSL tempersture change during test <10°C — -

SAR result with Head TSL

SAR averaged over 1 cmi' (1 g) of Head TSL Condition

SAR measured 250 mW input power .66 Wikg

SAR for nominal Head TSL parameters normalized to 1W 40.3 Wikg £ 18.8 % (k=2)

SAR averaged over 10 ¢’ (10 g) of Head TSL Condition

SAR measured 250 mW input power 505 Wihkg

SAR for nominal Head TSL parameters normalized to 1W 20.3 Wikg £ 18.7 % (k=2)
Centificate No: Z21-60170 Page 5of 6
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed o feed point 53.20+ 4150
Return Loss - 25948

General Antenna Parameters and Design

Electrical Delay (o direction) | 1,100 ns 1

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second arm of the dipcle. 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 1o 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

[ Manutacturod by | SPEAG

Certificate No: Z21-60170 Page 4 of &
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DASYS Validation Report for Head TSL Date: 05.20.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: DI1200V2; Serial: D1900V2 - SN: 54193
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: { = 1900 MHz; o = | 385 S/m; &= 40.9; p = 1000 kg/m*
Phantom section: Center Section
DASYS Configuration:

System Performance Check/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid:

Probe: EX3DV4 - SN3846; ConvF(7.96, 7.96, 7.96) @ 1900 MHz; Calibrated:

2021-04-26

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

Electronics: DAE4 Sn777; Calibrated: 2021-01-08

Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062
Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

dx=5mm, dy=Smm, dz=5mm

Reference Value = 96,82 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 19.7 Wikg

SAR(1 g) = 9.96 W/kg;: SAR(10 g) = 5.05 W/kg

Smallest distance from peaks to all points 3 dB below = 10 mm
Ratio of SAR at M2 to SAR a1 M1 = 50.5%

Maximum value of SAR (measured) = 16.0 Wkg

dB
0

I -3.75

-1.51
-11.26
-15.02
10.77 ‘-
0 dB=16.0 W/kg = 12.04 dBW/kg
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Impedance Measurement Plot for Head TSL
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Add: No.52 HuaYuanBei Road. Haidian District, Befjing. 100191, Chi %777\
Tel +86-10-62304633-2079  Fax: +u-xozznazu¢'e'3‘5-zm MY 5 CNAS L0570
Fomuil: crd@chinan com Btpe/ wwwechiman! cn
Client baluntek Certificate No:  Z21-60171
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 852
Calfibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kits

Calibration date: May 19, 2021

This calibration Certificate documents the traceability fo national standards, which realize the physical units of
measurements (SI). The measurements and the uncertainties with confidence probabllity are given on the following
pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility. environment temperature (22+3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for calibraton)

Primary Standards D# Cal Date(Calibrated by, Certificate No) __Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No,J20X08336) Sep-21
Power sensor NRP8S 104281 23-Sep-20 (CTTL, No.J20X08336) Sep-21
ReferenceProbe EX3DVA | SN 3848  26-Apr-21(CTTL-SPEAGNo 221-60084) Apr-22
DAE4 SN 777 08-Jan-21(CTTL-SPEAG No.221-80003) Jan-22
Secondary Standards | ID# Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Signal Generator E4438C | MY48071430 25-Feb-20 (CTTL, No.J20X00516) Feb-21
NetworkAnalyzer ES071C | MY46110673  10-Feb-20 (CTTL, No.J20X00515) Feb-21

Name Function Signature

Cailbrated by: Zheo Jing SAR Test Engineer 'éi

Reviewed by: Lin Hao SAR Test Engineer ﬁf‘ #,

Approved by: Qi Dianyuan SAR Project Leader —_—

Issued: May 24, 2021
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: 221-60171 Page 1 of 8
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1. Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

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

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: Z21-60171 Page2of 8
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Measurement Conditions
n_&mmﬁﬁww_wm 1
DASY Version DASYS2 V52104
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
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 20°C 392 1.80 mhoim
Measured Head TSL parameters (220:02)°C 39446% 1,79 mhoim + 6 %
Head TSL temperature change during test <10°C — —
SAR result with Head TSL
SAR averaged over 1_cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.2 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 53.0 Wikg + 18.8 % (k=2)
SAR averagoed over 10 cm’ (10 g) of Head TSL Cendition
SAR measured 250 mW input power 6.00 Wikg
SAR for nominal Head TSL paramaters normalized fo 1W 24.1 Wikg + 18.7 % (k=2)
Body TSL parameters
The followl meters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 627 1.85 mho/m
Measured Body TSL parameters (220:02)°C 522:6% 1.96 mho/m £+ 6 %
Body TSL temperature change during test <10°C — —
SAR result with Body TSL
SAR averaged over 1 cnr’ {1 g) of Body TSL Candition
SAR measured 260 mW input power 132 Wik
SAR for nominal Body TSL parametars normalized 1o 1W 52.5 Wikg + 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 6.06 Wikg
SAR for nominal Body TSL paramelers normalized fo W 24.2 Wikg £ 18.7 % (k=2)
Certificate No: 221-60171 Page dof &
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed 10 feed point 5410422000
Return Loss -27.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.00+ 393 )0
Rotum Loss - 278dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.088 ns

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

The dipale is made of standard semingid coaxial cable. The canter 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 o 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 soidered
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG |

Certificate No: 221-60171 Pagedof &
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DASYS Validation Report for Head TSL Dute: 05.19.2021
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz: Duty Cyele: 1:1
Medium parameters used: £= 2450 MHz; o = 1,788 S/m; & = 39.43; p = 1000 kg/m’
Phantom section: Center Section
DASY35 Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.45, 7.45, 7.45) @ 2450 MHz; Calibrated:
2021-04-26

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

» Electronics: DAE4 Sn777; Calibrated: 2021-01-08

« Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

«  Measurement SW: DASYS2, Version 52,10 (4); SEMCAD X Version 14.6,14
(7483)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 107.4 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 282 Wikg

SAR(1 g) = 13.2 Wikg; SAR(10 g) =6 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 46.4%

Maximum value of SAR (measured) = 22,5 Wikg

-4.65
-9.29
-13.94

-18.58

-23.23

0 dB = 22,5 W/kg = 13.52 dBW/kg

Certificate No: 221:60171 Page S of 3
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 05.19.2021
Test Laborntory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serinl: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.96 S/m; & = 52.15; p = 1000 kg/m’
Phantom section: Right Section
DASYS Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.37, 7.37, 7.37) (@ 2450 MHz; Calibrated:
2021-04-26

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

« Electronics: DAE4 Sn777; Calibrated: 2021-01-08

« Phantom; MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062

«  Measurement SW: DASY 52, Version 52.10 (4); SEMCAD X Version 146,14
(7483)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=3mm, dz=5mm

Reference Value = 101.3 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 26.9 Wikg

SAR(1 g) = 13.2 Wikg: SAR(10 g) = 6.06 W/kg

Smallest distance from peaks to all points 3 dBB below = 8.5 mm

Ratio of SAR a1 M2 10 SAR at M1 = 49.7%

Maximum value of SAR (measured) = 22,1 Wikg

d8
0

-4.41
-8.82
-13.23

-17.64

2205 | -

0 dB =22.1 W/kg = 13.44 dBW/kg

Certificate No: Z21-60171 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Client baluntek Certificate No: Z21-60172
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1085
Cabraion Procwdiniy) FF-211-003-01

Calibration Procedures for dipole validation kits
Calibration date: May 19, 2021

pages and are part of the certificate,

humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements {(SI), The measurements and the uncertainties with confidence probability are given on the following

All calibrations have been conducted in the closed laboratory facility. environment temperature (2243) *C and

Primary Standards D # Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 106277 23-Sep-20 (CTTL, No J20X08336) Sep-21
Power sensor  NRP8S 104281 23-Sep-20 (CTTL, No.J20X083386) Sep-21
Reference Probe EX30V4 | SN 3846 26-Apr-21(CTTL-SPEAG No.Z21-80084) Apr-22
DAE4 SNT77 08-Jan-21(CTTL-SPEAG No.Z21-60003) Jan-22
Secondary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 01-Feb-21 (CTTL, No.J21X00593) Jan-22
Network Analyzer ES071C | MY46110673  14-Jan-21 (CTTL, No.J21X00232) Jan-22

Name Function
Calibrated by: Zhao Jing SAR Test Engineer
Reviewed by: Lin Hao SAR Test Engineer
Approved by: Qi Dianyuan SAR Project Leader

-~ e aa

Issued: May 24, 2021
This calibration cerlificate shall not be reproduced exceapt in full without written approval of the laboratory.

i

i A
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CALIBRATION LABORATORY
Add: No.52 HunYumBel Road, Haidian District, Befjing, 100191, China
Tol: +86-10:62304633-2079 Fax: +80-10-6230M633-25(4

E~onail: cttl@chinatileven hge/www chinutt].cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
B6GHz)", July 2016

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

d) KDB865664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

» SAR for nominal TSL paramefers: 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: 221-60172 Page20f 6
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Measurement Conditions
DASY system configuration, as far as 6ot given on page 1
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 390 1.98 mho/m
Measured Head TSL parameters (220z02)°C 387:6% 1.85 mho/m £ 6 %
Head TSL temperature change during test <10°C — -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 142 Wikg
SAR for nominal Head TSL parameters normaized to 1W 56.8 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.20 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.8 Wikg £ 18.7 % (k=2)

Centificate No: 221-60172
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL
Impedancs, transformed 1o feed point 50.00- 6.30i0
Return Loss - 24 0dB

General Antenna Parameters and Design

| Eloctrical Detay (ane direction) | 1.059 ns |

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

The dipole is made of standard semirigid coaxial cable. The center 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 lo the dipole arms in order te 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

| Manotactured by SPEAG |

Certificate No: 221-60172 Page ¢ of 6
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DASYS Validation Report for Head TSL Date: 05.19.202)
T'est Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1095
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; o = 1.953 S/m; = 38.72; p = 1000 kg/m’
Phantom section: Center Section
DASYS5 Configuration:

Probe: EX3DV4 - SN3846; ConvF(7.3, 7.3, 7.3) (@ 2600 MHz; Calibrated:
2021-04-26

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

Electronics: DAE4 Sn777; Calibrated: 2021-01-08

Phantom: MFP_V5,1C (20deg probe tilt); Type: QD 000 P51 Cx; Serial: 1062
Measurement SW: DASYS2, Version 52.10 (4); SEMCAD X Version 14.6.14
(7483)

Dipole CalibrationZoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=35mm,
dy=3mm, dz=5Smm

Reference Value = 105.6 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolaied) = 31.9 Wikg

SAR(1 g) = 14.2 Wikg; SAR(10 g) =62 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 44.2%

Maximum value of SAR (measured) = 25.0 W/kg

dB

-4.95

-14.84

-19.79

-24.74

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

Certificate No: Z21-60172 Page 3 of 6
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Impedance Measurement Plot for Head TSL
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