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Add: No 51 X Rewd, Hiaidian Disirict, Beijing, 100191, Chima %, CALIBRATION
Tek 406106006030 Fex. 186.10- 623046112504 {,/,f,—ﬁ,\,\s‘ CNAS LD570
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Client SMQ Certificate No:  Z17-97005
CALIBRATION CERTIFICATE
Object D750V3 - SN: 1103
Calibration Procedure(s) FD-Z11 g

ﬁl in Collaboration with o “I" " ,,," ' AT
M%CNAS&HM

Calibration Procedures for dipole validation kits

Calibration date: January 10, 2017

This calibration Certificate documents the traceabllity to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following
pages and are parl of the certificale.

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

Calibration Equipment used (M&TE crilical for callbration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration
Power Meter NRP2 101919 27-Jun-18 (CTTL, No.J16X04771) Jun-17
Power sensor NRP-291 | 101547 27-Jun-16 (CTTL, No.J16X04771) Jun-17
Reference Probe EX30V4 | SN 7307 19-Feb-16(SPEAG No.EX3-7307_Feb16) Feb-17
DAE4 SN 771 02-Feb-16(CTTL-SPEAGN0.216-97011) Feb-17
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.)  Scheduted Calibration
Signal Generator E4438C | MY49071430  01-Feb-16 (CTTL, No.J16X00893) Jan-17
Network Analyzer E5071C | MY46110673  26-Jan-18 (CTTL, No.J16X00894) Jan-17
Name Function Signature
Callbrated by: Zhao Jing SAR Test Engineer { Z,
Raviewad by: Qi Dianyuan SAR Project Leader —Sr .
Approved by: Lu Bingsong Deputy Director of the laboratory ‘nM(fZ
Issued: January Jz 2017

This calibration certificate shall not be reproduced except in full without written approvai of the laboratory.
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In Collsboration with

Add: No.51 Xucywan Road, Haidian District, Befjing, 100191, China
Tek 186-10-62304633-2079 Fax: 186-10.62304633-2504

E-mail: ctilgdchinatt).com Itpivevew chinail en
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |[EEE Std 1628-2013, "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, “Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximily to the ear (frequency range of 300MHz to 3GHz)", February
2005

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) KDBB65664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/5 System Handbook

Mothodl Applied and Interprotation 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 Refurn 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 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.

e SAR normalized: 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 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: Z17-97005 Page2ofs
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Add: No.5| Xeeywan Road, Haidlan Disteict, Beijing, 100191, China
Tek: +86-10-62304633-2079 Fax: +86-10-52304633-2504

E-mail: cttig@chinantl.com htipeffwwvechinatil cn
Measurement Conditions
DASY systom configuration, es fer 3 hot given on page 1.
DASY Version DASY52 52.8.8.1258
Extrapolation Advanced Extrapolation
Phantom Triple Fist Phantom 5.1C
Distance Dipole Centar - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 750 MHz £ 1 MHz
Head TSL parameters
The fo s and calcutations wera applied.
Temporature Parmittivity Conductivity
Nominal Head TSL parametors 220°C 419 0.89 mho/m
Measured Head TSL parameters (22.0£0.2)"C 409+6% 0.87 mho/m + 8 %
Head TSL temperature change during test <1.0°'C - —ee
SAR result with Head TSL
SAR avoraged over 1 cni’ (1 g) of Head TSL Condition
SAR measwed 250 mW input power 205mW/g
SAR for nominal Head TSL paremelers normalized to 1W 8.29 mW /g + 20.8 % (k=2)
SAR avoraged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 260 mW input power 1.37mW/g
SAR for nominal Head TSL parameters nomalized to 1W 5.53 mW /g £ 20.4 % (k=2)
Body TSL parameters
The and were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.98 mho/m
Measured Body TSL parameters (220402)°C 65646 % 0.94 mho/m £ 8 %
Body TSL temperature change during test <1.0°C e e
SAR result with Body TSL
SAR averaged over 1 cm’ {1 g) of Body TSL Condition
SAR measurad 250 mW Input power 218mW/g
SAR for nominal Body TSL parameters normalized to TW 8.89 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢’ (10 ) of Body TSL Condiffon
SAR measured 260 mW input power 1.47 MW /g
SAR for nominal Body TSL parameters normalized to 1W 6.97 mW /g £ 20.4 % (k=2)
Certificate No: Z17-97005 Page 3 of
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Add: No.$1 Xueyunn Road, Haidian District, Beijing, 100191, China
Tek +86-10.6204633-2010  Fax: +86-10-62304633-2504
L-mil. ctligchinattl com stp-vewvw.chiesastl en

Appendix

Antenna Parameters with Head TSL

Impedance, ransformed 1o feed point 52.00- 3.23)0
Retuen Loss -28.6d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 49.10- 3.34)0
Roturn Loss -201¢8

General Antenna Parameters and Design

Electrical Delay (one direction) | 113908 I

After long term use with 100W radiated power, only a siight 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 10 improve matching when loaded
according fo 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: Z17-97005 Page 4ol 8
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In Collaboration with
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Add: No. S| Xueywan Hoad, Huidian District, Beijing, 100191, Ching
Tel; +86-10-62304633-207%9 Fa: +86-10-62304633-2504
Hemmik: cttdggchioattl com htipefhwwechvinattlon

DASYS Validation Report for Head TSL Date: 01,10.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1103
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Medium parameters used: =750 MHz; o = 0.871 S/m; &, = 40.92; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)
DASYS Configuration:

+ Probe: EX3DV4 - SN7307; ConvF(10.47, 10,47, 10.47); Calibrated: 2/19/2016;

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

o Electronics: DAE4 Sn771; Calibrated: 2/272016

« Phantom: Triple Flst Phantom 5.1C; Type: QD 000 P51 CA; Senial: 1161/1

»  Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

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

Reference Value = 53,76 Vim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 2,98 Wikg

SAR(1 g) = 2.05 Wikg; SAR(10 g) = 1.37 Wikg

Maximum value of SAR (measured) = 2.68 Wikg

-3.92
-5.88
-7.864
) ‘_ ’
980 | v = ﬁ
0dB = 2.68 Wikg = 4,28 dBW/kg
Certificatc No: Z17-97005 Page sof &
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Add: No.51 Xucywan Hoad, Haldban Disirics, Beijieg, 100191, China
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Impedance Measurement Plot for Head TSL
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Add: No. ST Xueyuan Road, Haldian Disteict, Beijiog, 100191, China
Tel: +86-10-62304633.2079 Fao: +86-10-62304633-2504
E-osail: calbchinattl.com MitpedwwnchinatiLen

DASYS Validation Report for Body TSL Date: 01.10.2017
Test Laboratory; CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1103
Communication System: UID 0, CW; Frequency: 750 MHz; Duty Cycle: 1:1
Medium parameters used: £ = 750 MHz; a = 0,936 S/m; & = 5§5.59; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standord: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN7307; ConvF(9.93, 9,93, 9.93); Calibrated: 2/19/2016;

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

o Electronics: DAE4 Sn771; Calibmated; 2/2/2016

» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

*  Mcasurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

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

Reference Value = 54,96 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.15 Wikg

SAR(1 g) = 2,18 W/kg; SAR(10 g) = 1.47 W/kg

Maximum value of SAR (measured) = 2.84 W/kg

1.9

-3.82

-5.73

-7.64

-9.55

0 dB = 2,84 W/kg = 4.53 dBW/kg

Certificate No: Z17-97005 Page 7 of' %
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Impedance Measurement Plot for Body TSL
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CALIBRATION b A

Add: No.31 X idiom Dist N
: No.51 Xoeywin Rond, Hoidinn District, Begiing, 100191, Chinn “ W CALIBRATION
Tek +86-10-62304633-2079 Faw: 486-10-62101633-2504 el No. LOS70

E-mail: citl@chinatil.cam Hupswwshinatiben

Client SMQ Certificate No:  215-87116
CALIBRATION CERTIFICATE '
Object D835V2 - SN: 4d141
Cafibration Procedure(s) o

Calibration Procedures for dipole validation kils

Cafibration date: September 24, 2015

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

Al calibrations have been conducled in the closed laboratory faclily: environment lemperature(22¢3)C and
humidity<70%.

Calibralion Equipment used (M&TE critical for calibration)

Primary Standards De Cal Date(Calibrated by, Cerfificate No.) Scheduled Calibration
Power Meter NRP2 101819 01-Jul-15 (CTTL, No.J16X04256) Jun-18
Power sensor NRP-Z91 101547 01-Jul-15 (CTTL, No.J16X04256) Jun-16
Reference Probe EX3DV4 | SN 3846 24-Sep-14(SPEAG N0 EX3-3846_Sep14) Sep-15
DAE4 SN 910 16-Jun-15(SPEAG No.DAE4-910_Jun15) Jun-18
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY42071430  02-Fab-15 (CTTL, No.J15X00729) Feb-18
Network Analyzer ES071C | MY46110673  03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signalure
Cailbrated by: 2Zhao Jing SAR Test Engineer &i‘
Reviewed by: Qi Dianyuan SAR Project Leader M\/
Approved by: Lu Bingsong Deputy Director of the laboratory ?z'w"h

Issued: Seplember 29, 205
This calibration certificate shall not be reproduced except in full without writien approval of the laboratory.

Certificate No: ZIS-97116 Page 1 0f3
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Add: No.S1 Xueyusn Roed, Haidisn District, Bedjing, 100191, Ching
Tek +86-10-62304633-2079 Fax: +86-10-62304633-2504

Eenail: cntlichinattlcom HitpAwowechinatiLen
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February
2005

c) KDB865664, SAR Measurement Requirements for 100 MHz to 8 GHz

Additional Documentation:
d) DASY4/S 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 Parametfers 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 orlented
parallel to the body axis.

« Feed Point Impedance and Retuin 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 paramefers: The measured TSL parameters are used to calculate the
nominal SAR result.

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

Certificate No: Z15-97116 Page 2 of §
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Add: No. 51 Xueywan Road, Haidian Distelct, Beijing, 100191, China
Ted: 486-10-62104613-2079 Fax: +86-10-62304633-2504

Femail: cif@chinatil cons Hitgeifwww.chinatt] cn
Measurement Conditions
DASY systom configuration, as far a3 not given on page 1
DASY Version DASYS2 52.88.1222
Extrapolation Advanced Exirapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Canter - TSL 15 mm wilh Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The folowing paramaeters and calculations were FQM
Temperature Permittlvity Conductivity
Nominal Head TSL parameters 220°C 495 0.90 mhoim
Measured Head TSL paramotors (220:02)°C 420:86% 0.89 mhoim £ 6 %
Hoad TSL temperature change during tost <10°C - e
SAR result with Head TSL
SAR averaged over 1 _cim’ (1 g) of Head TSL Conddlion
SAR measured 250 mW input power 23mWig
SAR for nominal Head TSL parameters normatized o 1W 9.45 mW /g £ 20,8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measurod 260 mW input power 159 mW/g
SAR for nominal Head TSL parameters normalized to 1W 611 mWig £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Bedy TSL parameters 220°C 652 0.97 mhofm
Measured Body TSL paramaotors (220:02)°C 560+6% 0.98 mhofm + 6 %
Body TSL temperature change during test <1.0°'C - -
SAR result with Body TSL
SAR averaged aver 1 cn’ (1 g) of Body TSL Condilion
SAR measurad 250 mW Input power 239mW/ig
SAR for nominal Body TSL paramelers normalized to 1W 0.51 mW ig £ 20.8 % (=2}
SAR averaged over 10 cni’ (10 ) of Body TSL Candition
SAR measured 250 mW Inpul power 157mwWig
SAR for nominal Body TSL paramelers narmalized to W 6.25 mW /g £ 20,4 % (k=2)
Certificate No: Z15-97116 Pageiofa
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Add: No.51 Xuegean Road, Haidian Disteict, Belfieg, 100191, Chisa
Ted: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cnd@ehina comn Hingeiwww,chimatt]on

Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed poin 4B.20- 4.68j0
Relumn Loss -259d8

Antenna Parameters with Body TSL

Impedance, lransformed o feed point 45.70- 5.94)00
Retun Loss - 22348

General Antenna Parameters and Design

| Etectical Detay (one diracsony [ 1.441 ns |

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

The dipcle 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 fength is still according to the Standard.

No 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

[ Manuéacured by | SPEAG ]

Certificate No: Z15-97116 Pagedofs
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Add: No.51 Xucywan Road, Haidian District, Beijing, 100191, China
Tek: +86-10-62304633-2079 Fax: +86-10-62304613-2504
E-muil: chi¥mehisallcom HugpeOwwwichimatt] cn

DASYS Validation Report for Head TSL Date: 09.18.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serlal: DS35V2 - SN: 4d141
Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium patameters used: £ 835 MHz; o = 0,886 $/m; £, = 41.95; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)
DASYS Configuration:

» Probe: EX3IDV4 - SN3846; ConvF(9.18, 9.18, 9.18); Calibrated: 9/24/2014;

+  Sensor-Surface: 2Zmm (Mechanical Surface Detection)

« Electronics: DAE4 Sn910; Calibrated: 6/16/2015

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

»  Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

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

Reference Value = 59,07 Vim; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.48 Wikg

SAR(1 g) = 2.33 Wikg; SAR(10 g) = 1.51 W/kg

Maximum value of SAR (measured) = 2.95 Wikg

dB
0

-2.10

-4.20

-6.30

-8.40

-10.50

0 dB = 2.95 Wikg = 4.70 dBW/kg

Centificate No: Z15-97116 Page S ol
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Impedance Measurement Plot for Head TSL
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Add: No.31 Xueyuan Road, Haldian Districe, Befiing, 100191, Chinn
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DASYS Validation Report for Body I'SL Date: 09.18.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN: 4d141
Communication System: ULD 0, CW; Frequency: 835 MHz;Duty Cycle; 1:1
Medium parameters used; f= 835 MHz; o = 0.981 S/m; & = 55.99; p= 1000 kym'
Phantom section: Right Section
Measurcment Standard: DASYS (IEEEAIEC/ANSI C63,19-2007)
DASYS Configuration:

«  Probe: EX3DV4 - SN3846; ConvF(9.09,9.09, 9.09); Calibrated: 9/24/2014;

»  Sensor-Surface: 2Zmm (Mechanical Surface Detection)

o Electronics: DAE4 Sn910; Calibrated: 6/16/2015

» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

«  Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

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

Reference Value = 56.07 V/im; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.58 Wikg

SAR(1 g) = 2.39 W/kg; SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3.04 Wikg

d8
0

-2.08

-4.16

-6.23

-8.31

-10.39

0 dB = 3.04 Wikg = 4.83 dBW/kg

Certificate No: Z15-97116 Page 70f8
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE '
Object D1800V2 - SN: 5d162
Calibration Procadure(s) FD211:2 "

Calibration Procedures for dipole validation kits

Calibration date: September 16, 2015

This calibration Cerificate documents the raceabily lo national standards, which realize the physical units of
measurements(SI). The measurements and the uncertainlies with confidence probability are given on the following
pages and are pari of the certificate.

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

Cailbration Equipment used (M&TE critical for calibration)

Primary Standards o# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 1018198 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor NRP-Z91 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-18
Reference Probe EX3DV4 | SN 3846 24-Sep-14(SPEAG No.EX3-3846_Sep14) Sep-15
DAE4 SN 810 16-Jun-15(SPEAG No,OAE4-910_Jun16) Jun-18
Secondary Standards | ID # Cal Date(Cakibrated by, Cerlificate No)  Scheduled Calibration
Signal Generalor E4438C | MY49071430 02-Feb-15 (CTTL, No.J15X00729) Feb-18
Network Analyzer ES071C | MY46110673  03-Feb-15 (CTTL, No.J15X00728) Fob-18
Name Function Signature
Cafibrated by: Zhao Jing SAR Test Engineer {i{ ‘
Reviewed by. Qi Dianyuan SAR Project Leader —tCH_—
Approved by: Lu Bingsong Deputy Director of the laboratory lem;h
Issued: Seplembler 23, 2015

This calibration certificate shall not be reproducad except in full without written approval of the laboratory,

Centificate No: 215-97117 Page 1 of ¥
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Add: No.51 Xeeyums Roed, Haidinn Disiciet, Beging, 100191, Chin
Tek +86-10-62304633-2079 Fax: +86-10.62304633-2504

Eaansdl: ctti@iehinatil com Hiplwwaeehingil.en
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |[EEE Sid 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, "Procedure to measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity 1o the ear (frequency range of 300MHz to 3GHz)", February
2005

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

Additional Documentation:
d) 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.

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

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

« Elactrical 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 normaiized: 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 lo calculate the
nominal SAR resuit,

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

Certificate No: ZI5-97117 Page2of 8
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Add No.51 Xucywan Road, Haidian District, Beljbg, 100191, Ohina
Tel: +86-10-462304633-207% Fax: +86-10-62304633-2504

Eemall: citd@chiniatil.comn Hetp:itwwwy.chinsth.cn
Measurement Conditions
DASY systern configuration, as far as nol given on page 1.
DASY Version DASYS2 52.8.8.1222
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5,1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Rasolution dx, dy, dz =5 mm
Frequency 1900 MHz £ 1 MHz
Head TSL parameters
Tha following paramelers and caloulalions were appled.
Temparature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1,40 mhalm
Moasured Hoad TSL paramaters (220102)°C 409+6% 1.38 mhoim £ 8 %
Hoad TSL temperaturo change during test <10°C — = ‘J
SAR result with Head TSL
SAR avoraged over 1 cm’ {1 g) of Head TSL Condtion
SAR measured 250 mW input power 995 mMWig
SAR for nominal Head TSL parameters normakized to 1W 40.4 mW /g +20.8 % (k=2)
SAR avoraged over 10 em’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 520mWig
SAR for nominal Head TSL parameters normatzed to 1W 21.0 mW g £ 20.4 % (k=2)
Body TSL parameters
Tha following parameters and caloulations weve applied.
Tempaerature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mhaim
Measured Body TSL parameters (220102)°C 646 6% 1.51 mhoim £ 6 %
Body TSL lemperature change during tost <10°C - e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Candition
SAR measured 250 mW Input power 102mw /g
SAR for nominal Body TSL parameters narmalized to 1W 41.2mW Ig £ 20.8 % (k=2)
SAR averaged over 10 e’ (10 g) of Body TSL Candition
SAR measured 250 mW Input power 537TmWig
SAR for nominal Body TSL parameters narmalized 1o 1W 21.6 mW g £ 20.4 % (k=2)
Certificate No: Z15-97117 Page3of3

Report No.: WT208001805 Page 20 of 51



@ In Cofaboration with

Add: No. 31 Xveyuss Road, Hasdian District, Beijimg, 100191, China
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Appendix

Antenna Parameters with Head TSL

Impedance, ransformed lo feed point §1.00+2.720
Retumn Loss - 30.848

Antenna Parameters with Body TSL

Impedanca, transformed o feed point 4840+ 3.9510
Relurn Loss - 27348

General Antonna Parameters and Design

[ Erectical Detay (one direction) | 1301 s |

After fong lerm use with 100W radialed power, anly 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 arder 1o improve matching when loaded
according o the position as explained in the *“Measurement Conditions” paragraph. The SAR data are not
affected by this change. The overall dipole length s still according to the Standard,

No 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

[ Manutaetusea by | SPEAG

Centificate No: Z15-97117 Pagedofs
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CALIBRATION LABORATORY

DASYS Validation Report for Head TSL Date: 09.16.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MIiz; Type: D1900V2; Serial: D1900V2 - SN: 54162
Communication System: UID 0, CW; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium parameters used: f= 1900 MHz; o = 1.378 S/m; er = 40.94; p =~ 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

« Probe: EX3DV4 - SN3846; ConvF(7.26, 7.26, 7.26); Calibrated: 9/24/2014;

» Scnsor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAEA Sn910; Calibrated: 6/16/2015

«  Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Seriai: 1161/]

*  Measurement SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14,6.10(7331)

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

Reference Value = 104.1V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 18.0W/kg

SAR(1 g) = 9.96 W/kg; SAR(10 g) = 5.2 Wikg

Maximum value of SAR (measured) = 14.2 Wikg

dB
0

-3.51

-7.02

-10.52

-14.03

-17.54

0dB = 14.2 Wikg = 11.52 dBW/kg

Certificate No: Z15-97117 Page Sof 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body I'SL Date: 09.16.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: Sd162
Communication System: UID 0, CW; Frequency: 1900 MIz;Duty Cycle: 1:1
Medium parameters used: £= 1900 Milz; o = 1.507 S/m; &, = 54.56; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

o Probe: EX3DV4 - SN3846; ConvIF(7.185, 7.185, 7.15); Calibeated: 9/724/2014;

+ Sensor-Surface: 2mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn910; Calibrated: 6/16/2015

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: 1161/1

«  Mecasurcment SW: DASYS52, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

System Performance Check/Zoom Scan (7x7x7) (7x7x7VCube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 100.5 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 18.4 Wikg

SAR(1 g) = 10,2 Wikg; SAR(10 g) = 537 Wikg

Maximum value of SAR (measured) = 14.7 W/kg

-3.40

6,79

-16.19

-13.58

-16.98

0dB = 14.7 Wikg = 11.67 dBW/kg

Certificate No: Z15-97117 Page 70f 8
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Impedance Measurement Plot for Body TSL
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Addt o 51 Xueywan Road, Haldion District, Beifing, 100191, Chinn 5,7 s v CALIBRATION
Tel: +Hib- 10-6234633-207% Fax: +86- 1623046332504 'mt‘ GHAS LOSTD
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E-mail: clilicliuwanl com hitpefivwwelinaiil.on
Client sMQ Certificate No:  Z18-60333

CALIBRATION CERTIFICATE

Object DB35V2 - BN 4d141

Calibration Procedura{s) FE-711-003-01

Calibration Procadures for dipole validation kits

Calibration date: Seplember 8, 2018

This calibration Cerlificale documents the traceabilily lo national standards, which realize the physical units of
measurements{3l). The measurements and the uncerlalnlies with confidence probabilily are given on the following
pages and are part of the cerlificate.

Al caliprations have been conducted in the closed laboratory facility: environment temperature(zzssic and
hurmidity <7 0%,

Calibration Equipment used (M&TE crilical for calibration)

Primary Sllandan:ia IC # Cal Date(Calibrated by, Csrlificale. Mo} Scheduled Calibration
Paower Meter NRVD 102083 01-Mov-17 (CTTL, No.J1TX08TSE) Oct-18
Power gensor NRV-Z5 100542 01-Mov-17 (CTTL, Mo J17TXDBT56) Oct-18
Reference Probe EX30V4 | SN 7464 12-Sep-1T(SPEAGMNo.EX3-T464_SepiT) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAG No.DAE4-1524_Sep1T) Sep-1a8
Secandary Slandards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY40071430  23-Jan-18 (CTTL, No.J18X00560) Jan-19
MetworkAnalyzer ESOT1C | MY46110673  24-Jan-18 (CTTL, No.J18X00561) Jan-18
Mame Funclion Signature
Calibrated by: Zhao Jing SAR Test Engineer -gé
Reviewed by: Lin Hao SAR Test Engineer . ‘H#\ﬁ-’%?

Approved by: Qi Dianyuan SAR Project Leader M/

lssued: September 9, 2018
This calibration certificate shall not be reproduced except in full withoul wrillen approval of the laboratory,

Certificate MNo: Z18-60333 Page | of &
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Add: No.51 Xueywsn Road, Haidian Disteict, Beijing, 100191, China
Tek 486-10.-62304633-2079 Fax: 486-10-62304633-2504

Eemadl: clthi@chinan! com MipwwweehinatiLon
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Callbration 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 nex! to the ear (Frequency range of 300MHz to
6GHz)", July 2016

c) 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 6GHz)", March 2010

d) KDBB65664, SAR Measurement Requirements for 100 MHz to 8 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.

e 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.
No uncertainty required.

¢ SAR measured: SAR measured at the stated anlenna 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 paramelers 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
Corresponds to a coverage probability of approximately 95%.

Certificate No: Z18-60333 Page 2 0f8

Report No.: WT208001805 Page 27 of 51



In Collaboration vith

5
CALIBRATION LARORATORY

-
&77L

Add: Mo 51 Kueyomn Road, Haldizn Distrien, Dedjing, 100091, Chisa
Ted; +H6- 162304633 2070 Fae: +86-10-6230:1433-2304
[E-mabl: ettbichinal.coan InigeSfwwwchinatilcn

Measurement Conditions
DASY syslem configuralion, as far as not glven on page 1.

DASY Version DASYS2 521011476
Extrapolation Advanced Exbapolalion
Phantom Triple Flal Phamom 51C
Distance Dipole Center - TSL 15 mm willy Spacer
Zoom Scan Resclution dx, dy, dz = 5 mm
Frequency B35 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculalions were appliad.
Temperature Permittivity Conductivity
Neminal Head TSL parametors 220°C 41.5 0.90 mholm
Measured Hoad TSL parametors {22.0£0.2)"C 4276 % 0,90 mhaim £ 6 %
Head TSL temperature change during test <1.0"C - .
SAR result with Head TSL
SAR averaged over1 cm’ (1 g} of Head TSL Condilion
SAR measured 250 mW input power 232 mNig
SAR for nominal Head TSL paramelars nesmalized to 1W 231 mW ig £ 18.8 % (k=2)
SAR averagad over 10 cr” (10 g) of Head TSL Condifian
SAR measured 250 mW input power 15mWig
SAR for nominal Head TSL parameters noamalized fo 1W 6,43 mW fg £ 18.7 % (k=2)
Body TSL parameters
The following paramaders and calculalions were appliad.
Temperature Parmittivity Condustivity
Wominal Body TSL parameters 220°C 552 0.97 mhodm
Measured Body TSL parameters (2202 0.2) °C 56.0 £ 6 % 1.00 mhaim £ 6 %
Body TSL temperature change during test =1,0°C — -
SAR result with Body TSL
SAR averaged over1 cmi’® ({1 g} of Body TSL Condition
BAR measured 260 m\W inpul power 248 mWig
SAR for nominal Body TSL parameters nommalized o 1W .74 méW ig £ 18.8 % [k=2)
SAR averaged over 10 cm”® {10 g) of Body TSL Condilien
BAR measured 250 mWW inpul power 1.66 mW g
SAR for nominal Body TSL paramatars normalized 1o 1W 6.54 mW fg £ 18.7 % (k=2)
Certificate Mo: Z18-60333 Poge 3 of 8
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Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL

Impedance, transformad to fead polnt . 50.30- 5.68)0 |
i —
|
Return Loss - 24.048 |

l — S

Antenna Parameters with Body TSL

Impedance, ransformed lo feed point | 46.80- 7.52)0

Return Loss ! - 21.54B
General Antenna Parameters and Design

Eleclical Delay (one diraction) i 1.255 ns

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

The dipole is made of standard semirgid coaxial cable, The center conductor of the feeding line is directly
connacted to the second arm of the dipele. The antenna is therefore short-clrcuited for DC-slgnals. On some
of the dipoles, small end caps are added to the dipale arms in order to improve matching when loaded
according to the position as explainad in the "Measurement Conditions” paragraph, The SAR data are not
affected by this change. The overall dipobe length is slill according to the Standard.

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

Additional EUT Data

Manulaciured by SPEAG

Certificate No: Z18-60331 Page4ofs
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DASYS Validation Report for Head TSL Date: 09.04,2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: dd141
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: ['= 835 MHz; 0 = 0.904 S/m; £,=42.71: p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

e Probe: EX3DV4 - SN7464; ConvF(10.28, 10.28, 10.28) @ 835 MHz; Calibrated:
9/1212017

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

o Electronics: DAE4 Sn1524; Calibrated: 9/13/2017

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

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

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

Reference Value = 57.01 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.49 Wikg

SAR(1 g) = 2,32 Wikg; SAR(10 g) = 153 Wikg

Maximum value of SAR (measured) = 3.10 Wkg

8.24

-10.30

0dB = 3,10 W/kg = 4.91 dBW/kg

Certificate No: Z18-60333 Page s of 8
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Impedance Measurement Plot for Head TSL
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E-mail: cutt@chinattl.com Itep:dfww.chinatl.cn
DASYS Validation Report for Body TSL Date: 09.06.2018

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d141
Communication System: UID 0, CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium parameters used: f=835 MHz; o = 0.998 S/in; &, = 56.04: p = 1000 kg/m3
Phantom section: Center Section

DASYS Configuration:

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

91212017

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

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

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

o Measurement SW: DASYS52, Version 52.10 (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 = 55.80 V/im; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.73 W/kg

SAR(1 g) = 2.48 Wikg; SAR(10 g) = 1.66 W/kg

Maximum value of SAR (measured) = 3.27 W/kg

0dB =3.27 Wikg = 5,15 dBW/kg
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Impedance Measurement Plot for Body TSL
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Client sSMQ Certificate No:  Z18-60336
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 54162
Calibration Procedure(s) FF-Z11-003-01

Calibration Procedures for dipole validation kits
Calibration date: September 11, 2018

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 following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Certificate 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
Reference Probe EX3DV4 | SN 7464 12-Sep-17(SPEAG No.EX3-7464_Sep17) Sep-18
DAE4 SN 1524 13-Sep-17(SPEAG No.DAE4-1524_Sep17) Sep-18
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 23-Jan-18 (CTTL, No.J18X00560) Jan-19
NetworkAnalyzer ES071C | MY46110673 24-Jan-18 (CTTL, No.J18X00561) Jan-19
}.
Name Function Signature
Cafibrated by: Zhao Jing SAR Test Engineer 7,
Reviewed by: Lin Jun SAR Test Engineer ' ryyf",

Approved by: Qi Dianyuan SAR Project Leader b

Issued: September 15, 2018
This calibration cerfificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z18-60336 Page | of &
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: cett@ichinanl com hisp:Awww.chinatil.cn
lossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

e 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.
No uncertainty required.

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

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

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

(-
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Add: No.51 Xueyuan Road, Huidian District, Beifing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-manbl: cttl@ichinatil.com htpewwew.chinattlen
Measurement Conditions
DASY system configuralion, es far as not given on page 1
DASY Version DASYS2 5§2.10.1.1478
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer :
Zoom Scan Resolution dx, dy, dz = 5 mm
Froquency 1900 MHz £ 1 MHz ‘
Head TSL parameters
The foflowing parameters and calculations were applied.
Temperature Permittivity Conductivity
' Nominal Head TSL parameters 20°C | 400 1.40 mho/m
Measured Head TSL paramoters (220402)°C 404£6% 1.44 mholm £ 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 o
SAR measured 250 mW input power 101 mW/g
SAR for nominal Head TSL parameters normatized to 1W so.amwmtw.n%(k-zf
SAR averaged over 10 ¢m” (10 g) of Hoad TSL Condition ]
SAR measured " 250 mW Input power . 533mW/g
SAR for nominal Head TSL parameters normalized to 1W 21.1 mW /g £ 18.7 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL pmmo;m (220+02)°C 533:6% 1.49 mho/m £ 6 %
Body TSL temperature change during test <1.0°C . - e
SAR result with Body TSL -
SAR averaged over 1 cm’ (1 g) of Body TSL Condition )
SAR measured 250 mW input power 0907TmW/g
SAR for nominal Body TSL parameters MW to 1W 40.3 mW /g % 18.8 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 538mW/g
SAR for nominal Body TSL parameters normalized to 1W 21.7mWig £18.7 % (k-zT
Certificate No: Z18-60336 Page 3 of 8 o
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Appendix (Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 54.00+ 5.00)0
Return Loss -24.2d8

Antenna Parameters with Body TSL

Impedance, lransformed 1o feed point 48.40+ 5.03)0
Return Loss -25.4d8

General Antenna Parameters and Design

[i"“"‘“‘ Delay (one direction) 1.061 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 conducior 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 1o the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged.

Additional EUT Data

Fammureu by 7 [ SPEAG ]
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DASYS Validation Report for Head TSL Date: 09.10.2018
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d162
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; o = 1.438 S/m; & = 40.37; p = 1000 kg/m3
Phantom scction: Center Section
DASYS Configuration:

o Probe: EX3DV4 - SN7464; ConvF(8.39, 8.39, 8.39) @ 1900 MIz; Calibrated:
9/12/2017

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

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

» Phantom: MFP_VS5.1C ; Type: QD 000 P51CA; Serial; 1062

»  Measurement SW: DASYS2, Version 52,10 (1); SEMCAD X Version 14,6.11
(7439)

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

Reference Value = 97.60 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 19.0 Wikg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 533 W/kg
Maximum value of SAR (measured) = 15.8 W/kg

-3.45
-6.89
-10.34

-13.78

-17.23

0dB = 15.8 Wikg = 11.99 dBW/kg

Certificate No: 718-60336 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: 09.10.2018
Test Laboratory: C1TL, Beijing, China
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d162
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: f= 1900 MHz; o = 1.493 S/m; &, = 53.34; p = 1000 kg/m3
Phantom section: Right Section
DASYS Configuration:

» Probe: EX3DV4 - SN7464; ConvF(8.32, 8.32, 8.32) @ 1900 MHz; Calibrated:
91272017

s Sensor-Surface: |.dmm (Mechanical Surface Detection)

« Electronics: DAE4 Snl1524; Calibrated: 9/13/2017

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

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

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

Reference Value « 94,26 V/m; Power Drift = -0,07 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(I g) = 9.97 W/kg; SAR(10 g) = 5.38 W/kg

Maximum value of SAR (measured) = 15.0 Wikg

dB | - o
0

-3.14
-6.28

dllﬁilnl.

-12.56

L.

-15.70

0dB = 15.0 W/kg = 11.76 dBW/kg
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Impedance Measurement Plot for Body TSL
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Certificate No: Z18-97053
' q = IR =
o Sy
Object DAE4 - SN. 876
Calibration Procedure(s) FF-211-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)
Calibration date: March 22, 2018

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 following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for cafibration)

Primary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibeator 753 | 1971018 27-Jun-17 (CTTL, No.J17X05859) June-18
|
Name Function
Ombrmd by: Yu Zongying SAR Test Engineer
Reviewed by. Lin Hao SAR Test Engineer
Approved by: Qi Dianyuan SAR Project Leader

Issued: March 23, 2018
This calibration certificate shall not be reproduced axcept in full without written approval of the laboratory.
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Glossary:
DAE data acquisition electronics

Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

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

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

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

Certificate No: Z18-97053 Page 2 of 3
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Add: No.51 Xueyuan Road, Haldiaa District, Beijing, 100191, China

Tel: +86-10-62304633-2512
E-mail: cnb@chinanlcom

DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV.
Low Range: 1LSB = 6inV .,

full range =
full range = L et +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Fax: +86-10-62304633-2504
Huphwwweehinagh cn

Calibration Factors X Y Z

High Range 405.525 £ 0.15% (k=2) | 405.181 £ 0.15% (k=2) | 405.395 + 0.15% (k=2)

Low Range 3.98865 £ 0.7% (k=2) | 3.97176 £ 0.7% (k=2) | 3.99799 + 0.7% (k=2)
Connector Angle

Connector Angle o be used in DASY system 181°+1°

Certificate No: Z18-97053
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Note:

1) Per KDB865664D01 requirements for dipole calibration, the test laboratory has

adopted three-year extended calibration interval. Each measured dipole is expected

to evaluate with the following criteria  at least on annual interval in Appendix D.

a) There is no physical damage on the dipole;

b) System check with specific dipole is within 10% of calibrated value;

c) The most recent return-loss result, measured at least annually, deviates by no
more than 20% from the previous measurement.

d) The most recent measurement of the real or imaginary parts of the impedance,
measured at least annually is within 5Q from the previous measurement.
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D750V2, serial No. 1103 Extended Dipole Calibrations

835MHz Head
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2017-01-10 -28.624 51.970 -3.226
2018-01-10 -28.632 -0.03 54.349 -4.38 -3.380 -4.56
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D750V2, serial No. 1103 Extended Dipole Calibrations

750MHz Body

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta

Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)

2017-01-10 -29.149 49.119 -3.345

2018-01-10 -29.404 -0.87 48.888 0.48 -3.373 0.41
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D835V2, serial No. 4d141 Extended Dipole Calibrations

835MHz Head

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2015-09-24 -25.885 48.161 -4.66

2017-09-24 -25.769 0.46 48.889 -1.49 -4.85 -3.92
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D835V2, serial No. 4d141 Extended Dipole Calibrations

835MHz Body
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2015-09-24 -22.3 45.681 -5.94
2017-09-24 -22.0 1.36 45.832 -0.151 -6.35 0.41
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D1900V2, serial No. 5d162 Extended Dipole Calibrations

Multpoct Test Set

:

5 Sep

Hackicht
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Frmwars
Foyman

Sorye Mo

1900MHz Head
Date of Return-Loss Delta(%) | Real Delta Imaginary Delta
Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)
2015-09-16 -30.876 50.979 2.720
2017-09-16 -30.705 0.56 51.122 0.28 2.714 0.23
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D1900V2, serial No. 5d162

Extended Dipole Calibrations

1900MHz Body

Date of Return-Loss Delta(%) | Real Delta Imaginary Delta

Measurement (dB) Impedance(ohm) (ohm) Impedance(ohm) (ohm)

2015-09-16 -27.259 48.392 3.955

2017-09-16 -27.705 -1.6 51.122 -2.73 3.884 0.071
END
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