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Glossary:

TSL {issue simulating liqusd

NCRMx.y.z sensaivity In free space

ComvF sensdlivity in TSL / NORMx.y.2

oce diode compression point

CF crest factor (1/duty_cycle) of the RF signal

ABCD modulation dependent linearization paramaters

Polarization ¢ © rotation around probe axis

Polarization 8 8 rolation around an axis that 5 in the plane normal 10 probe axis (Mt measurement center),
1.e., & =0 is normal to probe aws

Connector Angle information used in DASY system 1o glign probe sensor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, ", "M ent procedure for the of Specific Absorption Rale (SAR) from hand-
held and bady-mounted devices used next 1o the ear (frequency range of 300 MHZ to 6 GHz)", July 2016

c) [EC 62209-2, "Procedure 1o determine the Specific Absorption Rate (SAR) for wirgless communication devoss
used in close proxmity to the human body (frequency range of 30 Mz to 6 GHz)", March 2010

d) KDB 885864, ‘SAR Measuremant Raquiramants for 100 MHz to 6 GHz"

Mathods Applied and Interpretation of Parameters:
NORMx.y.2: Assessed for E-fiek! polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHaz: R22wlvcwdn)
NORMx,y,z are only intermediate values, i.e., the uncerainties of NORMx,y,z does not affect the E”-fiald
uncertainty inside TSL (see below ConvF)

o NORM{fx y.z = NORMx.y,z * fraquency_response {see Froquency Response Chart). This linearization is
implemented in DASY4 software varsions later than 4 2. The uncertainty of the frequency response is included
in the stated uncertainty of Convi

s DCPxy.z: DCP are numerical linearization parameders assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency nor meda

* PAR'PAR s the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

o Axyz Bryz Cxyz Dxyz VRiy.r A B, C, D are numercal linearization parameters assessed based on
the data of power sweep lor specific modulation signal. The parametess do not depend on frequency nor
media. VR is the maximum calbration range expressed in RMS voltage across the diode.

* ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measuremants for f > 800 MHz. The same setups are used for assessment of the parametess applied for
boundary compensation (slpha, depth) of which typical uncensinty values are given. These parametars are
used in DASY4 software 1o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx.y.z * ConvF whereby the uncerainty coresponds 10 that given for Conv. A ncy dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to = 100
MHz,

o Spherical isotropy (30 deviation from isotropy). in & field of low gradients realized using a fiat phantom
exposed by a patch anlenna

= Sensor Offset. The sensor offset comesponds to the offset of vinual measurement center from the probe tip
(on probe axia). No lolerance required.

» Connector Angle: The angle Is assessed using the mformation gained by determining the NORMx (no
uncertainty required).

Certificate No: EX3-7607_Aug20 Page 209



:% Report No.: BL-SZ2140420-7/01

August 7, 2020

EX30V4 - SN.T607

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7607

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Unc (k=2) |
| Norm (uViVim}')" 061 0.66 | 066 =101 %
| DCP {mV)* 110.2 107.1 1098
Calibration Results for Modulation Response )
o Communication System Name A | B c ) VR Max | Unc' |
dB dBVpv oB mv dev. (k=2)
0 cw x 00 G0 10 000 1668 | £27% | 247 %
Y 0.0 0.0 10 1614
z 00 | 00 10 1461

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

probability of approximately 95%.

* The uncertainties of Norm XY, 2 do not affect the E* Sald uncertmnty inside TSL (ses Page 5)

" Numenical knearization parameter: uncertanty not roquired
¥ Unoertainty i determinod wsing the max. < from lreor ¢ g recargulor

feld value

and 18 exp for v square of the

Certificate No: EX3-T807_Aug20 Page3of D
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EX30V4- SN 7807 August 7, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7607

Other Probe Parameters
Sensor Arrangement Trangular |

| Connector Aaghe (*) 1735 |

| Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled |
Probe Cverall Length 337 mll
Probe Body Diameter 10mm |
Tip Langth 9 mm
Tip Diametes T Z5mm |
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip 10 Sensor Y Calibeation Point 1mm
Prabe Tip {0 Sensor Z Calibration Pont 1 mm
Recommended Measuroment Distance from Surface 1.4 mm

Note: Measuremant distance fram surface can be creased 1o 3-4 mm for an Asea Scan job.

Cuntificate No: EX3-7607_ Aug20 Page & of 9
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EXIOVA- SNT7607 Augast 7, 2020

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7607

Calibration Parameter Determined in Head Tissue Simulating Media

Reistive _ | Conductivity [ Desth [ Une

| tMHn)© | Permittivity” | (Sim)’ | ConvEX | ComvFY | ConvFZ | Aipha®  (mm) =2)
750 419 0.89 1084 | 1084 | 1084 | 053 | 080 | £120% |
835 15 0.90 1049 | 1049 | 1049 | 050 | 080 | £120% |
1750 40.1 1.37 856 | 858 | 858 | 033 | 086 | £120%
1900 400 140 826 | 826 | 826 | 034 | 086 | £120%
2100 398 149 819 | 819 819 | 034 | o088 | £120%
2300 395 167 802 | 802 | 802 | 031 | 090 | +120%
2450 392 1.80 766 | 788 | 766 | 034 | 090 | £120%
2600 39.0 1.96 75 | 750 | 750 | 038 | 000 | £120%
3300 382 27 690 | 890 | 690 | 030 | 135 | +131%
3500 379 291 683 | 683 | 683 | 030 | 135 | £131%
3700 3377 3.12 8.70 8.70 6.70 0.30 1.35 £131%
3900 375 332 649 | 640 | 649 | 035 | 150 | +131%
4100 312 353 640 | 640 | 640 | 035 | 150 | =131%
4400 %9 384 625 | 625 | 625 | 036 | w70 | =131%
4600 3.7 404 616 | 616 | 616 | 040 | 170 | £131%
4800 364 425 580 | 589 | 589 | 040 | 180 | :131%
4950 %3 440 578 | 578 | 578 | 040 | 180 | s131%
5200 36.0 466 546 | 546 | 8546 | 040 | 180 | £131%
5300 359 476 5% | 530 | 530 | 040 | 180 | s131%

| 5500 356 496 500 | 500 | 500 | 040 | 180 | x131%
5600 355 5.07 485 | 485 | 485 | 040 | 180 | £131%
5800 353 527 486 | 486 | 486 | 040 | 180 | s1314

m.v;.mmn:n"wm wouumumbvmsvammmm:) dsaﬁ. wmxwm The

Y valery
Delow 300 M-z s = 10, 25, 40, R)NPOMN:&WMII:D 04128 im-mmmm mdc«w"mu
B MHz m 4.8 MHe, oand ComF sssassed at 11 MMz is 519 MMz Above 8 GHz frequency vaikdty can ba axtended 1o = 110 MMz
At Wmgquoncies below 1 GHz, (he vakaity of lissus pacwmetens (o and o) can be setsxed 1o & 10% if lguid compensation formui is apgied o
measwed SAR values, At beguencies above 3 GHz. the valdey of 1sswe fand o) 8 10 2 5%, Tha uncertanty = the RSS of
mpcuwimmhummwmm
e (0 the doundsry efect

Auning SPEAG that she at At componsation i
mmmn-u nvmm:mum:z&wwmnmunmu@-mmmamu
diametir fiom e boundary
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EX30DVa- SN.7807 August 7, 2020

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EXI0V4- SN:T607

Report No.: BL-SZ2140420-701

August 7, 2020

Receiving Pattern (¢), 9 = 0°

=600 MHz. TEM f=1800 MHz.R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3I0VA- SN 7607 August 7, 2020

Dynamic Range f(SARpead)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30V4- SN.TE07

August 7, 2020

Conversion Factor Assessment
f= B35 MMz WGLS RS (H_com#F)

f = 1900 Mz WGLS R22 (H_convF)

.

Deviation from Isotropy in Liquid
Error (¢, ), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Certificate N0 EX3.7607_Aug20
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F.2 E-Field Probe(EX3DV4 - SN:7510)

¥ In Colaboration with 5\“@"/-,_ N EAE
“TTL spea g  PewCNASH

CALIBRATION LABORATORY Z . CALIBRATION
Add: No.31 Xueyvan Road, Hsidian Districe, Belfing, 100191, China "".f[:\\h‘ CNAS L0570
Tel +86-10-62I6332513 Fax: 486 10-62104633-2904

E-muil: crti@chinattl, com bt/ www chinatri <n
Client baluntek Cortificate No: Z20-60425
CALIBRATION CERTIFICATE
Object EX3DV4 - SN - 7510
Calibration Procedure(s) FEZ11 2

Calibration Procedures for Dosimetric E-field Probes
Calibration date November 30, 2020

This callbration Cestificate documents the traceability to national standards. which realize the physical units of
measuremeants(S1). The measurements and the uncertainfies 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 temperatura(22s3y'c and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) _ Scheduled Calibration
| Power Meter NRP2 101919 18-Jun-20(CTTL, No.J20X04344) Jun-21
Power sensor NRP-Z91 101547 18-Jun-20{CTTL. No.J20X04344) Jun-21
Pawer sensor NRP-Z91 101548 16-Jun-20(CTTL, No.J20X04344) Jun-21
Reference 10dBAttenuator | 1BNSOW-10d8  10-Feb-20({CTTL. No.J20X00525) Feb-22
Reference 20dBAttenuator | 18NSOW-20dB  10-Feb-20(CTTL, No.J20X00526) Feb-22
Reference Probe EX3DVA | SN 7307 20-May-20(SPEAG, No.EX3-7307_May20) May-21
DAE4 SN 15568 4-Feb-20(SPEAG, No.DAE4-1556_Feh20) Feb-21
Secondary Standards ID# Cal Date(Calibeated by, Certificato No.) Scheduled Calibration
SignalGenerator MG3700A | 6201052605  23-Jun-20(CTTL. No.J20X04343) Jun-21
Network Analyzer E5071C | MY46110673  10-Feb-20(CTTL. No.J20X00515) Feb-21
Name Function Signature
Cafibeated by. Yu Zongying SAR Test Engineer 45«“()
|
Reviewed by: Lin Hao SAR Test Engineer ﬁi}’%
Approved by: Qi Dianyuan SAR Project Leader e R

lssued: December 02, 2020
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Centificme No: Z20-60425 Page 1 of 10
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Add: No.5T Xweyuan Road, Haidian Districe, Beijing, 100191, Ching
Tel: +86-10-62504633-2512 Fax: +86-10-62304633.2504

E-mail: i@ chinanl com Hip i www chinam on
Glossary:
TSL tissue simulating liquid
NORMx.y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx.y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearzation parameters

Polarization ® @ rotation around probe axis
Polarization 8 © rotation around an axis that is In the plane normal to probe axis (al measurement center), i

8=0 is normal to probe axis

Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system
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 622081, "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from

hand-held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)",
July 2016

¢} IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication

devices used In close proximity to the human bedy (frequency range of 30 MMz to 6 GHz)", March
2010

d) KDB 865664, ‘SAR Measurement Requirements for 100 MHz to 6 GHz*
Methods Applied and Interpretation of Parameters:

NORMX,y.z: Assessed for E-field polarization 8=0 (fs900MHz in TEM-cell; 1> 1800MHz: waveguide).
NORMzx.y.z are only intermediate values, i.e., the uncertainties of NORMx.y.z does not effect the

E* -field uncertainty inside TSL (see below ConvF).

NORM(f)x.y.z = NORMXx,y, z* _response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep
{no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characterisfics.

Ax,y.z; Bx,y.z; Cx,y,z,VRx,y,z:A B,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum cafibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00OMHz. The same satups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given,
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y.z* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to100MHz.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a fiat
phantom exposed by a patch antenna.

Sensor Offsel’ Tne sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

Cannector Angle: The angle is assessed using the information gained by determining the NORMx
(no uncertainty required).

Centificate No:Z20-60425 Page 2 of 10)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN:7510

Basic Calibration Parameters

[ Sensor X Sensor Y Sensor Z Unc (k=2) |
| Norm(pV/(Vim)})* 0.64 0.55 1043 +10.0% i)
| DCP(mV)® 96.8 1974 | 100.0

Modulation Calibration Parameters

Luuo Communication A B e D VR ] Unc®
System Name dB dBuVv dB mvV | (k=2)
0 cw X 0.0 0.0 1.0 0.00 1918 | 42.4%
‘ Y (00 |00 1.0 1838
l z Joo [00 |10 153.3

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%.

* The uncertainties of Norm X, Y, Z do not affect the E=-field uncertainty inside TSL (see Page 4 and Page 5)
& Numerical linearization parameter: uncertainty not required.

F Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is exprassed for the square of the field valus

Certificate No:Z20-60425 Page 3 of 10
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DASY/EASY — Parameters of Probe: EX3DV4 - SN:7510

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductivity Depth® | Unct.
1M | | ity (Shm)? | COMFX | ConvFY | ConvF'Z | Alpha® | " T | L) _
750 41.9 0.89 1031 | 1031 | 1031 | 040 | 075 | +121% |
835 415 0.90 994 | 9.94 994 | 048 | 127 | +£121% |
1760 40.1 1.37 860 | 860 | 880 | 049 | 148 | £121% |
1900 40.0 140 | 830 8.30 830 | 021 | 109 | +121% |
2000 40.0 1.40 8.25 8.25 826 | 047 | 127 | +121% |
2300 39.5 1.67 7.94 7.94 794 | 054 | 068 | :121%
2450 39.2 1.80 7.64 7.54 754 | 029 | 143 | £124%
2600 39.0 1.96 7.50 7.60 750 | 061 | 065  +£121%
5250 359 471 5.46 5.46 545 | 040 | 145  £13.3%
5600 355 5.07 4.89 489 489 | 055 | 1156  133%
5750 354 5.22 4.96 4.96 49 | 086 | 118 | £133%

© Frequency validity above 300 MHz of +100MHz only appies for DASY v4.4 and higher (Page 2), eise it is restricled to
£50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncarainty for the indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128,
150 and 220 MHz respectively. Above 5§ GHz frequency validity can be extended to + 110 MHz

F At frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to £10% d Iiquid compensation
formuta is applied to measured SAR values, At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to £5%. The uncertainty Is the RSS of the ConvF uncertainty for indicated target tissue parameters

9 Alpha/Depth are determined during caiibration. 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 fraquencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary,

Certificate No:Z220-60425 Page 4 of 10
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DASY/EASY — Parameters of Probe: EX3DV4 — SN:7510

Calibration Parameter Determined in Body Tissue Simulating Media

T

Relative | Conductivity Depth® | Unct,
f (MHz]° Pormitiity* | (8km)" ConvF X | ConvF Y | ConvF Z | Alpha® i) | st
2450 52.7 1.96 7.69 7.59 7.69 044 | 089 | +121%
5250 48.9 5.36 4.95 495 4.95 050 | 125 | +13.3%
5600 85 | s77 4.28 428 | 428 060 | 1.28 | +13.3%
6750 483 6.94 4.39 439 | 439 | 080 | 130 | +133%

¢ Frequency validity above 300 MHz of £100MHz only applies for DASY v4 4 and higher (Page 2), else it is restricted to
£50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the Indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 84, 128,
150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended to + 110 MHz.

F At frequency befow 3 GHz, the validity of tissus parameters (¢ and o) can be relaxed 0 2£10% If liquid compensation
formula is appled to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (L and o) is
restricted to 25%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect afler compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-8 GHz at any distance larger than half the probe tip diameter from the boundary

Certificate No:Z20-60425 Page 5 of 10
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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)
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Receiving Pattern (®), 8=0°
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Unceruinty of Axial Isotropy Assessment: =1.2% (k=2)

Certificate No:Z20-60425 Page 7 of 10



:% Report No.: BL-SZ2140420-7/01

Add: No.51 Xueyuan Road, Haidian District, Betjing, 100191, China
Tel: +86-10-62304633-2512 Fax: +86-10-62304633-2504
E-mail: ctib@chinatt).com Hutp:iwww.chinattl cn

Dynamic Range f(SARnead)
(TEM cell, f = 900 MHz)
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[~ not compensated. ~&— compensated
Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment

=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £3.2% (k=2)
Certificate No:Z20-60425
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CALIBRATION LABORATORY
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DASY/EASY -~ Parameters of Probe: EX3DV4 — SN:7510

_Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 35.7 |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable_
Probe Overall Length 337mm
Probe Body Diameter o 10mm
Tip Length ; 10mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point imm
Recommended Measurement Distance from Surface 1.4mm

Certificate No:Z20-60425 Page 10 0f 10
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F.3 Data Acquisition Electronics (DAE4 - SN:878)

WM,
r' In Colaboration with £Q‘\\\:j/l'/',_ A ;:%j
=777 s p e a g \ R
AN v CALIBRATION
Add: No.51 Xueyunn Road, Haldas Distriet, Beljing, 100191, China ',4',‘/‘::\“\\\ CNAS L0570
Tel: +86- 106230463 3-2312 Fax; +86-10-62304633.-2504
E-muil- ettl@chinani.com Hnps s ghyinattl oo
baluntek Certificate No: Z20-80392

Client :

CALIBRATION CERTIFICATE ‘
|
|

Object DAE4 - SN. 878

FF-Z11-002-01
Calibration Procedure for the Data Acquisition Electronics

{DAEX)
| Calibration date Seplember 30, 2020
= calitwation Certificale documents the fraceabidily to nationat standards, which realize the physecal units of
measurements(S!) The measuraments and the uncertainties with confidence probabdity are given on the following

| pages and ara part of the cardificale

AN cafibrationz have been conducted in the closed laboratory faciity. environment femperature(22+3;°C and
humiddy<70%

Cabibration Equepment used (MATE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 16-Jun-20 (CTTL, No.J20X04242) Jun-21
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer M@
Reviewed by: Lin Hao SAR Test Engineer _;%
Approved by: Qi Dianyuan SAR Project Leader C;\#"’d\ 1A

Issued: October 02, 2020
This calibration certificate shall not be reproduced axcept in full without written approval of the [aboratory.

Certificate No; 220-60392 Page | of 3




% Report No.: BL-SZ2140420-7/01

TTL In Collsboration with

Add: No.51 Xueyunn Road, Huidian District, Beipmg, 100191, China
Tel +86-10-62304633-2512 Fas: <B6-1 06230463 5-2504
E~mail: cathi@chinattl com Hitp:(hwww chinattl 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

Centificate No: 220-60392 Page 2 0f 3




&rm ' s .

CALIBRATION LABORATORY

Add: No 51 Xueyuan Road, Haldan District, Beiping, 100191, Chinn
Tel +86-10-62304633-2512 Frx: +86-10-62304633-2504
Fomail- catl@chinattl.com 13t www chinatt! on

DC Voltage Measurement
A/D - Converter Resolution noming
High Range 1LSB = 6.1V full range = -100_,+#300 mV
Low Range 1LSB = 8inV, il range = 1 +3mV
DASY measurement parameters. Auto Zoro Time: 3 sec, Measuring time: 3 sec

| Calibration Factors l X ] Y

High Range

4
[
| 405.325 + 0 15% (k=2) | 405 357 4 0.15% (k=2)
+ { 4

Low Range 3806095 + 0.7% (k=2) | 4.09020 + 0.7% (k=2

Connactor Angle

Connaclor Angle [ be used n DASY systen

Certificate No: 220-60392 Page 30f 3
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F.4 Data Acquisition Electronics (DAE4 - SN:1454)

A T @ P TR
&777. s p e ag _CNASgiﬂ

N CALIBRATION
Add: Na.S1 Xueysan Rosd, Haldiun Districe, Beijing, 100191, Ching "-.m&‘ CNAS LOSTO
Tol: +B6-10-62304633-2512 Fax: +86-10.62304633-2504 "W
E-mail. el chinamzl com HupZvoww chinatti.cn
Client .  baluntek Certificate No: Z20-60424
CALIBRATION CERTIFICATE
Object DAEA4 - SN: 1454
Calibrabon Procedure(s) FF-211-002-01
Calibration Procedure for the Data Acguisition Electronics
(DAEX)
Callbration date: November 06, 2020

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncerainties with confidence probabliity are given on the following
pages and are part of the cedificate

All calibrations have been conducted In the closed laboratory faciity: environment temperaturei22:3yC and
humidity<70%.

Calibration Equipment used (M&TE critical foc calibration)

Primary Standards D# Cal Date(Calibrated by, Cenificate No)  Scheduled Calibration
Process Calibrator 753 | 1971018 16-Jun-20 (CTTL. No J20X04342) Jun-21
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer 2 )
Reviewed by: Lin Hao SAR Test Engineer M

APDIOW by: Qi Dianyuan SAR Project Leader =

Issued: November 08, 2020
This calibration certificate shall not be reproduced except in full without written approval of the faboratory.

Certificate No: 220-60:424 Page 1 of 3
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Add: No. 51 Xueywan Road, Haldian District, Bediing, 100191, China
Tel: +86-10-62304631-2512 Froc: +86-10-62304635.2504
E-msail: ctdplchinatt] com Hitpewww chinatticn
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 comresponds 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: Z20-60424 Page 2 of 3



-%1 Report No.:

.

77TL LiLﬂ_
CALIERATION LABORATORY

Add; No.51 Xusoyuan Road, Haidian District, Beffing, 100191, China
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range LS8 = 8.1uV, full range = 100, .. +300 mV
Low Range ISR = 61nv, full range = =l e3mV
DASY measurement puramotors: Ao Zero Time: 3 sec; Measuring time! 3 sec

BL-SZ2140420-/01

Calibration Factors X Y Zz
High Range 404,191 £ 0.15% (k=2) | 403 683 = 0.15% (k=2) | 403,756 + 0.15% (k»32)
Low Range 401268 + 0.7% (k=2) | 3.99085 + 0.7% (k=2) | 398837 + 0.7% (k=2)
Connector Angle
]
Connector Angle to be used in DASY system KAVl |

Certificate No: 220-6(M24 Page 3 of 3
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F.5 750MHz Dipole

Report No.: BL-SZ2140420-7/01

Calibration Laboratory of S, ischor Kalibrierd

Schmid & Partner SN i Sorvice suisse d'étatonnage
Engineering AG % C ' servirto sizzero o tarnturn

Zeughausstrasse 43, 8004 Zurich, Switzerland fz’/ﬁ.\‘y} S Swiss Cafiration Service

Accrudited by the Swiss Accradiiation Service [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Mult@atersl Agresment for the recognition of calibration certificates

Accreditation No.: SCS 0108

cient  Balun-SZ (Auden) Cestificate No: D750V3-1201_Nov20
CALIBRATION CERTIFICATE
Object D750V3 - SN:1201
Cadbration procedursis) QA CAL-05.v11
Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Catbration date November 11, 2020
This cafibration ceetificans d 1he traceatslty 10 nations slandaeds, which reafize the phvymical units of messuements {51)
The and the with are givan o the folowing pages and are part of (he canificata.

Primary S

Calbraticn Equipment used (METE crilical or calibration)

All calbeations have been conductad i the clased Bbamtory taciity, ervimomant tempamaties (22 +« 3)°C and humidly < 70%

1D # Cal Dasa (Cortiticata No ) Scheduled Calibralion

Power metar NAF SN 104778 01-Apr-20 (N, 2170310003101} Apr-21

Power sansor NAP-281 SN 103244 01-A-20 (Mo, 217-03100) Apr21

Pawer sensor NAP-2481 SN 103245 01-Apr20 (No, 217-03101) Apr21

Reforence 20 dB Atlenuasor SN: BHOGSS {20k) 31-Mar20 (No, 217-03106) Apr-21

Type-N mismaich combination SN: 310662 / 06327 31-Mar-20 (No, 217-03104) Apr-21

Refamncs Probe EXIDVA SN 7406 29-Jun-20 (No. EX3-7405_Jur0) Jun-21

DAEA SN, 601 (2-Now-20 (No. DAEA-601_Nowv2D) Nore-21

Secondary Standards 0a Check Date (n house) Scheduled Chack
Power metar E44198 SN GBIB5I2475 30-0¢t-14 {in houee check Oct-20) In houss chade: Oct-22
Power sensor HP B4B1A SN: US37282783 07-0ct-15 {in house check Cct-20) In house checc Oct-22
Power sensor HP B421A SN: MY 41052317 Q7-0ct-15 {in house check Oct-20) In house check: Oct-22
AF genomtor RAS SMT-08 SN 10er2 15-Jun-15 (In house check Oct-20) In hause chaok: Oct-22
Network Anatyzor Agllant EB3S8A, | SN: LS41080477 31-Mar-14 {in house check Oct-20) In house chock: D24

Name Function Signature
Cafibrated by Jeton Kasiral Laboratory Technician y
C A= g~
Approved by, Katja Pokavic Techrical Manager

AT

Issuoct Novamber 11, 2020

This caibration cerilicate shal not be raproduced axcept In hl sithout weitlen approvat of the laboraory,

Cenrtificate No: D750V3-1201_Nov20
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Calibration Laboratory of S, s scher Kalib
Schmid & Partner % o Service suiase détaionnage
Engineering AG i Servizio svizzero i taratura
Zeughausstrasse 43, 8004 Zurich, Switzeeland RN S Swiss Calibration Service
Accraditad by the Swss Accraditalion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

e Electrical Defay: 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 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%.

Ceilicate No: D750V3-1201_Nov20 Page 2 of 6
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Measurement Conditions

DASY system configuration, as tar as not glven cn page 1.
DASY Version DASYS V52104
Extrapolation Advanced Extapolation
Phantom Modutar 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 lollowng pararmetors and calculations were appliod
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C a9 0.89 mho/m
Measured Head TSL parameters (220+02)°C 42626% 091 mho'm +6 %
Head TSL temperature change during test <05"C — —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 210 Wikg
SAR for nominal Head TSL parameters nomakzed to W 8.20 Wikg + 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 nominal Head TSI parameters normalized to 1W 5.38 W/kg = 16.5 % (k=2)

Cenificate No: D750V3-1201_Nov20 Page 3ol 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to leed point 5330Q-24KQ

Return Loss -28208

General Antenna Parameters and Design

| Etectrical Datay (one direction) | 1,031 ns |

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

The dipole |s made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
socond arm ol the dipole: The antenna & therelore short-circuited for DC-signals. On some of the dpoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is st
accovding to the Standard.

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

Additional EUT Data

[ Manutactured by | SPEAG

Centficate Na: D750V3-1201_Nov20 Pagedol
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DASYS5 Validation Report for Head TSL

Date: 11.11.2020
Test Laboratory: SPEAG, Zunch, 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 Scction

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

DASYS2 Configuration!
« Probe: EX3DV4 - SN7405; ConvF( 10, 10, 10) @ 750 MHz; Calibrated: 29.06.2020
«  Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: (2,11,2020
«  Phantom: Flat Phantom 4.9 (front); Type: QD O0L P49 AA: Serial: 1001
« DASYS5252.10.4(1527), SEMCAD X 14.6.14(7483)

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

Reference Value = 58.00 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.23 Wikg

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

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

Ratio of SAR at M2 1o SAR at M1 = 65.1%

Maximum vilue of SAR (measured) = 2.81 Wikg

-2.20
-4.40
-6.60
-8.80

-11.00

0dB =281 Wikg =4.49 dBWikg

Cartificate No: D750V3-1201_Nav20 Page 5ot 6
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Impedance Measurement Plot for Head TSL
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F.6 835 MHz Dipole

Add: No 3t Xecyuas Hosd, Hasdian Dvirict, Neymg, 108191, Cline
ek 420 10-62 10463 3-207% P 485 L0601 5. 2504

Voomd e hinanl com Mg Hwwa chisatil o
Chant Baluntek Certificate No:  Z19.60175
CALIBRATION CERTIFICATE
Obgect DAISV2 - SN: 49187
Calibeation Procedure(s) FE211-005.01
Calibration Procedures for dipole valdaton kits
Cafibration date: June 11, 2010
This calbration Cerificate the bilty to al dards, which reslze the phywical units of
(51). The and the with canfidancs probability are given on the following

peges und are part of (he cenificate
All calitwalons have been conducied in the closed y faclity: @22:3C and
humidity<70%.

Calibrstion Equipment used (MATE critical for caltration)

Primary Standards X Cal Date(Calbaled by, C No)  Scheduled Calbration
Powor Motor  NRPZ 100277 20-Aug-18 (CTTL, No J18X06867) Aug-19
Power sensor  NRPSS | 104201 20-Aug-18 (CTTL, No.J18X08862) Aug18
Reforance Probe EX30V4 | SN 7614 27-Aug-1B(SPEAG No EX3-7%14_Aug18) Aug-19
DAEA SN 1556 20-Aug- 1B(SPEAG No DAES- 1585_Aug18) Aug19

_Secordory Standords | ID# Cal Date{Calibeatod by, Cerfificato No.)  Scheduled Cafiration
Signal Ganarator E4438C | MYAGD71430  23-Jan-10 (CTTL, No,J10XD0336) Jan-20
NatworkAnatyzer ESOT1C | MYAG110673  24-Jan-18 (CTTL, No J10X00547) Jan-20

I B -

Name Funczion Signature

Caloeated by: Zhao Jing SAR Test Engineer 4{,
Revewod by Lin Hao BAR Test Engineer M

ADprovsa by Qi Deanyuan SAR Projoct Leader S A

Issuad: June 14, 2010
This calibestion cerfificute shall not be reproduced axcopt In full without witten approval of the lsboratory.

Cenlficate No: 21960175 Page Lol sy



LU

Report No.: BL-SZ2140420-7/01

- seesa |

AGL No.ST Xueyrian Rood, Thudien Districr, Bedling, 100191, Ching
Tel: +86. 1062004633 2009 T 480 1062 JM01)-2504
Foveail: cetidshint com Mg Swwrn vhineed oo

Glossary:
TSL tissue simutating liquid
ConvF sensithty in TSL / NORMx,y.z

N/A not applicable or not measured ‘

Calibration s Performed According to the Following Standards:

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

b) IEC 622091, "Measurament procedure for assessment of specific absorption rate of human
exposure to radio frequancy fields from hand-held and body-mounted wireless
communication devices- Part 1: Device usad next to the ear (Frequency range of 300MHz to
BGH2)", July 2016

¢) IEC 62208-2, "Procedure to measure the Specific Absorption Rate (SAR) For wireless
mmunicmmwadmuouwwlmﬂywlhohuwbody((mwd
30MHz to 6GHz)", March 2010

d) KDB885684, SAR Measurement Requirements for 100 MHz to 8 GHz

Additional Documentation:
e) DASY4/5 System Handbook

WMpIkdlﬂdlﬂWoﬂ 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 fraquency indicated.

* Antenna Parameters with TSL: The dipole 13 mounted with the spacer to position its feed
point axactly below the centor marking of the fiat phantom saction, with the arms oriented
parallel 1o the body axis.

+ Feed Point Impedance and Retum Loss: These paramsters are measured with the dipole
positioned under the liquii filled phantom. The impedance stated is transformed from the
measurement at the SMA connector 1o the feed point. The Retum Loss ensures low
reflected powet. No uncertainty required.

« Efsctrical Delay: One-way delay belween 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, nomnhudbanlnpmwmoﬂwamm
connector.

«— SAR for nominal TSL parameters: The measured TSL parameters are used to caloulate 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 & normal distribution
Corresponds to a coverage probabity of approximately 85%.

Ceificmie Noc Z19-00175 Puge2of 8



LU

T et —

AdL No St Xuq_lnu. Thaidian Dinrics, Thesjing.
Fel: 58~ 10025000

Report No.: BL-SZ2140420-7/01

100191, Chiew

Vx40 10-6200063 32504

Centiflcate Noc 21960173

Eamil: enlm Bt wwew dhinasd n
Measuroment Conditions
D not gven on pege 1
DASY Version DASYS2 521021504
Extrapolation Advancea Firapcintion
Phantom Triphe Fiot Phartom 5,1C
Déstance Dipole Center - TSL Glmm with Spacer
Zoom Scan Resolution mo;.u-z.m
Head TSL parameters
Tamparatues Pormittivity Conductivity
Noeninal Head TSL par 220°C 415 0.60 mhoim
Massured Hond TSL parameters 2002)°C AMTL0% 0.89 mhom £ 6%
Head TSL temperature change during test «10'C oite -
SAR result with Head TSL
| SAR avaraged over 1 o’ (1 g) of Mo TSL Conafion —]
SAR maasured 250 W inpul power 235Wikg
SAR fer ) Haaa TSL narmalized 1 1W 240 Wikg 4 8.8 % (k=2)
SAR avoraged over 10 ¢’ (10 g) of Mead TSL Condition
SAR mewsured 260 miN input powes 1.57 Wikg
SAR for Hawd TSL noematized Yo 1W 8.33 Wikg £ 18.7 % (k=2)
Body TSL parameters
The ang wars apgied i A
Tempernture m— Consductivity
Nominal Body TSL paramaters 20°C 2 0.97 mho/m
Maasured Body TSL parametors @20207)°C 55028% | D97mhamso%
;;VTBL“MM‘MWMI «10°C — -
SAR rosult with Body TSL -
SAR dover 1 e’ (1 ) of Body TSL Condition
BAR moseuwod 250 miW input power 240 WG
SAR for Body TSL p " noomwized 10 W 0.57 W kg £ 18,8 % (ks2)
SAR averaged over 90 on' (10 g) of Body TSL Cerestion
BAR measured 250 AW wognit powr 1.58 Wikg
SAR for nominal Body THL p poemaized fo W | 631 Wikg 2 10,7 % (ke2)
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, tranaformed to feed point 5190 3050
Foetarm Loss -26.008

Antenna Parameters with Body TSL

mpadance. ¥anstormed hr"na point 4730 4070
Roturn Losa - 24,048

General Antenna Parameters and Design

I Elpcirical Doty (o drectian] | 1277 ns |

Aftar long berm use with 1000 rackaléd power, anly & slight warming of the dipois near the feedpoint can
be measured.

Tha dpole ks made of slandard semingld coadat cable. The center canductor of 1he feeding line i directly
connecied to the second am of the dipole. The antenna is tharefore short circuied for DC-signals. On some
of ihe dipolas, small end caps are added to the dipole arms in order to improve matching when lcaded
according to the pasition as expl f iy the "I Conditions” paragraph, The SAR dala are not
affecied by this change. The overall dipole length s still according to the Standand,

No excessive force must be applied 1o the dipole anms, because they might bend or the scldenad

con near the fesdpoint may be d d

Additional EUT Data

arxilnctwod by SPEAG —

Cartificsse Noc 21900175 Page tols
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CALIBRATION LASORATORY

Atk Nur 31 Xoywan Rond, 1iwdise Districe, Defjing. 100191, China
Tel: +BE-10-62034615- 2079 Fax: «36:00-R2308633-2501
Foamit: ctdifchimanl com Iittp Vv ww chinatt] en

DASYS Validation Report for Head TSL Date: 06,11.2019
Test Laborory: CTTL, Beljing, China
DUT: Dipole 835 MHz; Type: DS3SV2 Serial: DSISV2 - SN: 4187
Commutication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: £+ 835 Mile; o = 0.886 Sim: g, = 41,12; p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

o Probe: EXIDV4 - SN7514; Convi(9.09, 2.09, 9.09) @ 835 MHz; Calibrased;
R272018

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

« Electronics: DAEA Snl556; Calibrated; 8/20/2018

o Phastom: MFP_VS.1C ; Type: QD 000 PS1CA; Serial: 1062

o Messurement SW: DASYS?2, Version 52,10 (2); SEMCAD X Version 14.6.12
(7470)

Dipole Calibration/Zoom Sean (7x7x7) (7x7x7)/Cube 0: Measarement grid: dx=5mm,
dy=Smm, dz-Smm

Reference Value = 58.27 Vimy,; Power Dyifl = 0,01 dB

Peak SAR (extrupolated) = 3,45 Wikg

SAR(I g) = 2.35 Wikg: SAR(10 g) = L.57 Wikg

Maximum value of SAR (measured) = 3.09 Wikg

0dB = 3,09 Wiy = 4.98 dBW/kg

Centificae No; 219-6017% Page s of'n
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Dase: 06.11.3019
Test Labormtory: CTTL, Beijing, China
DUT: Dipole 835 Miz; Type: DEISVY; Serinl: DEISV2 - SN: 4d187
Communication System: UID 0, CW; Prequency: 835 MHz Duty Cycle: 1:1
Medium parumeters used: £~ 835 MHy; a = 0,973 S/m; ¢, = 55; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

o  Probe: EXIDV4 - SN7514; ConvF(9.47, 947, 9.47) @ 835 MHx; Calibratod
R272018

o Sensoe-Surfiace: | dmm (Mechamcal Surface Detection)

» Electrondes: DAE4 Snl556; Calibrated: 872072018

o Phantom: MFP_VS.1C ; Type: QD D00 PS1CA; Serial: 1062

o Mersurement SW: DASYS2, Version 52,10 (2); SEMCAD X Version 14.6.12
(7470)

Dipole Colibration/Zoom Sean (7x7x7) (Tx727)/Cube 0 Mensurement grid: dx=5mm,
dy=Smm, dz-Smm

Reference Value = 53.93 Vim; Power Drift ~ 0,01 dB
Peak SAR (extrupolated) = 3.67 Wiky

SARII g) = 2.4 Wikg: SAR(10 g) = 1.58 W/kg
Mauximum value of SAR (measured) = 3,23 Wikg

Report No.: BL-SZ2140420-701

0 4B = 3.23 Wikg = 5,09 dBW/kg

Cantificate Noc Z19-60175 Page Yol
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Impedance Measurement Plot for Body TSL
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F.7 1750 MHz Dipole

*  InCollsboration with S, RN
777 s p e a g ; S M BELY
Add: No 51 Xueywan Road, Haidisn Disrics, Reijing, 100191, China »ﬁ”

Ted: +B6-10-62)06633-2079  Fax: +86-10-62308633-2504 AR cm L0570
Eemail: ctdaichinani com hepe/'www,chisantl en

Client Balmmk Certificate No: 218-69313

Object D1750V2 - SN: 1130

Cailbration Procedure(s) FF-211-003:01

Calibration Procedures for dipole validation kits
Calibration date: September 13, 2018

This calibration Certificate documents the traceability 10 national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probabiity are given on the following
pages and are part of the certificate,

All callbrations have been conducted in the closed laboratory facility. environment temperature(22+43)T and
hurmnidity<70%. ‘

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Cwmﬁgq_
Power Meter NRVD 102083 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Power sensar NRV-ZS 100542 01-Nov-17 (CTTL, No J17X08756) Oct-18
Reference Probe EX3DV4 | SN 3846 25-Jan-1B(SPEAG No EX3-3846_Jan18) Jan-18
DAE4 SN 777 15-Dec-17(SPEAG No. DAE4-777_Dec17 Dec-18
Secondary Standards D# Cal Date(Calibrated by, Certificate No)  Scheduled Calibration
Signal Generator E4438C MY48071430 23-Jan-18 (CTTL, No. J1&X00560) Jan-19
NetworkAnalyzer ESO71C | MY46110673 24-Jan-18 (CTTL, No.J18X005681) Jan-18

Name Function Sighature

Calibrated by Zhao Jing SAR Test Englneer é{;

Reviewed by Lin Jun SAR Test Engineer 414.

Approved by Qi Dianyuan SAR Project Leader %

| Issued; September 16, 2018
| This calibration certificate shall not be reproduced except in full without written approval of the laboratory,

Certificate No: Zi8-60313 Page | of §



Lm Report No.: BL-SZ2140420-7/01

Addl: No 51 Xueyuan Road, Haidian District, Beijing. 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-623(M633-2504

E-mail; entliwchinan! com Btpotwww chinatil.co
Glossary:
TSL tissue simulating fliquid
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 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 62208-2, "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:

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

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

* Feed Point Impedance and Refumn 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 nomalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

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

The reported uncertainty of measurement i3 stated as the standard uncertainty of,
Measurement multiplied by the coverage factor k=2, which for @ norma! distribution |
Corresponds to a coverage probabiiity of approximately 85%.

Certificate No: Z18-60313 Page 2 of 8
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Add: No 31 Xoeyuan Road, Haldian District, Beljag, 100191, China

Tel: +86+10-462304623.2079
E-mail: cetig@chinatil com

Faxc «86- 1062346332504
hitpAwww chinatil co

Measurement Conditions
DASY system configuration, as far as not givan on page 1
DASY Version DASYS2 52.10.1.1476
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom & 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 calcufations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramotors 220°C 401 1.37 mhoim
Moasured Head TSL parameters (220202)°C 40926% 1.38 mho/m £ 6 %
Head TSL temperature change during test <1.0°C — -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 912mWig
SAR for nominal Head TSL parameters normakzed to 1W 36.8 mW /g £ 18.8 % (k=2)
SAR averaged aver 10 cni’ (10 g) of Hoad TSL Candition
SAR measured 250 mW input power 492mWig
SAR for nominal Head TSL parameters noemaized to 1W | 19.8 mW /g £ 18.7 % (x=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 534 1.48 mho/m
Measured Body TSL parameters (20£02;°C 53446% 1.52 mhofm 4 6 %
Body TSL temperature change during test <i0'C - —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition ‘
SAR measured 250 mW input power g62mWig |
| SAR for nominaé Body TSL parameters normalized to 1W 38.0 MW /g £ 18.8 % (k=2) |
rmlmmdomw em’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 520mWig
SAR for nominal Body TSL parametars normalized to 1W 20,6 mW ig £ 18.7 % (k=2)

Certificate No: Z18-60313

Page 3 of §
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 50.2-238 |0
| Retum Loss -3244d8

Antenna Parameters with Body TSL

l impedance, transformed 1o feed point 4520-261 )0
| Retum Loss -2480B 1

General Antenna Parameters and Design

“Elecmwbelay(omdmdion) | 1.083 ns - ]

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

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

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

Additional EUT Data

Manufactured by SPEAG J

Certificate No: Z18-60313 Pagedofs
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Add: No.51 Xpevomn Road, Hudien Diserice, Beljing, 100191, China
Ted; <86 [ 0623046332079 Fix; *B6-10-62304653.2504
E-mati]; cithgdchinatil com hop'www, chinatel.cn

DASYS Validation Report for Head TSL Date: 09.13.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: DI1750V2 - SN: 1130
Communication System; UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 11
Medium parameters used: f= 1750 MHz; o = 1,361 S/m; &, = 40.85; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

»  Probe: EX3DV4 - SN3846; ConvF(8.41, 8,41, 8.41) @ 1750 MHz; Calibrated
172572018

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

o Electronics: DAES Sn777; Calibrated: 12/15/2017

» Phantom: MFP_V5.1C ; Type: QD 000 PSICA; Serial: 1062

o  Measurement SW: DASYS52, Version 52,10 (1); SEMCAD X Version 14.6.11
(7439)

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

Reference Value = 96.29 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 16.7 Wkg

SAR(L g) = 9.12 W/kg; SAR(10 g) = 4.92 W/kg

Maximum value of SAR (measured) = 14.0 Wkg

6.64
-9.97 ‘

-13.29

1661 |

0dB = 14.0 Wikg = 11.46 dBW/kg

Certificate No: Z18-60313 Page S of 8
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Impedance Measurement Plot for Head TSL
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Add: No. 51 Xocywan Read, Haidian Dissrict, Beljing, 100191, Chisa

Tek: +86-10-62304633-2079 Fax: «B6-10-62304633-2504
Famail: endEchioant).com htgp.www.chinal co
DASYS Validation Report for Body TSL Date: 09.13.2018

l'est Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1730V2; Serial: D1750V2 - SN: 1130
Communication System: UID 0, CW; Frequency: 1750 MHz: Duty Cycele: 1:1
Medium parameters used:; £= 1750 MHz; o = 1,519 S/m; g, = 53.44; p = 1000 kg/m3
Phantom section: Left Section

DASYS Configuration;

e Probe: EX3DV4 - SN3846; ConvF(7.84. 7.84, 7.84) @ 1750 MHz: Calibrated:
1/25/2018

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

o Electronics: DAE4 Sn777: Calibrated: 12/152017

o Phantom: MFP_V35.1C ; Type: QD 000 PSICA; Serial; 1062

o Measurement SW: DASYS2, Version 52.10 (1); SEMCAD X Version 14.6.11
(7439)

Svstem Performance Check/Zoom Sean (7x7x7) (7x7x7)/Cube 0: Measurement grid
dx=5mm, dy=3mm, dz=5mm

Reference Value = 93,15 V/im; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 17.3 Wikg

SAR(I g) = 9.62 W/kg: SAR(10 g) =5.2 W/kg

Maximum value of SAR (measured) = 14.7 Wikg

dB
0

-3.14
-6.27
-4.4
12,54

-15.68

0dB =147 W/kg = 11.67 dBW/kg

Centificate No: Z18-60313 Page 70l8
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Impedance Measurement Plot for Body TSL
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F.8 1900 MHz Dipole

l'l In Collaboraton with 1, PERAY
S p e 8 g WFEN
A Mo 31 Xueyuss Nosd, Hubdlan Dissrler, Beijing, 100491, Chrn CALIBRATION
Tek (AG-10-6230633-2079  Fon: + BA- 1002084413 2904 (> CNAS LOSTO
Fotrwl ctmhadebinett com Mg ww cvisantlan
Client Baluntek Certificate No:  Z19-60176
CALIBRATION CERTIFICATE
Objoct D1800V2 - SN: 50193
Calibeation Procedure(s) FF-211-003-01
Calibration Procedures for dipole validation kits
Catbration date: June 11, 2019
This calibration Certficate ¢ s the Wity 1o g da, which reslize the physical units of
massurements(S1). The messurements and the uncertaintios with confidence probstiity are grven on the Sollowing
pages and are part of the cortifcate
All calibrations have beon conducted In the closed y fecitty temp 72¢3)C and
hurmidity<70%.

Calibeation Equipment usad (MBTE crilical lor caltwation)

Frimary Standards 0¥ Cal Dute(Cabrated by, Cortficato No.)  Schedulod Catbration
Power Meler  NRP2 108277 20-Aug- 18 (CTTL. No J10X08862) Aug-18
Power sensor NRPES | 104201 20-Aug- 18 (CTTL, No.J1BX06852) Aug-18
Roference Probe EXIOVA | BN 7614 27-Aug-1B(GPEAGNO EX3-7514_Aug18) Aug18
DAE4 SN1SS6  20-Aug-18(SPEAGNo DAEA-1556_Aug18) Aug-19
_Secondary Slardoeds | 1D Cal Dote(Calbratnd by, Cortificale No)  Scheduled Calibration
Signal Gonerator E4438C | MY40071430 23.Jan- 18 (CTTL. No J19X00336) Jan20
NetworkAnatyzer ES07T1C | MY46110873  24-Jan-19 (CTTL, NoJ18X00547) Jan-20
Name Funcion Signature
Calibeated by 2hao Jing SAR Test Enginoor 41
Resowad by UnHao  SARTestEngineer s
G by QI Dunryyusn SAR Project Leadsr Py

Issued: Juno 14, 2018
This calibration cartificate shall not be reproduced axcept in full without writtan approvadl of the laboratory.

Centifiesse No: 71060176 Page tof »
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tap

lossary:

TSL tissue simulating liquid

ConviF sensitivity in TSL/ NORMx.y.z
NIA 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 Absorplion Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Measuremant procadure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-hekt and body-mountad wireless

mication devi Part 1: Device used next to the ear (Frequency range of 300MHz to
6GHz)", July 2016

) IEC 82208-2, *Procedure 1o measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequancy range of
30MHz to 8GHz)", March 2010

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

Additional Documentation:
€) DASY4/5 Systemn Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Conditions. Further details are available from the Validation Report at the end
of the cedificate. All figures stated in the cedificate are vaiid at the frequency Indicated.

» Antenna Parameters with TSL The dipole Is mounted with the spaces to position s teed
point exactly below the center marking of the flat phantom section, with the arms onented
paraliel 1o the body axis,

« Feod Point Impedance and Retum Loss: These parameters are measured with the dipole
positionad under the liquid filled phantom The impedance stated is transformed from the
measurement at the SMA connecior {o the feed point. The Return Loss ensures low
reflected power. No uncerainty required.

= Elsclrical 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 measurad, normalized to an input power of 1 W at the antenna
connector.

+ SAR for nominal TSL paramelers: The measured TSL parameters are usad to calculate the
nominal SAR rosult.

The reported uncertainty of measuroment is stated as the standard uncertainly of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 85%,

Contifice No: Z19-60176 Pagelofg
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$ P e 82 §
CALSRATION LABORATORY

109194, Chine

Tl +80.10.62304613. 2079 Fax: +30- 1063066332504

Vanatt: |

Measurement Conditions
DASY aystem condiguration, st far % not given on paoe 1,

Cenificate Ne: 21960176

DASY Vorsion DASYS2 521024604
Extrapolation Advanzes Extepolatien o
Phantom Trigho Fiut Phantom 5,1C
Distance Digala Cortor - TSL 10 men Wih Spacer
Zooen Scan Rewoliition @, dy, dz = 5 me i
Frequancy 1900 N84z # 1 Mbs
Head TSL parameters
i apped
Temperature Parmitsivity Conductivity
Head TSL p 20°c 400 140 mihasm
Moasurad Hoad TSL pacametors (22.0202)°C 40218% 139 mhoim £6 %
Head TSL temparnture change durlng test|  <10°C o vis
SAR result with Hoad TSL
SAR averaged over 1_cmi’_ (1 g) of Head TSL Corsition =
SAR measured 250 mW lepadt power 070 Wing
BAR for i Hond TEL o romakzed 10 TW 394 Wikg £ 18.8 % (ke2) |
SAR svaraged over 10 ¢’ (10 gi of Hewd THL Condien
SAR measurea 260 mW inpul powee 507 Wikg
SAR for nominal Hasd TSL p normalized 1o TW 204 Wikg £ 18.7 % (h=2)
Body TSL
Th fotiowrg parameters and cokculatons were sgptied.
Tomporature Parmwttivity Condustivity
Nominat Bady TEL paramaters 20°C 3 T Te—
Moaswred Body TSL parametars 220202)°C 2246% 1.50 mihvon 2.8 %
Body TSL smperatvre change during tust «10°C —_— —_
SAR resuit with Body TSL
| SAR averaged aver 1 cur’ {1 g) of Body TSL Condibon
SAR measured 250 MW Input power 10.1 Wikg
SAR for Body TSL paramate Dormalized to 1W 40,6 Wikg £ 18.3 % (v=2)
| SAR wverngeit over 10 o’ (10 g) of Bedy TSL Condition
SAR mossured 250 WY Inpet power 523 Whg
SAR or nomina Body TSL normatzad 1o 1W 1.0 Wikg £ 18.7 % (k=2)
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Appendix (Additional assessments outside the acope of CNAS L0570)
Antenna Parameters with Head TSL

[mewpm ;17&06m

| Rotum Loas 24308

Antenna Parameters with Body TSL

Impedunce, ansiamed 10 feed peint 4780+ 5240
Return Losa - 24740

General Antenna Parameters and Design

Electical Outay (one dreciion) | 1004 ns |

Aar long tarm use with 1000 radsled power, anly & shight warming of the dipols nesr the feedpoint can
be measured

The dipole s made of standard semingkl coaxial cable. The canter conductor of the feeding Sne Is directly
connected to the second arm of the dipole. The antenna is therefore shan-circuted for DC-signats. On some
of {he dipoles, small end caps are added (o the dpole arms in ceder 10 improve matching whan laded
according to the posilion ss explained in the “Me Canditions” parsgraph. The SAR data are nat
wffoctad by tis change. The overal dipole length ia still according 10 the Standard.
Nowmmmammmmammmmmmmmm

near the feedpoint may ba damagk

Additional EUT Data

Marutactured by | SPEAG
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CALIBRATION LABORATORY
ASd: No 51 Xocywan Roed, Hebdles Disicr, Beijlng, 100191, Ohiea

Tal: #50- 1O-G2IMETS 2079 Fans <36 10-62304033- 2504
E-amil. atl@chisstt] com Ity Swwrerehloveti cn

DASYS Validation Report for Head TSL Dmie: 06.10.2019
Test Labartary: CTTL, Beljing, China
DUT: Dipole 1990 MHz; Type: D1900V2; Secial: DI900V2 - SN: S4193
Communication System: UID O, CW; Frequency: 1900 MHz; Duty Cyele: 1:1
Medium parameters used: 1= 1900 MHz; a = 1.387 S/m; & = 40.2; p = 1000 kg/m3
Phantam section: Cerster Section
DASYS Configuration:

o  Probe: EXIDV4 - SN7514; CanvF(7.73, 7.73, 7.73) @@ 1900 MHz; Calibeated:
22772018

o Sensoe-Surface: | 4mm (Mechanical Surface Detection)

« Hlectronics: DAEA Sn1556; Calibrated: 872002018

o  Phantom: MFP*_VS.1C ; Type: QD 000 PSI1CA; Serial: 1062

»  Measurement SW: DASYS2, Version 52.10 (2); SEMCAD X Version 14.6.12
(7470)

System Performance Checl/Zoom Scun (7x7x7) (TxTxTNCube B: Measurement grid:
dx=Smm, dy=Smm, dr=Smm

Reference Value = 98,9 Viny, Power Dyift = 0,04 dB

Peak SAR (extrapolated) = 18.9 Wiy

SAR(L g) = 9.79 Wikg; SAR(10 g) = 507 Wikg

Maximut value of SAR (measured) = 15.6 Wikg

OdB = 156 Wiy = 11.93 dBW/ky

Certificate No: 219.60176 Pagesols
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Impedance Measurement Plot for Hoad TSL
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DASYS Validation Repurt for Body TSL

Report No.:

¥ In Collsbomtion with

171 %_E_JL_Q_JL___

Add: No.51 Xetywan Rond, Haiden Datrict, Beiping, 100191, (s
T + M6 106234463 3. 2079 Fax: =856 1021046332504
Lol enthgichinan! com b Cwww chinatti oo

Test Laborsory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serinl: DI9OV2 - SN: 54193
Communication System: UTD 0, CW; Frequency: 1900 Mz Duty Cyele: 1:1
Medium parameters used: £~ 1900 MHz; 0 = 1,499 S/m; g, = $2.18; p = 1000 kg/m?
Phantom section: Riglu Section

DASYS Configuration:

BL-SZ2140420-701

Dute: 00.11.2019

e Probe: EXIDVA - SN7514; Convl(7.53, 7.33, 7.53) G2 1900 MHzx; Calibrated:

82772018

Sensor-Surface: 1 4mm (Mechanical Surface Detection)
Electronica: DAEA Snl556; Calibruted: 820/2018

Phantom: MFP_V5.1C ; Type: QD 000 PSICA,; Setial: 1062

(7470)

Measurement SW; DASYS2, Version 5210 (2); SEMCAD X Version 146,12

System Performance Checl/Zoom Secan (7x7x7) (Tx7x7VCube 0: Measurement grid:

dx=Smm, dy=~Smm, dz-Saun

Reference Value « 88.67 Vim; Power Drift = 0.01 d8
Peak SAR (extrapolated) = 18,9 Wikg

SARCE g) = 10.1 Wikg: SAR(10 ) = 5.23 W/kg
Muximum value of SAR (measured) = 15.6 Wikg

S |

-10.39

13,88

E iy
17.32 =

0 4B = 15,6 Wikg = 11.93 dBW/kg

Centificale No: Z219-60176 Page 7ol 8



LUl

* o Colsbosatian wih
CALIBRATION LABORATORY
AdE Ro St Xeeyuan Moed, Huondlan Disseket, Bogng, 100191, Clam

Tel; #86-10-6230461 32000 Fax: +50-10-62104A1 3-7 %4
Eoroel: ettbiehonil con Ripciw . chinaiilon

Impedance Measurement Plot for Body TSL
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F.9 2450 MHz Dipole

4 i Coleborsson wth wy A SRAT
@ CALBRATION LASORATORY CNAsgI“

Ade: N1 Xiemyvnn Hind, Hakdinn Nutsien, lieigiong, 190191, China @ CALIRATION

Tek (M6 MIAINNI079  Fae ¢ M0 10-62MMAYE-2904 CNRAS L0S70
vl ombynninat com g il on
Chent Baluntek Cortificate No: 21960177
CALIBRATION CERTIFICATE
Object D2460V2 - SN: 952
Collinton Protetwety FF-Z11.003.01
Caditestion Procedures for dipole vididation kits
Calibruton date’ June 10, 2010
This calibration Cersicate documents the traceahiity 1o national standords. wiich resiize the physical units of
L ta(51) The nts and the uncertaintios with confidence probiabiity are given on the following
PRges and are part of the certicale.

All caliraions have been conducied in the cosed laboratory faclity. anvironment temperatureG2e)© and
humedity<70%

Calibraton Equipment used (MATE aritical for caliteation)

Primary Standards D Cad Dato(Calibratod by, Cartificats No.) Scheduled Cafibration
Power Meter  NRP2 106277 20-Aug-18 (CTTL, No J18X06862) Aug-19
Power sensor  NRPSS 10421 20-Aug-18 (CTTL, No.J18X06862) Aug-19
Reforance Probe EX3DV4 | SN 7514 27-Aug-10(SPEAG No EX3-7514_Aug 18) Aug-19
DAE4 SN1556  20-Aug-1O(SPEAGNO DAE-1558_Augit) Aug-19
S dary Standads De Cal Date(Cattrated by, Certificate No ) Schedulnd Calibeation
Signal Generator EA4IBC | MYAB071430  23-Jan-18 (CTTL. No.J1BX00336) Jon20
NetwodkAnalyzer ESOTIC | MY48110673  24.Jan-19 (CTTL, No J1GX00547) Jan-20

Narne Function

Cafbented by 2hao Jing SAR Teat Enginoer £1

Raviewed by. L Hao- SAR Tost Enginoer K

Approved by @ Otanyuan SAR Project L eaer =S

Issund: June 14, 2016
This caliration certficate shal not be Teproduced except in full without writien approvil of ihe laboratory,

Certificme No: Z1940177 Fage t ol ®
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Report No.: BL-SZ2140420-701

Add: No.51 Xucyuan Read, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: ettig@chinattl com httpwww.chinattl.on
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicablé or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, "I[EEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Hurman 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 62208-2, "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 8GHz)", 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.

o 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
paralie! 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
refiected power. No uncertainty required.

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

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

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

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

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: 219-60177 Page20fs



LUl

&r1l 5 e

Add: No.51 Xueyuan Roud, Haidian Districs, Betjing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304632-2504

E-mail: il com 1p chimatt].¢n
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 52.10.2 1495
Extrapotation Advanced Extrapolation
Phantom Triple Flat Phantom 51C
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
Head TSL p 220°C 39.2 1.80 mhoim
Measured Head TSL parameters {(220+02)°C 388x6% 1.83 mho/m £6 %
Head TSL temperature change during test <10°C -
SAR result with Head TSL
SAR averaged over 1 cmi’ (1 p) of Head TSL Condition
SAR measured 250 mW input power 13.2 Wikg
SAR for inal Head TSL normalized to 1W 52.6 Wikg % 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition
SAR measured 250 m\W Input power 6.11 Wikg
SAR for inal Head TSL normalized to 1W 24.4 Wikg £ 18.7 % (k=2)
Body TSL parameters
The foliowing parametars and caleulations wers applisd,
Temperature Permittivity Conductivity
Body TSL parameters 220°C 527 1.95 mho/m
Measured Body TSL parameters (22.020.2)°C 521+6% 1.98 mho/m £ 6 %
Body TSL temperature change during test <1.0°C e
SAR result with Body TSL
SAR averaged over 1 ¢m’ (1 g) of Body TSL __ Condition il I
SAR measured 250 mW Input power 12.8 Wikg
SAR for Inal Body TSL ¢ normalized to 1W 650.9 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢/’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 5.94 Wikg
SAR for Body TSL normalized to TW 23.7 Wikg £ 18.7 % (k=2)

Certificate No: Z19-60177 Page3of 8
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Add: No.51 Xocyuan Road, Haidian District, Beijing, 100191, Chinn
Tel: +86-10:62304633-2079 Fax: +86-10-62304633-2504

E-maik: ctti@chinattl.com Bntpziiwww chiimantl cn

Report No.:

Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.10+251j0

Return Loss -26:8dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 52.30+ 3400

Return Loss -27.9dB
General Antenna Paramaeters and Design

Electrical Delay {one direction) 1.020ns

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 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

Centificate No: Z19-60177
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CALIBRATION LAROAATORY
A No 3t Xneyuns fond, Hablan Dieriot, Bepmg, 100091, Clina

T 186106310400 ). 2009 Vo V0610 A100AG3 3 2904
Forrmal 190 s tarant (o Mrp e enetd an

DASYS Validation Report for Head TSI, Date: 06.10.2019
Test Laboeatory: CTTL, Betjing, China
DUT: Dipole 2450 Miz; Type: D24SUVY; Serlal: D24S0VD - N1 952
Communication System: UID 0, CW; Frequency: 2450 Mz, Duty Cyele: 1:1
Medium parameters used: £~ 2450 MHz; o = 1 825 $/m; ¢, = 39.75; p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration

o  Probe: EX3DV4 - SN7514; ConvF(6.95, 6.95, 6.9%) 6@ 2450 MHx; Calibrated:
$2772018

o Sensor-Surface: | 4mm (Mechamical Surfisce Dietection)

*  Electronicy: DAE4 Sn1556; Calibensed: £20/201%

o Phamtom: MFP_ VS 10 Type: QD 000 PS1CA; Serial: 1062

o Messurement SW: DASYS2, Version 52.10 (2% SEMCAD X Venion 14,612
(7450)

Dipale Calibeation/Zoom Scan (7x7x7) (7xIx7YCube 0: Meawtrement grid: dx=Smm,
dy=Smm, de-Smm

Reference Value = 97.66 Vim; Power Drift < 0.02 4B

Pesk SAR (extrapolsted) = 27.4 Wiy

SAR(H g = 13,2 Wikg; SAR(10 ) ~ 6,11 Wikg

Maximum value of SAR (measured) = 22.3 Wikg

2. | ——
OB =223 Wokg = 13,48 dBW/ky

Cenificsse No: Z1960177 Page sof'n
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Impedance Measurement Plot for Head TSL
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Report No.: BL-SZ2140420-701
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CALIBRATION LABORATORY

Add: Mo 3) Womywan: Bt Fiablian Ovigl, Maing, MO104, Ohilen
Tel 06 106700463320 Fan 85108300400 ). 2904
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DASYS Validation Report for Bady TSI, Dase: 06.10.2019
Test Labortory: CTTL, Bedjing, China
DUT: Dipole 2450 Miz; Type: D2450V2; Serial: D2450V2 - SN: 952
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 111
Medivm parsmetens used: £~ 2450 Mg, o = 1.962 SAn; g~ 52.06; p = 1000 kg/m3
Phantom section: Center Scction
DASYS Configurstion

Probe: EXIDVE - SN7514; ConvF(7.13, 7,13, 7.13) &2 2450 Mz, Calibrated:
8272018

Sensor-Surface: 1| 4avm (Mechanical Surface Detection)

Floctromics: DAE4A Si1556; Calibeated: 82012018

Phantom: MFP'_V5,1C ; Type: QD 000 PS1CA; Serial: 1062

Measuroment SW: DASYS2, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

Dipole Calibration/Zoom Scan (7x7x7) (TxTx7)Cube 0: Messsrement grid: dx~Saum,
dy=Smm, dz=Semm

Reference Value = $9.63 Vim; Power Drift = -0.02 dit

Pesk SAR (extmpolsted) ~ 26 4 Wikg

SAR(E ) = 128 Wik SAR(L0 g) = 5.94 Wikg

Maximm valoe of SAR (measured) = 21.3 Wig

A7

054

12,80

e

134 |

B

00 =213 Wikg = 1328 dBW/ky

Centificste Noc 71900177 Page 7T of v
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Plot for Body TSL
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F.102600 MHz Dipole
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Client Baluntek Certificate No:  Z18-60466
CALIBRATION CERTIFICATE
Otggect D2BOOVZ - SN: 1098
Calibration Procedures) FE-213.000-01
Calibention Procedures for dipole validation kits
Culibraton dete November 8, 2018
s Confh he biity %o whith realze he physical units of
messurements{S1). The moasurements and the uncenaintios with confidencs probabiity ane gvan on the foliomng
Pages and are pan of the canificale
Al calbealions have been conducted in e dosed y faciity. 22N and
humidiy<70%.
Cafirstion Equiprmet uand (MATE critical for cafbration)
Pravy Standards L Cal Date{Calzvaled by, Cenficate No | Schedulad Calbraton
Power Meter  NRVD 102108 O7-Mur-18 (CTTL, No J18X01510) Mar-19
Power sensor  NRV-Z5 | 100696 07-Mar-13 {CTTL, No J18X01510) Mar-10
Refarence Probe EX30V4 | SN 7514 27-Mug-18(SPEAGNG EX3-7514_Aug18) Aug9
DAE4 SN 1688 20.Aug 1B(SPEAG No.DAEL- 1555 _Aug18) Aug-19
S ¥ Stanvds 0N Col D ly, Carsficate No ) <
Signal Geneenlor EA4IEC | MY4S07T1430  23-Jan-18 (CTTL, No. J18X00660) Jan10
Network Analyner ES071C | MY4B110673  24-Jan-18 (CTTL, No JI8X00661) Jun-18
-
Name Funclion Signature
Calitrated try Zhao Ang SAR Test Engneer 41]
Reviewed by. Un Hag BAR Tast Enginase wf%
Appeoved ty. Qi Dianyuen SAR Praject Leader = _W
lasusd: November 7, 2018
This caldeation corsficata shak not be repeoduced axcapt in Wl without wiitien approval of the labaralery

Centificaie Nu: 718-60456 Poge t of 8
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Tob: 484 H6-61I0NRT3- 2979 Var (RS- M-EI0IAT-2%4
Foondl crbpictenart ovn LLTRE Y

Giossary:

TSL tsaue simulating liguid

ConyF sansithlty In TSL/ NORMxy.z
NIA not applicable or not measured

Calibration Is Performed According to the Fmsnmm

a) [EEE Sid 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatisi-Averaged Speciic Absorption Rate (SAR) In the Human Head fram Wireless
Communications Dovices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Measuremant procedure for assessment of specific absorption rate of human
exposura to radio frequency fiekds from hand-held and body-mounted wirsless
communication devices- Past 1: Devica used next to the ear (Frequency range of 300MHz 1o
BGHz)", July 2018

) IEC 62200-2, “Procedure 1o measwe the Specific Absorption Rate (SAR) For wireless
communication davices used In close praximity to tha human body (frequency range of
30MHz to 8GHz)", March 2010

d) KDB8A5664, SAR Measurament Requirements for 100 MHz to & GHz

Additional Documentation:
o) DASY4/5 System Handbook

Mathods Applied and Interprotation of Parameters:

«  Measwemen! Conditions: Further detads are availabls from (he Validation Report at the end
of the certificate, Al figures statod in the cortificate are vald at the frequency indicated,

«  Antenna Paremelers with TSL: The dipole is mounted with the spacer to posiion its feed
point exactly below the center marking of the flat phantom saction, with the ams orlented
piraliel (o the body axs.

« Fead Point impedance and Refum Loss' These parameters are measured with the dipolas
positioned under the liquid filled phantom. The impedance stated |s tansfomed from the
measyrement at the SMA connector to the feed poind, The Return Loss onsures low
reflected power. No uncestainty required

« Elecincal Delay. One-way delay batwoen tho SMA connector and the antenna feed point.
No uncerisinty required,

»  SAR msaswed SAR measurad at the stated amenna input power.

«  SAR normatized: SAR as measured, normalized 10 an inpul power of 1 W at the antenna
connector.

*«  SARfor inal TSL par The d TSL p: tars are used 1o calculate tho
nominal SAR resull

The reported uncertainty of measurement i staled as the standard uncertainty of
Measurement multiped by the coverage factor k=2, which for a normal destribution
Coresponds fo a coverage probability of approximately 96%.

Cortaficate No: 21560460 Page2ofs
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A N3 Xuseywan Rarwd. Hablion Distries, Betjig, 100191, Ohins
ok 95 10LLM0MT13079 Fax: 484
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Measuromaont Conditions
Y sysiomn configirpticn, a8 f as 1ot givern on page 1
DASY Versson DASYS2 62502 1405
Exapotation Addvmiond Eetrpcturon
Phantom P —
Distance Dipofe Garter - 151 10 mm [p— =
Zoom Saan Rosolution de, dy, dz = 5 mm
Frequeoay 2600 Wiz £ 1 Mz
Head TSL paramotors
The Solowing porammtors ang calostutions were apjtied
Temporture Parmithivity Conductivity |
Nominal Hoad TSL parameders 120G 10 108 mhom
WMeansrod Head THL parametars 20202 °C WAL6% 18 mboim a6 %
Hoad TEL temparatere changs durng tost <10'Cc e
SAR result with Head TSL
SAR wweraged over 1 o’ (1 g of Head TEL Comitien
SAR meswsrwd 290 s gt power 1M0mN /g
SAR for nomned Hend TSL parsmaters ronmabend ta 1W | 563 w1 2 188 % ue2) |
SAR ovar 10 e’ (19 g) of Moad TSL Congeon
SAS mansved 250 miAd gt pawer 624Nl g
SAR for ominal Hoad TEL perameters noomalized 90 1W | 369 mW ig 4 10.7 % (W2)
Body TSL paramaters
mmumm:—-&
Temparanae Parmitavity Canguztiviry
Nomisal Bedy TSL pacamators no'c 28 2,96 mbeim
Meanured Bady TSL paramsters @20:03)°C 527+0% 221 mhoim £ 0%
Body TSL temperature change durlng test|  <10°0 - —
SAR result with Body TSL
SAR wvorgod over 1 cni’ {1 ) of Bedy TSL Condtson
HAQ vmavaed 250t gt pawer 134mWig
AR for nominat Body TSL pamameto neematized % 1V S0 W Ay £ 10,8 % (k=2)
SAR avaraped aver 10 o' (90 ) of Body TEL Candton
SAR maosired 250 W inprist power 592 mW /g
qumug;_r_nn—n noemaized (o YW 2.6 mW Iy £ 0T % eR)

Cernificate No- 21 540466
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Appendix(Additional assessmeonts outaide the scope of CNAS LO5T70)

Antonna Parameters with Head TSL

Anpedanco, hanstenned 1o foed gonl 40AQ- 50080

Retus Losy « 26800
Antanna Paramoters with Body TSL

Invpestarce, wansfonmed o 9ed pont #70-5550

Reofum Loxs - s

General Antenna Parameters and Design

Enctrical Doy (one dmction | 1017 e |

Alter fong lem wuse with 100W radiaiod power, only 2 sight warming of the dpole near the feedpaint can
be moasured

The dipate Is made of stondard semisiged comdsl cabls. The camer conductor of the feeding ine is directly
connecied fo S second ann of the dipole. The arterna is therelore short-arculied for DC signals. On some
duwmtwmnmﬂbm%mnm»mmmmw
as in the Conditions” paragraph. The SAR data ane rot
anmwm-m mmupohumunlmmunw
No axcaasive foron st be applied 10 1w dpoke arms, Bacuuss ey might bend or $e scldered
nedr he faedpaint may be

Additional EUT Data

Menutactives by SPEAD

Cettaficate No: 71840486 Pagedols
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DASYS Validution Report for Head TS1
Test Laborstoey. CTTL, Beljing, Clina

DUT: Dipole 2600 MLz Type: D2600V2; Serial: D2600Y2 - SN: 1095

Daane: 11052018

Connimussication System: UID 0, CW, Preguency: 2600 Mz Duty Cyele: 111
Medisen paameters used: = 2600 MHz; a = 1.944 Smy; ¢ = 3944 p = 1000 kg'm 3

Fhastom secticer: Center Secticn
DASYS Configsation;

¢ Probe: EX3DVA - SN7514; ConvF(6.92, 6.92, 6.92) (@ 2600 Mitz; Calibrated:

82712018

v Semoe-Surface: | Amm (Mechanscal Surface Detection)
»  FElectromics: DAES 801555 Calibewed: 8202013
*  Prantomn: MFP_VS.1C ; Type: QD 000 PSICA; Serial: 1062

*  Measorement SW: DASYS2, Verston 52,10 (2); SEMCAD X Version 14.6.12

(7450)

Dipole Calibruthon/Zocm Scan (7x7x7) (77571 Cube 0! Measurement grid: dx=Smm,

dy=Sem, dz=Smm

Reference Value = 107.5 Vim; Power Drift = -0.02 did

Pesk SAR (extrapolated) = 30,7 Wikg

SAR(L g) = 14 Wik SAR(10 g) = 6.24 Wikg
Maximum value of SAR (messored) = 24.3 Wikg

2153 -

0 = 24.3 Wikg = 13.56 dBW/hge

Certifmate No. 21360466
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t Plot for Hoad TSL
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CALIRRATION LARORATORY

Al NS | Xucywas Rand, |inkdan Dottt Betjog, 100190, China
el 188 10-60008513-0079 Fan: 485-35-4270000 52504
Foasl esbiiativmani oon gV chbanl e

DASYS Validation Report for Body TSL Done: 11812018
Tost Laboratory: CTTL, Beijing, China
DUT: Digole 2600 MHz; Type: D2600V2; Sevial: D2600V2 - SN: 1095
Comtnumication System: UID 0, CW; Froquoncy: 2600 MHz; Dty Cyeles 1:1
Medinen parameters used: (= 2600 Milz; o = 2,206 Shn; g = 5265; p = 1000 kg/m)
Phaetom section: Right Section

DASY'S Configurtbon:
«  Probe: EX3DVA « SN7514; CanvF(7.06, 7.06, 7.06) (@ 2600 MHzx; Calibrated:
8272018
*  Senswe-Surfce: L 4dmm (Mech | Surface Dy ion)

»  Elocoronics: DAES Snl$55; Calibemod; 8202018
o Phantom: MFP_V5.1C ; Type: QD 000 F51CA; Serfal: 1062

«  Mussurement SW: DASY 52, Version 52.10 (2); SEMCAD X Version 14.6.12
(7450)

Dipode Calibration/Zooen Scan (7x7x7) (Tx7x 7)1 Cube 0; Measurement grid: dx=~Smm,
dy=Smm, de=Soun

Reference Value = %822 Vi Power Delft = 0.08 d8

P'esk SAR (extmpolated) = 29.3 Wiy

SAR( ) = 13.4 Wikg; SAR(10 g) = $,92 W/kg

Maximeen value of SAR (metswred) = 23.0 Wiky

e |

1869

2336 LL = E—

008 = 23,0 Wikg = 1362 dBW/kg

Certificate No: 7.1 804466 Page Tod's
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Impedance Measurement Plot for Body TSL
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F.115GHz Dipole

\\W// P T
TTL !_I._Q_I_.I_ CN Asuﬁﬁu

Add: No.$1 Xueyuan Kood, Haidian Disirict, Belfing, 100191, China  %,777ad v CALIBRATION
Tel: +86-10-62304633-2512 Fax: *86-10-62304633-2504 '4./\“ CNAS LOSTD

f
E-eail: caldichinaitl com Witp-//www chinattl <o 7

— ‘,':—_—‘. = i
Object D5GHZV2 - SN: 1200
Culbraon Froadwe(e) FF-211-003-01
Calibration Procedures for dipole validation kits
Calibration date Fabruary 17, 2020

This calibration 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 fallowang
pages and are part of the centificate

All calibrations have been conducted in the closed laboratory facity: environment lemperature(224+3)C and
humidity<70%

Calibration Equipment used (METE cntical for calibeation)

Primary Standards 1D # Cal Date(Calibrated by, Certficate No.) Scheduled Calibration
Power Meter  NRP2 108276 11-Apr-19 (CTTL. No.J19X02605) Apr-20
Power sensor  NRPSA 101369 11-Apr-19 (CTTL. No.J18X02605) Apr-20
ReferenceProbe EX3DV4 | SN 7307 24-May-19(SPEAG No EX3-7307_May19) May-20
DAE4 SN 1331 04-Sep-10(SPEAG No DAE4-1331_Sep19) Sep-20
Secondary Standards D# Cal Date(Calibrated by. Cerntificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430  10-Feb-20 (CTTL, No.J20X00516) Feb-21
NetworkAnalyzerES5071C | MY46110673  10-Feb-20 (CTTL, No.J20X00515) Feb-21

Name Function nature

Colcmtod by Zhao Jing SAR Test Engineer N :

Reviowet by: Lin Hao SAR Test Engineer -ﬁM :

Approved by Qi Dianyuan SAR Project Leader 6%.;,5

Issued: February 22, 2020
This calibration certificate shall not be reproduced except in full without wrtten approval of the laboratory

Certificote No: 220.60060 Page 1 of 14
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Add: No. 51 Xucyuan Road, Haidun District, Beijing. 100191, China
Tel: *B6-10-62304633-2512 Fax: =86-10-62304633-2504
E-mmail: catbulchimart] com Iipwwse chimatt] oo

Glossary:
TSL tissue simulating liquid

ConvF sensitivity in TSL / NORMx,y,2
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

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 BGHz)", 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:

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

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

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

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

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

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

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

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

Centificate No: 220-60069 Page 20f 16
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Adid: No. ST Nueyusn Rosd, Haidian District, Beijing, 100191, Ching

Tel: +86-10-62304633-2512 Fax! +86-10-62 30463329404
|:-mail: ettdichinmstl.com hizp/Swwwchinanl.cn
Measurement Conditions
DASY system configuration, 85 far as not given on page 1
DASY Version DASYS2 V52103
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom § 1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4 mm, dz =14 mm Graded Ratio = 1 4 (Z direction)
5200 MHz £ 1 MMz
5300 MHz £ 1 MHz
Frequency 5500 MMz 2 1 M2
S600 MHz ¢ 1 Mz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz
The following parameders and caloulations were applied

[ Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 80 4 66 mha/m
Measured Head TSL parameters 220:02)°C 67:6% 4.58 mho'm £ 6 %
Head TSL temperature change during test <10*C — —

SAR result with Head TSL at 5200 MHz

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

SAR measured 100 mW Input power 737 Wag

SAR for nominal Head TSL parameters normalized to 1W T39Wikg 2 24.4 % (k=2)
SAR averaged over 10 cm (10 g) of Head TSL Canddion

SAR measured 100 mW Input power 2.06 Wig

SAR for nominal Head TSL parameters normalizad to 1W 20.7 Wikg £ 24.2 % (k=2)

Certificate No: Z20-60069 Page 5 of 16
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Head TSL parameters at 5300 MHz

Report No.:

The following parameters and calculations were applied
Temperature Pormittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.76 mho/m
Measured Head TSL parameters (220402)°C WE526% 460 mhoim = 6 %
Head TSL temperature change during lest <10"C - St
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 ¢m’ (1 g) of Head TSL Condition
SAR maasured 100 MW input pawer 7.79 Wikg
SAR for nominal Head TSL paramelers normalized to TW 78.1 Wikg £ 24.4 % (k=2)
SAR averaged over 10 ¢/ (10 g) of Head TSL Conditon
SAR measured 100 mW input power 221 Wikg
SAR for nominal Head TSL parameters normalized to 1W 222 Wikg £ 242 % (k°2)
Head TSL parameters at 5500 MHz
The folowing parameters and calculations were
Tempersture Permittivity Conductivity
Nominal Head TSL parameters 220°C 356 4.96 mho/m
Measured Head TSL parameters (220£02)°C WI126% 4.90 mhoim £ 6 %
Head TSL temperature change during test <«10°C — —
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 ¢m (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W | 81.1 Wikg £ 24.4 % (k=2)
SAR averaged aver 10 ¢m' (10 g) of Head TSL Condition
SAR measured 100 MW input power 2.27 Whg
SAR for nominal Head TSL parameters normalized to W 22.8 Wikg £ 24.2 % (k=2)

Certificate No: Z20-60069 Page 4 of 16
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied
Tomperature Permittivity Conductivity
Nominal Hoad TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parametsrs (220402)°C WBOLE% 5.01 mho/m £ 6 %
Head TSL temperature change during test <10'C J— e
SAR result with Head TSL at 5600 MHz -
SAR avoraged over 1 cm’ (1) of Head TSL Condition
' SAR measured 100 mW input powes 801 Wig
SAR for nominal Head TSL parameters normalized 1o 1W 80.3 Wikg £ 24.4 % (k=2)
SAR averaged over 10 /m’ (10 g) of Head TSL Condition
SAR measured 100 mW input power 225Wikg
SAR for nominal Head TSL parameters normalized to 1W 22.6 Wikg + 24.2 % (k=2)
Head TSL parameters at 5800 MHz
The following parameters and calculations were apphed
Tomporature Pormittivity Conductivity
Nominal Head TSL parameters 20°C 353 .27 mholm
Measured Head TSL parameters (20:02)°C IKT26% 520 mho/m + 6 %
Hoad TSL tomperature change during test <10'C ane -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 ¢m’ (1 g) of Head TSL Condition
SAR measured 100 mW input powes 7.68 Wikg
SAR for | Head TSL parameters normalized 1o TW 76.9 Wikg + 24.4 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Head TSL Condition
SAR measured 100 mW input power 213 Wihg
SAR for nominal Head TSL parameters normalized 1o 1W 21.4 Wikg £ 24.2 % (k=2)

Cenificate No: 220-60069
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Body TSL parameters at 5200 MHz
Tha folowing parameters and caiculations were appbed
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 400 5.30 mho'm
Measured Body TSL parameters (220£02)°C A548% 522 mha/m + 6 %
wa;ym.mmmnpmut «10‘C - -
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 ¢m’ (1g) of Body TSL Condition
SAR measured 100 mW input power 7.07 Wikg
SAR for nominal Body TSL parameders normalized 1o 1W 70.5 Wikg + 24.4 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 100 mW input powes 1,96 Wikg
SAR for | Body TSL p normalized to W 19.5 Wikg £ 24.2 % (k=2)
aodyrsl.p.mnssoouuz
The following parameters and calculations were apphed
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.42 mholm
Measured Body TSL parameters (220£02)°C 48446% 535 mho/m + 8 %
Body TSL temperature change during test <10°C — -
SAR result with Body TSL at 5300 MHz —
SAR averaged over 1 ¢m (1 g) of Body TSL Condibon
SAR measured 100 mW input power 750 Wikg
SAR for nominat Body TSL parameters normalized to 1W 748 Wikg £ 24.4 % (k=2)
SAR averaged over 10 (vn1’ (10 g) of Body TSL Condition
SAR measured 100 mW Input power 210 Wikg
SAR for nominat Body TSL parameters normalized to 1W 20.9 Wikg £ 24.2 % (k=2)

Centificate No: Z2(0-60069
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Body TSL parameters at 5500 MHz

Fax: +¥6-10-62304633-2504
fitp: Vwww chinait en

The folowing parameters and calculations were appbed

Temperature Pormittivity Conductivity
Nominal Body TSL parameters 20°C 486 565 mhoim
Measured Body TSL parameters (220:02)°C 480:6% 561 mham+6%
Body TSL temperature change during test <10°C — o
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm' (1 g) of Body TSL Condition
SAR measured 100 MW input power 7.78 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W T7.6 Wikg £ 24.4 % (k»2)
SAR averaged aver 10 ¢’ (10 g) of Body TSL Condition
SAR measured 100 mW input power 217 Wig
SAR for nominal Body TSL parameters normalized to 1W 21.6 Wikg + 24.2 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 485 5.77 mhoim
Moasured Body TSL paramoters (2204 02)°C 478:6% 5.75 mhoim + 6 %
Body TSL temperature change during test <10°C - -
SAR result with Body TSL at 5600 MHz
SAR averaged over1 ¢m’ (1 g} of Body TSL Condition
SAR measursd o 100 mW input power 7.45 Whkg
SAR for nominal Body TSL paramaters normalized to 1W T4.3 Wikg £ 24.4 % (k=2)
SAR averaged over 10 cm' (10 g) of Body TSL Condition
SAR measwed 100 mW nput power 208 Wixg
SAR for nominal Body TSL paramaters normalzed 1o 1W 20.7 Wikg £ 24.2 % (k=2)

Certificate No: 220-60069
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Body TSL parameters at 5800 MHz
Temperature Parmittivity Conductivity |
Nominal Body TSL parameters 20°C 452 6.00 mho/m
Measured Body TSL parameters (220:02)°C 473:6% 809 mhaim £ 6 %

Body TSL temperature change during test <10°'C - s

SAR result with Body TSL at 5800 MHz

SAR averaged over1 ¢m’ {1 g) of Body TSL Condition

SAR measured 100 mW Input power 7.28 Wiy

SAR for nominal Body TSL p normalized to 1W 72,6 Wikg £ 24.4 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition

| SAR measured 100 MW input power 2.00 Wikg T
| SAR for nominal Body TSL parameters normalized 1o TW 19.9 Wikg £ 24.2 % (k=2)

Cenificate No: Z20-60069 Page k of 16
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Appendix (Additional assessments outside the scope of CNAS L0570)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed 1o feed point 4310-4070
Retum Loss -26.808

Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed 1o feed pownt 4460-1.740
Retun Loss -~ 24 508

Antenna Parameters with Head TSL at 5500 MHz

Impedance. transformed to feed point 5130 - 5380
Retum Loss - 25348

Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 5550+ 0730
Return Loss - 25 648

Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed 10 feed point 4050 - 3,880
Return Loss ~ 28248

Antenna Parameters with Body TSL at 5200 MHz

Impedance. transformed 1o feed point 4880 -2 140

Return Loss -31.7d8
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 44 402 - 0 4910

Return Loss - 24 548

Centificate No: Z20-60069 Page v of 16
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Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed 1o feed point 5230- 34210
Return Loss - 27948

Antenna Parameters with Body TSL at 5600 MHz

impedance, iransformed 1o foeed point 5580+ 1140
Return Loss -251d8

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 5§1.30 - 4 04j00
Return Loss - 27 548

General Antenna Parameters and Design

[Ewnwndmmm> ] 1.060 ns

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

The dipole is made of standard semingid coaxial cable The center 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 SAR data are not
affected by this change The overall dipole length is still according to the Standard

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

Additional EUT Data

[ Manutactured by [ SPEAG |

Certificate No: Z20-60069 Page 10 of 16
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DASYS Validation Report for Head TSL Date: 02 12.2020

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1200
Communication System: CW; Frequency: 5200 MHz, Frequency. 5300 MHz,
Frequency: 5500 MHz Frequency: 5600 MHz, Frequency: 5800 MHz,
Medium parameters used. f = 5200 MHz; o = 4,58 S/m; £, = 36.67; p = 1000 kg/m3,
Medium parameters used: f = 5300 MHz, o = 4681 S/m; ¢ = 36.46; p = 1000
kg/m3, Medium parameters used. f = 5500 MHz; o = 4.898 S/m; ¢, = 36.1, p = 1000
kg/m3 Medium parameters used: f = 5600 MHz; o = 5.009 Sim; ¢, = 3595, p =
1000 kg/m3, Medium parameters used. f = 5800 MHz, o = 5.204 S/m; ¢, = 35.67; p
= 1000 kg/m3,
Phantom section: Center Section

DASYS5 Configuration:

« Probe: EX3DV4 - SN7307; ConvF(5.71, 571, 5.71) @ 5200 MHz;
ConvF(5.48, 5.48, 5.48) @ 5300 MHz; ConvF(5.25, 5.25, 5.25) @ 5500
MHz; ConvF(5.12, 5.12, 5.12) @ 5600 MHz; ConvF(5.02, 5.02, 5.02) @
5800 MHz

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

Electronics: DAE4 Sn1331; Calibrated: 2019-09-04

Phantom: MFP_V5.1C (20deg probe tilt); Type: QD 000 P51 Cx;
Measurement SW. DASY52, Version 52 10 (3); SEMCAD X Version 146,13
(7474)

Dipole Calibration /Pin=100mW, d=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 64.68 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 31.5 W/kg

SAR(1 g) = 7.37 W/kg; SAR(10 g) = 2.06 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 63.5%

Maximum value of SAR (measured) = 17.5 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm
Reference Value = 62.32 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 33.0 W/kg

SAR(1 g) = 7.79 W/kg; SAR(10 g) = 2.21 Wi/kg

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

Ratio of SAR at M2 to SAR at M1 =63.5%

Maximum value of SAR (measured) = 18.6 W/kg
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Dipole Calibration /Pin=100mW, d=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm
Reference Value = 63.14 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 36.1 Wkg

SAR(1 g) = 8.09 Wikg; SAR(10 g) = 2.27 W/kg

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

Ratio of SAR at M2 to SAR at M1 =61.7%

Maximum value of SAR (measured) = 19.6 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Referance Value = 63.98 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 33.7 Wikg

SAR(1 g) = 8.01 W/kg; SAR(10 g) = 2.25 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 64%

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

Dipole Calibration /Pin=100mW, d=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 63 47 V/im; Power Dnft = -0.06 dB

Peak SAR (extrapolated) = 38.5 W/kg

SAR(1 g) = 7.68 W/kg; SAR(10 g) = 2.13 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 58.9%

Maximum value of SAR (measured) = 19.4 W/kg

-

0dB = 19.4 Wikg = 12.88 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 02.17 2020

Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1200
Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz,
Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency. 5800 MHz,
Medium parameters used: f = 5200 MHz, o = 5218 S/m; £, = 48.51; p = 1000 ka/m3,
Medium parameters used: f = 5300 MHz; o ~ 5,346 S/m; ¢, = 48.35, p = 1000 kg/m3,
Medium parameters used: f = 5500 MHz, o = 5.609 S/m; &, = 47.99; p = 1000 kg/m3,
Medium parameters used: f = 5600 MHz; o = 5,752 S/m; g, ~ 47,77, p = 1000 kg/m3,
Medium parameters used: f = 5800 MHz; o « 6.092 S/m; &, = 47.33; p = 1000 kg/m3,
Phantom section: Right Section
DASY5 Configuration:
* Probe: EX3DV4 - SN7307; ConvF(4.85, 4.85, 4.85) @ 5200 MHz; ConvF(4.69,
469, 4.69) @ 5300 MHz; ConvF(4.4, 4.4, 4 4) @ 5500 MHz; ConvF{4.3,4.3,
4.3) @ 5600 MHz; ConvF(4.39, 4.39, 4.39) @ 5800 MHz, Calibrated:
5/24/2019,
Sensor-Surface: 1.4mm (Mechanical Surface Detection}
Electronics: DAE4 Sn1331; Calibrated: 2019-09-04
Phantom: MFP_V5.1C (20deqg probe tilt). Type: QD 000 P51 Cx;
Measurement SW: DASY52, Version 52.10 (3), SEMCAD X Version 14.6.13
(7474)

Dipole Calibration /Pin=100mW, d=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement gnd: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 60.83 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 27.8 W/kg

SAR(1 g) = 7.07 Wikg; SAR(10 g) = 1.96 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 66.3%

Maximum value of SAR (measured) = 16.5 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 63.35 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 29.2 Wikg

SAR(1 g) = 7.5 W/kg; SAR(10 g) = 2.1 W/kg

Smallest distance from peaks to all points 3 dB below = 6.9 mm

Ratio of SAR at M2 to SAR at M1 =66.7%

Maximum value of SAR (measured) = 17.1 Wikg
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Dipole Calibration /Pin=100mW, d=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement gnd: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 64 .39 V/im, Power Drift = 0.04 dB

Peak SAR (extrapolated) = 32.4 W/kg

SAR(1 g) = 7.78 Wikg; SAR(10 g) = 2.17 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 64.6%

Maximum value of SAR (measured) = 18.2 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 61.29 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 33.3 Wikg

SAR(1 g) = 7.45 W/kg; SAR(10 g) = 2.08 W/kg

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

Ratio of SAR at M2 to SAR at M1 =62.1%

Maximum value of SAR (measured) = 18.4 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 59,16 V/m, Power Drift = 0.09 dB

Peak SAR (extrapolated) = 34.5 Wikg

SAR(1 g) =7.28 Wikg; SAR(10 g) = 2 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 59.9%

Maximum value of SAR (measured) = 18.5 Wikg
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0 dB =18.5 Wikg = 12.67 dBW/kg
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Impedance Measurement Plot for Body TSL
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