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DASY/EASY - Parameters of Probe: ES3DV3 - SN: 3252

Calibration Parameter Determined in Body Tissue Simulating Media

o ST G
| f [MHz]° Pe::'_::;:;f C°"d(;‘l::‘)":y ConvF X | ConvF Y | ConvF Z | Alpha® [;‘:’"t; ::(::
750 555 0.96 6.34 6.34 634 | 060 | 120 | £12.1%
850 55.2 0.99 6.14 6.14 614 | 038 | 163 | £12.1%
900 55.0 1.05 6.06 6.06 606 | 046 | 149 | £12.1%
1750 53.4 1.49 4.95 4.95 495 | 049 | 152 | +12.1%
1900 533 1.52 4.69 4.69 469 | 067 | 133 | £12.1%
2000 53.3 152 4.89 4.89 489 | 069 | 125 | +12.1%
2300 52.9 1.81 4.58 458 458 | 057 | 165 | £121%
2450 527 1.95 4.42 4.42 442 | 068 | 142 | +12.1%
2600 525 216 4.22 422 422 | 056 | 166 | £121%

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

Fat frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

© Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: +7.4% (k=2)
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Receiving Pattern (®), 6=0°
=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £1.2% (k=2)
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Dynamic Range f(SAR¢aq)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: +0.9% (k=2)
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Conversion Factor Assessment

f=835 MHz, WGLS R9(H_convF) f=1750 MHz, WGLS R22(H_convF)
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Deviation from Isotropy in Liquid
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Uncertainty of Spherical Isotropy Assessment: +3.2% (K=2)
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DASY/EASY — Parameters of Probe: ES3DV3 - SN: 3252
Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 130.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 10mm
Tip Diameter 4mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3mm
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Client ECIT Certificate No:  Z15-97165
Object DB35VZ - SN, 4d112
Calibration Procedure(s) mz“ 200201
Calibration Procedures for dipole validation kits
Calibration date: October 222015

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 facillty: environment temperature(22:3)C and
humidity<70%.

Calibration Equipment used (M&TE critical for callbration)

Primary Standards D# Cal Date(Calibrated by, Certificate No) _ Scheduled Calibration
Power Meter NRP2 101918 01-Jul-15 (CTTL. No J15X04256) Jun-16
Power sensor NRP-281 | 101547 01-Jul-15 (CTTL. No.J15X04256) Jun-16
Reference Probe EX3DV4 | SN 3617 26-Aug-15(SPEAG N0 EX3-3817_Aug15) Aug -16
DAEA SN 777 26-Aug-15(SPEAG No.DAE4-777_Aug15) Aug -16
Secondary Standards D # Cal Date(Calitvated by, Certificate No)  Scheduled Callbration
Signal Generator E4438C | MY40071430  02-Feb-15 (CTTL, No.J15X00728) Feb-16
Network Analyzer ES071C | MY46110873  03-Feb-15 (CTTL, No.J15X00728) Feb-16

Name Function Signature

Callbrated by: Zhao Jing SAR Test Engineer 47

Reviewed by: Qi Dianyuan SAR Project Leader M,

Approved by Lu Bingsang Deputy Director of the laboratory (74 Y1,

Issued: October 26, 2015
muwmmmmumummwmmmrmnanwdmmrmA

Certificate No: Z15-97165 Page 1 of &

East China Institute of Telecommunications Page Number : 174 of 227
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : Sep 30, 2017



ecIT SAR Test Report Reported No.: 117D00181-SAR01

(Tn;' toeasq

Add: No.51 Xocyunn Road. Haldien Districe, Besfing, 100191, Ching
Tek: +86-10.6230M635-2079 Fax: +86-10-62304633-2504
Eqrail: cotl@chinant com Hitp:/wwwchinatlcn

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 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds to a coverage probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1

DASY Version DASYS2

52881222

Extrapolation Advanced Extrapolaton

Phantom Triple Fiat Phantom 5.1C

Distance Dipole Center - TSL 15 mm

with Spacer

Zoom Scan Resolution dx, dy, dz = 5 mm

Frequency 835 MHz £ 1 MHz

Head TSL parameters
The L and calculations were applied

Temperature

Permittivity

Conductivity

Nominal Head TSL parameters 20°C 415

0.90 mhoim

Measured Head TSL parameters (220102)“C

42216%

081 mho/m £ 6 %

Head TSL temperature change during test <10°C

SAR result with Head TSL

SAR aversged over1 cmi' (1 g) of Head TSL Condition

SAR measured 250 mW input power

231mWig

SAR for nominal Head TSL parameters normalzed to 1W

SAR averaged over 10 ¢ni” (10 g) of Head TSL

9.22 mW fg 4 20,8 % (k=2)

SAR measured 250 mW Input power

151mWig

SAR for nominal Head TSL parameters normalized to 1W

8.03 mW g £ 204 % (k=2)

Body TSL parameters
The following paramesers and calculations were applied.

Temperature

Conductivity

Nominal Body TSL parameters 220°'C 552

0.97 mhoim

Measured Body TSL parameters {(220202)°C

551:26%

0.86 mha/m £ 6 %

Body TSL temperature change during test <10°C e

SAR result with Body TSL

SAR averaged over 1 cm’ {1 g) of Body TSL

SAR measured 250 mW input power

237 mWig

SAR for noeinal Body TSL parameters narmalized to 1W

9.57 mW jg £ 20.8 % (k=2)

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

SAR measured 250 m input powes

156mW /g

normalized 1o 1W

SAR for nominal Body TSL paramaters

6.29 mW /g £ 204 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance. transformed to feed point 4910- 420j0
Return Loss -« 27.348

Antenna Parameters with Body TSL

Impedance, transformed to feed paint 46.20- 4.78)0
Retumn Loss ~23.9d8

General Antenna Parameters and Design

[EIecMcd Delay (one direction) 1.502 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 o the dipole arms in order to 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 dipoie arms, because they might bend or the soidered
connections near the feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Centificate No: Z15-97165 Page 4 of &
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DASYS Validation Report for Head TSL Date: 10.22.2015

T'est Luboratory: CTTL, Beijing. China

DUT: Dipole 835 MHz; Type: D835V2; Serial: DS35V2 - SN: 4d112
Communication System: UID 0, CW; Frequency: 835 MHz;Duty Cycle: 1:1
Medium parameters used: f= 835 MHz; o = 0.907 S/m; & = 42.15; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASY3 Configuration:

¢ Probe: EX3DV4 - SN3617; ConvF(9.56, 9.56, 9.56); Calibrated: 8/26/2015:

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

« Electronics: DAE4 Sn777; Calibrated: 826/2015

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

¢ Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7331)

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

Reference Value = 38.15 V/im; Power Drift =-0,02 dB

Peak SAR (extrapolated) = 3.46 Wikg

SAR(1 g) = 2.31 W/kg; SAR(10 g) = L.51 Wikg

Maximum value of SAR (measured) = 2.93 Wikg

d8
0

212

-4.23

.35

-8.46

-10.58

0dB =293 W/kg =4.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d112

Date: 10.22.2015

Communication System: UID 0, CW; Frequency: 835 MHz:Duty Cycle: 1:]

Medium parameters used: £=835 MHz; o= 0.958 S/m; ¢, =55.11;p

Phantom section: Right Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

= 1000 kg/m’

« Probe: EX3DV4 - SN3617; ConvF(9.71,9.71, 9.71); Calibrated: 8/26/2015:

» Sensor-Surface: 2mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn777; Calibrated: 8/26/2015

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 1161/1
*  Measurement SW: DASYS2, 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=Smm

Reference Value = 56.68 Vim; Power Drift = 0.0] dB
Peak SAR (extrapolated) = 3.51 W/kg

SAR(1 g) = 2.37 Wikg: SAR(10 g) = 1.56 W/kg
Maximum value of SAR (measured) = 2.99 W/kg

dB [
]

2.07
-4.14
-6.22

-8.29

-10.36

0dB=2.99 W/kg = 4,76 dBW/kg
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Impedance Measurement Plot for Body TSL
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D835V2,Serial N0.4d112 Extended Dipole Calibrations

Per IEEE Std 1528-2013,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior
calibration),and in impedance (within 5 ohm of prior calibration),the annual calibration is not
necessary and the calibration interval can be extended.

Justification of the extended calibration

D835V2 Serial No.4d112
835 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)

10.22.2015 -27.27 - 49.108 - -4.2018 -
10.21.2016 -29.019 6.41 50.108 1 -2.1757 2.0261
D835V2 Serial No.4d112
835 Body

Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
10.22.2015 -23.036 - 46.184 - -4.7866 -
10.21.2016 -23.131 0.56 47.003 0.819 -2.9072 1.8794

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

East China Institute of Telecommunications Page Number : 182 of 227
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : Sep 30, 2017



=

€ecIT SAR Test Report

Reported No.: 117D00181-SAR01

Dipole Verification Data D835V2 Serial No.4d112
835MHz-Head

Trl =11 Log Mag 10.00de/ ref 0.000de [F1 Del]

50, 00
UM 1535, 00000 MAz —26. 019 8

I

12 Start 635 MHz TFBW 100 kHz

Stop 1.035 GHz (o

Stop 1.035 GHz [EE)

835MHz - Body

Trl =11 Log Mag 10.00de/ ref 0.000de [F1 Del]

»1  835.00000 MHZ -29.01% d&

I’

12 Start 635 MHz TFEW 100 kHz

Stop 1.035 GHz Co

Stop 1.035 Gz [/
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Client ECIT Certificate No:  215-97167
Object D1750V2 - SN: 1044
Gallration Procedrels) FD-211:2:003-01
Calibration Precedures for dipole vasidation kits
Calibration date: mw 3,2015

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 certficate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduted Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor  NRP-Z91 | 101547 01-Jul-15 (CTTL. No.J15X04255) Jun-16
Reference Probe EX3DVA4 | SN 3817 26-Aug-15(SPEAG No. EX2-3617_Aug15) Aug -16
DAE4 SN 777 26-Aug-15(SPEAG No.DAE4-777_Aug15) Aug -16
Secondary Standards 1D # Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 02-Feb-15 (CTTL, No J15X00729) Feb-16
Network Analyzer ESO71C | MY46110673 03-Feb-15 (CTTL, No.J15X00728) Feb-16

Name Function Signature

Calibrated by: Zhao Jing SAR Test Engineer g{/

e Qi Dianyuan SAR Project Leader

Approved by. Lu Bingsong Deputy Director of the iaboratory frg gz
8, 2015

This calibration certficate shall not be mptoduoedexceptnlullwﬁhmﬂmﬂtenappmlof&elnbomwty.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx.y,z
N/A not applicable or not measured

Calibration Is Performed According to the Following Standards:

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

b) IEC 62209-1, "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 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

o 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.

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%.
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Measurement Conditions
DASY system configuration. as far a5 not

n on page 1

DASY Version

DASYS2

52.8.8.1222

Extrapolation

Advancad Extrapolation

Phantom

Triple Flat Phantom 5.1C

Distance Dipole Center - TSL

10 mm

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

1750 MHz £ 1 MHz

Head TSL parameters

P oot

The following parameters and calculations were applied.

Temperature

Conductivity

1.37 mho/m
140 mho/m £ 6 %

Nominal Head TSL parameters
Measured Head TSL parameters

20°C
(220:02)C

401
38716%

SA

Head TSL temperature change during test

<10°C —

R result with Head TSL

SAR averaged over1 cm’ {1 g) of Head T5L

Condition

SAR measurad

250 mW input power

948 mWig

SAR for nominal Head TSL parameters

normalkzed to 1W

373 mW /g £ 20.8 % (k=2)

SAR averaged over 10 cm1’ (10 g) of Head TSL

SAR measured

250 mW input power

509mW/g

SAR for nominal Head TSL parameters

normalized to 1W

20.1 mW /g £ 20.4 % (k=2)

Body TSL

parameters
The folowing paramaters and calculatons ware applied.

Temperature

Conductivity

Nominal Body TSL parameters

220°C

1.48 mha/m

Measured Body TSL parameters

220:02)°C

1.47 mho/m £ 6 %

Body TSL temperature change during test

<1 0°C e

SAR resuit with Body TSL

SAR avoraged over 1 cm’ {1 g) of Body TSL

Condition

SAR measured

250 mW input power

930mW /g

SAR for nominal Body TSL parameters

normalized o TW

37.6 mW ig £ 20.8 % (k=2)

SAR averaged over 10 cn1’ (10 g) of Body TSL

Condition

SAR measured

250 mW input power

S502mWig

SAR for nominal Body TSL parameters

normalized to 1W

20.2 mW /g £ 20.4 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed pont 4890+ 1.17j0
Retumn Loss - 35848

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4550+ 0.58)0
Return Loss - 26,508

General Antenna Parameters and Design

LElecmed Delay (one direction) [ 1.319ns J

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

The dipoke is made of standard semirigid coaxial cable. The center conductor of the feeding ine is directly
connected to the second arm of the dipole. The antenna is therefore short-circuited for DC-signais. On some
of the dipoles, small end caps are added to the dipole arms in order to improve matching when loaded
according 1o the position as explained in the "Measurement Conditions™ paragraph. The SAR data are not
affacted by this change. The overall dipole Jength 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
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DASYS Validation Report for Head TSL Date: 11.03.2013

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1044
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: f = 1750 MHz; o = 1.403 S/m; &r = 39.72; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

o Probe: EX3DV4 - SN3617; ConvF(8.34. 8.34, 8.34); Calibrated: 8/26/2015:

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

« Electronics: DAE4 Sn777; Calibrated: 826/2015

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

»  Measurement SW: DASY32, Version 52.8 (8); SEMCAD X Version 14.6,10(7331)

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

Reference Value = 98.40V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 17,0Wikg

SAR(I g) = 9.48 W/kg;: SAR(10 g) = 5.09 W/kg

Maximum value of SAR (measured) = 13.3 W/kg

48 =
(]
-3.37
6.74
a0
-13.48
16.85 L. -
0dB=133 Wikg = 11.24 dBW/kg
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Impedance Measurement Plot for Head TSL

Trid S11 Log Mag 10,0008/ mef 0.000¢0 [F1]
50,09

S o 1 90 Gniz ~15, 760 ok ]
0. 04

] e
= Y

WU e—,, —
PN =11 seith (Wed) Scale 1.000u [ri oel)
"L 17500000 Gum 45.801 01,1680 0 106.30-pW

T
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DASYS Validation Report for Body TSL Date: 11.03.2015
l'est Laboratory: CTTL, Beijing, China
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1044
Communication System: UID 0, CW; Frequency: 1750 MHz; Duty Cycle: 1:1
Medium parameters used: = 1750 MHz: o = 1.474 S/m; &, = 34.38; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

¢  Probe: EX3DV4 - SN3617; ConvF(7.96, 7.96, 7.96): Calibrated: 8/26/2015:

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

o Electronics: DAE4 Sn777; Calibrated: 8/26/2013

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

*  Measurement SW: DASY52, 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=5mm, dz=5Smm

Reference Value = 91.33 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 16.3 W/kg

SAR(I g) =9.3 Wikg; SAR(10 g) = 5.02 W/kg

Maximum value of SAR (measured) = 13.1 Wikg

4.61

-12.82

16.02 i B

0dB=13.1 Wikg = 11.17 dBW/kg
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Impedance Measurement Plot for Body TSL

Tri 811 Log wag 10.00ck/ wef 2. 000 [F1]
Y09 Sy TIYYeEG00 oha <38, V90 a8

-50.09 | =
53 seith (ke ) Scale 1.000u (91 Del)

M L.7I00000 cxz 4%,330 0 583,33 w0 SR.CN-PR
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D1750V2,Serial No.1044 Extended Dipole Calibrations

Per IEEE Std 1528-2013,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior
calibration),and in impedance (within 5 ohm of prior calibration),the annual calibration is not
necessary and the calibration interval can be extended.

Justification of the extended calibration

D1750V2 Serial N0.1044

1750 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement | (dB) (%) Impedance (ohm) Impedance (ohm)
(ohm) (ohm)
11.03.2015 -36.76 - 48.891 - 1.1688 -
11.02.2016 -36.675 0.23 49.732 0.841 0.738 0.431
D1750V2 Serial No.1044
1750Body
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement | (dB) (%) Impedance (ohm) Impedance (ohm)
(ohm) (ohm)
11.03.2015 -26.523 -- 45.53 - 0.583 -
11.02.2016 -25.909 2.31 47.294 1.764 0.219 0.364

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.
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Dipole Verification Data D1750V2 Serial N0.1044
1750MHz-Head

Trl s1l Log Mag 10.00de/ rRef 0.000de [F1 Del]
50.00

»1 1.7300000 GHZ -36.673 de

30,00

20, 0¢

10,00

0. 000 h
10,0 1
20,00

30,00 1

40, 0

1 Start 1.55 GHz I 00 kHz Stop 1.95 G
Pl =11 smith (R+j%) =Scale 1.0000 [F1 Del]
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-~ e
e : "
."r \‘\
S )
/ A
1
\ /
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—
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1750MHz - Body
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4,
\ s
\_\ _-’I
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i No. LO§70

Client ECIT Certificate No:  Z15-97168
Object D1800V2 - SN. 54134
Calibration Procedure(s) FD211:2:003-01
Calibration Procedures for dipole validation kits
Calibration date November 4, 2015

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 foliowing
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date{Calibrated by, Cerlificate No) _ Scheduled Calibration
Power Meter NRP2 101819 01-Jul-15 (CTTL, No.J15X04256) Jun-18
Power sensor  NRP-Z91 | 101547 01-Jul-15 (CTTL. No.J15X04256) Jun-16
Reference Probe EX3DV4 | SN 3817 26-Aug-15(SPEAG No EX3-3617_Aug15) Aug -16
DAE4 SN 777 26-Aug-15(SPEAG No DAE4-777_Aug15) Aug -16
Secondary Standards D# Cal Date{Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 02-Feb-15 (CTTL, No,J15X00729) Feb-16
Network Analyzer ES071C | MY46110673 03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signature
Calibrated by: 2Zhao Jing SAR Test Engineer 'éi[
Redowod by: Qi Dianyuan SAR Project Leader S o
Approved by: Lu Bingsong Deputy Director of the laboratory t;-lﬂ”,?l
Issued r8, 2015

This calibration certificate shaill not be reproduced except in full without written approval of the {aboratory.
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORMx,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “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) KDBB65664, SAR Measurement Requirements for 100 MHz to 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

* 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 uncerfainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a nommal distribution
Corresponds to a coverage probability of approximately 95%.
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Add: No.S51 Xueyuan Rond. Haidian District, Befing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
Eomail: cul@chinan com Hup-Vwww.hinattl cn
Measurement Conditions
DASY s as far as not given on page 1.
DASY Version DASYS2 52881222
Extrapolation Advanced Extrapolation
Phantom Tripta Flat Phantomn 5.1C
Distance Dipole Conter - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The fcllowing parameters and caloulations were appled.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 400 1.40 mho/m
Measured Head TSL parameters (220+£02)C A0626% 139 mho/m £6 %
Head TSL temperature change during tost <1.0“C — —
SAR result with Head TSL
SAR averaged over1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 101mW/ig
SAR for nominal Head TSL parameters normaized to 1W 40.8mW g £ 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL Condtion
SAR measured 250 mW input power 52mW/g
SAR for nominal Head TSL parameters normalized fo 1W 21.0 mW /g £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parametors 220°C 533 1.52 mha/m
Measured Body TSL parameters 220£02)°C 541:6% 1.54 mho/m £ 6 %
Body TSL temperature change during test <10°'C — e
SAR result with Body TSL
SAR averaged over 1 cm (1 g) of Body TSL Condition
SAR measured 250 mW input power 103mWig
SAR for nominal Body TSL parameters normalized to 1W 41.1 mW g £ 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 533mWig
SAR for nominal Body TSL parameaters normalized to 1W 213 mW ig £ 20.4 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 51,80+ 6.01jQ
Return Loss - 24.208

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4710+ 5410
Retumn Loss - 24048

General Antenna Parameters and Design

[Elcdricuoaay(onadfaeuon) ] 1.305ns —l

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

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

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

Additional EUT Data

| Manufactured by [ SPEAG H
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DASYS Validation Report for Head TSL Date: 11.04.2018

T'est Laboratory: CTTL, Beijing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54134
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz: o = 1.385 S/m; &r = 40.36; p = 1000 kg/m3
Phantom section: Right Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

* Probe: EX3DV4 - SN3617; ConvF(8.07, 8.07, 8.07); Calibrated: 8/26/2015:

» Sensor-Surface; 2mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn777; Calibrated: 826/2015

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

o Measurement SW: DASYS2, 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=5mm, dz=5mm

Reference Value = 100.8 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 18.7W/kg

SAR(I g) = 10.1 W/kg; SAR(10 g) = 5.22 W/kg

Maximum value of SAR (measured) = 14.5 Wikg

-3.59

1.7

-10.76

-14.34

A7.93 L A L e ——

0 dB = 14.5 W/kg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 11.04.2015
T'est Laboratory: CTTL, Beijing, China
DUT: Dipole 1900 MHz; Type: DI1900V2; Serial: D1900V2 - SN: 5d134
Communication System: UID 0, CW; Frequency: 1900 MHz; Duty Cycle: 1:1
Medium parameters used: = 1900 MHz; o = 1.536 S/m; &, = 54.05; p = 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

o Probe; EX3DV4 - SN3617; ConvF(7.74, 7.74, 7.74); Calibrated: 826/2015;

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

» Electronics: DAE4 Sn777; Calibrated: 8/26/2015

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

»  Measurement SW: DASYS2, 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=5Smm, dz=5mm

Reference Value = 96,40 Vim; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 19.0 W/kg

SAR(1 g) = 103W/kg; SAR(10 g) = 5.33 W/kg

Maximum value of SAR (measured) = 14,8 Wrkg

-3.56

713

-10.69

14.26

-17.82

0 dB = 14.8 W/kg = 11.70 dBW/kg
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Impedance Measurement Plot for Body TSL
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D1900V2,Serial No.5d134 Extended Dipole Calibrations

Per IEEE Std 1528-2013,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior
calibration),and in impedance (within 5 ohm of prior calibration),the annual calibration is not
necessary and the calibration interval can be extended.

Justification of the extended calibration

D1900V2 Serial No.5d134

1900 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)

11.04.2015 -24.201 - 51.842 - 6.0142 -
11.03.2016 -23.684 2.13 52.246 0.404 6.4699 0.456
D1900V2 Serial No.5d134
1900 Body

Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
11.04.2015 -24.028 - 47.147 - 5.4132 -
11.03.2016 -23.250 3.24 48.572 1.425 6.1951 0.782

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.
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Dipole Verification Data D1900V2 Serial No.5d134
1900MHz-Head
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Mt No. L0570

Client ECIT

&

Certificate No:  215-97171

Object D2450V2 - SN: 858

Calibration Procedure(s) FD-211-2-003-01

Calibration Procedures for dipole validation kits

Calibration date: October 30, 2015

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 ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor NRP-Z91 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Reference Probe EX3DV4 | SN 3617 26-Aug-15(SPEAG No.EX3-3617_Aug15) Aug-16
DAE4 SN 777 26-Aug-15(SPEAG No.DAE4-777_Aug15) Aug-16
Secondary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 02-Feb-15 (CTTL, No.J15X00729) Feb-16
Network Analyzer E5071C | MY46110673 03-Feb-15 (CTTL, No.J15X00728) Feb-16
Name Function Signature
Calibrated by: Zhao Jing SAR Test Engineer g%_/
Reviewed by: Qi Dianyuan SAR Project Leader M//
Approved by: Lu Bingsong Deputy Director of the laboratory L) [?7

Issued: November 6, 2015
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “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 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY52 52.8.8.1222
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (220+0.2)°C 40.1+6 % 1.82 mho/m + 6 %
Head TSL temperature change during test <1.0°C — -
SAR result with Head TSL
SAR averaged over1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 132mW/g
SAR for nominal Head TSL parameters normalized to 1W 52.9 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢’ (10 g) of Head TSL Condition
SAR measured 250 mW input power 6.06 MW /g
SAR for nominal Head TSL parameters normalized to 1W 24.3mW /g £ 20.4 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 53.1+6 % 1.94 mho/m +£6 %
Body TSL temperature change during test <1.0°C - -
SAR result with Body TSL
SAR averaged over1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 1832mW/g
SAR for nominal Body TSL parameters normalized to 1W 53.1 mW /g £ 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Condition
SAR measured 250 mW input power 6.16 mW /g
SAR for nominal Body TSL parameters normalized to 1W 24.7 mW /g % 20.4 % (k=2)
Certificate No: Z15-97171 Page 3 of 8
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed point 53.20+ 6.03jQ
Return Loss -23.6dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 49.90+ 7.39iQ
Return Loss -22.6dB
General Antenna Parameters and Design
Electrical Delay (one direction) 1.261 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 to improve matching when loaded
according to the position as explained in the "Measurement Conditions" paragraph. The SAR data are not
affected by this change. The overall dipole length is still according to the Standard.
No excessive force must be applied to the dipole arms, because they might bend or the soldered
connections near the feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG —’
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DASYS Validation Report for Head TSL Date: 10.30.2015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 858
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; 6 = 1.816 S/m; er = 40.14; p = 1000 kg/m3
Phantom section: Left Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

e Probe: EX3DV4 - SN3617; ConvF(7.24, 7.24, 7.24); Calibrated: 8/26/2015;

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

o Electronics: DAE4 Sn777; Calibrated: 8/26/2015

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

e Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

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

Reference Value = 106.3 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 27.5 W/kg

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

Maximum value of SAR (measured) = 20.3 W/kg

dB
0

-4.52

-9.03

-13.55

-18.06

-22.58

0 dB =20.3 W/kg = 13.07 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date: 10.30.2015

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 858
Communication System: UID 0, CW; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium-parameters used: f=2450 MHz; o =1.936 S/m; &, =53.11; p=1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY'5 Configuration:

e Probe: EX3DV4 - SN3617; ConvF(7.35, 7.35, 7.35); Calibrated: 8/26/2015;

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

o Electronics: DAE4 Sn777; Calibrated: 8/26/2015

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

¢ Measurement SW: DASY52, 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 = 99.98 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 26.6 W/kg

SAR(1 g) =13.2 W/kg; SAR(10 g) = 6.16 W/kg

Maximum value of SAR (measured) = 19.8 W/kg

dB
0

-4.41
-8.82
-13.22

-17.63

L.

-22.04

0 dB=19.8 W/kg =12.97 dBW/kg
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Impedance Measurement Plot for Body TSL
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D2450V2,Serial No.858 Extended Dipole Calibrations

Per IEEE Std 1528-2013,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior
calibration),and in impedance (within 5 ohm of prior calibration),the annual calibration is not
necessary and the calibration interval can be extended.

Justification of the extended calibration

D2450V2 Serial N0.858

2450 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)

10.30.2015 -23.589 - 53.231 - 6.0299 -
10.29.2016 -23.466 0.52 50.672 2.559 6.4162 0.386
D2450V2 Serial No.858
2450 Body

Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
10.30.2015 -22.642 - 49.935 - 7.3927 -
10.29.2016 -23.075 1.91 46.903 3.032 5.6814 1.711

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.
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Dipole Verification Data D2450V2 Serial N0.858
2450MHz-Head
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Client ECIT

No. L0570

Certificate No: 21597172

Object D2800V2 - SN 1031
Calibration Procedure(s) FD-211-2-003-01

Calibration Procedures for dipole validation kits
Calibration date October 30, 2015

memmcmmmmmmmmmmummmmnm«zemapnyswumnd
measurements(Sl). The measurements and the uncertainties with confidence probabllity are given on the following
pages and are part of the certificate,

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

Calibration Equipment used (MA&TE critical for calibration)

Primary Standards ID# Cal Date(Caibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-15 (CTTL, No.J15X04256) Jun-16
Power sensor  NRP-ZS1 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-18
Reference Probe EX3DV4 [ SN 3617 26-Aug-15(SPEAG N0 EX3-3617_Aug15) Aug-18
DAE4 SN 777 26-Aug-15(SPEAG No.DAE4-T77_Aug15) Aug-16
Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY498071430 02-Feb-15 (CTTL, No.J15X00728) Feb-18
Network Analyzer ES071C | MY46110673 03-Feb-15 (CTTL. No.J15X00728) Feb-18

Nmo Function Signature

Do by, Qi Dianyuan SAR Project Leader -

ot Lu Bingsong Deputy Director of the laboratory Ptmih

Issued: November 6, 2015
This calibration cartificate shall not be reproduced except in full without written approval of the laboratory,

Certificate No: Z15-97172 Page 1 of &

East China Institute of Telecommunications Page Number : 214 of 227
TEL: +86 21 63843300FAX:+86 21 63843301 Report Issued Date  : Sep 30, 2017



ecIT SAR Test Report Reported No.: 117D00181-SAR01

(TTL s peag

Add: No.51 Xueywan Road, Hasdian District, Heljsag, 100191, Ohisa
Tel: 486-10-62304633-2079 Fax: +B6-10-62304633-2504

Eamail: enbidchinant] com Hetptwww.chinastl.cn
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Sid 1528-2013, "|[EEE 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 6 GHz

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

« SAR 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 nomal distribution
Corresponds to a coverage probability of approximately 95%.
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CALIBRATION LABORATORY
Add: No.51 Xoeyuan Road, Haldian District, Beijing, 100191, China
Tek +86-10.62304633-2079 Faoc: 4861046210463 3-2504

E-madl; culixhinatl com Hitpwww.chinan! cn
Measurement Conditions
OASYlmcmggm,afarunmm_m_mm 1
DASY Version DASYS2 528.8.1222
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL | 10 mm wilh Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2600 MHz 2 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C %0 1.98 mho/m
Meoasured Head TSL paramoters {(220+02)°C 390:6% 2.01 mhoim £ 6 %
Head TSL temperature change during test <10°'C - -
SAR result with Head TSL =
SAR averaged over 1 cm’ (1 g) of Hesd TSL Condition
SAR measured 250 mW input powes 146mW/g
SAR for nominal Head TSL parameters normalized 1o 1W 58.0 mW /g £ 20.8 % (k=2)
SAR averaged over 10 ¢~ (10 g) of Head TSL Condition
SAR measured 250 mW input power 640mW ig
SAR for nominal Head TSL parameters normalized to 1W 25.5 mW ig £ 20.4 % (k=2)
Body TSL parameters
The folowing parameters and calculations were applied
Tomperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220+02)°C 527+6% 214 mhoim £ 8 %
Body TSL temperature change during test <10°C - —
SAR result with Body TSL
SAR averaged over 1 ¢ (1 g) of Body TSL Conditon |
SAR measured 250 mW input power H42mW/ig
SAR for nominal Body TSL parameters nommalized to 1W 57.1 mW /g £ 20.8 % (k=2)
SAR averaged over 10 cm (10 g) of Body TSL Condition
SAR measured 250 MW input power 633 mwW /g
SAR for nominal Body TSL parameters normalized to 1W 254 mW g £ 20.4 % (k=2)
Centificate No: 215-97172 Page 3 of 8
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CALIBRATION LABORATORY
Add; No,51 Xueyuan Rosd, Haidien District, Beging, 100191, China
Tek: *B6-10-62304633-2079  Faoc +B6-10-62304633. 2404
E-mail: cal@chinattl com Fittpofwww.chinattl.cn
Appendix
Antenna Parameters with Head TSL
Impedance, transformed 1o feed point 48.50- 3 48/0
Retum Loss - 28.3d8
Antenna Parameters with Body TSL
Impedance, transformed to feed point 45.90- 3.130
Return Loss - 26.4dB
General Antenna Parameters and Design
[EW Delay (one direction) 1253 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 i 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 fo the dipole arms in arder to improve malching when loaded
according to the position as explained in the "Measurement Conditions” paragraph. The SAR data are not
affected by this change. The cverall dipole length is still according to the Standard
No excessive force must be applied to the dipole arms, because they might bend or the soidered
connections near the feedpoint may be damaged.
Additional EUT Data
| Manutactured by [ SPEAG
Certificate No: Z15-97172 Paged of 8
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Add: No 51 Xueyuan Road, Huidun District, Beifing, 100091, China
Tel: +86- 1 0623046332079 Fax: ~B6-10.623046353.2504
E-mail: otthifchinact] com Hetpe'wwwechinast).on

DASYS Validation Report for Head TSL Date: 10302015
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1031
Communication System: UID 0, CW; Frequency: 2600 MHz: Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; o = 2.014 S/m: er = 39.85; p = 1000 kg/m3
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

* Probe: EX3DV4 - SN3617; ConvF(7.21, 7.21, 7.21); Calibrated: 8/26/2015;

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

= Electronics: DAE4 Sn777; Calibrated: 8/26/2015

« 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 (7331)
Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=Smm,
dy=5mm, dz=5mm
Reference Value = 106.9 V/m; Power Drift = 0,01 dB
Peak SAR (extrapolated) = 32.1 Wikg

SAR(1 g) = 14.6 W/kg: SAR(10 g) = 6.4 Wikg
Maximum value of SAR (measured) = 23.0 W/kg

a8
0
-4.97
-3.94

-14.92

-19.89 ‘

L.
-24.86 —— ol .

0dB=23.0 Wkg = 13.62 dBW/kg
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Impedance Measurement Plot for Head TSL

Tri 511 Log Mag 10,G00R; Ref ¥.00%a8 [Fi]

5009 SO0 G N 36
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.
0.0
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-
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Add: No.31 Xueywan Road, Haidian District, Beljing, 100191, China

lel +B6-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cnllf@chinatt] com HipeVwww.chinatt] co
DASYS Validation Report for Body TSL Date: 10.30.2015

T'est Laboratory: CTTL, Beijing, China

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1031
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f= 2600 MHz; o = 2.136 S/m; £ = 52.7; p = 1000 kg/m’
Phantom section: Left Section
Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2007)

DASYS Configuration:

« Probe: EX3DV4 - SN3617; ConvF(7.2, 7.2, 7.2); Calibrated: 8/26/2015:

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

» Electronics: DAE4 Sn777; Calibrated: 8/26/2015

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

*  Measurement SW: DASYS2, Version 52.8 (8): SEMCAD X Version 14.6.10 (733 1)

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

Reference Value = 99.48 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30,4 Wikg

SAR(1 g) = 14.2 W/kg: SAR(10 g) = 6.33 W/kg

Maximum value of SAR (measured) = 22,2 Wikg

dH ' )
8

-4.73
.46 |
-14.18
-18.91

-23.64

0dB =222 Wikg = 13.46 dBW/kg
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Impedance Measurement Plot for Body TSL

Tri 315 Log Wig 10.C0an/ nef 0. O00dE [#1]
ARl £ e 2t 7 T T o v S =]

.50, 00 — ——
50.C¢ £
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D2600V2,Serial No.1031 Extended Dipole Calibrations

Per IEEE Std 1528-2013,the dipole should have a return loss better than -20dB at the test
frequency to reduce uncertainty in the power measurement.

Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior
calibration),and in impedance (within 5 ohm of prior calibration),the annual calibration is not
necessary and the calibration interval can be extended.

Justification of the extended calibration

D2600V2 Serial N0.1031

2600 Head
Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)

10.30.2015 -28.261 - 48.452 - -3.4766 -
10.29.2016 -26.029 7.89 44.630 3.822 -4.4265 0.950
D2600V2 Serial No.1031
2600 Body

Real Imaginary
Date of Return-Loss | Delta Delta Delta
Measurement (dB) (%) Impedance (ohm) mpedance (ohm)
(ohm) (ohm)
10.30.2015 -25.441 - 45.931 - -3.125 -
10.29.2016 -25.582 0.54 48.845 2914 -2.163 0.962

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.
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Dipole Verification Data D2600V2 Serial No0.1031
2600MHz-Head

PI@ =11 Log Mag 10.00de, ref 0.000ds [F1]
50.00

»1  2.6000000 GHz -26.029 d&

-30.00
-40.00

-50.00 =

1 Start 2.4 GHz IFEW 100 kHz 20GH: [
Tri 511 sSmit R+]x) Scale 1.000U0 [F1 De

¥l 2.6000000 GHz 44.630 Q -4.4265 o 13.829.pF | T

2 SEart 2.4 GHz TFEWY 100 kM2 Shop 2.8 GHr Cor

2600MHz - Body

F- 511 Log Mag 10.00dE; Raf O.000de [FL Dal]
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*1  2.6000000 GHz -25.582 dB

10.00

0. 000 4
10,00 FPr——_— ____,__.__————'—1
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C \Y\ f.—”’fﬁ
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Acceptable Conditions for SAR Measurements Using Probes and Dipoles
Calibruted under the SPEAG-TMC Dual-Logo Calibration Program te
Support FCC Equipment Certification

The acceptahle conditions for SAR measurements using probes, dipoles and DAEs
calibrated by TMC (Telecommunication Metrology Cemter of MITT in Beijing, China),
under the Dual-Logo Calibration Certificate program and quality assurance (QA)
protocols established between SPEAG (Schmid & Pariner Engineering AG, Switzerland)
and TMC, 10 suppont FCC (L08, Federal Communications (Cemmissian) squipment
certification are defined and described in the following.

1) The agreement established between SPEAG and TMC is only applicable 10
calibration services performed by TMC where its cliemts (companies and divisions of
such companies) are headquartered in the Greater China Region, including Taiwan
and Hong Kong, This agreement is subject 1o renewal 81 the end of each calendar
year between SPEAG and TMC, TMC shall inform the FOC of any changes or early
termination to the agreement

Only & subset of the calibration services specified in the SPEAG-TMC agreement,
while it remains valid, are applicable to SAR measurements performed using such
equipment tor supporting FUC equapment certitication. These are identified in the
following.

a} Calibeation of dosimetric (SAR) probes EXIDVx, ET3DVx and ESIDVx.

i} Free-space E-ficld and H-field probes, including those used for HAC {hearing
aid compatibility) evaluation, temperature probes, other probes or eguipment
not identified in this document, when calibrated by TMC, are excluded and
cannot be used for measurements to suppornt FCC equipment certification.
Signal specific and bundled probe calibrations based on PMR (probe
modulation response) chamcteristics are handled according to the
requirements of KDB 865664; that is, “Until standardized procedures are
available 10 make such determination, the applicability of a signal specific
probe calibration for testing specific wirekess modes and technobogies is
determined on & case-by-case basis through KDB inquiries, including SAR
system verification requirements.”

b) Calibration of SAR system validstion dipoles, excluding HAC dipoles.

¢) Calibration of dats scquisition electronics DAE3Vx, DAE4Vx and DAEasyVx
d) For FCC equipment certification purposes, the frequency range ol SAR probe and
dipole calibeations is limited o 700 MHz - 6 GHz and provided it is supporied by
the equipment identified in the TMC QA protocol (a separate aitachment 1o this
document )

The identical system and equipment setup, measurement configurations,
hardware, evaluation algorithms, calibratson and QA protocals, including the
format of calibeation certificates and reports used by SPEAG shall be applicd by
™C

Ihe calibeated items are only applicable to SPEAG DASY 4 and DASY 3 or
higher vession systems,

d

<

f
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11 The SPEAG-TMC agneement includes specific protocols identified in the following
to ensure the quality of calibration services provided by TMC under this SFEAG-
TMC Dual-Logo calibration agreement are equivalent wo the calibration services
provided by SPEAG. TMC ghall, upon request, provide copies of documentation to
the FOU 1o substantiate program implementation,

a) The Inter-laboratory Calibration Evaluation (ILCE) stated in the TMIC QA
pratoced shall be performed between SPEAG and TWC at least ance every 12
months. The ILCE acceptance critersa defined m the TMC QA protocol shall be
satiafiend for the TWC, SPREAG and FOC agresmeents in remain valid.

Check of Calibration Certificabe {COC) shall be performed by SPEAG for all

calibeations performed by TMC, Written confirmation from SPEAG is requined

for TRAC #e isswe calibration cemificates under the SPEAG-TMC Dual-Logoe
calibration progrmm. Quarterly reports for all calibrations performed by TMC
uniber thit pragram ane also lssued by SPEAG.

The calibration equipment and measunement system used by TWC shall be

wigrified before cach calibration service according to the specific reference SAR

prabes, dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
amd within the defined nceepinnce criterin specified m the TMC QA protocol
belore each actual calibration can commence. TMC shall maintain records of the
mensurement and calibration system verification resulls For all calibrations.

Quality Check of Calibration ((POC) centificates shall be performed by SPEAG at

least once every 12 manths. SPEAG shall visit TMC facilities to verify the

Ishorstory, equipment. applied procedures and plausibility of mndomly selecbed

certifcates.

A copy of this document, to be updated annually, shall be provided o TMC cluents

that accepl calibration services according to the SPEAG-TMC Dunal-Logo calibration

propram, which should be presented toa TCB ( Felecommumicarion Certiffoation

Houlv), 10 facilitate FOC equipment approval

TMC shall address any questbons mised by s clients or TCBs relating io the SPEAG-

AC Digal-Logo calibration program and infarm the FOC and SPEAG of any critical

ETTT

h

d

]

Chanpe Mg Revised on Juse 26 1o clarify the applicabliny of FME end Busdled probe calibrations

accondng o the pajuinesens of KD 863604
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ANNEX H. Accreditation Certificate
e

» A |
iy it

Accredited Laboratory

AZLA has accredited

EAST CHINA INSTITUTE OF TELECOMMUNICATIONS

Shanghai, People’s Republic of China

A
:
)

far technical competence in the field of

Electrical Testing

This laboratory is accredited in accordance with the recognized Intemational Standard ISS/IEC 170252005
General requirements for the competence of testing and calibration laboratories . This accredifation demonstrates
technical competence for a defined scope and the operafion of a laboratory quality management system
[refer to joint ISO-ILAC-IAF Communique dated & January 2009).

bl Presented this 15" day of March 2017.

i 7,

. '\ '
cf ey
< BEAL E
4 s B
r \%'J - President and CEQ

r m . For the Accreditation Council

o, N,H‘ Certificate Mumiser 3682.01
e Valid to February 28, 2015

Farthe tests fo which this accreditation apples. please refer to the lobanatory's Bectrical scope of Accreditation

**********En d Th e R ep 0 rt**********
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