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CALIBRATION CERTIFICATE
Object D750V3 - BN: 1103

Calibration Procedure(s) FE-211-003-01

Calibration Procedures for dipole validation kits
Celibration date: January 8, 2020

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measuremeants(51). The measuraments and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

All calibrations hawve been conducted in the closed laboratory facility: environment temperature(22:3)T and
humidity<70%.

Calibration Equipment used (MATE critical for calibration)

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

Power Meter  NRP2 108278 11-Apr-18 (CTTL, No.J18X02605) Apr-20
Power sensor  NRPSA 101369 11-Apr-18 ({CTTL, Mo.J18X02605) Apr-20
Reference Probe EX30DV4 | SN 36817 31-Jan-18(SPEAG Mo EX3-3617_Jan18) Jan-20
DAE4 SM 1555 22-Aug-1CTTL-SPEAG No.Z18-80285) Aug-20
Secondary Standards 1D # Cal Date{Calibrated by, Certificate Mo.) Scheduled Calibration
Signal Generator E4438C | MY48071430 23-Jan-19 (CTTL, No.J18X00338) Jan-20
NetworkAnalyzer ES0T1C | MY48110673  24-Jan-19 (CTTL, No.-18X00547) Jan-20

Mame Function = Signﬂmm

Calibrated by Zhao Jing SAR Test Engineer S 4

Reviewed by: Lin Hao SAR Test Engineer 5 M £

Approved by. Qi Dianyuan SAR Project Leader PRt d

Issued: January 8, 2020
This calibraticn certificate shall not ba reproduced except in full withrout written approval of the laboratory.
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Glossary:
T3L tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y.z
MiA, 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 Technigues”, 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
BGHz)", July 2016

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

d) KDB365664, 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 cerificate. All figures stated in the cedificate 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 liguid filled phantomn. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

s Elecirical Defay; One-way delay between the SMA connector and the antenna feed paoint.
Mo uncertainty required.

o  S5AR measured. SAR measured at the stated antenna input power,

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

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

The reported uncertainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Cormesponds to a coverage probability of approximate ly 85%.
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Measurement Conditions
DASY syatem configuration, as far as not given on page 1,

DASY Version DASYS2 W52.10.3
Extrapolation Advanced Extrapolation
Phantom Triple Flal Phantom 5.1C
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, Gz = 5 mm
Frequency T50 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations were apphed.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 20 4149 0.89 mhadm
Measured Head TSL parameters (22002 °C 418 +6% 0.80 mhovm + 6% |
Head TSL temperature change during test <1.0°C — e
SAR result with Head TSL
SAR averaged ever 1 cm’ (1 g) of Head TSL Condilion
SAR measured 250 mW input power 219 Wihkg

SAR for nominal Head TSL parameters

normalized fo 1W

B.B6 Wikg £ 18.8 % (k=2)

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

Comdition

SAR measufed

250 m\ input power

1.47 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

5.83 Wikg £ 18.7 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 555 0.8 mha/m
Measured Body TSL parameters (220202 °C EE2+6% 0.897 mho/m =6 %
Body TSL temperature change during test <1.0°C —_— s
SAR result with Body TSL
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measurad 260 v Input power 217 Wikg
SAR for nominal Body TSL parameters normallzed to 1W .64 Wikg £ 18.8 % (k=2)
SAR averaged over 10 ¢ (10 g) of Body TSL Condition
SAR measured | 250 mW input power 1.48 Wikg
SAR for nominal Body TSL parametars normalizad o 1W 5.82 Wikyg £18.7 % (k=2)
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Appendix (Additional assessments cutside the scope of CNAS LO570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.00- 2,670
Return Loss - 26,508

Antenna Parameters with Body TSL

Impedance, transformed to faed poin 45.50- 1 880

Raturn Loss - 28.6d8

General Antenna Parameters and Design

Electrical Delay (one direction) 0.856 ns

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

The dipale 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 shor-circuited for DC-signals. On some
of the dipoles, small end caps are added to the dipele 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.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: Z20-60037 Page 4 of #
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MASYS Validation Report for Head TSL Date: 01.06.2020
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz: Type: D750V3; Serial: DT50V3 - SN: 1103
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cyele: 1:1
Medium parameters used: f= 750 MHz; a=0.902 8/m; - =41.63; p= 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

+ Probe: EX3DV4 - SN3617; ConvF(10.03, 10,03, 10.,03) @ 750 MHz; Calibrated:
14312019

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

+  Electronics: DAE4 Snl555; Calibrated: 8/22/2019

« Phantom: MFP_V5,1C ; Type: QD 000 PS1CA; Serial; 1062

¢  Measurement SW: DASY 52, Version 32,10 (3); SEMCALD X Version 14.6.13
(7474)

Dipole Calibration/Zoom Sean (7x7x7) (Ta7x7T)Cube 0t Measurement grid: dx=3mm.
dy=5mm, de=5mm

Reference Value = 57.43 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.16 Wikg

SAR(1 g)=2.19 Wikg; SAR(10 g) = 1.47 W/kg

Smallest distance from peaks to all points 3 dB below = 23.3 mm

Ratio of SAR at M2 to SAR at M1 = 69.4%

Maximum value of SAR (measured) = 2.85 Wikg

dB
0

-1.94
-1.88
-5.082
-1.76

-9.70

0 dB = 2.85 Wikg = 4.55 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.03.2020
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1103
Communication System: UTD 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 750 MHz; & = 0.965 S/m: £ = 55.21; p= 1000 kgm3
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN361T; ConvF(9.85, 9.85, 9.85) ;ﬁ 750 MHz: Calibrated:
1312019

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

« Electronics: DAE4 Snl 555; Calibrated: 8/22/2019

«  Phantom: MFP_V5.1C ; Tvpe: QD 000 PS1CA; Serial: 1062

« Measurement SW: DASY 52, Version 5210 (3); SEMCAD X Version 14.6.13
(7474)

Dipole Calibration/Zoom Scan (7x7x7) (7x7xT)/Cube §: Measurement grid: dx=3mm,
dy=5mm, dz=5mm

Reference Value = 49.46 Vim; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 3.20 Wikg

SAR(1 g} = 2.17 W/kg; SAR(10 g) = 1.46 W/kg

Smallest distance from peaks to all points 3 dB below = 19.2 mm

Ratio of SAR at M2 to SAR at M1 = 68.3%

Maximum value of SAR {measured) = 2.86 W/kg

0 dB = 286 Wikg = 456 dBW/kg

Certificate Mo: Z20-60037 Page Tof %
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Impedance Measurement Flot for Body TSL
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Client SMQ Certificate No:  Z18-60333

Object DB35V2 - SN: 4d141

Calibration Procedure(s) FE-211-003.01

Calibration Procedures for dipole validation kits

Calibration date: Seplember 6, 2018

This calibration Cerificate documents the traceabilily lo national stendards, which realize the physical units of
measurements{5l). The measurements and the uncerlalnties with confidence probability are given on the following
pages and are part of the cerificate.

All calibrations have been conducted in the closed |sboratory facilily: environment lemperaturez2es)c and
hurmidity <7 0%,

Calibration Equipmeant used (M&TE critical for calibration)

Primary Standards _ ID# Cal F_Jalgi(:adi_bfamd by, CerlH'icale.Nn.]- Scheduted Calibration )
Power Meter NRVD 102083 01-Mov-17 {CTTL, Mo.J17X087586) Oct-18
Power sensor - NRV-Z5 100542 01-Mov-17 (CTTE, No.J17X0ATEE) Ock-18
Reference Probe EX30DV4 | SN 7484 12-Sep-17(SPEAG, No.EX3-T464_Sepl7) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAGN0.DAE4-1524_Sep1T) Sep-18
Secondary Slandards o # Cal Date(Calibrated by, Cerlificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, Mo.J18X00560) Jan-19
MetworkAnalyzer ES0T10C | MY46110673  24-Jan-18 (CTTL, No.1 BX00561) Jan-1%
Mame Function Signature
Cakbrated by: Zhao Jing SAR Test Engineer 'gé :
ety Lin Hao SAR Test Engineer ' 1# M

Approved by Qi Dianyuan SAR Project Leadear M/

lssued: September 8, 2018
This calibration cerlificate shall not be reproduced except in full without wiillen approval of the laboratory,

Cerificate No: Z18-60133 Page | of &
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Glossary:

TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
A not applicable or not measured

Callbration Is Performad According to the Following Standards:

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

b) IEC 62209-1, *Measurement procedure for assessment of specific absorplion rate of human
exposure 1o radio frequency fields from hand-held and body-mounted wireless
communication devices- Parl 1: Device used nexi to the ear (Frequency range of 300MHz to
BGHz)", July 2018

€} IEC 62209-2, "Procedure lo 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) KDBB65664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

. mmm.-me“mhmmwwmmnnmw
ﬂmm.ﬂ%mﬂhﬂuwﬂ’mhmmﬁathmmw.

. Mﬂmamnﬂ:TSL'TMMhnw%mathnhhﬂ
pmmmmmmrmarhulmnmm.mmaum-mu
paraliel to the body axis.

. Fm%m-ﬁmtm.-mumm.ummmmwm
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA conneclor 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,

. mm:smmnnmmudmmmm.

. SMW.‘SAanm,wmlhdhmmrpuuroﬁwum-mnm
conneclor,

. MhmmMmm.-mmmdmmthuMh
nominal SAR resull.

Thamumnmmmhwumemumm
Hummn‘mﬂmuﬂtﬁdbyihumhchrh?,ﬂﬂuhh:mmldimﬂm
Corresponds to a coverage probability of approximately 95%.

R ee— e e et
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Measurement Conditions
DASY syslem configuralion, as far as not glven on page 1.
DASY Version DASYS52 52.10.1.1478
Extrapolation Advanced Exlapolalion
Phantom Triple Flal Phanlom 5.1C
Distance Dipole Center - TSL 15 mm wilh Spacer
Zoom Scan Resalutlon dx, dy, dz = 5 mm
Frequency B35 Mz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.,
Temperature Permittivity Conductivity
Neominal Head TSL parametars 220°C 41.5 0.90 mhadm
Measured Head TSL parametors (220+0.2)"C 427 +6 % 0.90 mhoim = 6 %
Head TSL temperature change during test <1,0°GC - e
SAR rasult with Head TSL I
SAR averaged over 1 cm’ (1 g} of Head TEL Condilion
SAR measured 280 W input power 232 m0 g
SAR for nominal Head TSL paramelars normalized to W 231 mW ig £ 18.3 % (k=2)
SAR averaged over 10 o’ (10 g} of Head TSL Condilisn
SAR measured 250 mW inpt power 153 mWig
SAR for nominal Head TSL parameters normalized 1o TW 693 mW fg £ 18.7 % {k=2)
Body TSL parameters
The following paramaters and calculalions weare appiad.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 200 55.2 097 mhofm
Measurad Body TSL parametars (220£0.2)°C 56.0 £ 6 % 1.00 mhoim £ 6 %
Body TSL temperature change during test <4,0°C i i
SAR result with Body TSL
SAR averaged over 1 om’® 1 g} of Body TSL Conditizn
SAR measured 250 mW input power 248 MW i g
SAR for nominal Body TSL parameters normalized o 1W .74 mé 1 & 18.8 % [k=2)
SAR averaged over 10 cm” (10 g) of Body TSL Condillon
SAR measured 250 m\W input power 1.66 mW /g
SAR for nominal Body TSL parameters normalizad o 1W .54 m¥ 1y £ 18.7 % (k=2) |

Certificate No: Z18-00333
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Appendix (Additional assessments outside the scope of CMAS L0O570)

Antenna Parameters with Head TSL

Impedance, transformad to feed polnt | 50.300- 5.880 -i
Return Loas ll - 24 048 |

Antenna Parameters with Body TSL

Impedance, transfermed lo feed point | 46.80- 7.52j0
Roturn Loss | -21.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1.265 ne

After leng larm use wilh 100W radiated power, only a slight warming of the dipole near the fesdpoint can
ba measured.

The dipole is made of standard semirigld coaxial cable. The center conductor of the feeding line is directly
connacted (o he second arm of the dipole. The antenna is therefore short-clrcuited for DC-sighals, On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according to the pasition as explainad in the "Measuremant Conditions” paragraph, The SAR data are not
affected by this change. The overall dipole lenglh is slill aceording o the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the solderad
connactions near the feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG l

Certificate Mo: Z18-60333 Page 4 of &
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DASYS Validation Report for Head TSL Diate; 05.04.201 8

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: dd 141
Communication System: UID 0, CW,; Frequency: 835 MHz; Dty Cyele: 1:1
Medium parameters used: = 8§35 MHz; o = 0.904 Sim; £, =42.71: = 1000 kgfm3
Phantom section: Right Section

DASYS Configuration:

« Probe: EX3DV4 - SN7464; ConvF(10.28, 10.28, 10,28) @ 835 MHz: Calibrated:
91272017

+  Sensor-Surface: Ldmm (Mechanical Surface Detection)

+  Electronics: DAE4 Snl1524: Calibrated: 9/13/2017

o Phantom: MFP_V5.1C ; Type: QD 000 PS1CA: Serial; 1062

= Measurement 8W: DASYS2, Version 5210 (1} SEMCAD X Version 14.6.11
(7439)

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

Reference Value = 57.01 VWim; Power Diift = -0.08 dB
Peak SAR (extrapolated) = 3.49 Wikg

SAR(L g) = 2,32 Wik SAR(I0 ) = 1.53 Wikg
Maximum value of SAR (measured) = 3.10 Wikg

dff

-8.24

<10.30

OB = 3.10 Wikg = 4.91 dBW/kg

Certificate Me: Z18-60313 Page 5 of 4
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Dte: 09062018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: DEISV2: Serial: DE3SV2 - SN: 4d141
Conmunication System: UID 0, CW; Frequency: 835 MHz; Duty Cyele: 131
Medium parameters used: f= 835 MHz; o = 0.998 S/in; &, = 56.04: p = 1000 kg/m3
Phantom section: Center Section
DASY S Configuration;

= Probe: EX3DV4 - SN7464; ConvF(10.21, 10.21, 10.21) (@ 835 MHz; Calibrated:
1202017

«  Sensor-Surface: L Amm (Mechanical Surface Detection)

+ Electronies: DAE4 Snl524; Calibrated: %13/2017

+  Phantom: MFP V5.1C ; Type: QI OO0 PS1CA; Serial: 1062

+  Measurement SW: DASYS2, Version 52,10 (1) SEMCAD X Version 14.6.11
(7439)

Dipole Calibration/Zoom Sean (7x7x7) (Tx7x7)¥Cube &: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Feference Value = 55.80 Vim; Power Dvift = -0.00 B

Peak SAR (extrapolated) = 3.73 Wikg

SAR(1 g) = .48 Wikg; SAR(10 g} = 1.66 Wikg

Maximum value of SAR (measured) = 3.27 Wikg

0 dB =3.27 Wikg = 5.15 dBW/kg

Certificate Mo: Z18-60333 Page T of B
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Impedance Measurement Plot for Body TSL
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M CALIBRATION LABCRATORY % CNAS Pl

Ad: Mo $1 Xuayuun Bosd, Haidinn District, Beijing, 100191, Clina 2, ¥ CALIBRATION
Tek 86-10-62304633-2079  Fu: +86-10-62304633-2504 AN CNAS L0570
Femail; qﬂ@_‘:&-lﬁmll-.n‘rm ]|II||:."|'\.\1\-“'.1‘.‘||in'allL¢n
Client SMQ Cortificate Mo:  218-60334
CALIBRATION CERTIFICATE '
Object DAOOVE - SN:1dOTTF

Calibration Procedure(s) FE-211-003-01

Calibration Procedures for dipole validation kits
Calibration date: September 7, 2018

This calibration Certificate documents the Iraceabilily to national standards, which realize the physical units of
measurements(Sh). The measurameants and (he uncerlainties with confidence probability are given on the following
pages and are part of the cerlificate.

All calibralions have been conducted in the closed laboralory facility: environment temperature(2243)C and
humidity<70%.

Calibration Eguipment used (M&TE critical for calibration)

Prmary Standards D # Cal Date(Callorated by, Cerlificate No)  Scheduled Calibration
Power Meler NRVD 102083 01-Now-17 (CTTL, No.J1TX0B756) Oct-18
Power sensor  MAV-ZS | 100542 01-Mov-17 {CTTL, No.J17X0B756) Oct-18
Referance Probe EX30V4 | 5N 7484 12-8ep-17{SPEAG No EX3-T464_SepT) Sep-18
DAEA SN 1524 13-Sep-17(SPEAG No.DAEA-1524_SepiT) Sep-18
Secondary Standards ID # Cal Date(Calibrated by, Cerlificate No.) Scheduled Calbration
Signal Generator E4438C | MY49071430  23-Jan-18 (CTTL, No.J18X00560) Jan-18
MNetworkAnalyzer ESOT1C | MY46110673  24-Jan-18 (CTTL, No.16X005G61) Jan-19

Marme Funelion Signature

Calibrated by. Zhao Jing SAR Test Engineer ﬁ%

Reviewad by Lin Hao SAR Test Enginaer ' ﬁ? a“ﬁ;

Approwed by: Qi Dianyvan SAR Project Leader AT

Issued: Seplember 10, 2018
This callbration certificate shall not be reproduced except in full without writlen approval of the laboratory.

Cerlificale Mo: Z18-60334 Page | of &
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity In TSL / NORMxy,z
WA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Measurement procedure for assessment of specific absorption rate of human
exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next to the ear (Frequency range of 300MHz to
B6GHz)", July 2016

¢) 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) KDB8E5664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/5 Systam 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 Paramefers 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 ariented
paraliel to the body axis.

s Fead Poinf impedance and Refurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance staled is transformed from the
measurement at the SMA connector to the feed peinl. The Return Loss ensures low
reflected powar. Mo uncertainty required.

+ Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

+«  SAR normalfzed: 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 calculats the
nominal SAR result.

’7T‘ne 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%,

Cenlificate Mo: Z18-60334 Page 2 of 8

Report No.: WT218001358 Page 19 of 73
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Measurement Conditions

DASY system configuration, as Tar as nol given on page 1.

DASY Vearsion DaGYs2 52.10.1.1446
Extrapolation AeedEaondies | |
Phatntom Tiple Fial Phantom 51C | )
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolutlon dx, dy, dz = 5 mm
Frequency 900 MHz £ 1 MHz
Head TSL parameters
The following parameters and caloulations were applied.
Temperature Permitiivity Conductivity
animrm;d TEL paramotors 220°C 4.5 0,97 mha/m
Measured Head TSL parameters (22.0£0.2} °C 42T L6 W 0,97 mhoim + 6 %
Head T5L temperature change during test <1.0°C -
SAR result with Head TSL

SAR aversged ever 1 em” (1 g) of Head TSL Condition

SAR measunad 250 mVy inpud power 26 MW i g

SAR for nominal Head TSL parameters normalizad to 1W 10.9 mw.'g + 18.B % (k=2)

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

SAR measured 250 mW inpul power 174 mW i g

SAR for nominal Head TSL parameters normalized o 1W 7.0 mW g & 18.7 % (k=2)
Body TSL parameters

The foflowing parameders and caloulations were applied.

Temperaturae Parmittivity Conduetivity
MNominal Bady TSL parameters 220°C 55.0 1.05 mhodm
Measured Body TSL parameiers (220:02)°C 655+ 6% 1.07 mhefm £ 6 %
Body TSL temperature change during test <1.0°C “'—- —--

SAR result with Body TSL
SAR avsraged overd e’ (1 g) of Bady TSL ~ Condilion
SAR measuned 250 miWY inpul pewer 285 mW g
SAR for nominal Body TSL parametars normalized bo 1W 11.3 mW ig £ 18.8 % (k=2)
E:n;l‘;ﬂd;“_

SAR measured

250 mW inpuld power

187 mW /g

SAR for nominal Body TSL parameters

narmatized to 1W

7.40 MW Ig £ 18.7 % (k=2)

Cerlificate Mo: Z18-60334

Report No.: WT218001358

Page 1of 8
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Appendix (Additional assessments outside the scope of CNAS LO5T0)

Antenna Parameters with Head TSL

impadance, kanslormed lo feed point | 48,60- 5650
Fetum Loss 1 2¢.648 I
Antenna Parameters with Body TSL
Impedance, transformed lo feed point ] h A5.501- 7.00(0
Retum Loss -21.248
General Antenna Parameters and Design
Electical Delay {one dirmclion) }

1.274 ns

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

be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly
connected to the second anm of the dipole. The antenna is therefore short-circuited for DC-signals. On some
of the dipotes, small end caps are added to the dipole arms in order Lo improve malching when loadead
according to the position as explained in the "Meaasurement Condilions” paragraph. The SAR data are not
affected by this changs. The overall dipole length is still according to the Standard,
Mo excessive force must be applied 1o the dipole arms, because they might bend or the soldered

connections near the fesdpoint may be damaged.

Additional EUT Data

Certificate Mo 71860134 Page 4 of 4

Report No.: WT218001358

SPEAG
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DASYS Validation Report for Head TSL Diate: 09072018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 900 MHz; Type: DIOOVZ; Serial: D00V - 8N: 14077
Communication System: UID 0, CW; Frequency: 900 MHz; Duty Cyele: 1:1
Medium parameters used: =900 MHz; o = 0,066 Sim; &, = 42.67; p= 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

«  Probe: EXIDVA - SNT7464; Convl(10.03, 10,03, 10.03) @@ 900 MHz; Calibrated:
9122017

= Sensor-Surface: Ldmm (Mechanical Surface Detection)

«  Electronics: DAEA Snl524; Calibrated: 971 3/2017

» Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

«  Measurement SW: DASY 32, Version 5210 (1) SEMCAD X Version 14.6,11
(7439

Dipole Calibration/Zoom Scan {Tx7x7) (7TxTx7)/Cube 0: Measurement grid: dx=5mm,
dy=35mm, dz=5mm

Refersnee Valug = 59.93 Vim; Power Dvift = -0.07 dB

Peak SAR (extrapolated) = 4.14 W/kg

SAR(I )= 2.69 Wilkg; SAR(10 g) = 1.74 W/lkg

Maximum value of SAR {measured) = 3.65 Wikg

048 = 3.65 Wikg = 5.62 dBW/kg

Certificate Me: Z18-60134 Page 5 of 8

Report No.: WT218001358 Page 22 of 73
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSI Diate: 09.06,2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 900 MHz; Type: DI00VE; Serial: DYOVE - SN: 1d077
Communication System: UID 0, CW; Frequeney: 900 MHz; Duty Cycle: 1:1
Medivm parameters used: = 900 MHz; o5 = LO71 Sfm; e, = 55.51; p = 1000 kg/m3
Phantom section: Left Section
DASY S Configuration:

«  Probe: EX3IDVA - SN7464; ConvF(10.17, 1017, 10.17) @ 900 MHz; Calibrated:
222017

o  Sensor-Surface: Ldmm (Mechanical Surface Detection)

¢  Electronics: DAE4 Snl524; Calibrated: 91372017

*  Phantom: MEP_V5.1C; Type: QD000 PS1CA; Serial: 1062

«  Measurement SW: DASYS2, Version 52,10 (1) SEMCAD X Version 14.6.11
(7439)

Dipole Calibration/Zoom Scan (Tx7x7) (Tx7x7)/Cube 0: Measurement grid: dx=3mm,
dy=5mm, dz=5mm

Reference Value = 58.25 Y/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 4.35 Wikg

SAR(I g) = 2.85 Wikg; SAR(10 g) = 1,87 Wikg

Maximum value of SAR (measured) = 3,82 Wikg

627

-B.36

-10.45

0 dB = 3.82 Wikg = 5.82 dBW/kg

Certificate No: £18-60334 Page *of &
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Impedance Measurement Plot for Body TSL
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Client SMQ Certificate No: Z20-60038
CALIBRATION CERTIFICATE
Object D1750V2 - SM: 1108
Calibration Procedure(s) FF-Z11-003-01

pages and are part of the certificate.

humidity<70%.

Calibration Procedures for dipole validation kits

Calibration date: January 3, 2020
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurementz(S1). The measurements and the uncertainties with confidence probability are given on the following

All calibrations have been conducted in the closed laboratory facility. environment temperature(22+43)'C and

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Certificate Mo.) Scheduled Calibration
Power Meter  NRP2 106276 11-Apr-19 (CTTL, No.J18X02605) Apr-20
Power sensor  NRPBA | 101388 11-Apr-19 (CTTL, Mo.J18X02605) Apr-20
Reference Probe EX30DV4 | SN 3617 31-Jan-19{SPEAG No EX3-3617_Jan19) Jan-20
DAE4 SM 1555 22-Aug-19(CTTL-SPEAG No.Z18-60285) Aug-20
Secondary Standards D& Cal Date{Calibrated by, Certificate Mo.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-19 (CTTL. No.J19X00336) Jan-20
Networkénalyzer ESO71C | MY46110673  24-Jan-18 (CTTL, No.J18X00547) Jan-20

Mame Function Signature

Gululnd by Zhao Jing SAR Test Engineer D &

Reviewed by. Lin Hao SAR Test Engineer s M

Approved by: Qi Dianyuan SAR Project Leader ._;-;LM«?\L }f -

Issued: January 8, 2020
This calibration cartificate shall not be reproduced except in full withaut written approval of the laboratory.

Certificate No: Z20-60038
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E~mail: ettlmchinattl.com hittpeftwwwchinanlen
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
MN/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 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 BGHz)", March 2010

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

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo unceriainty reguired.

+ 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 fo 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 nomal distribution
Comesponds to a coverage probability of approximately $5%.

Certificate No: Z20-60038 Page 2 of' &
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Measurement Conditions
DASY sysiem configuration, as far as not given on page 1.

| DASY Version DASYS2 V52.10.3
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm wit'h Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
The fallowing parameters and calculations were appliad.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 40.1 1.37 mhao/m
Measured Head TSL parameters {22.0+032)°C 405:6% 1.37 mhofm + 6 %
Head TSL temperature change during test <1.0*C —_ ==
SAR result with Head TSL
SAR averaged over 1 ¢ (1 g) of Head TSL Candition
SAR measured 250 m\W input power B.89 Wikg
SAR for nominal Head TSL parameters normalized fo 1W 35.7T Wikg £ 18.8 % (k=2)
8AR averaged over 10 cm’ (10 g} of Head TSL Condition
SAR measured 250 mW input power 4 .69 Wikg
SAR for nominal Head TSL parameters normalized to 1W 18.8 Wikg * 18.7 % (k=2)

Body TSL parameters
The following parameters and calculatons were applied.
I Temperature Permittivity Conductivity
| Nominal Body TSL parameters 220°C 534 1.48 mha/m
Measured Body TSL parameters (220£02)°C 536+6% 1.50 mho/m + 6 %
Body TSL temperature change during test =1.0°C o —
SAR result with Body TSL
SAR averaged over1 ¢m (1 g) of Body TSL Condition
SAR measured 250 mW input power 923 Wikg
SAR for nominal Body TSL parameters normalized to 1W 36.8 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cm1’ (10 g) of Body TSL Condition
SAR measured 250 m\W input power 4,89 Wikg
SAR for nominal Body TSL parameters narmalized to 1W 19.5 Wikg + 18.7 % (k=2)

Certificate No: Z20-60038

Report No.: WT218001358
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Appendix (Additional assessments outside the scope of CNAS L0O570)

Antenna Parameters with Head TSL

Impadancs, transformed to feed point 49.20- 0.65 0

Return Loss -38.7 dB

Antenna Parameters with Body TSL

[
| Impedance, transformed to feed point 4580-1.02 0

Retumn Loss - 26.8 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.084 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG

Certificate No; Z20-60038 Page 4 of 8
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DASYS Validation Report for Head TSL Date: 01.03.2020

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1108
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1750 MHz; o = 1.365 5/m; & = 40.52; p= 1000 kg/m3
Phantom section: Right Section

DASYS Configuration:

+ Probe: EX3DV4 - SN3617; ConvF(8.38, B.38, 8.38) @ 1750 MHz; Calibrated:
17312019

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

« Electronics: DAE4 Snl555; Calibrated: 8722/2019

+ Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

«  Measurement SW: DASYS52, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 97.57 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 16.7T W/kg

SAR(1 g) = 8.89 Wikg: SAR(10 g) = 4.69 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 54%

Maximum value of SAR (measured) = 13.9 Wikg

dB

-3.39

-6.78

| I“? |
' IIM-

0dB=139 Wikg = 11.43 dBW/kg

-13.57

-16.96

Certificate No: Z20-60038 Page 5 of &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: (11.03,2020
Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1108
Communication System: UID 0, CW; Frequency: 1750 MHez; Duty Cycle: 1:1
Medium parameters used: £= 1750 MHz; o = 1.499 5/m; &, = 53.62; p = 1000 kg/m3
Phantom section: Center Section

DASYS Configuration:

«  Probe: EX3DV4 - SM3617; ConvF(8.03, 8.03, 8.03) (@ 1750 MHz; Calibrated:
1312019

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

« Electronics: DAE4 Snl3555; Calibrated: 8/22/2019

« Phantom: MFP_V3.1C ; Type: QD 000 P51CA; Serial: 1062

+  Measurement SW: DASYS52, Version 52.10 (3); SEMCAD X Version 14.6.13
(T474)

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

Reference Value = 89.57 V/m; Power Drift =0.03 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR(1 g) = 9.23 Wikg; SAR(10 g) = 4.89 Wikg

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

Ratio of SAR at M2 to SAR at M1 = 55.7%

Maximum value of SAR (measured) = 14.2 W'kg
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0 dB = 14.2 W/kg = 11.52 dBW/kg
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Impedance Measurement Plot for Body TSL
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Clent  SMQ Certificate No:  218-80335
CALIBRATION CERTIFICATE
Object D180OV2 - SN: 24171
Caiforaion Procedure(s) FF-Z11-003-01 |

Calibration Procedures for dipole validation kits
Calibration dale: September 12, 2018

This calibration Cedificale documants the Iraceabiity to nallonal standards, which realize the physical units of
measuramants{S1). The messurements and the uncertainbes with confidence probabiily are given on tha following
pages and are pan of the cortificate.

All calibrations have besn conducted in the closoed laboratory facility: environment temporature@213)'C and
husmidity=70%,

Callbration Eduipmant used (MATE erilical for ealibration)

Primary Standands D#e Cal Date(Calibrated by, Carfificale No.) Scheduled Calibration
Power Meter NRVD 102083 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Power sensor NRV-Z5 | 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Referonce Probe EX30V4 | SN 3846 25-Jan-18(SPEAG No EX3-3846_Jan18) Jan-19
DAE4 SNTTT 15-Dac-17(SPEAGNo.DAEA-777_Dec17 Dec-18
_Secondary Standards | IO# __Cai Date{Calibrated by, Certificate No.} Schedulsd Callbration
Signal Genarator E4438C | MY49071430 23-Jan-18 (CTTL, Mo.18X00560) Jan-19
Metwork Analyzer ES07T1C | MY4G6110673  24-Jan-18 (CTTL, No.J18X00S61) Jan-10
MName Function Signatura
Callbrated by Zhao Jing SAR Tost Engineer 44
Reviewed by: Lin Jun SAR Tes! Engineer 4’&1_

Approved by: Qi Dianyuan SAR Project Leader M

Issued: Seplember 16, 2018
|mbcﬂnﬁm1mﬁ=daﬂﬂnﬂhmudmdmﬂhtﬂmm;wmﬂﬂh1mm.
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CALIBRATION LABORATORY
Az Mo, 51 Xueywnn Rosd, Hoddian District, Beijing, 100191, China
Tel; +B6- 10-62 3046132079 Fax: #86-10-62304633-250
E-enail: ciibichinanloom Iittpeffivwwwechinattlon
Glossary:
TSL tissue simulating liquid
ConvF sensitivily in TSL / NORMx,y.2
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 §2208-2, "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) KDBBE5G64, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

¢ Antenna Paramefers 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 Returmn Loss: These paramelers are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

s SAR for nominal TSL paramelers: The measured TSL parameters are used lo calculate the
naminal SAR resuit,

The reported uncertainly of measurement is slated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.
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Report No.: WT218001358 Page 35 of 73



* In Coflaboration with

ITL .

Adld: No,51 Xeeyumn Road, Haidisn District, Bedjing, 100191, China
Tel: +86-10-62 J633-2079 Fa: +Bifie | (62346332504
E-mil: cillf@chinatil.com hatp:ftvowwechinatil.en

Measurement Conditions
DASY syslem configuration, as far as.mt given on page 1.

DASY Versbon | DASYS2 52.10.1.1446
-E:lrap-ululiun : Advanced Extrapalalion N o
Phantom | Triple Fiat Phantom 5.1C
Distance Dipole Conter - TSL : ' | 10 mm with Spacer i
Zoom Scan Resolutlon |  dxdydz=5 mm :
Frequency 1800 MHz + 1 MHz '
Head TSL parameters
The following parameters and calculalions were applied. B
Temperature Parmittivity Conductivity
Mominal Hud TSL par:nmlm 20°C 40.0 1.40 mho/m
Measured Head TSL parameters (220£0.2)°C 406 6% 1.39 mhoim £ 6 %
Head TSL temperature change during test <1.0°C e e
SAR result with Head TSL '
'SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW Inpul power 97T mW fg
SAR for nominal Head TSL parameters nomalized to 1W 38.4 mW ig £ 18.8 % (k=2}
SAR averaged over 10 cm’ (10 g) of Head TSL Condition
' SAR messured 250 m input power 519mWIg
SAR for nominal Head TSL parameters normalized to W | 20.9 mW fg + 18.7 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.

Tomperaturs | Permittivity | Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mhoim
Measured Body TSL plrlm“ll’; (220202)"C 532+6% 1.56 mhoim £ 6 %
Body TSL temperature change during mr <1.0*C | - -

SAR result with Body TSL

SAR averaged over 1 cm’ (1 g) of Body T5L Condilion
SAR measured 260 mW inpul power 10.0mW /g
SAR for nominal Body TSL parameters normalized to W | 3.3 mW ig £ 18.8 % (k=2)
| SAR averaged over 10 cm (10 g) of Body TSL Condition
_SAR measured ﬁl.:rmw input power 538 mWN /g T
iﬁﬁ for nominal Body TSL parameders . normalized o 1W 21.3 mW ig £ 18.7 ‘i {k=2)
Certificate Mo: Z18-60335 Page 3 of & . d
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Appondix (Additional assessmaents outsice the scope of CNAS LOST0)

Antonna Parameters with Head TSL

impadance, rensiosmed 10 ieed point : 49.00- 28810 i
Antenna Parameters with Body TSL
Iimpadance, ransfarmed mu;ﬁm ] 4480 5.:1;: '
Retum Loss ] - 24.148
Genaral Antenna Parameteras and Design
Eloctical Deloy (one dvocton) | o |

After long term wse with 100W radialed powes, only a slight wanming of the dipole near the leedpoint can
bo moasuned.

The dipole s made of standard semingid coaxial cable. The center conductor of the feeding line is direcily
connectéd to the second arm of the dipole. The antenna is tharefore short-circuited for DC-signals. On soma
of the dipoles, amall end caps am added to the dipole arms in order to Improve matching when loaded
according fo the posilion as explained in the “Measurement Conditions™ paragraph. The SAR data are nol
affectad by this changa, The overall dipole length is still according o the Standard.

No excessive force must be appied lo the dipole ams, because they might band or the solderad
connactions near the feedpaint may be damaged.

Additional EUT Data

Manufached by | _ . SPEAG ' |
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DASYS Validation Report for Head TSL [Date: 09.12.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dvipole 1800 Miz; Type: DISDOVZ; Serial: DISOOVY - SN: 2d171
Communication System: UID 0, CW; Frequency: 1800 MHz; Duty Cyecle: 11
Medium parameters used: (= 1800 MHz; o = 1.39 S8/m; & = 40.63; p = 1000 kp/m3
Phantom section; Center Section
DASY S Conliguration:

+ Probe: EX3DV4 - SN3BAG; ConvF(8.22, 8.22, 8.22) @ | 800 MHz; Calibrated:
125/2018

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

+« Electromics: DAE4 Sa777; Calibrated: 127152007

+  Phantom: MFP V5.1C ; Type: QD 000 PSICA; Serial: 1062

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

System Performance Check/Zoom Scan (7x7x7) (Tx7x7YCube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Yalue = 99.67 Viim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 18.2 Wikg

SAR(I g) = 9.77 Wikg; SAR(10 g) = 5.19 W/kg

Maximum value of SAR (measured) = 15.1 Wikg

di [
0

2.4
6.02

-10.24

-13.656

-1 7.06

0dB =151 Wikg = 11.79 dBW/kg
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Impoedance Measurement Plot for Head TSL
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DASYS Validation Repori for Body TSL Date: (19.12.201 8
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1800 MHz; Type: D1800VZ; Serial: DIBDOV2 - SN: 2d171
Communication System: UID 0, CW: Frequeney: 1800 MHz; Duty Cyele: 1:1
Medium parameters used: = 1800 MHz; o= 1.56 8/m; g, = 53.15; p = 1000 kg/m3
Phantom section: Right Section
DASY S Configuration;

« Probe: EX3DV4 - SN1846; ConvF(7.73, 7.73, 7.73) (@ 1800 MHz; Calibrated:
1/25/2018

o Sensor-Surface: 1.dmm (Mechanical Surface Delection)

« Electronics: DAE4 Sn777; Calibrated: 12/15/2017

«  Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

o Measurement SW: DASY 52, Version 5210 (1); SEMCAD X Version 14.6.11
(7439)

System Performance Check/LZoom Sean (7x7x7) (TxTxT)Cube 0: Measurement grid;
dx=3mm, dy=5mm, dz=5mm

Reference Value = 92.91 Vim; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 17.9 Wikg

SAR(1 g) = 10 W/kg; SAR(10 g) = 5.38 W/kg
Maximum value of SAR (measured) = 15.2 Wikg

— —

dB
0

-1.22
-6.43
4,65

-12.86

-16.08

0 dB =152 Wikg = 11.82 dBW/kg
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Impedance Measurement Plot for Body TSL
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Cliant SMQ Cortificate No: Z18-80336
CALIBRATION CERTIFICATE
Object D1800V2 - SN: 5d162
| SAoreion Fricdumiy FF-Z211-003-01

Calibration Procedures for dipole validation kits

Calibration date: September 11, 2018

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

Al calibralions have been conducted in the closed Iaboratory facllily, environment lemperature(2zen T and
humidity<70%.

Calibration Equipment used (MATE crilical for calibration)

Primary Standards D# Cal Date(Calibrated by, Ceriificate No)  Scheduled Calibration
Power Meter NRVD 102083 01-Nov-17 (CTTL, No.JATX08T58) Oct-18
Power sensor  NRV-25 | 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Reference Probe EX30V4 | SN 7464  12-Sep-17(SPEAGNo.EX3-7454_Sep17) Sep-18
DAE4 SN 1624  13-Sep-17(SPEAGNo DAE4-1524_Sepi7) Sop-18
Secondary Standards | 1ID# Cal Date(Callbrated by, Certificate No.)  Scheduled Calibration
Signal Generator E4438C | MY45071430 23-Jan-18 (CTTL, No.J18X00550) Jan-19
NetworkAnalyzer E5071C | MY46110673 24-Jan-18 (CTTL, No.J18X00581) Jan-10

Mame Function Signature
Cabrated by: Zhao Jing SAR Tes! Engnoer 34
Reviewed by: Lin Jun SAR Test Engineer 4[;{,’.

Approved by: Qi Dianyuan SAR Project Leader M—«

Issued: September 16, 2018
This calibration cedificale shall not be reproduced excepl in full without written approval of the laboratory,

Certificate Mo: Z18-60336 Page 1 of &
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lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
MNfA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Measurement procedure for assessment of specific absorption rate of human
exposure lo 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
BGHz)", July 2016

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

d) KDBBG568E4, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpratation of Parameters:

. MMW:FMMMHHHWM#NHIMMMMHM&M
of the cerlificate. All figures stated in the certificale are valid at the frequency indicated.

+ Antenna Paramelers with TSL: The dipole is mounted with the spacer to position ils feed
point exactly below the center marking of the flat phantom section, with the arms orlenied
parallel to the body axis,

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

+ Elecirical Delay: One-way delay between the SMA connector and the antenna feed poinl.
No uncertainty required.

+ SAR measured: SAR measured al the staled antenna input power.

# SAR normalized: SAR as measured, normalized to an input power of 1 W al the antenna
connactor.

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

The reported uncertainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribulion
| Corresponds to a coverage probability of approximately 95%.
L_ p—
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Measurement Conditions
DASY system configuration, as far as nol glven on page 1. :
DASY Version DASYS2 | 52.10.1.1478
- {
Extrapolation Advanced Exirapolalion
Phantom Tripla Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm . wilh Spacer ]
Zoom Scan Resolutlon dx, dy, dz = 5 mm
Frogquancy ‘Hﬁﬁ MHz + 1 MHz |
Head TSL parameters
The faftowing parameters and calculations were applied.
Temperature Permittivity Conductivity
| Nominal Head TSL parameters 220°C 0.0 140mhoim
:ﬂlul’ﬂﬂ Head TSL paramoters (22.0 £0.2) “C 40426 % 1.44 mhm'n 6%
Head TSL temperature change during tost ] <1.0"C asen
SAR result with Head TSL
SAR averaged over 1 cmi’ (1 g) of Head TSL Condition - )
SAR measured 250 mW input power 10 1mW/ig =i
SAR for nominal Head TSL parameters nomalized to W | 30.8 mW /g £ 18.8 % (k=2) |
SAR averaged over 10 em’ (10 g) of Hoad TSL Condition |
SAR measured 250 mW input powes 533 mWig
SAR for nominal Head TSL parametlers normalized to 1W 21.1 mW fig £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculalions were applied.
Temperature Permittivity Conductivity
[ Mominat Body TSL parsmeters 20°C 533 1.52 mhofm
Measured Body TSL parameters [220402)°C | 53346% | 149 mhoim46%
Body TSL temperature change during test <1.0°C . e
SAR result with Body TSL ) T -
| SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 98T mi /g
SAR ;ur nominal Body TSL pa-mmﬂe:rs narmalized o 1W 40.3 mW fg £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL | Condition .
SAR measured | 260 mW input power 538 MW/ g
| SAR for nominal Body TSL paramelers nommalized to W | 20,7 mW Ig £ 18.7 % (k=2) |

Certificate Mo: Z18-60336
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, Irum‘nrme.u:l to feed paoint 54.00+ 5.00)0

Return Loss -24.2d8 [
Antenna Parameoters with Body TSL

Impedance, transformed 1o feed point 48,40+ 50340

Return Loss - 25.4dB
General Antenna Parameters and Design

Electrical Delay (one direction) . 1.061 ns ]

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly
connected (o the second arm of the dipole. The antenna is therefore short-circuited 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 Condilions” paragraph. The SAR data are not
affected by this change. The overall dipale length is still according fo the Standard,

Mo excessive force must be applied o the dipole arms, because they might bend or the soldered
connections near ihe feedpoint may be damaged.

Additional EUT Data

[_uumranuumd by SPEAG
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DASYS Validation Report for Head TSL Diate: 09 102018
Test Laboratory: CTTL, Beijing, Ching
DUT: Dipale 1900 MIz; Type: DI900YV2; Serial: DI90GV2 - SN: 54162
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cyele: 141
Medium parmmeters used: (= 1900 MHz; o = 1.438 S/m; ¢, = 40.17; p = 1000 kpim3
Phantom section: Center Section
DASYS Configuration:

# Probe: EXIDV4 - SNT464; ConvF(B.19, 8.39, 8.39) @ 1900 MHz Calibrated:
O 272017

+  Sensor-Surface: | Amm (Mechanical Surface Detection)

s Electronics: DAR4 Snl524; Calibeated: 9132017

*  Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

o Measurement SW; DASYS2, Version 52,10 (1 % SEMCAD X Version 14.6,11
(T439)

System Performanee Cheek/Zoom Sean (Tx7x7) (Tx7x7)Cube 0: Measurement grid;
d=3mm, dy=5mm, dz=5mm

Reference Value = 97.60 Vim; Power Deft = -0.04 dB

Fenk SAR (extrapolated) = 19.0 Wikg

SAR(L g) = 10,1 Wik SAR{10 g) = 533 Wikg

Maximum value of SAR (memsured) = | 5.8 Wikg

“6.09
-10.34

-13.78

&

-17.23

G dB = 15.8 Wikg = 11.99 dBW/kg

Cerlificate No: 718-60336 Pagie 4 of &
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Impedance Measurement Plot for Head TSL

wri w1 Log Meg 10, SR ReT 60060 [F1T

W0 ST TTieh060 G - 1N 4

a0, 00
0,00
i 00
id. oD
o, coo
-1, 60
-1, B
= 0
- G

-4, o Y
P 51n mmirh Qe dad seals 4.0000 [F1 oel)

31 LOOMSSO0 Gy TA.066 0 4.0 @ A8 TO-g =

1 e LFOe MWD

Certificale No: Z18-60036 Poge 6 of 8

Report No.: WT218001358

-HH“-"I

Page 47 of 73



CALFRATION LADCRATORY

r'\‘ In Collaboration with
=77y, S b e a g

Addl: Na.3 | Xuoysus Rosd, abdiss Disieice, Peljsmg, 100090, e
Tek: R W62 104613 - 209 Fa: +86-10-62 MR 633-2504
Femall. enladchinainl. cosm Ml Awonew chinail] on

DASYS Validation Report for Bady TSI Dhate- 09.10,2018
lest Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900Y2; Sevial: DIMOYV2 - SN: Sd162
Communication System: UID 0, CW, Frequency: 1900 Mitz, Duty Cyele: 131
Medivm paramelers used: [= 1900 MHz;, o = 1.493 8/m; ¢, = 53,34; p = 1000 kg/ml
Phantom section: Right Section
DASYS Configuration:

«  Probe: EXIDVY - SNT464; ConvF(8,32, B.32, £.32) @ 1900 MHz: Calibrated
W22017

s Sensor-Surface: | 4mm (Mechanical Surface Defection)

« Electronics: DAE4 Snl524; Calibrated: 9/13/2017

¢ Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

+  Measurement 8W: DASY 52, Version 52,10 (1) SEMCAD X Version 14.6.11
(7419))

System Performance Cheek/Zoom Sean (7x7x7) (7x7x7WCube 0: Measurement grid:
dhe=5mm, dy=5Smm, dz=5mm

Reference Yalue = 94.26 Vim; Power Drifl = -0,07 dR

Peak SAR (extrapolited) = 17.5 Wikg

SAR(T g) =997 Wikg: SAR(10 g) = 5.38 Wikg

Maximum value of SAR (measured) = 15.0 Wikg

-1.14
-6.28

«-ﬂ'“ﬁinb

-12.56

| L.
15.70 | 3 =
0dB =150 Wikg = 11.7T6 dBW/kg

Certilicale Mo; £18-60336 Page Tof 8

Report No.: WT218001358 Page 48 of 73



¥ i Collabomtion with
S P e a g
7. CALIBRATION LABORATORY

Add: No. 51 Xucyuan Rosd, Heidian Disieier, Beifing, 100191, Ching
Tel: +R&-10-62 30463 1- 2079 Fax: 486 10-62 9046332504
Eeanall; catbigichimatt], com Tritpa:rwow chdnanl on

Impedance Measurement Plot for Body TSL
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Client SMa Certificate No:  Z20-8003%9
CALIBRATION CERTIFICATE
Object D2300V2 - SN 1034
Calibration Procedure(s) FF-211-003-01

Calibration Procedures for dipole validation kits

Calibration date: January 2, 2020

This calibration Certificals documents the traceabillty o national standards. which realize the physical units of
measurements(Si) The measuremants and the uncarainties with confidence probability are given on the following
pages and are part of the cerificate

All calibrations have been conducted in the closed laboratory facility. envircnment temperature(22:3)T and
humidity<70%

Calibration Equipment used (MATE critscal for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 106276 11-Ape-18 (CTTL, No.J19X02805) Apr-20
Power sansor  NRPEA, 101388 11-Apr-18 (CTTL, No.J18X02805) Apr-20
Reference Probe EX30V4 | SN 3817 31-Jan-18(SPEAG No.EX3-3617_Jan18) Jan-20
DAE4 SM 1555 22-AUg-19(CTTL-SPEAG No.Z 18-80285) Aug-20
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Schaduled Callbration
Signal Generator E4438C | MY48071430 23-Jan-18 (CTTL, No.J16X00238) Jan-20
NetworkAnalyzer ESOTIC | MY4B110673  24-Jan-18 (CTTL, No.J18X0054T) Jan-20

Name Function Signature

Cafibrated by- Znao Jing SAR Test Engineer o, s [:ﬁ

Reviewed by. Lin Hao SAR Test Engineer = aﬁiﬁ;

Approved by Qi Dianyuan SAR Project Leader _.#:-;‘.W

Issued: January 8, 2020
This calibration cerfificate shall nol be reproduced except in full without written approval of the taboratory.

Certificate No: Z20-60039 Page 1 of 8
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Add: No.31 Xuevuan Road, Hasdian District, Beljing. 100191, China

Tel: +B6-10-623 0463 3-2079 Fn: +B6- 10-62MHA53-20904

E-mall: exldchinan] com g wwschisand.cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx v,z
MNIA 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 Technigques®, June 2013

b) IEC 62208-1, *“Measurement procedure for assessment of specific absorption rate of human
exposure o radio frequency fields from hand-held and body-mounted wireless
communication devices- Part 1: Device used next o the ear (Frequency range of 300MHz to
BGHz)", July 2018

¢) 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 ta BGHz)", March 2010

d) KDBBE5664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Meathods Applied and Interpretation of Parametars:

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

s Antenna Parametars 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.

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

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

o 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
conneclor.

o SAR for nominal TSL parameters. The measured TSL parameters are used fo calculate the
nominal SAR resull.

The reported uncertainty of measurement is slated as the standard uncerainty of
Measurement multipied by the coverage factor k=2, which for a nomal distribution
Comesponds o a coverage probability of approximately 95%.

Centificate No: Z20-60039 Page 2 of &
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Tel: +B6-10-ET304633-2079

Foi: + 8- | D82 3046332504

F-mail- cniackinaml com hitp ! wwew: chimamd €n
Measurement Conditions
DASY system configuration, 55 f8r 35 not given on page 1
DASY Version DASYS2 V52.10.3
Extrapolation Advanced Extrapoistion
Phantom Triple Flat Phamtom 51C
Distance Dipoke Center - TSL 10 mm with Spacer
Zoom Scan Resolution . dy, dz =5 mm
Freguency 2300 MHz = 1 MHz
Head TSL parameters
Tha 1 calculations wore apphod
Temperatura Parmittivity Conductivity
Mominal Head TSL parameters 220°C 385 1.67 mho/m
Measured Head TSL parameters 220402 °C 3W3I£8% 1.84 mho/m £ 8 %
Head T5L temperature change during test =1.0*C — =
SAR result with Head TSL
SAR sveraged over 1 cm’ {1 g) of Head TSL Condtian
SAR measured 250 miW input power 11.8 Wikg
SAR for nominal Head TSL parameters. nomalized o TW 47.5 Wikg = 18.8 % [k=2)
| SAR avoraged over 10 i’ (10 g) of Head TSL Condition
SAR measured 250 W input power 557 Wikg
SAR for nominal Head TSL parameters nomaiized o W 224 Wikg £ 18.7 % (k=2)
Body TSL parameters
Tha foliowing parameters and cakculations wen applied
Temparatuwrs Permittivity Conductivity 1
Mominal Body TSL paramatsrs Hﬂ:ﬂ- . 528 181 mha/m
Measured Body TSL parameters (220202)"C 523:8% 1.83 mhaim + & %
L‘W"meﬂ"ﬁuhﬂ «<1.0°C —— e
SAR result with Body TSL
| SAR averaged over 1 ci’ (1 g) of Body TSL Condition
SAR measured 250 W input power 120Whg
SAR for nominal Body TSL parameters normalized o 1W 476 Wikg £ 18.8 % (=2}
SAR averaged over 10 ¢m’ (10 g) of Bady TSL Condition
SAR measured 250 mW nput power 5.70 Wikg
BAR for nominal Body TSL parameters normalized to 1W 21T Wikg 3 18,7 % (k=2)

Certificate No: 220-60039
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antanna Parameters with Head TSL

Impadance, ransformed o fead point 48 40- 3180
Raturn Loss - 28.6dB

Antenna Parameters with Body TSL

Impedance, transformed io feed point 45 40- 2 690
Raturn Loss - 25 1dB

General Antenna Parameters and Design

Electrical Detay (cno direction) | 1.033 ns

After |ong term use with 100W radiated power, only & slght warming of the dipole near the feedpoint can
be measured

The dipole is made of standard semirigid coaxial cable. The cenler conductor of the feeding line is directly
connected to the second am of the dipole. The antenna is therefore short-circuited for DC-signais. On some
artmm.mendmpumamtow;dipnlnammmtninwmmmwmmdud
according lo the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
Mbymhmmo.TMMImmuﬁllmmﬁhgmmSmn

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

Additional EUT Data

Manufactured by SPEAG

Certificate No: Z20-60019 Poge 4 ol 8
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DASYS Validation Report for Head TSL Date: 01.02.2020
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN: 1034
Communication System: UID 0, CW; Frequency: 2300 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2300 MHz: o = 1.644 S/m; &, = 39.26; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

+ Probe: EX3DV4 - SN3617; ConvF(7.74, 7.74, 7.74) @ 2300 MHz; Calibrated:
1/31/2019

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

« Electronics: DAE4 Snl555; Calibrated: 8/22/2019

« Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

«  Measurement SW: DASYS2, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474}

Dipole Calibration/Zoom Scan (7x7x7) (Tx7x7VCube 0: Measurement grid: dx=5mm,
dy=3mm, dz=5mm

Reference Value = 101.4 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 24.4 Wkg

SAR(1 g) = 11.8 W/kg; SAR(10 g) = 5.57 W/kg

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

Ratio of SAR at M2 to SAR at M1 = 48.7%

Maximum value of SAR (measured) = 19.7 Wikg

0dB =19.7 Wikg = 12.94 dBW/kg

Certificate No: Z20-60039 Page 5of's
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.02.2020
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2300 MHz; Type: D2I00VI; Serial: D2300VI - SN: 1034
Communication System: UID 0, CW; Frequeney: 2300 MHe; Duty Cycle: 1:1
Medium parameters used: = 2300 MHz; a = |.828 S/m; & = 52.26; p = 1000 kg'm3
Phantom section: Right Section
DASY S Configuration:

+ Probe: EX3DV4 - SN3617; ConvF(7.84, 7.84, 7.84) @ 2300 MHz: Calibrated:
1/31/2019

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

s  Electronics: DAE4 Snl5535; Calibrated; 822/2019

» Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

+  Measurement SW: DASY 52, Version 52.10(3); SEMCAD X Version 14.6.13
(7474)

Dipole Calibration/Zoom Scan (7x7x7) (Tx7x TWCube 0: Measurement grid: dx=Smm,
dy=5mm, dz7=3mm

Reference Value = 98.06 V/m: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 23.9 Wikg

SAR(] g) =12 Wikg: SAR(10 g) =57 W/kg

Smallest distance from peaks o all points 3 dB below = £.2 mm

Ratio of SAR at M2 10 SAR at M1 = 51.1%

Maximum value of SAR (measured) = 19.6 Wikg

dB
o

-4.20

.41

-12.61

-16.82

-21.02
0dB=19.6 Wkg = 1292 dBW/kg

Centificale Mo #20-60039 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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Client SMQ Cortificate No:  Z18-60338
CALIBRATION CERTIFICATE
Object D2450V2 - SN: 618
N 0o FF-211.003-01
Calibration Procedures for dipole validation kils

Calibration date: August 31, 2018

This calitration Cerlificale documenis ithe iraceability to national standards, which realize ihe physical units of
measirements{S(). The measurements and tha uncertainiies wilh confidence probability are given on the following
pages and are part of the carliicals.

All calibrafions have been conducted in ihe closed laboratory facility: emironment lemperature(?2+3)C and
humiddity<70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D# Cal Date(Calibrated by, Cerlificate No)  Scheduled Calibration
Power Meter  NRVD 102083 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Power sensor NRV-Z5 | 100542 01-Nov-17 (CTTL, No.J17X08756) Oct-18
Relerence Probe EX3DV4 | SN 7464 12-Sep-17(SPEAG No EX3-7484_Sep17) Sep-18
DAEA SN 1524 13-Sep-17(SPEAGNo.DAE4-1524_Sep17) Sep-18
Secondary Standards D# Cal Date(Calibraled by, Cerlificate No.)  Scheduled Calibration
Signal Generalor E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-18
NetworkAnalyzer ES071C | MY46110673  24-Jan-18 (CTTL, No.J18X00561) Jan-19

MName Function 5
outea by: Zhao Jing SAR Test Engineer ﬁ b
Reviewed by: Lin Hao SAR Test Engineer 1ﬁ:F #}

Approved by Qi Dianyuan SAR Project Leader M

lssued: September 3, 2018
This calibration coertificate shall nol be reproduced excepl in full without writlen approval of the laboralory.

Certificate No: 718-60338 Page 1 of 8
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Add: Wo.51 Xueyunn Rosd, Haidisn District, Beijing, 100191, China
Tek +Bis-10-62304633-2079 Fax: +86-10-62304631-2504

Femuail: citl@ chinaileanm ItigetiwwweehinaiiLen
Glossary:
TSL tissue simulating liguid
ComvF sansitivity in TSL / NORMx,y,z
MiA not applicable or nol measured

Calibration is Performed According to the Following Standards:

a) |[EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-fveraged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, 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 6GHz)", March 2010

d) KDB8B5664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
&) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further delails are available from the Validation Report at the and
of the cerificate. All figures stated in the cerlificate are valid at the frequency indicaled.

« Anienna 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 criented
parallel to the body axis.

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

» Elactrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncerainty 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 reporied uncertainly of measurement is stated as the standard uncerainty of
Measurement multipiied by the coverage factor k=2, which for a nomal distribution
Corresponds to a coverage probabilily of approximately 85%.

Centificate No: Z18-60138 Page 2ol &
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Add: Mo 51 Xueywan Hoad, Haidian District, Beijing, 100091, China
Tel: +86- 10-6234633- 2079 Pz +R6-10-62 30461 3-2504
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Centificate Mo: £18-60338

Measurement Conditions
DASY systam configuration, as far as nol given on page 1. .
DASY Verslon DASYS2 52.10.1.1476 |
Extrapolation Advanced Exirapotation |
Phamntom Tripbe Flat Phaniom 5.1C |
Distance Dipole Center - TSL 10 mm wilh Spacar .
Zoom Scan Resolution d, dy, dz = 5 mm I
Frequency 2450 MHz £ 1 MHz
Head TSL parametars
The following paramedars and calculalions were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL paramoters 220°C a2 1.80 mho/m
Measured Head TSL parameters 2002 C BELER 1.80 mhoim £ 6 %
Head TSL temperature change during test <1.0°C e —
SAR result with Head TSL -
SAR averaged over 1 cm® (1 g of Head TSL Condition
SAR measurad 250 mW inpul power 133mWig
SAR for nomanal Head TSL parameters noimakized lo 1W 53.1 mW /g £ 18.8 % (ke=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Gondition
SAR measured 250 mW inpul power G19mW /g
SAR for nominal Head TSL paramislers. normalized to 1W 24.7T mW fg £ 18.7 % (ke2)
Body TSL parameters
Tha following paramelbers and calculalions were applied. o
Temperature Permittivity Conductivity
Hominal Body TSL parameters 2.0 5.7 1.95 mhalm
Measured Body TSL paramaters (22002 *C 523+8% 1.98 mihodm + B %
Body TSL temperature change during test <1.0°C —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.0mWig
SAR for nominal Body TSL parameters normalized lo 1W 51.6 mW Ig £ 18.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW inpul power B13mW /g
SAR for nominal Body TSL paramebers normalized o 1W 24.4 mW g £ 18.7 % (k=2)
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Appendix (Additional assessments outside the scope of CNAS LO5STO0)

Antenna Parameters with Head TSL

] Impedance, Iransformed to feed point 53,40+ 3630
I Reluin Loss - 26.4dB

Antenna Parameters with Body TSL

Impedance, transformed to feed poit IB.IG_{H 5.36)00
Retun Loss - 26.4dB

General Antenna Parameters and Design

Electrical Delay (one dirsction) ‘ | 1.027 ns _J

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

The dipale is made of standard semirigid coaxial cable. The center conductor of the feeding line is direcily
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 dipode arms in order o improve matching when loaded
according to the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipole langth is sfill according to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered
conneclions near the feedpoint may be damaged.

Additional EUT Data

Manulactured by SPEAG
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idation Report for Head TSL Diate: 08.31 2018

Test Laboratory: CTTL, Beijing, China
IVUT: Dipole 2450 MHz; Type: D245S0VE; Serial: DI4S0VI - SN: BI18

Commun

Medium

Phantom
DASYS Con

Dipole Calibration/Zoom Scan (7x7x7) (T 72 7)Y Cube 0: Measurement grid: dx=Smm,

ication System: UID 0, CW; Freguency: 2450 MHzx; Duty Cycle: 121
parametors used: [= 2450 MHz; a = [ .B02 5/m; g; = 38.84; p = 1000 kg/m3

section: Right Section
ifiguration:

Probe: EXIDV4 - SN7464; ConvF(7.89, 7.89, 7.89) @ 2450 MHz; Calibrated:

9122017

Sensor-Surfnce: | dmm (Mechanical Surface Detection)

Electronics: DAE4 Snl324; Calibrated: 971 32017

Phantom: MFP_V5.1C ; Type: QD 000 PS1CA; Serial: 1062

Measurement SW: DASYS2, Version 52,10 (1); SEMCAD X Version 14.6.11
(7439)

dy=5mm, dz=5mm

Reference Value = 100.2 Vim; Power Diift = 0,04 dB
Peak SAR (extrapolated) = 27.7 Wikg

SAR( gh= 13.3 Wikg: SAR(ID g) = 6,19 Wik

Maximum value of SAR (measured) = 22.4 Wikg

‘.

-i. 32

B.h4

12.96

17.28

21,60 L.

0 dB = 22.4 W/kg = 13.50 dBW/kg
Centificate Mo: ZIR-60118 Page 5 of &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 08.30.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Sevinl: D2450V2 - SN: 818
Communication System; UID 0, CW; Frequency: 2450 MHz; Duty Cyele: 1:]
Medium parameters used: = 2450 MHz; o = 1.982 8/m; &, = 52.34; p = 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

o Probe: EX3DV4 - SMN7464; ConvF(£.09, 8.09, 8.09) (@@ 2450 MHz; Calibrated:
HI22017

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

« Electronies: DAE4 Snl 524; Calibrated: 9/13/2017

«  Phantom: MFP V5.1C y Type: QD 000 PS1CA; Serial; 1062

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

Dipole Calibration/Zoom Scan (Tx7x7) {TaTa7)Cube 0: Measurement grid: dx=5mm,
dy=5mm, de=5mm

Reference Value = 98.69 Vim; Power Drift = -0,03 dB

Peak SAR {extrapolated) = 26,4 Wikg

SAR(L g} = 13 Wokg; SAR(LD g) = 6.13 Wik

Maximum value of SAR {measured) = 21.4 Wikg

di
0

-4.16

-8.32

-12.48

-16.64

L

-20.80

it =204 Wikg = 13.30 dBW/kg

Certificate Mo: 71 B-60338 Page 7 of §
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Impedance Measurement Plot for Body TSL
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Client SMQ Certificate No:  Z20-80040
CALIBRATION CERTIFICATE
Object D2B00VZ - SN 1074
Calibration Procedurais) FF-Z11-00301
Calibration Proceduras for dipole validaton kits
Calibration date: January 2, 2020

This calibration Cerificate documenis the raceabllity 1o national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the carificate.

All calibrations have been conducted In the closed laboratory facdity. environmen! lemperalure22:3,C and
humidity=70%.

Calipration Equipment used (MATE criical for calibration)

Primary Standards D& Cal Date({Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRPZ 108278 11-Apr-18 (CTTL, No J18X02605) Apr-20
Poweer senaor  NRPGA 101388 11-Apr-18 (CTTL, No. J18X02608) Apr-20
Reference Probe EX30V4 | SN 3817 1-Jan-18{SPEAG No.EX3-3817_Jan18) Jan-20
DAE4 SN 1555 22-Aug-18{CTTL-SPEAG No Z18-60285) Aug-20
Secondary Standards 1D # Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY48071430 23-Jan-18 (CTTL, Mo J18X00336) Jan-20
Network Analyzer ES0T1C | MY48110673  24-Jan-18 (CTTL, No.J18X00547) Jan-20

Name Function Sigratura

Calibrated by Zhaa Jing SAR Test Engineer _ 2

Reviewed by Lin Hao SAR Test Enginesr ~,—;.f1§F,}‘f;'\ =

Approved by Qi Dianyuan SAR Project Leader .5.:!2,5; Lﬂ/{ o

Issued: January B, 2020
This calibeation canificats shall not be repmduced except in full without written approval of the laboratory,

Centificale No: F20-60040 Page 1 of 8
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx, v,z
N/& 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
BGHz)", July 2016

c) IEC 62208-2, "Procedure o measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
J0MHz to 6GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Mathods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the and
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 paramelers 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
Cormesponds to a coverage probability of approximately 85%,

Cerificate No: Z20-60040 Page 2ol 8
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Meaasurement Conditions
DASY system configuration. as far as not gven on page 1
DASY Version DASYSZ V52103
Extrapolaticn Advancad Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spaces
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2800 MHz + 1 MHz
Head TSL parameters
The follpwing parameters and calculations were appied .
Temperature Permittivity Conductivity |
Nominal Head TSL parameters 20 380 1.88 mhaoim
Measured Head TSL parameters (Z20%£02)"C BS5+6% 1.84 mho/m £ 8 %
Head TSL temperature change during test <1.0°C e e
SAR result with Head TSL
SAR averaged over 1 cm’ (1.g) of Head TSL Condition
SAR measurad 250 mW inpul power 14.2 Whkg
SAR for nominal Head TSL parameters normalized to 1W 56.5 Wikg £ 18.8 % (k=2)
SAR averaged over 10 cmi’ (10 g} of Head TSL Condition
SAR measured 250 mW input power 6.29 Whg
SAR for nominal Head TSL paramaters nommalized to 1W 25.2 Wikg £ 18.7T % (k=2)
Body TSL parameters
The i appled
Temporature Parmittivity Conductivity
Nominal Body TSL parameters 220'C 525 2.18 mhaim
Measured Body TSL parametors (220:02)°C 527+8% 215mha'm + 8 %
Body TSL mmperature change during tost =1.0*C - —
SAR result with Body TSL
SAR averaged over 1 cm' (1 g) of Body TSL Condition
SAR measurnad 250 mAY input power 13.6 Wiy
SAR for nominal Body TSL parameters nommalized o 1TW 4.8 Wikg £ 188 % [k=2)
SAR sveraged over 10 cmt’ (10 g) of Body TSL Condition
SAR maasured 250 mW inpul powesr 8,02 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 24.1 Wikg t 18.7 % (k=)

Certificate No: Z20-60040
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Paramaters with Head TSL

Impedanca, transformead to fesd pont 45.10- B.85{0 |

Fiaturn Los . 23,128 :
Antenna Parameters with Body TSL

impedance, transformed to feed pont 46,20 5 65i0 ;

Return Loss - 23.0d8 |
General Antenna Parameters and Design

Electrical Detay jone direction) 1012 ns |

After long ferm wse with 100V radiated power, only & 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
connecied to the second arm of the dipole. The antenna is therefore shor-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 date are not
affected by this change. The overall dipole length is =till according to the Standard.
Mo excessive force must be applied to the dipols arms, because they might bend or the soldered
connactions near the feadpaint may be damaged,

Additional EUT Data

Manufactured by

Certificate No: Z20-60040
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DASYS Validation Report for Head TSL Date: 01.02.2020
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600VZ; Serial: D2600V2 - SN: 1074
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: = 2600 MHz; o = 1.943 S/m; g, = 38.52; p= 1000 kg/m3
Phantom section: Center Section
DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(7.19, 7.19, 7.19) i@ 2600 MHz; Calibrated:
1/31/2019

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

« Electronics: DAE4 Snl555; Calibrated: 8/22/2019

s  Phantom: MFP_V3.1C ; Type: QD 000 P51CA; Serial: 1062

+  Measorement SW: DASYS2, Version 52,10 (3): SEMCAD X Version 14.6.13
(T474)

Dipole Calibration/Zoom Scan (7x7x7) (7Tx7x7)/Cube 0: Measurement grid: dx=3mm,
dy=5mm, dz=5mm

Reference Value = 103.8 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.9 W/kg

SAR(1 g) = 14.2 Wikg; SAR{10 g) = 6.29 W/kg

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

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

Maximum value of SAR (measured) = 24.4 W/ke

0 dB =24.4 Wkg = 13.87 dBW/kg

Certificate Mo: Z20-60040 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 01.02.2020
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1074
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2600 MHz; o = 2,145 S/m; & = 52.74; p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

= Probe: EX3DV4 - SN3617; ConvF(7.49, 7.49, 7.49) (@ 2600 MHz; Calibrated:
1/31/2019

»  Sensor=Surface: 4nun (Mechanical Surface Detection)

« Elecironics: DAE4 Sn1555: Calibrated: 8/22/2019

o Phantom: MFP_V5.1C ; Type: QD 000 P51CA; Serial: 1062

»  Measurement SW: DASYS2, Version 52.10 (3); SEMCAD X Version 14.6.13
(7474)

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

Reference Value = 9500 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.02 W/kg

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

Ratio of SAR at M2 to SAR at M1 =47 2%

Maximum value of SAR (measured) = 23.4 Wikg

dB
0

-#.62

-9.25

-13.87

-18.50

-23.12

0dB =234 Wkg =13.69 dBW/kg
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Impedance Measurement Plot for Body TSL
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