. O—— ey PR
TTYL. AP
m-;-mu“'—'—'—um CNAS e

Add: No.51 Xueysms Road, Hisidian District, Beijing, 100191, Ching CALIBRATION
Tel: +86-10-BI3M631-2070  Fan: =R | -62304013-1504 il CHAS LOSTO
e T ﬂllrl,l-r:h-ﬂhm brrp fwewew chinarl e

Calibraton date March 20, 2017

mmmmmmnwmmmm which realize the physical units of
measuraments{Si) m-mu-mmmmmmm are gevan on the following
pages and are part of the certificate

All calibrations have been conducled in the closed laboratory facikty environment temperatura2:%T and
humidity<70%

Calibraton Equipment used (METE critical for cabbration)

Frimary Standargs iD# Cal DateiCalibrated by, Certificate No.)  Schedulsd Calibration |
Powar Mater MNRPZ 101818 27-Jun-1B (CTTL, No. J16X04771) dure=iT
Power sensor NRP-221 101547 27-Jun-18 (CTTL, No.J18X04771) Jun=1T
Raference Probs EX30V4 | SN 3617 23-Jan-17(SPEAG No EX3-3617 _Jan1T) Jan-18
DAE4 SN 77T 22-Aug-18(CTTL-SPEAG No 216-97138) Aug-17

Standards iD# Cal Date( Calibrated by, Cerificata No ) Scheduled Calibration

Signal Generator E4438C | MY4BO71430  13-Jan-17 (CTTL, No.J17X00286) Jan-18
Network Analyzer ESOTIC | MY4B110873  13-Jan-17 (CTTL, No.J17X00285) Jan-18
Mame Function Signaiure

R Zhao Jing SAR Test Engineer 4

T y - o - . B - '!_

Wi by Qi Dianyuan SAR Project Leader =TT
Issusd March 2017
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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, *|EEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR] in the Human Head from Wireless
Communications Devices: Measurement Technigues®, June 2013

b) IEC 82208-1, "Procedure lo measure the Specific Absorption Rate (SAR) For hand-held
devices used in close proximity to the ear {frequency range of 300MHz 1o 3GHz)", February
2005

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

d) KDBB65664, SAR Measurament Requirements for 100 MHz 1o 8 GHz

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Maasurement Conditions: Further detalls 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

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

» Electrical Deiay: One-way delay between the SMA connector and the antenna feed point.
Neo uncertainty required.

o SAR measured: SAR measured al the stated antenna Input power.

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

* SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
neminal SAR result,

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multipied by the coverage faclor k=2, which for @ normal distribution
Comesponds to a coverage probability of approximately 85%.

Certificate No; 217-97037 Page 1 of



" b Coslabararmucs with
@' CALIGRATION LABORATORY

Adit: Mo 31 Xueyum Rosd, Faidine (e, Beiging. 106791, Ching

Tol: + B | =600 1-20
-l cxibogechinanenen

Fum: = Bl 03004033 2504
Bitpe archmmilen

Measurement Conditions
DASY system configuration. as far &s not given on page 1
DABY Version DASYSZ 52 5.8 1258
Extrapolation Advanced Extrapolation
Phantom Tripla Flat Phandom 510
Distance Dipole Centor - TSL 15 mm wilh Spncer
Zoom Scan Resolution i, dy, dr= 5 mm
Frequency 50 MHz £ 1 MHz
Head TSL parameters
Tha folipwing parameters and calculabons Wiy Bppbed
Tompearaturs Permittivity Conductivity
Nominal Head TSL parametors BnoC 419 0. B8 mihaim
Measured Head TSL parametors 20207 °C 414 18 % 08T mhaim 6% |
Head TSL temperature change during lest <1 0°C — -
SAR result with Head TSL '
| BAR averaged over 1 o’ {1 g) of Head TSL Condition
SAR measuned 250 mW impaut power 213mWig
SAR for nominal Head TSL paramatars normiskzed io 1W 837 mW ig £ 20.8 % (k=2) |
SAR averaged over 10 o’ (10 g) of Head TSL Condition |
SAR maasured 250 i Inpul poenr 14T mW i g
SAR for nominal Hesd TSL paramelsrs normalized to W 5.56 mW jg & 20.4 % (k=2)
Body TSL parameters
Tha foliowing paramelsrs and calculasons wene appliod
Temporature Pormittivity Conductivity
Nominal Body TSL parameters 20°C 55.5 0.86 mhaim
Measured Body TSL paramaters (220207 C 5520 8% 0.95 mhom £ 6 %
Body TSL temperature change during test =1.0°C o -
SAR result with Body TSL
SAR averaged over 1 cm' (1 g) of Body TSL Conditian
SAR maasured 250 m\W inpul powar 21T mW i g
SAR for nominal Body TSL pammelars normalized o 16 8.7 mW ig £ 20.8 % (k=2)
SAR averaged aver 10 cm (10 g) of Body TSL Condition
SAR measured 250 miW gt power .48 mW i g
SAR for nomingd Body TSL parametess normalized 1o 1W 5.57T mW /g £ 20.4 % [k=2)

Certificate No: Z17-07037
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Appendix (Additional assessments cutside the scope of CNAS LO570)
Antenna Parameters with Head TSL

. Impodance. rewformed (o fesd point 51.00- 3150
Return Loss - 28.7dB
Antenna Parameters with Body TSL
Impedance, transforrmed 1o feed paint 48.70- 2.50402
Return Loss - 32008

General Antenna Parameters and Dasign

Electrical Detay (one direction) i 1115 ne

Ahaflmn-umuwuiﬂa1mmmhum.mtyaﬂlghlmnﬂhgnfmumlwhmm
be measurad.

mmummmwmm.mMmmmﬂmmwuumy
connecied to the sacond arm of the dipole The antenna is therefore short-circulted for DC-signais On some
ﬂhm.mwﬂmmaﬂmnmmﬂuhmmwmmwmm
Mnntammﬁnnuminndlnmn'mmumIM'm The SAR data are not
affected by this changs The overall dipale length is still according o the Standard.

No excessive force must ba applied io the dipole arms, because they might bend o the soidersd
connections near the feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG .

Certificnie No: Z17-97037 Page d of
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DASYS Validation Report for Head TSI Dude: 03,20.2017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 750 MHz; Type: DTS0V3: Serial: D750V - §N- 1087
Communication System: UID 0, CW- Frequency: 750 MHz; Duty Cyele: 14)
Medium parnmeters used: £= 750 MHz: o = 0.908 S/m: & = 41 38 p = 1000 kg/m'
Phantom section: Right Section
Measurement Standard: DASYS (IEEE/TEC/ANS] 063192007

DASYS Configuration:

* Probe: EX3DV4 - SN3617; ConvF(10.05, 10,05, 10.05 b Calibraied: |/ 2372017

* Sensor-Surface: | 4mm {Mechanical Surface Detection)

» Electronics: DAES Sn777: Calibrated: 8222016

« Phantom: Triple Flat Phantom 5.1C: Pvpe: QD DG P31 CA: Serinl: oo

»  Measurement SW: DASYS2, Version 52.8 (81 SEMCAD X Viersion 14.6.10
{T372)

Dipole Catibration/Zoom Scan (Tx7xT) (TxTxTWCube 0 Mensuremeni end: dx=3mm,
dy=Smm, de=5mm

Reference Value = 52.61 Vim; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.22 Wikg

SAR(] g) = 2,13 Wikg: SARI(10 g) = 1.41 Wikg

Maximum value of SAR (measured) = 2.84 W g

0 dB = 2.84 Wikg = 4.53 dBW/kg

Certiflcate No: Z17-07037 Page § of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Crate; 03202017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 750 MHz; Type: DTSOVY: Serial: DTSOVS - SN 1087
Communication System: UID 0, CW: Frequency: 750 MHz Duty Cyele: 1:1
Medium parameters used: = 750 MHz: o= 0,952 Sim; &= 55.23; p= 1000 kg/m'
Phantom section: Center Section
Measurement Standard: DASY S (IEEE/EC/ANS] C63.19-2007)
DASYS Configuration;

* Probe: EX3DV4 - SN1617; ConvFi9.8 9.5, 9.8); Calibrated: 1/23°2017:

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

» Electronics: DAE4 Sn777; Calibeated: 82272016

*  Phantom: Triple Flat Phamom 5.1C: Type: QD 000 P51 CA: Serial: xoox

o Measurement SW: DASYS2, Version $2.8 (8); SEMCAD X Version 14.6.10
(7372)

Dipole Calibration/Zoom Scan (Ta7 x7) (TxTaT W Cube : Measurement grid: dx=5mm,
dy=3mm, de=5mm

Reference Value = 54,49 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.18 Wikg

SAR(] g)=2.17 Wikg: SAR(10 g} = 1.46 Wikg

Maximum value of SAR (messured) = 2.85 W kg

-1.81

-3.83

5.74

-7.66

L

457

0 dB = 2,85 Wikg = 4.55 dBW/kg

Leriificmie No, Zi7-97037 Page Toi 8



ﬂ

L

CALIGRATION LABORATOMNY
Aded: Mo, 51 Nueyum Hud. Hinidsan Districe, Beijing. 100191, Ching
Tk +Rh= | B-ATI0A63 - BT e L [ R T g L ¥

E-muii’ enl &chinsil com Hitmgn v chinati] o

Impedance Measurement Plot for Body TSL
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Client Sporton_XA

Mmmmmmmm

closed l@boratory facikty. emvironment temperatureq22:3:1 and
humidity<70%.

Calibration Equipment used (METE criical for calibration)

Primary Standards iD# Cal Date|Caiibrated by, Certificate No, ) Scheduled Calibration
Fower Meter NRPZ 101918 ZT+Jun-16 (CTTL, No. 18X047T T Jun-17
Power sensor NRP.281 101547 27-Jun-18 (CTTL, No. J18X04777) dun-17
Reference Probe EX3DV4 | SN 3817 23-Jan-17(SPEAG Na EX3-3817_Jan1T) Jan-18
DAE4 SNTTT 22-Aug-1B(CTTL-SPEAG No.Z18-87138) Aug-17

Secondary Standards D= mmmg,cmmm} Scheduled Calibration
Signal Genergior E4438C | MY48071430  13-Jan-17 (CTTL, No . J1TXD0Z88) Jan-18
Network Analyzer ES07T1C | MY46110873 13-Jan-17 (CTTL, No. JATX002A5) Jan-18
Mame Function Signature

Certificate No: Z17-97038 Page 1 of 8
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Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORMx,y.z
NAA nat applicable or not measurad

Calibration is Performed According to the Following Standards-

a) IEEI_:' Sid 1528-2013, IEEE Hmnnnnm Prilﬂﬂ::“ for Determining the Peak
Epniui-ﬁvarl:gad Specific Absorplion Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremant Techniques®, June 2013

bj IEI.’:_ 62208-1, “Procadure to feasure the Specific Absorption Rate (SAR) For hand-hald
gw used in close proximity to the ear (frequency range of 200MHz to 3GHz)", February

c) IEC 62209-2, *Procedure 1o measure the Spacific Absorption Rate (SAR) For wireless
communication devices used in closa proximity to the human body (frequency range of
30MHz to BGHz)", March 2010

d) KDBB65664, SAR Measurement Requirements for 100 MHz to & GHz

Additional Documentation:
&) DASY4/5 System Handbook

Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL The dipole is mounted with the spacar 1o position its feed
point exactly below the center marking of the fiat phantom section, with the arms oriented
parallel to the body axis.

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

* Electrical Delay: One-way defay between the SMA connector and the antenna fead point,
No uncertainty required.

* SAR messured SAR measured al the stated antenna Input power.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Cormesponds 1o a coverage probability of approximately 85%.

Certificate No: 21797038 Page 2of 1
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Measurement Conditions
”ﬂmuguwmwr.
DASY Version DASYSS 852881258 ]
Phantom Triple Flat Phantom 5.1C
Déstance Dipate Canter - TSL 15 mm with Spacer
Zoom Scan Resolution c, dy. dz = 5 mm
Fregquency B35 MHz 2 1 MHz
—
Head TSL parameters
EMM““MM@
Temparature Permittivity Conductivity
Nominal Head TSL parametars ZZ20"C 415 0.80 mhadm
Measured Head TSL parameters 220202 °C d1.0=0 % 0:88 mhaim 2 8 %
lﬂmmmmdmm «10'C e ==
SAR result with Head TSL
| SAR averaged ovar 1 cm” (1 g of Head TSL Condition
SAR measured 230 mW input povwer 241 MW /g
SAR for nominal Head TSL paramatars narmaiized 1o 1W lﬂﬁiﬂ'htﬂ.l'&lh‘!l
SAR averaged over 10 {10 g of Head TSL Condition
SAR measured 250 mVWV input powes 15TmW i g
MMMMMELPW fgrmalized o W E.Hnﬂfqtﬂdiﬂ#llj
Body TSL parameters
The fallowing parameters and caiculations wees applisd
Temparaurs Permittivity Conductivity
Nominal Body TSL parameters Zi0'C 56.2 0.97 mhatm
Moasured Body TSL parameters R20202C S56:28% 0.9 mhotm £ 8 %
Body TSL temperature change during test <1.0°C A= -
SAR result with Body TSL
SAR sveraged over1 o’ (1 g} of Body TSL Conaiton
SAR messured 250 mN Input power 247 mW g
SAR for nominal Body TSL pasarmetars nrmiadizad o 14 .72 mW g £ 208 % (k=2)
SAR averaged over 10 o (10 g) of Body TSL Conditian
SAR messured 250 MW input power 18 mW i g
SAR for nominal Body TSL parameters nonralized o 1% fi.4d mWig £ 20.4 % (k=2)

Centificate No:- Z17-97038

Page 1 of i
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Appendix (Additional assessments outside the scope of CNAS LO570)

Antenna Parameters with Head TSL
Impedance. iransformed to fead point 48.20)- 3.3040)
Return Loss - 28 3gB _|
Antenna Parameters with Body TSL
Tﬁmmmmh-dwﬂ 45.00- 3.08/0 _hl
Redumn Logs = #5648
General Antenna Parameters and Design
Eilwﬂmllﬂummmdhn 1474 na _J

After long term use with 100W radiated power, only & slight warrming of the dipole near the feadpoint can
be measured

Certificate No: £17-07038 Page 4 of &
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DASYS Validarion Report for Head TSL Dhate: 03 202017

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz: Type: DE3ISV2; Serial: DE3ISV? - SN- 4d151
Communication System: UID 0, CW: Frequency: 835 MMz Duty Cyele: 111
Medium parameters used: = 8§32 MHe: o = 0.886 S/m; ¢, = 40.96: p= 1000 ky/m'
Phantom section: Right Section

Measurement Stundard: DASYS (IEEE/ IEC/ANS) C63.19-2007)
DASYS Configuration

= Probe: EX3DVE - SNI6IT Cons F(9.73, 9.73, 9.73): Calibrated: L2A2017:

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

* Electronics: DAF4 Sn777- Calitrated: 872272015

«  Phantom: Triple Flat Phaniom 5:1C; Type: QD 000 P51 CA: Serial: | 16171

*  Measurement SW: DASYS2. Version 52.8 (8): SEMCAD X Version 14.6.10 (7372

Dipole Calibration/Zoom Sean (7a7x7) (Tx7x7TWCube 0: Measurcment grid: dx=5mm,
dy=Smm, dr=5mm

Reference Value = $9.22Vim: Power Drift = 0,03 dB

Peak SAR (extrapolated) = 1 68 Wikg

SAR(1 g) =241 Wikg: SAR(10 g} = 1.57 Wikg

Maximum value of SAR (measured) = 3,24 Wik

L

18.72
0 dB =3.24 W/kg = 5.11 dBW/kg

Certificate Mp: ZF7-0 014 Page s of &
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DASYS Validation Report for Body TSL Date: 03,20 2617

Test Laboratory: CTTL, Beijing, China

DUT: Dipole 835 MHz: Type: DEISVY; Serial: DEISVE - SN: 4181
Communication Svstem: 1D 0. CW, Frequency: 835 MHz: Duty Cyele: 111
Medium parameters used: = 835 MHz- o = 0.962 S/m; 6, = 55.58; p= (000 kgim’
Phantom section: Center Section
Measurement Standard: DASY S UEEEAEC/ANST C63.19-2007)

DASYS Configuration:

* Probe: EX3DV4 - SN161 T ( onvF(9.64.9.64, 9.64); Calibrated: 11232017

* Sensor-Surface: | 4mm (Mechanic al Surface Detection)

* Electronics: DAE4 Sn777: Calibraed: 82272016

«  Phantom: Triple Flat Phantom 3.1C; Type: QD 000 P51 CA: Serial 116171

*  Measurement SW: DAS Y52, Version 52.8 (8} SEMCAD X Version 14.6 10 (73723

Dipole Calibration/Zoom Scan (7x7x7) (TxTx 7TV Cube 0: Measurcinent prid: dy=5mm,
dy=5Smm, de=5mm

Reference Value = 57.67 Vim: Power Drifi = <0.01 dB

Peak SAR (extrapolated) = 3.50 Wike

SAR(I g) = 2.41 Wikg; SAR(I0 g) = 1.6 Wikg

Maximum value of SAR | measured) = 3.03 Wike

dB
o |

-2.02

-4.05

6.07

B.10

1042 .l—--—-t

0 dB = 3.03 Wik = 4.81 dBW/kg

Certificate No: Z17-9703% Page 7ol 0
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Impedance Measurement Piot for Body TSL
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Ermail: uﬂ:l.i;,ﬂ:l:ulﬂ.m g wwn chimail om
Onject D1750V2 - SN 10080
Calibrabion Procedurse{s) FO-Z11.003-01
. _ _'-.I. I__
Cadibration date: March 23, 2017

This calibration Cerficate documanis the iraceability o national standards, which realize the physical units of
measursmants(S1), Tha measurmsmeants and the uncertambes with confidence probabilty are given on the folliowing
pages and are pari of the cedificate

All calibrations have been conducied in the closed laboratory facility. anvicohmant 1emperatune2d«3C and
hurmidity < 70%

Calibration Equiprment used (MATE cribcal for cabbrabion

Primary Standards 0w Cai Date(Calibrated by, Certificats No Scheduled Calitration
Power Meter NRPZ 101816 27-Jun-18 [CTTL, No J1BX0477T) Jun-17
Power senaor NRP-Z81 | 101547 27-Jun-18 (CTTL, No J18X0477T) Jun=17
Reference Probe EX30VA | 5N 3817 23-Jan-1 T(SPEAG No EX3-3617_Jan1T) Jan-18
DAE4 SN TTT 22-Aug-1B(CTTL-SPEAG No.Z16-67138) Aug-17
Secondary Standards e Cal Date(Calitrated by, Certificate Ma ) Scheduled Calibration
Signal Generalor E4438C | MY4807 1430  13-Jan-17 [CTTL, No.1TX00288) Jan-18
Metwork Analyzer ES071C | MY4B110873  13-Jan-17 (CTTL, No.J1TX00285) Jan-18
Mame Function . qumnt
i Zhao ding SAR Test Engineer T

issued: Manch 2812047
This calibration certificate shall not be reproduced except in full without written approval of the laboratory

Certificate Na: £17-97040 Page | ol &



® i Collsboration with
CALRRATION LABDRATOEY
Akl Mo 31 Xusyuun Rond, Haidies Cissno, Begjimg, 10019, Ching
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Glossary:

TSL tissue simulating liquid

ConvF sensilivity in TSL / NORMx.y.z
NA not applicable or not measured

Calibration Is Performed According to the Following Standards:

a) IEEE Sid 1528-2013, "IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremeant Technigues®, 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) IEC 62209-2, “Procedure to measure the Specific Absorption Rate (SAR) For wireless
communication devices used in close proximity o the human body (frequency range of
30MHz to 6GHz)", March 2010

d) KDB8656E4, SAR Measurement Requirements for 100 MHz to 8 GHz

Additional Documentation:
e) 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 cerificate. All figures stated in the certificate are valid at the frequency indicaled

s« Anfenna Paramelers with TSL The dipole is mountad 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 measurad with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremeant at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electricai Delay: One-way delay between the SMA connector and the antenna feed poinL.
Mo uncertainty required.

s SAR measured SAR measured ai the stated antenna input power.

« SAR normalized: SAR as measured. normalized (o 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 reporied uncertainty of measurement is stated as the standard uncertainty of
Measurement multipiied by the coverage factor k=2, which for 8 normal distribution

Comesponds to a coverage prabability of approximately 85%.

Certificate Mo: £17-97040 Page 2 of ¥
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Measurement Conditions
DASY system configuratian, 2s far as not given on page |
DASY Version DeEYED 52 0B 1256
Extrapolation Agvanced Extrapclation
Phantom Tripla Flal Prantom 5.1C
Distance Dipole Center - TSL 1 mm with Sgacer
Zopom Scan Resolution o, dy, dz =5 mem
Frequancy 1750 MHz 3 1 MHz
Head TSL parameters
The tofiowing parametars and calculaions were appied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°'C 40.1 1.37 mhaim
Mossured Head TEL paramotors 20£02) C 40018 % 1.36 mhoim £ 6 %
Head TSL temperature change during test <10°C s .

SAR result with Head TSL :
‘SAR averaged over 1 cm (1 ) of Head TSL Condition |
SAR measured 250 mW input powar B.22 mW i g
SAR for nominal Head TSL paramasters normakzed to TW 37.0 mW g £ 20,8 % (k=2)
SAR averaged over 10 cm' (10 g) of Head TSL Condition
SAR measured 250 W ingait pawes 49TmW i g
SAR for nominal Fead TSL parameters nommaized to 1W 10.9 mW ig £ 20.4 % (k=2)

Body TSL parameters

The following pacameters and calculations were applied
Temperature Parmittivity Canductivity
Nominal SBody TSL parameters 220°C 534 148 mhodm
Measured Body T5L parameters [220:20.2)"C 531:8% 1,48 mhaim £ 8 %
Body T5L temperature change during test <10°C = ==

SAR result with Body TSL
SAR averaged over 1 cm' (1 g of Body TSL Condition
SAR maasured 250 mW Inpul power BAG MW g i
SAR for norminal Body TSL paramaters norrealized ta TW 38.1 mW /g £ 20.8 % (k=2)
SAR averaged over 10 o (10 g of Boagy T5L Conditon
SAR maasued 250 AN inguit powes S13mWig
SAR for nominal Body TSL parameters nommaiized to 1W 20.6 mW /g £ 20.4 % (k=2}

Cenificane Mo: 21787040
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Appendix (Additional assessments outside the scope of CNAS LOS70)

Antenna Parameters with Head TSL

Impedance, ransformad 1o feed poirt 48.00- 1.53(0

Reium Loss - 31 5dB
Antenna Parameters with Body TSL

impeggnce. Iransiormed 1o feod podnl 44 500 188D

Return Loss - 24 308
General Antenna Parameters and Design

Eloctrical Dalay (oo direchon) 1328 ns

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

be meaaured,

The dipole is made of standard semingid coaxial cable. The center conducior of the feading ine is dinacily
connecled to the second arm of the dipole The antenna s therefore short-circuited for DC-signals, On some
of the dipoles, smail end caps are addeq to the dipoie ams in order 1o improve maiching when loaded
Bccording o the position as explained In the "Measurement Conditions” paragraph. The SAR data are not

affectad by thaa changs. The averall diposs langth is sl acoconding 1o the Standard

No excessive force must be applied to the dipole arms, bacause they might bend or the soidered

conngctions near the feedpoint may be damaged

Additional EUT Data

Manufactured by

Certificate No; Z17-97040
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DASYS Validation Report for Head TSL Daie: 03233017

Test Laboratory: CTTL., Beijing. China

DUT: Dipole 1750 MHz; Type: DI750V2; Serial: DITS0V - SN: 1090
Communication System: UID 0, CW: Frequency: 1750 MHz: Duty Cvele! 1:1
Medium pammeters used: (= 750 MHz: a= 1,364 S/m; e = 40.01; p = 1000 kg/m3
Phantom section: Right Section
Messurement Standard: DASYS (IEEETEC/ANS] CA3, 19-2007)

DASYS Configuration

#  Probe: EX3DVA - SN361 T, ConvF(BA49, B.49, B.49): Calibrated: 12372017;

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

#» Electronics: DAE4 8n777; Calibraled: B2272016

& Phantom: Triple Flat Phantom 3.1C; Type: QD 000 P53 CA:; Serial: 1 16171

&  Measurement SW: DASYSZ, Version 52.8 (B SEMUCAD X Version 14.6.1007372)

Svstem Performance CheckLoom Seam (73727 ) (TaTx7VCube 0; Measurement grd
ds=5mm, dv=3mm, de=Smm

Reference Value =95.51V/m: Power Dnfit = 0,04 4B

Peak SAR (extrupolated) = 16.8W kg

SAR(] gh=9.22 Wikg: SAR(10 g) = 4.97 W/kg

Maximum vulue of SAR (measured) = 14,1 Wikg

da
i}

327

-6.54

D dB = 14.1 Wikg = 11.49 dBW/kg

Certificats Mo £ 1 T-00M0 Page 5 of ¥
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Impedance Measuremant Plot for Head TSL

i 111 ing wap L0, GO0e/ nal 0. 000 TriT

W T Gy I

.00
§a. 08
o
10 08
. e

~240. 8

5. 0

« 0 6D

5.0

10, bl &

[ £l Sefsh iEels) Scale 1000w [Fo pel]

Fi L. TIG0000 Ge3 AR.CEF O -1.9207 0 u-l_ﬁ

Certificate Mo; Z17-97040 Pagesaln



in Collaboration with

THl, 1 n.-0 8N

Add: Yo 81 11.-9'_|-I.-.IJ- Wimaad, | Ll iiini { adeieL g parig,. 1001 %], Chang

Tl &Ml 1 0h 2 30005 3230 T Fas: +Eh- | 010086752504
E=mail: ctilidchisasil cosn I wi chiraml en
DASYS Validation Report for Body TSL Daie: 43,23 2007

Test Laborstory: CTTL., Beijing, China

DUT: Dipole 1750 MHz; Type: DIT30V; Serial: DITS0V - SN: 1090
Communication System: LD 0, CW; Frequency: 1750 MHz; Duty Cycle: 111
Medium parnmeters used: F= 1750 MHz; o= 1 481 S/m; &, =53.11; p= 1000 kg/m’
Phantom section: Center Section
Measuirement Standard: DASY S (IEEETEC/ANS] CA2.19-200T)

[DASY S Configuration

¢  Probe: EX3DVE - SMN3G1 T ConvF(B.21, 8.21, B.21); Calibrmted: 1232017

# Sensor-Surfoce: | 4mm (Mechanical Surfsce Detection)

+ Electronics: DAE4 Sn777; Calibrated: B222016

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

=  Measurement SW: DASY 5L, Version 528 (B); SEMCAD X Version 14.6. 10 (7372}
System Performance Check/Foom Sean (Tx7x7) (Tx7x7)VCube 0: Measurement grid:
dx=5mm, dv=5mm, dz~Smm
Reterence Value = 90,435 Vimg Power Deifi = <002 dB
Peak SAR (extrapolated) = 17.0 Wikg

SAR(1 g) = 9.49 Wikg: SAR(10 g) = 5.13 W/kg
Maximum value of SAR (measured) = 14.4 Wiky

-3.22

6.43

-4.65

-12.86

4

0dB =144 Wike = 11.58 dBW kg

Cerificale Na £ 7-070k0 Paye 7ol #
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Impedance Measurement Plot for Body TSL
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Add: No 51 Xesyuan Road, Habdian Districr, Beijmg. 100191, Chins CALIBRATION

Tel: ~B&-10-61304633.2078  Fax +B6-10-62904013-2504 il CNAS LOSTO
Frmail: ikt chisat oen hetp e il e r
Client Sporton_XA Certificate No: ~ Z17-87041

Object D15900V2 - SN: 5d170
Calibration Procedure(s) Fﬂ 211 m o1

Calibration Procedures for dipale vabidation kits
Calibration date: March 22, 2017

This calibration Certificate documents the raceability to national standards, which realize the physical units of

measurements(&l) The measuremeants and the uncertainties with confidence probability are grven on the fallowing
pages and are part of the cerfificate

All calibrations have been conducted in he ciosed laboratory faclity environment temperature(22:MT and
humidity=70%

Calibration Equipmant usad (M&TE crifical for calibration)

Primary Standards iDe Cal Date{Calibrated by, Cernificate No.) Schaduled Calbration
Fowsr Matar NRP2 101918 27-Jun-18 (CTTL. Na. J16X0477T) Jur-17
Power senscr NRP-Z91 | 101547 27=Jun-18 (CTTL, No. J18X0477T) Jun=17
Referance Probe EX3DV4 | SN 3817 23-Jan-17({SPEAG No EX3-3817_JaniT) Jan-16
DAE4 SNTTT 22-Aug- 1G{CTTL-SPEAG N0 Z18-87138) Aug-17
Secondary Standards iDw Cal Date|Cakbrated by, Certificate Mo ) Scheduled Calibration
Signal Generafor E4438C | MY48071430 13-Jan-17 (CTTL, Na J17X00286) Jan-18
Neétwork Anaiyzer ES071C | MY48110673  13-Jan-17 (CTTL, No.J17X00285) Jan-18
MName Function E-grulum_
i iDjsnyusn SAR Project Leader

Issusd: March BI:IH'
This calibration certificate shall not be reprocucsd sxoept in Tl withoul written approval of the IBboratory,

Certificate No: Z17-97041 Page 1 of 8
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Glossary:
TSL tissue simulating liquid
CaonvF sensitivity in TSL / NORMux,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 Delermining the Peak
Spalial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wirsless
Communicabions Devices: Measurement Techniques®, June 2013

b) IEC 82209-1, "Procedure to measure the Specific Absorption Rate (SAR) For hand-heid
::"H;:EE used in close proximity to the ear (frequency range of 300MHz to 3GHz)", February

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

d) KDBBB85664, SAR Measurement Reguirements for 100 MHz to 6 GHz

Additional Documentation:
e) DASY4/S System Handbook

llﬂhndl Applied and Interpretation of Paramaters:

Measurement Condifions: Further details are avallable from the Validation Report at the end
of the cartificate. All figures stated in the certificale are valid al the frequency Indicated.

« Antenna Paramelers with TSL: The dipole is mounted with the spacer to position its feed
peint exactly below the center marking of the fiat 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 connecior to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

« Elscincal Delay. One-way delay between the SMA conneclor and the antenna fead 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
cannector.

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

The reported uncertainty of measurement IS slated as the standard unceriasinty of
Measurement multipied by the coverage factor k=2, which for a normal distribution
Cormesponds to a coverage probability of approximately 85%.

Certtficute Mo: £ 1T7-9704 | Page » o &
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Measurement Conditions
DASY system configuration, as far a2 not given on page 1
DASY Version DASYS? 52 8 .5.1254
Extrapolation Advanced Extrapoistion
Phantom Trighe Fiat Phantom 5 1C
Distance Dipole Conter - TSL 10 mm with Spacer
Zoom Scan Resolution e, dy, dz= 5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parameters and calcutations wers applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 20C 400 1.40 mhanm
Moasured Head TSL pararmebors (2003 “C IEzEY% 1.36 mho/m ¢ B %
Hoad TS temperature change during test <10°C ey -
SAR result with Head TSL
| SAR averaged over 1 o’ (1 g) of Head TSL Condition
SAR measurod 250 mi¥ inpld power BEEmW g
SAR for nominal Head TSL paramaters normalized to 1W 40.0 mW /g = 30.8 % (k=2)
SAR avsraged over 10 om {10 g} of Head TSL Cordition
SAR measured 250 mW Inpul power 515 mW /g
SAR for nominal Head TSL paramelers normalized o 1W 20.7 mW jg = 20.4 % (=2}
Body TSL parameters
The faliowing parameters and caiculations were applied
Temparature Pormittivity Canductivity
Nominal Body TSL parameters 20°C 533 1.52 mihaim
Messured Body TSL parameters (2201203 °C BEzE% 1.53 mioim = 6 %
Body TSL temperature change during test =1.0°C —_— —
SAR result with Body TSL
BAR averaged over 1 o (1 g) of Body TSL Canditan
SAR measunyd 250 iV ingut power 102mwWig
5AR for nominal Body TSL paramabern noemskred o 1W 40.7 mW g + 20.8 % (k=3)
SAR averaged over 10 cm (10 g} of Bady TSL Condition
SAR measued 250 miW ingul power 537 mW /g
SAR for nominal Body TSL paramaters normakzed to TW 214 mW ig £ 20.4 % (k=2)

Certificnie No: Z17-9704 |
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Appendix (Additional assessmants outside the scope of CNAS L0O570)
Antenna Parameters with Head TSL

Impadance, transionmed to feed point 51.560+ 521G
Ratm Loss = 253400

Antenna Parameters with Body TSL

Impadancs, ransiomed to faed point 4820+ 5810
Return Loss - 24 a8

Genaral Antenna Parameters and Design

Elecirionl Dwelay (ona direction) 1.307 ns

After long term use with 100W radiated power, only 8 slight warming of the dipola near the feedpoint can
be measured.

The dipole is made of standard semirigid coaxial cable The center conductor of the feeding line & directly
connected 1o the second arm of the dipole The antenna s therefore short-circulted for DC-signais. On some
of the dipoles, small end caps ars added to the dipole Brms in ofder to improve malching when loaded
according to the position as axplained in the "Measuremant Conditions™ paragraph, The SAR data are not
affacied by this change. The overall dipole length is still according fo the Standard

Mo excessive force must be appiied o the dipole arms, because they might bend or the soldered
connections near the feedpoint may be camaged

Additional EUT Data

Manufactured by SPEAG

Certificae Wo: 21797041 Page 4 ol N
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DASYS Validation Report for Head TSL Date: 03,22 20) 7

Test Laboratory: CTTL., Beljing, China

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D190V - §5: 54170
Commumication System: ULD 0, CW: Frequency: 1900 MHz; Duty Cyele: 11
Medium parameters used: = 1900 MHz: o = 1.376 S/m; & = 39.92: p= 1000 ky/m3
Phantom section: Right Section
Measurement Stindard: DASY 3 (IEEENTEC/ANS] C63.1 02007

DASYS Configuration:

*  Probe: EXIDVY - SM3617; ConvF{8.26, £.26, 8.26); Calibruted: 1/723°2017:

s Sensor-Surfnce: | 4mm (Mechanical Surface Deiection]

s Elecironics: DAES Sn777; Calibrofed: 8222016

» Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P$1 CA; Serinl: 1161/1

»  Measurement 8W: DASY 32, Version 52.8 (B, SEMCAD X Version 4.6 10(7372)
System Performance Check/Zoom Scan (7x757) (7737 ¥ Cube 0: Measurement grid
dx=5mm. dyv=3Smm, de=3mm
Reference Value = 90,60 Vim: Power Drifi = 0.05 dB
Peak SAR (extropolated) = 18.7 Wiky

SAR(1 g) = 9.89 Wikg; SAR(10 g) = 5,15 Wikg
Maximum value of SAR (measured) = 15,5 Wikg

dB
]

-1.50
1. |
-10.51

14,02

_.1
17.52

0dB = 155 Wikg = 11.90 dBW/kg

Comiiicme No: 2170704 | Page S of B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Date; 03222017
Test Labormtory; CTTL, Beijing, China
DUT: Dipole 1900 MHz: Type: DI900V2; Serial: D1900V2 - SN: 34170
Communication System: UID 0, CW; Frequency: 1900 MHz: Duty Cyele: 111
Medium parameters used: = 1900 MHz; o = 1.532 S/m; & = 53.62; p= 1000 kg/m’
Phantom section: Center Section
Measurement Standard: DASY S (IEEETEC/ANSI C63.19-2007)
DASYS Configuration

# Probe; EX3DWVY - SMNI&1T: ConvF(7.95, 7.95, 7.95): Calibmted: 1/2372017:
+ Sensor-Surface: | Amm (Mechanical Surface Detection)

« Electronics: DAE4 Sa77T; Colibrated: 872272016

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

»  Measurement SW: DASYS2, Version 52.8 (B): SEMCAD X Version 14.6.10{7372)

aystem Performance Check/Zoom Sean (7Tx7x7) {Tx7x7)Cube 0: Measurerment grid:
dx=5mm, dy=5mm, de=3mm

Reference Value = 97.75 Vim; Power Drift = 0.05 dB
Penk SAR (extrapolated) = 18.3 Wikg

SAR(I g) = 10.2 Wikg: SAR{10 g)= 537 W'kg
Maximum value of SAR (messured) = 15.3 Wike

-3.44

-b.ET

-10.31

-13.74

-17.18

0 dB =155 W/kg = 119 dBW/kg

Ceruficeie Mo: £17-07041 Page Tof s
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Impedance Measurement Plot for Body TSL
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Calibration date ‘March 21, 2017 |

mwmmummmmmm.mmmmmmmﬂHﬂ
measuramanta(Sl) The measuamenis and the unceramties with confidence probability are given an the fallowing
pages and are part of the cerfificate

Al calibrations have been conducted in the closed laboratory facility. emarcnment smpersturezzan T and
humidity<T0%

Calibration Equipment usad {MATE critical for calioration)

Primary Standards D# Cal Date(Cailbrated by, Certificats No ) Scheduled Calibration
Power Meter NRPZ 101Ee 27-Jun-18 ([CTTL, No. J18XD4TTT) Jun-17
Power sensor NRP-Z81 | 101547 2T=Jun-16(CTTL, Na. 18X0477T) Jun-17
Referance Probe EX3DV4 | SN 3617 23-Jan-17(SPEAG NG EX3-3817_Jan17) Jan-18
DaAE4 SNTT? 22-Aug-16{CTTL-SPEAGNo.Z18-87138) Aug-17
Secondary Standands D& Cal DataCafibrated by, Cantificate No ) Scheduled Calibration
Signal Generator E4438C | MY4BO71430 13-Jan-17 (CTTL. No.J1TX00288) Jan-18
Network Analyzer ES07T1C | MY46110873  13-Jan-17 (CTTL. Ne.J17X00285) Jan-18
MName Function Signaturs
Isaued: March 28 72017

mmmmmnmmmmmnmmmwdmm.

Centificate No: £17-97043 Page | of 2
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TSL tissue simulating liquid
ConvF sensitivity in TSL /| NORMx,y.z
NIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 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 822081, “Procedure 1o measure the Specific Absorption Rate (SAR) For hand-held

devices used in close proximity to the sar {frequency range of 300MHz to 3GHzZ)", February
2005

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

d) KDB8E5664, SAR Measurement Requirements for 100 MHz to § GHz

Additional Documentation:
&) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

» Elecirical Delay. One-way delay between the SMA connector and the antenna feed paint.
No uncertainty required.

+ SAR measured: SAR measured al 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 1o 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 nommal distribution
Corresponds o a coverage probability of approximataly 85%

Certifloite No: 1707043 Page 2 afa
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Measurement Conditions
GASY sysiem configuration, as far as not given on page 1
DASY Version BASYE2 52 BB 1254
Exirapolation Advancad Extrapalalon
Phantaen Triple Flal Phantom 5. 1C
Distance Dipole Center - TSL 10 mm with Spacer
Loom Scan Resolution @x, dy, dr = 5 mm
Fraguency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculsiions were apped
Temperature Parmittivity Conductivity
Mominal Head TSL paramoters 20°C = ) 1.B0 mhafm
Mensured Head TSL paramotors {220+03) "C WO16% 1,77 mhoim 2 8%
HMmmdmuml <t0c s —
SAR result with Hil:lTﬂL
SAR aversged over 1 (1 {1 gl of Mead TSL Coneition
SAR measured 250 mW inpud powar 132miN g
SAR tor nominal Head TSL paramaters nomadized to 1W 512 mW ig = 208 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Hoad TSL Condibon
SAR maasurnd 250 miW inpul pavor 813mWig
SAR for nominal Head TSL paramaters normalized 1o W 4.6 mW g = 20,4 % (k=2
Body TSL parameters
calculations were applied.
Temperature Pormittivity Conductivity
Hominal Body TSL parameters 20'C B 7 .85 mhaim
Measured Body TSL parameters (22.0+02) °C B2a+6% 18imhamzE %
Body TSL temperature change during tost 1.0 "C e =
SAR result with Body TSL
SAR averaged over 1 cm’ {1 g) of Body TSL Gondiian
SAR measured 250 mW inmA power 127 mN I g
SAR for nominal Body TSL paramsters rovmadized to 1W 509 mW g £ 208 % (k=1}
SAR averaged over 10 ¢ (10 g} of Body TSL Conditon
SAR measured 250 miw ingut power S8R mW i g
SAR for naminal Body TSL parameters normalized i 1W 1B mW ig & 2004 % (W=2)

Certificate No: Z17-97043 Page 3 of 0
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CALIBRATION LABDRATORY
Add: Mo $1 Xueyuan Rowl, Huldian Dissrict, Beifmg, 100191, Ching

Ted: =Rt 62 MI4ET3-2(179 Fan: Bl PO-E2 &1 32504
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Appendix (Additional assessments outside the scope of CNAS LOS70)

Antenna Parameters with Head TSL
Impedance, tranaformad io feed paint 55 50+ 2 350
Return Loss - 24 5B
Antenna Parameters with Body TSL
| impedance. transformed 1o feed point 52 50+ 21240 |
Retum Loss - 30, 0dB J

General Antenna Parameters and Design

Elecirics Delay (one direction) 1281 ns

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

The dipole is made of standard semingid coaxial cable mmmmwmumum
connected o the sacond arm of the dipale The antenna is tharefore short-cinculted for DC-signais. On some
dﬂwﬁpﬂu.mmmdmmaddudummmmmmmmmmmmw
according to the position as explained in the “Measurement Conditions” paragraph. The SAR data are not
affacted 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 saldered
connections near the feedpoint may be damaged

Additional EUT Data

Manufaciured by [ SPEAG

Certificate No: Z17-97042 Page 4 ol &
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DASYS Validation Report for Head TSL Dute; 03.21.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 008
Communication System: UID 0, CW: Frequency: 2450 MHz: Duty Cyele: 1:1
Medium parameters used: = 2450 MHz: o= |.768 S/in: or = 319.02; p = 1000 kg'm3
Phantom section Right Section
Measurement Standard: DASY S (IEEE/NECYANS] C63.19.3007)
DASYS Configuration:

Probe; EX3DV4 - SN3617; ConvF(7.74, 7.74, 7.74); Calibeated: 1/23/2017;

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

o Electronics: DAES S8777; Calibrated: 8222016

* Phantom: Triple Flat Phantom 5.1C; Type: QD 000 PS1 CA; Serial; 1161/]

*  Measurement SW: DASY 52, Version 52,8 (8); SEMCAD X Version 14.6.10 (7372)

Dipole Calibration/Zoom Scan (Tx7x7) (TxTx 7V Cube 0 Measurement grid: de=%mm,
dy=3mm, de=5mm

Reference Value = 104.7 Vim; Power Drifi = 0.04 dB

Peak SAR (extrapolued) = 27.4 Wik

SAR( g) = 13.2 W/kg; SAR(10 g) = 6.13 Wikg

Maximum value of SAR (measured) = 22.0 Wikg
dH
o
-4,36
B.73
-13.09

-17.46

-21.82

0 dB = 22.0 Wikg = 13.42 dBW/kg

Lertificats Ma: | 7-0rn043 Pagedaly
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL Dhwte: 03 212017

F'est Laboratory; CTTL, Beijing. Ching

DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN: 908
Communication System: UID 0, CW; | requency: 2450 MEz: Duty Cyele: 1:]
Medium parameters used: £= 2450 MHz: a = 1,931 S/im: £ = 3227 p= 1000 kg/m"
Phantom section: Center Section
Measurement Standard: DASYS (IEEE/IEC/ANSI €63, 19-2007)

ASYS Configuration:

Probe: EX3DV4 - SN3617: ConvF(7.8. 7.8, 7.8): Calibrated: 1/23 2017

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

» Electronics: DAE4 Sn777: Calibrated: 8/22/2014

=  Phantom: Triple Flat Phantom 5.1C: Type: QD OO0 P51 CA: Serial: 1161/]

o Mueasuremnent SW: DASY 32, Version 32.8 (8); SEMCAD X Version 14.6.10 (7370

Dipole CalibrationZoom Scan (73 7x7) (TxTx TV Cube [ Measurement grid: dx=5mm,
dy=3imm, dz=3mm

Reference Value = 97.13 Vim; Power Drift = 0,01 dB

Peak SAR (extrapoluted) = 27.0 Wikg

SAR{I g) = 12.7 Wikg: SAR(10 g) = 5,88 W/kg
Maximum value of SAR (measured) = 21.7 Wikg

-B.74
13,70

-17.47

L

-21.84

0dB =117 Wig = 1336 dBW/kg

Cenificule No: 217-97043 Page 7of
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Impedance Measurement Plat for Body TSL
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Calibration Procedure(s) m“m
Cattraton doe March 21,2017

This calibration Certificale documents the fraceabiity to natonal standarde. which realize the physical uniis of
measuremenis(51). The measuwrements and tha uncertainlies with confidence probabiity are given on the following
pages and are part of the cerlificate.

Mlummmmmhmmm.mmwrw
hurmidity=70%,

Calbrabion Equipment used (MATE critical for calibration)

Primary Standards D Cal Date{Calibrated by, Cerfificate MNo.) Scheduled Calibration
Power Meler NRP2 101818 21-Jun-16 (CTTL, No . J18X04777) Jun17T
Power sensor  NRP-ZB1 | 101547 27-Jun-18 (CTTL, No.J18X04777) Jun-17
Reference Probe EX30V4 | SN 3617 23-Jan-1T{SPEAG No EX3-3617 _Jan1i 7 Jan-18
DAE4 SN TY7T 22-Aug-18(CTTL-SPEAG No. Z216-97138) Alg-17
Becandary Standands D # Cal Dats{Calibratad by, Cartificate No ) Schaduled Calibration
Signal Generator E4438C | MY48071430  13-Jan-17 {CTTL, No J17X00286) Jan-18
Netwark Analyzer ESO7T1C | MY46110673  13-Jan-17 {CTTL, Mo J17X00285) Jan-18
MName Functon S re
e s Zhao Jing SAR Test Enginpor E
Approved by Lu Bingsong Deputy Director of the Isbarslory (RO

Issued: March 25, 2017
This calibration cerfificate shall not be reproduced except in full without written approval of the tabaratory,

Certificute Na: Z17-97044 Page 1 of 8



e In Codlsboratson with
CALIBRATION LABDRATORY
Aukilc B 51 Xusyuan Bosd, Haadion Districi, Bedjiog, 100091, Chifa
Tek: + M- L2 104 R0 a7 Fax: +Bh-10-GF3 631250

Hemall! cikiehmmiiloom bt ez s on
Glossary:
TSL lissue simulating liguid
ComvF sensitivity In TSL / NORMu,y.z
NFA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 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 62200-1, "Procedure t6 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) IEC 82208-2, “Procedure to measure the Specific Absorpfion Rate (SAR) For wireless
communication devices used in close proximity to the human body (frequency range of
J0MHz to 6GHz)", March 2010

d) KDB865664, SAR Measurement Reguirements for 100 MHz 1o 8 GHz

Additional Documentation;
a) DASY4/5 Syslem Handbook

Methods Applied and Interpretation of Parametars:

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

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

« Fead Point Impedance and Relurn Loss: These paramelers are measured with the dipale
positioned under the liquid filled phantom, The impedance stated is fransfarmed from the
meaasurement at the SMA connecior to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

= SAR for nominal TSL paramefers: The measured TSL parameters are used to caloulate the
nominal SAR result.

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

Certificate No: 217-07044 Foge 1 of B
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Measurement Conditions
DASY systam configuration, as far as nol given on page 1.
DASY Version DASYS2 62 801254
Extrapolation Advanoed Extrapolation
Phantam Triple Flad Phaniom 8 10
Distance Dipole Center - TSL 10 nym wilh Spacer
Zoom Scan Resclution d, dy, dz = 5 mm
Froquancy 2450 MHz £ 1 MHz
Head TSL parameaters
The fallowing parameters and calculafions were spplod
Tamparatura Permittivity Conductivity
Mominal Head TSL parametors 2oC 392 1.0 mhaim
Measured Head TSL parameters E20+03)"C FO0E0% 1.7 mbodm + 6 %
Head TSL temperature change during test =0*c maa —_—
SAR result with Head TSL
BAR averaged over 1 om' (1 g} of Head TSL Condition
SAR moasured 250 mW Inpun power 130mw /g
AR far nominal Head TSL paramaelers nomalized to 1W BZ.4 mW fg £ 20.8 % (k=2)
SAR averaged over 10 cm ' (10 g of Hoad TSL Condition
SAR measuned 250 miW Input power 6.04 MW g
SAR for nomingl Head TSL paramaters narmalized o 1W 24.3 mW fig £ 20.4 % (k=1)
Body TSL parameters
The loligwing paramelers and cakculalions were applied.
Temparature Parmittivity Conductivity
Nominal Body TSL parameters noC 27 196 mhoim |
Mezsured Body TSL parametens Fio+0m C 52328 % 1.83 mhodm + & %
Body TSL temperature change dusing tast =1.0'C - ==
SAR result with Body TSL - =—
SAR sveraged over 1 cm’ (1 g) of Body TSL Condifion
SAR measurod 250 mW inpul powe: 126mW i
SAR for nominal Bady TSL parameters normatized to W 50.5 mW ig £ 20.8 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL Canditian
SAR maased 250 mW inpul powier B85 mWig
SAR for neminal Body TSL pammetars nomalized o 1W | 23.5 mW ig £ 20.4 % [k=2)

Certifionte Mo: £17-07044
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Appendix (Additional assessmenits outside the scops of CNAS LOST70)

Antenna Paramelers with Head TSL

Impedanca, ransformead 1o ised poind 50,80+ 3 Tr0

Risturn Loss - 28,348
Antenna Parameters with Body TSL

impedance, transtormed 1o feed paint 48 30+ 4,18(0

Retam Loss - 36,848
General Antenna Parameters and Design

Elpcirical Dalay (one drection) 1.260 n=

Alter long tarm use wifh 100W radiated power, only a slight warming of the dipole near the feedpoint can
bé measured

The dipole i made of standard semingid coaxial cable The center conductor of the feeding line is directly
connected to the second am of the dipole. The antenna is therefore shorl-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
amdhwhmhnmmmﬁinmmmumm"w The SAR data are not
atfectad by this change. The overall dipale lenglh s still according o the Standard,

No excessive force must be applied o the dipole arms, because they might bend ar the soldered
connections near the feedpaint may be damapged

Additional EUT Data

Manufaciured by SPEAG

Certificaie Mo; 217970441 Puge 4 of &
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DASYS Validation Report for Head TSL Duabe: 03,31, 2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2450 MHz; Type: D2450V2; Serial; D2450V2 - SN: 924
Communication System: LITD 0, CW; Frequency: 2450 MHz: Dty Cyele: 1:1
Medium parameters used: I'= 2450 MHz; o= 1,768 S/my er = 39.02: = 1000 kg/m3
Phanicom section: Right Section
Measurement Stundard: DASYS (IEEE/NEC/ANSI €61.19-2007)
DASYS Configurstion

« Probe: EX3DVAY - SN3617; ConvFi{7.74, 7.74, 7.74); Calibrated: 1/23720]7:

*  Sensor-Surface: | 4mm (Mechanical Surfice Detection)

« Electronics: DAL Sa777: Calibruted: 82272016

« Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 116171

*  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10 (7372}

Dipale Calibration/Zoom Scan (7x7x7T) (TaTxTWCube 0: Measuremend grid: da=5mm,
dy=5mm, dr=5mm

Reference Value = 103.8 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.0 W/ikg

SAR( g) = 13 Wikg: SAR(10 g) = 6.04 Wikg

Maximum value of SAR (measured) = 21.7 Wikg

dB
0

-4.4

HE3

13.24

o

-22.07

0 4B =21.7 Wikg = 13,36 dBW/kg

Certificate Mo: 217-97044 Page 3 of 4
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Impedance Measurement Plot for Head TSL
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BASYS Validation Report for Body TSL Date: 01 212017
Test Laboratory: CTTL, Beijing, Ching
DUT: Dipole 2450 MHz; Type: D2450V2; Serinl: D2450V2 - SN: 924
Communication System; UID 0, CW; Frequency: 2450 MHz: Duty Cyele: 1:1
Medium pammeters uned: £=2430 MHz; o= 1,931 S/m; g, = §2.27: p= 1000 kg/m’
Phantom section: Conter Section

Measurement Standard: DASY'S (IEEENEC/ANS] C63.19-2007)
DASY S Configurstion:

= Probe: EX3DVA - SN3617; ConvF(7.8, 7.8, 7.8); Calibeated: 1/232017-

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

s [Electronics: DAES Sn777; Calibeated: 872277016

« Phantom; Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 116171

*  Measurement SW: DASYS2, Version 52.8 (8); SEMCAD X Version 14.6.10(7372)

Dipale Calibration/Zoom Scan (Tx7x7) (TxTx7VCube 0: Messurement grid: dx=5mm,
dy=3mm, dr=5mm

Reference Value = 97.48 Vim; Power Drift =-0,01 dB

Pesk SAR (extrapoluted) = 26.4 Wikg

SAR(1 g) = 12.6 Wikg; SAR{10 g)= 586 Wike
Meaximum vaite of SAR (measured) =209 Wik

dB8
o

0.9
“13.47
<1796

L.
22.45

U dB=20.9 Wikg = 13.20 dBW/kg

Uertificite Mo Z17-97044 Page 7 of &
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impedance Measurement Plot for Body TSL
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®  In Collaboration with
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TTL s p e a g <= L FE.T

g~ CAUBRATION LABORATORY M CN As B

Add: No.S1 Xueyuan Road, Haidian Distrct, Beijing, 100191, China %,/ v CALIBRATION
'I/'l}n AR

Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504 CNAS L0570
E-mail: cttl@chinattl.com http://www.chinattl.cn
Client Sporton International INC Certificate No:  217-97161
CALIBRATION CERTIFICATE B
Object D2600V2 - SN: 1112

Calibration Procedure(s) FF-Z11-003-01

Calibration Procedures for dipole validation kits

Calibration date: September 18, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRVD 102196 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Power sensor NRV-Z5 100596 02-Mar-17 (CTTL, No.J17X01254) Mar-18
Reference Probe EX3DV4 | SN 7433 26—Sep-16(SPEAG,N0.EX3—7433_Sep16) Sep-17
DAE4 SN 1331 19-Jan-17(CTTL-SPEAG N0.217-97015) Jan-18
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Signal Generator E4438C | MY49071430 13-Jan-17 (CTTL, No.J17X00286) Jan-18
Network Analyzer E5071C | MY46110673 13-Jan-17 (CTTL, No.J17X00285) Jan-18
Name Function Signature
. . G TS
Calibrated by: Zhao Jing SAR Test Engineer R 7 a7

Reviewed by: Yu Zongying SAR Test Engineer % i
/;‘5}; a ~

Approved by: Qi Dianyuan SAR Project Leader D 5

BN

A

Issued: September 20, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97161 Page 1 of 8




in Collaboration with

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

E-mail: cttl@chinattl.com http://www.chinattl.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) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak
Spatial-Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

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

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

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

e Electrical 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.

e 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

Fax: +86-10-62304633-2504
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DASY system configuration, as far as not given on page 1.

DASY Version

DASY52 52.10.0.1446
Extrapolation Advanced Extrapolation
Phantom Triple Flat Phantom 5.1C
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz=5mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 39816 % 1.95 mho/m £ 6 %
Head TSL temperature change during test <1.0°C
SAR result with Head TSL
SAR averaged over 1 c¢m’ (1 g) of Head TSL Condition

SAR measured

250 mW input power

140mW/g

SAR for nominal Head TSL parameters

normalized to 1W

56.4 mW /g £ 18.8 % (k=2)

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

Condition

SAR measured

250 mW input power

6.29mW/g

SAR for nominal Head TSL parameters

normalized to 1W

25.3 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 525 2.16 mho/m
Measured Body TSL parameters (22.0+0.2) °C 5276 % 215 mho/m 6 %
Body TSL temperature change during test <1.0°C -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured

250 mW input power

13.7mW/g

SAR for nominal Body TSL parameters

normalized to 1W

55.0 mW /g t 18.8 % (k=2)

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

Condition

SAR measured

250 mW input power

6.08 mW/g

SAR for nominal Body TSL parameters

normalized to 1W

24.4 mW /g 1 18.7 % (k=2)
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Appendix(Additional assessments outside the scope of CNAS L0570)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.0Q- 5.12jQ

Return Loss - 25.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.80Q- 5.40jQ

Return Loss -23.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.258 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: 09.18.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1112
Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; ¢ = 1.947 S/m; er = 39.75; p = 1000 kg/m3
Phantom section: Left Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS5 Configuration:

* Probe: EX3DV4 - SN7433; ConvF(7.19, 7.19, 7.19); Calibrated: 9/26/2016;

 Sensor-Surface: 1.4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1331; Calibrated: 1/19/2017

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

e Measurement SW: DASY52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

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

Reference Value = 97.92 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30.0 W/kg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.29 W/kg

Maximum value of SAR (measured) = 24.0 Wikg

dB
0

-4.60

-9.20

-13.81

-18.41

-23.01 L

0 dB =24.0 W/kg = 13.80 dBW/kg
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Impedance Measurement Plot for Head TSL

Trl S11 Log Mag 10.00dB/ Ref 0.000d8 [F1j
50.00 >l 2.6000000 GH2 -25.820 dB

40.00
30.00
20.00
10.00
0. 000 ) ¢
=-10.00
-20.00 1
-30.00

~40.00

-50.00 =
P s11 smith (R+3X) scale 1.000u [F1 Del]

>1  2.8000000 GHz 49.969 Q0 -5.1219 o 11.95

W INR The TR T T T i s T
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(

DASYS Validation Report for Body TSL Date: 09.18.2017
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1112
Communication System: UID 0, CW; F requency: 2600 MHz; Duty Cycle: 1:1
Medium parameters used: f = 2600 MHz; ¢ = 2.147 S/m; & = 52.74; p = 1000 kg/m*
Phantom section: Center Section

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

» Probe: EX3DV4 - SN7433; ConvF (7.22,7.22, 7.22); Calibrated: 9/26/2016;

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

¢ Electronics: DAE4 Sn1331; Calibrated: 1/19/2017

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

e Measurement SW: DASY52, Version 52.10 (0); SEMCAD X Version 14.6.10
(7417)

Dipole Calibration/Zoom Scan (7x7x7) (7x7xT)/Cube 0: Measurement grid: dx=5mm
dy=5mm, dz=5mm

Reference Value = 98.69 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 30.3 W/kg

SAR(1 g) =13.7 W/kg; SAR(10 g) = 6.08 W/kg

Maximum value of SAR (measured) = 23.7 W/kg

4]

dB
0

-4.74
-9.48
-14.23

-18.97
L.

-23.71

0 dB =23.7 W/kg = 13.75 dBW/kg
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Impedance Measurement Plot for Body TSL

Trl s11 Log mMag 10.00d8/ Ref 0.000d8 [F1)
3000 500006 Gz <33 816 5 —

40.00
30.00
20.00
10.00
0.000 ']

-10.00

-20.00

-30.00

-40.00

-50.00 y
PN s11 smith (R+3X) Scale 1.000U [F1 pel]

>l 2.6000000 GHz 46.847 Q@ -5.3980 Q@ 11.34

_ . stop2.8.60z INEIT
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NOAM x.y,z
MN/A not applicable or nol measured

Calibration is Performed According to the Following Standards:
a) IEEE 5td 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specilic Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremen! Techniques”, June 2013

b) IEC 62208-1, "Measuremant procedure for the assessment of Specific Absarption Rate

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

c) |EC 62209-2, "Procedure to determine the Specific Absorplion Rate (SAR) for wireless

communication devices used in close praximity to the human body (Irequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
a) 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 frequenay indicated,
Anterina Parameters with TSL: The dipole is mounted with the spacer to position Its feed
paint exactly below the canter marking of the llat phantomn section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These paramelers are measured with the dipole
positioned under the liquid filled phantom. The impedance stated |s translormed from the
measurement at the SMA connector to the feed point. The Relum Lass ensures low
reflected power, No uncertainty required.

Electrical Delay: One-way delay between the SMA connecior and the antenna feed paint,
No uncertainty required.

SAR measured; SAR measured al the stated antenna input power.

SAHR normalized. SAR as meagured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: Tha measured TSL parameters are used to calculate the
naminal SAR result.

The

multiphed by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

rad:vortu;:l uncertainty of measurement is stated as the standard uncertainty of measurament
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Measurement Conditions

DASY systam configuration, au far as not ghven on page 1

DASY Viersion TDABYS VE2 10.0
Extrapolation Advanced Extrapolation
Phantom hodular Flak Phaniom Va0
Distance Dipols Canter - TSL 10 mm with Spacer
Zoom Scan Resslution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ralio = 1.4 (Z direction)
250 MHE = 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

Tha follawing paramedars and caloulations wisne applied
Temperaturs Parmitfivity Conductivity
Mominal Head TSL parameters 20°C 450 471 mho'm
Measured Head TSL parameters (220 £0.2) "C B22B% 456 mhoim = 6%
Head TSL lemperature change during test <05"C — e
SAR result with Head TSL at 5250 MHz
SAR averaged over | cm® {1 g) of Head TSL Gondition
SAR measured 100 mW input power 788 Whig
SAR Tor nomanal Head TSL paramaters nommalized 1o 1W T0.8 Wikg = 18.8 % (k=2)
| SAR averaged over 10 em? (10 g) of Hend TSI, condilion
SAR measumd 100 m\W input powor 228 Wikg
SAR for nomenal Head TSL patamobars nommalized o TW 228 Wikg = 10.5 % (k=2)
Head TSL parameters at 5600 MHz
Tha wmeiers and calosations wens
Temparaiire Parmittivity Conductivity
Nominal Head TSL parameters 220°C 356 E.0T mhatm
Measured Hend TSL parameters (220 +02) "G BT+E% 4.92 mhoim + 6 %
Head TSL temperature change during test = 0.55%C — i i
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 em’® (1 g) of Head TSL Condition
SAH measued 100 miY input posar B.38 'Wikg
SAR for nominal Head TSL pommalers nommalized s W 83.0 W / kg = 19.9 % (k=2)
SAR sveraged over 10 cm? (10 g} of Head TEL gonddicon
SAR maasened 100 mW input powar 2.30'Wikg
SAR tor nominal Haad TSL paramiaslons normalized bo W 23.9 Wikg = 19.5 % (kn2)

Certiticale Mo DSGHIVE-116T_Juli7
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Head TSL parameters at 5750 MHz

The following paramedars and caloulations were appliad.

Temperaiuns Pormittivity Conducihvity
MNominal Head TSL parameters =20C 354 522 mhim
Measured Hoad TSL parameters (22.0+02)C BE5:E% 5.08 mhiim + 6 %
Head TSL temperature change during test <0,54C e —

SAR result with Head TSL at 5750 MHz

SAR sveraged over 1 cm® (1 g) of Head TSL GCondilion
SR mpasueg 100 m\W input pewer B.07 Wy
SAR lor nominal Head TSL paramaeters moermalized o 1W B0.6 Wikg = 18.9 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL oondilion
SAH msasumd 100 mWW input powsr 228 Wiy
SAH tor nominal Head TSL parmabers powrmliped to 1W 228 Wikpg = 19.5 % (k=)

Camdicate Mo DSGHzV2-1167_Jull 7 Page 4 o 13



Body TSL parameters at 5250 MHz

Tha fallowing pararmedters and colculations wers agplied.

Temperalum Parmitiivity Conductivity
Nominal Body TSL parameters 2207C L E:] 5.36 mhio/m
Measurod Body TSL parmmeters (280 « 0 °C 4754 5% 552 mho/m + 6 %%
Body TSL temperature change during lest <0.5°C e —
SAR result with Body TSL at 5250 MHz
SAR avernged over 1 em® (1 g) of Body TSL Caonditson
SAR measursd 100 mW irpst powssr 774 Whkg

EAR lor nominal Body TSL parametars

reimaized o 1W

76.9 Wikg = 18.9 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL condition

SAR measured 100 mW inpast power 217 Wikg

SAR for nominal Body TSL paremetars narmRized o 1 21,5 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The lallowing parameters and calculations were applied.
Temperature Parmittivity Conductivity

Mominal Body T5L parameters 220°C 485 5.77 mhoim

Measured Body TSL parameters (220 +0.8)"C 46,7 2 8% 5.98 mhofm + 6 "%

Body TEL lemperature change during leat < 057G i s
SAR result with Bedy TSL at 5600 MHz

SAR averaged over 1 cm® {1 g} of Body TSL Condition

SAR measured 100 W input power 8.05 Wikg

SAR for nominal Body TSL paramebers normalized o 1W BO.0 Wikg = 19.9 % (k=2}

SAR averaged over 10 cm® (10 g) of Body TSL canciion

SAR maagured 100 mW inpul power 226 Whg

SAR tor nominal Body TSL parameters riosmialized o TW 2.4 Wikg = 19.5 % (kel)

Carilicate Mo; DSGHEV2-1167_Jl17
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Body TSL parameters al 5750 MHz

Tha tollowing paramelers and calculations wers appliad.

Temperature Permittivity Conductivity
Mominal Body TSL parmmetors 220°C L B84 mbhodm
Measured Body TSL paramelers (220+02)°C 484 2 B% 6.20 mhodm = 6 %
Body TSL temperature change during test <05°C — -

SAR result with Body TSL at 5750 MHz

SAR averaged over 1 em” (1 g) of Body TSL Conmdition
SAA mpasurad 100 MW Inpasl pover THDWikp
SAR for nomanal Body TSL pauramateis rermsafizad 1o W 7.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 om® (10 g) of Body TSL sonditian
SAR maasured 100 mW inpil powar 218 Wikpg
SAR for nominal Body TEL paramaters rormakzed o 1W 21.8 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, ransiomed 1o lesd poin 8.2 00 - 11.7 Kl

Raturn Loss - T84 o
Amenna Parameters with Head TSL at 5600 MHz

Impadanca, translomed |o fed poen BEEN-BT 0

FAsturn Loss -21.2d8
Antenna Parameters with Head TSL at 5750 MHz

Imgredancn, trmnslommed 1o feed poin BM2a-920

Faturn Loss = 2.5 g8
Antenna Parameters with Body TSL at 5250 MHz

impedance, transiemed (o leed poinl 48040 -8T |0

RAetum Lose - 200 dB
Antenna Parameters with Body TSL at 5600 MHz

Irmpedancs, tranatormead o fead paint BE.G Ll -B.3 [0

Ratuin Losa 214 d8
Antenna Parameters with Body TSL at 5750 MHz

Impadanca, iranstormed o fead point 56.0 £ - BT 01

Fetiin Loss « 20.0 dB
General Antenna Parameters and Design

Electrical Delay (ona direcion) 1,199 ng

Aty long term use with 100W radisled power, anly a slight warming of the dipola near the leedpoint can be measured.

The dipole is made of slandand semingid coaxial cable The conter conductor of the lsading tine is dirsotly connactad 1o tha
sacond am of the dipola. Thi antenna is thersfore: shor-circulied for DC-gignals. On some of the dipotes, small end caps
are added to the dipole arms in odar o improve matching whin inaded scoonding to The posion is axplnined in ha
*‘Measurement Conditions® paragraph. The SAR data sre not alfocted by this change. The overall dipols length ks st

eroording oy the Slanderd
Mo exceesive loree must ba applied to tha dipole arms, because they might band o the soldered conneoions near ks
teecipain may be dpmaged,
Additional EUT Data
Manubacturad by SPEAG
Manulzciurad on Oiotobear 30, 2013
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DASYS5 Validation Report for Head TSL

Date: 25.07.2017
Test Laboratory: SPEAG, Zurich, Switzerlund

DUT: Bripole DSGHzVZ; Type: DSGHZVE; Serial: DSGH2Y2 - SN: 1167

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: [= 5250 MHz; o = 4.56 S/m: & = 36.2; p = 1000 kgim' , Medium parameters
used: = 5600 MHz; o = 4.92 S/m; g, = 35.7; p = 1000 kgfm’ , Medivm parumeters used: 1= 5750 MHz:; 6 =
5.08 S/m; & =35.5; p= 1000 kg/m"

Phantom section: Flal Section

Measurement Standard: DASYS (IEEEAEC/ANST C63.19-2011)

DASYS52 Configuration:

» Probel EX30V4E - SN3503; ConvFi5.58, 5.58, 5.58); Calibrated: 31,12,2016, Convi{5.09, 5.09,
5.09Y; Calibrated: 31.12.2016, ConvF(5.02, 5.02, 5.02); Calibrated: 31.12.2016;

«  Sensor-Surfuce; L 4mm (Mechanical Surisce Detection)

» Electronies: DAE4 Snt01; Calibrated: 28.03.2017

= Phantom: Flat Phantom 5.0 (from); Type: QD 000 P50 AA; Serial: 1001
« DASYS2 521001 1446); SEMCAD X 14.6, lHKT417)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, 1=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Messurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Vilue = 68.85 Vim: Power Drifi = .08 dB

Peak SAR (exirapolated) = 29.6 Wikg

SAR(] g) = 7.99 W/ikg; SAR(10 g) = 2.28 Wikg

Maximum value of SAR (measured) = | 7.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cuabe 0: Measurement grid: dx=4mm. dy=4mm, dz=1 4mm

Reference Value = 70,37 Vim; Power Drlt = .07 dB

Peak SAR (extrapolated) = 32.9 Wiks

SAR(I g) = 8.38 Wike; SAR(10 g) = 2.39 Wikg

Muaximum value of SAR (measured) = 193 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, [=5750 MH&/Zoom Scan,
dist=L4mm (8x8x7)/Cube 0: Measurement grid: da=tmm, dy=4mm, dz=1 4mm

Reference Valoe = 67.77 Vim; Power Dnft = -0.07 dB

Peak SAR (extrapoluted) = 32.2 Wikg

SAR(I g) = 8.07 Wkg; SAR(10 g) = 2.28 Wik

Muximum vulue of SAR (measured) = 18.7 Wikg

Cartificate No: DEGH2VZ-1167_ 17 Paga@d 13
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 26.07.2017
Tesi Labocutory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Sertal: DSGHzV2 - SN:1167

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: £ = 5250 MHz: 6 =35.52 S/ 5= 47.3: p= 1000 kgfm® , Medium parameters
used: ['= 5600 Mz o = 5.99 8fm; & =46.7; p = 1000 kg/m" , Medium paramesers used: = 5750 MHz: o =
6.2 Sim; g = 46,45 p= 1000 kg/m®

Phamtom section: Flut Section

Measurement Stundard; DASY S (IEEE/IEC/ANST C63_19-201 1)

DASY 52 Conliguration:

= Probe: EXIDVA - SNASO3; Conv(5.14, 5.14, 5.14); Calibeated: 31,12 2016, ConvFi4.57, 437,
4.57), Calibrated: 31.12.2016, ConvF4.51, 4.51, 4.51); Calibrated: 31,12.2016:

= Sensor-Surface: | 4mm (Mechanical Surface Deteetion)

»  Electronics: DAE4 Snb; Calibrated: 28.03.2017

«  Phanton: Flat Phantom 5.0 (hack); Type: QD 000 PSO AA; Serial: 1002
=  DASYS2 52.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5250MH«/Zoom Scan,
dist=1.4mm (Bx8x7)/Cube 0: Messurement grid: dx=4mm, dy=Amm. dz=1 4mm

Reference Value = 65.50 Vim: Powar Drift = -0.06 4B

Peak SAR (extrapoluted) = 29.6 Wikg

SARIL ¢) = 7.74 Wikg; SAR(10 g) = 2.17 Wikg

Maximum value of SAR (measured) = 17.7 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, I=5600 MHzZoom Scan.
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 65.37 Vim: Power Drifl = -0.07 dB

Peak SAR {extrapolated) = 33.4 Wikg

SAR(1 g) = 8.05 Wikg; SAR(10 g) = 2.26 Wikg

Miximum value of SAR {measured) = 8.9 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)}Cube 0: Messurement grid: dx=4mm, dy=4mm, dz=1_4mm

Reference Value = 64,14 Vim: Power Drift = -0.08 dB

Peak SAR (extrapolated) = 33.6 Wikg

SAR(L g) = 7.8 Wikg: SAR(10 g) = 218 W/ke

Maximum value of SAR (measured) = 187 Wikg

Cenificaie Mo: DEGHZVE- 1167 _Jul1 7 Paga 1101 13
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CALIBRATION LABORATORY Rl
L AN CALIBRATION
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China “, A “\s\

Tel: +86-10-62304633-2218  Fax: +86-10-62304633-2209 Tl CNAS L0570
E-mail: cttl@chinattl.com Http://www.chinattl.cn
Client : Sporton International INC Certificate No: Z17-97205

GALIBRATION CERTIFICATE

Object DAE4 - SN: 1358

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acqqisition Electronics
(DAEX)

Calibration date: October 24, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of

measurements(S1). The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

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

Process Calibrator 753 | 1971018 27-Jun-17 (CTTL, No.J17X05859) June-18
Name Function ) Signaturg

Calibrated by: Yu Zongying SAR Test Engineer nd Dt

Reviewed by: " Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97205 Page 1 of 3
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: cttl@chinattl.com Http://www.chinattl.cn

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.

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

Certificate No: Z17-97205 Page 2 of 3
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Sl CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China

Tel: +86-10-62304633-2218
E-mail: ctti@chinattl.com

DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uVv,
Low Range: 1LSB = 61nV,

full range =

Fax: +86-10-62304633-2209
Http://www.chinattl.cn

-100...+300 mV
full range = 1o +3mV
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec

Calibration Factors

X

Y ¥4
High Range 403.474 £ 0.15% (k=2) | 403.509 + 0.15% (k=2) | 403.510 £ 0.15% (k=2)
Low Range 3.96147 £ 0.7% (k=2) | 3.98783+0.7% (k=2) | 3.99209 £ 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

134°t1°

Certificate No: Z17-97205

Page 3 of 3
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| Object

Calibration Procedure(s)

t Cahbratl _n Procedure for ‘he Data Acqwsntnon Electromcs
(DAEX) L | §

Calibration date: ‘~‘DeCembéﬂ"r 19‘,.,2‘,031,7“_’

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertalntles 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

Process Calibrator 753 | 1971018 27-Jun-17 (CTTL, No.J17X05859) June-18
Name Function . Signature

Callbrated by: Zhaoding ~ SARTestEngineer .

Approved by: _QiDianyuan  SAR Project Leader -

Issued: December 22, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97269 Page 1 of 3



rﬁ In Caltab;raﬁon with
w777 s p e a g
g~  CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax; +86-10-62304633-2209

E-mail: cttl@chinattl.com Http://www.chinattl.cn
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: Z17-97269 Page 2 of 3
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CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209

E-mail: cttl@chinattl.com Hitp://www.chinattl.cn
DC Voltage Measurement
A/D - Converter Resolution nominal -
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV, full range = o ST +3mV

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

X Y

Calibration Factors

z

403.452 £ 0.15% (k=2)

404.893 + 0.15% (k=2)

High Range 405.569 + 0.15% (k=2)
Low Range 3.96471 £ 0.7% (k=2) - 3.99229 + 0.7% (k=2) | 4.01287+0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

36.5°+1°

Certificate No: Z17-97269 Page 3 of 3
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Y CALIBRATION
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China "/,,m‘\\\‘ CNAS L0570
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209 i

E-mail: ctti@chinattl.com Http://www.chinattl.cn
Client 'Sporton International INC Certificate No: Z17-97257

Object EX3DV4 - SN:3935

Calibration Procedure(s) FF-Z211-004-01

Calibration Procedures for Dosimetric E-field Probes

Calibration date: December 14, 2017
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 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Power sensor NRP-Z91 | 101547 27-Jun-17 (CTTL, No.J1 7X05857) Jun-18
Power sensor NRP-Z91 | 101548 27-Jun-17 (CTTL, No.J17X05857) Jun-18
Reference10dBAttenuator | 18N50W-10dB 13-Mar-16(CTTL,No.J16X01547) Mar-18
Reference20dBAttenuator | 1 8N50W-20dB  13-Mar-1 6(CTTL, No.J16X01548) Mar-18
Reference Probe EX3DV4 | SN 7464 12-Sep-17(SPEAG,No.EX3-7464_Sep17) Sep-18
DAE4 SN 549 13-Dec-16(SPEAG, No.DAE4-549_Dec16) Dec -17
DAE4 SN 1524 13-Sep-17(SPEAG, No.DAE4-1 524_Sep17) Sep-18
Secondary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 27-Jun-17 (CTTL, No.J17X05858) Jun-18
Network Analyzer E5071C | MY46110673 13-Jan-17 (CTTL, No.J17X00285) Jan -18

Name Function

Calibrated by: Yu Zongying SAR Test Engineer

Reviewed by: Lin Hao SAR Test Engineer

Approved by: Qi Dianyuan SAR Project Leader

' Issued: December 16, 2017
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: Z17-97257 Page 1 of 11
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Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cyc|e) of the RF signal
AB,C,D modulation dependent linearization pParameters

Polarization ¢ ® rotation around probe axis

Polarization 6 8 rotation around an axis that is in the plane normal to probe axis (at measurement center)

8=0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 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 62209-1, ‘Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
\l}alndz-g?lsd and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)”,

uly

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication
<218\1/iges used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March

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

Methods Applied and Interpretation of Parameters:

* NORMx,y,z: Assessed for E-field polarization 8=0 (f<900MHz in TEM-cell; f>1800MHz: waveguide).

NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the

E? field uncertainty inside TSL (see below ConvF).

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

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

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

o Ax)z Bxyz Cx,y,z;VRx, ¥%,2:A,B,C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fS800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are given.
These parameters are used in DASY4 software to Improve probe accuracy close to the boundary.
The sensitivity in TSL corresponds to NORMx,y,z* ConvF whereby the uncertainty corresponds to
that given for ConvF, A frequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to+100MHz.

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

®  Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the
probe tip (on probe axis). No tolerance required.

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

Certificate No: 217-97257 Page 2 of 11
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Probe EX3DV/4

SN: 3935

Calibrated: December 1 4, 2017
Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: 217-97257 Page 3 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3935

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/(Vim)?)A 0.48 0.54 0.49 +10.0%
DCP(mV)? 104.4 104.3 106.1

Modulation Calibration Parameters

uID Communication A B c D VR Unct
System Name dB dBvVuvV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 162.8 | +2.2%
Y 0.0 0.0 1.0 176.1
4 0.0 0.0 1.0 165.6

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%.

AThe uncertainties of Norm X, Y, Z do not affect the E%field uncertainty inside TSL (see Page 5 and Page 6).
® Numerical linearization parameter: uncertainty not required.

E Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressed for the square of the field value.

Certificate No: Z17-97257 Page 4 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3935

Calibration Parameter Determined in Head Tissue Simulating Media

R . . G

f [MHz]° Pe':r:':t’:i'v";yF C°"‘:;l°r:;":y ConvF X | ConvF Y | ConvF Z | Alpha® D(emp;'; ::(::t)

750 419 0.89 1068 | 1068 | 1068 | 040 | 070 |+121%
835 415 0.90 1036 | 1036 | 1036 | 010 | 167 |+121%
900 415 0.97 1022 | 1022 | 1022 | 016 | 129 |[£121%
1750 40.1 137 8.85 8.85 885 | 022 | 1.08 | £12.1%
1900 40.0 140 8.41 8.41 841 | 026 | 094 |+121%
2000 400 140 8.41 8.41 841 | 028 | 090 | £121%
2300 39.5 167 8.39 8.39 839 | 044 | 079 |+121%
2450 39.2 1.80 7.87 7.87 787 | 053 | 073 | £12.1%
2600 39.0 1.96 7.67 7.67 767 | 060 | 068 |+121%
5200 36.0 4.66 5.91 5.91 591 | 035 | 150 |+133%
5300 35.9 476 5.63 5.63 563 | 0.35 | 150 | £133%
5500 35.6 4.96 5.29 5.29 520 | 035 | 160 | +133%
5600 35.5 5.07 5.08 5.08 508 | 035 | 160 | £13.3%
5800 35.3 5.27 5.15 5.15 515 | 040 | 140 | +133%

¢ Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 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.
GAIpha/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 t 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No: Z17-97257 Page 5 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN: 3935

Calibration Parameter Determined in Body Tissue Simulating Media

N G

f [MHz]° P:r:'i:::v"i‘:y,, C°"°(';l°r:;"Fty ConvF X | ConvF Y | ConvF Z | Alpha® D(::’:; ::(::;

750 55.5 0.96 1065 | 1065 | 1065 | 040 | 080 |+127%
835 55.2 0.97 1033 | 1033 | 1033 | 047 | 141 |2121%
1750 53.4 149 8.71 8.71 871 | 026 | 099 | +12.1%
1900 53.3 152 8.30 8.30 830 | 016 | 139 |+121%
2300 52.9 181 8.10 8.10 810 | 032 | 116 | +12.1%
2450 52.7 195 7.99 7.99 799 | 029 | 125 |+12.1%
2600 52.5 2.16 7.71 7.71 771 | 039 | 095 |x121%
5200 49.0 5.30 5.41 5.41 541 | 045 | 130 | £13.3%
5300 48.9 5.42 5.20 5.20 520 | 040 | 130 | £133%
5500 486 5.65 4.62 462 462 | 040 | 170 | *133%
5600 485 5.77 4.51 451 451 | 045 | 155 |+133%
5800 482 6.00 4.64 464 464 | 058 | 1.07 | £133%

¢ Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty is the RSS of ConvF uncertainty at calibration frequency and the uncertainty for the indicated
frequency band. Frequency validity below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 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 (e 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 (eand o) is
restricted to +5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.
GAIpha/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: 17.4% (k=2)
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Receiving Pattern (@), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: +1 2% (k=2)
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Uncertainty of Linear

__F=not compensated
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f=850 MHz, WGLS R9(H_convF)

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

Certificate No: Z17-97257
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Uncertainty of Spherical Isotropy Assessment: £3.2% (K=2)
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3935

Other Probe Parameters

Sensor Arrangement Triangularj
Connector Angle (°) 422
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm
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Calibration Laboratory of f@ G Schweizerischer Kalibrievdiensi
Schmid & Pariner ¢ Service suisse Fhialonnags
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Acoimhied by the Swan Acredtalion Servce (SAS) Aecreditsiion Mo.: SCS 0108
The Swiss Acorodéintion Service |s one of fhe shgnisiores o the EA
ftuiziloteral &greament for e recogntiion ol caliralion cemifcsos

Glossary:

TSL lissue simulatng lguid

HORM.y.z eansifivity in frek spece

ConvF sensiivity in TSL / NORMx.y.z

DCP dinde comgeression point

CF crest factor (1iduty_oycie) of the RF signal

A B C D modilakion dependon linearization parameaters

Palarizatian ip ip rataticn around probe axis

Palarizalion & & rodation around an axis ihat @5 in e plane nommal o probe axis (81 messurement camler),
La,, & =10 s normal 10 probe axis

Comneclor Angle information used in DASY aystem (o align probe sangor X o the robot coordinate aystam

Calibration is Performed According to the Following Standards:

a)] IEEE S1d 1528-2013, "IEEE Recommended Praclice for Datermining the Peak Spalisi-Avaragad Spacific
Absomption Raie (SAR] in the Human Head from Wireless Communications Devicas: Massumsmisn
Tachniguies”, Juns 2013

b} IEC 62208-1, *, "Measurement procedure for the assessment of Specific Absorplion Rate (SAR) from hand-
hald and body-mounted devices used nexd fo the ear {frequency fange of 300 MHZ to 6 GHz)", July 2016

£] IEC G208-2, "Protedurs fo determing the Specilic Absorption Rate (SAR) lor wirelasa commumication davices
usad in close proxemity to the human body (frequency range of 30 MHz to 6 GHz)", March 20180

d) KDB BaSEE4, "SAR Measurament Requiremants for 100 MHZ io 6 GHz"

Hﬁ'l;hudﬁ Applied and Interpretation of Parameters:
NORM: .z Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-celt; f > 1800 MHz: R22 waveguida).
NORMs,y,z are only intermadiale values, Le., the uncortainties of NORM:x,y.2 doss not affect the E”-field
uneErainly inside TEL isee below ComeF),

s NORM{Nx.y.z = NORMx,y,z * frequancy _response (see Froquenocy Response Chart). This linearization is
imiplemented in DASYY software versions later than 4.2, The uncestainty of the frequancy msponse © ncluded
in the siated uncerainty of CormF.

&  DCPxy.» DCP are mamencal (inearization pereametsrs assessed based on the data of power swéap with CW
signal {no uncerainty required), DCP doas not depend on freguency nor meadia,

+ PAR:PAR s the Peak Io Average Ratio that is not calibrated but determined based on the signal
charaoleristics

s Axyz Beypr Cuy.z Dy VR y.z A B C, D are numaerical ingsrizstion paramelers assessed based on
the data of power sweep for specifc modulation signal. The parameters do not depend on fraquency noe
media. VIR ia the maximum cafibration range expressed in RMS vollage across the diode.

& ComE and Beundary Effect Parauneters: Assessed in fial phantom using E<feld (or Temperature Traneler
Standand for < 800 MHz) and inside waveguida using analitical held distributions based on power
measurements for f > A00 MHz. The same setips sre used for assessment of he pamamaters applied for
boundary compenaaton {alpha, dapin) of which typical unceralnty valuss dre given. Thess parameters ars
used in DASY4 software o Improve probe accuracy chose io tha boundary, The sansitivity in T5SL cormesponds
o NORMx,y.2 * ConvF wherely the uncertainty corresponds to thal givan for ConvF. A fraguency dependent
ConvF is used in DASY varsion 4.4 and highar which allows extending the validity from £ 50 MHz to 4 100
Mz

« Sphevical isolropy (30 deviation from isotrapy). in a field of low gradeents realized wemg a fiat phaniom
axposed by a palch amenna,

®  Soysor Offsat The sensor offssel comesponds to the offset of vinual measuremenl cantar rom the probe tip
{on probe axis). No toderance required.

= Connecfor Angle: The angle is assessed using the information gained by defermining the NORMx (no
uncertalinty requirad},

Certilicals Mo: EX30811_ N7 Page 2el 11



EXI0NE - 5M:a81 Nowamber 38, 2017

Probe EX3DV4

SN:3911

Manufactured:  September 4, 2012
Repaired: November 23, 2017
Calibrated; November 28, 2017

Calibrated for DASY/EASY Systems

{Mode: non-com patitble with DASY2 system!)

Carfiliabe Mo EX3-3811_Novi? Page 3.al 11



EX0va- 32811 Movembser 28, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3911

Basic Calibration Parameters
Sensor X Bangor ¥ Sansor I Una [h=2}
Norm (uVi{Vim}'y (il 0,35 0.46 101 %
DCP {mV) 1063 BE.7 8o
Modulation Calibration Parameters
uio Commumication System Hame A B C D VR Unc'
a8 | dBviv dB | mV | (w2) |
0 oW x| oo no 10 | ooo | 1500 | BI3%
¥ | o0 Bo 1.0 1613
Z 0.0 oo 1.0 1581

The ried uncertainty of measuremant is stated as the standard uncertainty of measurement

multiplied by the coverage faclor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

+ The urcarisiesies. of Marm XY 2 do not slect e E'-fisid uncnranty viside TSL {see Pages 5 s 4),

¥ Mumerical ineanzalion paramaler uncarainty nol et

! Uincatginty m determined g B9 M dipiistan B reae nes oo iesiving reclonguinr disinbuacn &l i exprese for ihe s of B
liek vafiee

—

Ceatilicats Moo EX3-3811_Nowi T Paged of 11




EX3Dva- SN:3911 Movamber 28 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3911

Calibration Parameter Determined in Head Tissue Simulating Media

P v Hﬁ'ﬂhl':ﬂ_!r' wr ConwF X | ComvF ¥ | ComFZ | Alpha®” mﬂ tg:tﬁ
750 419 0.88 11.04 1904 | 1104 | 048 | 087 | +120%
835 415 0.80 1030 | 1030 | 1030 | o041 | 0B | +120%
900 415 0.07 5.91 a1 891 043 | o085 | +120%
1750 40.1 137 B.61 BE1 B.61 038 | 080 | #120%
1900 40.0 140 8.31 Bt B3 040 | 080 | 2120% |

2000 40.0 1.40 8.23 8.23 B23 | 038 | 08B0 | +120%
2300 195 1.67 7.8 7.66 7.88 030 | 085 | £120%
2480 39.2 1.80 753 7.53 753 | 035 | D8O | =120%
2600 8.0 1.98 7132 732 T32 | 033 | 0BT | £120%
5250 358 _AT 5.25 525 5.25 035 | 180 | £131%
5600 35.5 5.07 4,60 4.60 4.60 040 | 180 | £13.41%
5750 354 522 4.8 493 493 040 | 180 | £131%

. waiidily @tcrve 300 M of = 100 MHz only sggies for DASY w4 and highe (sse Page 7). otee i & reslrcied b + 60 MMz The
i the RES al thar Corn™ uncartanty ol colbraion bedqusmsy and the pncertninty % (he indicated Insquancy barel. Froquency validity
befow 300 MHz I8 + 10, 25, 40, 50 and 70 MH2 for Conv® saseasmants al 30 84, 128, 150 and 220 MM respsctively, Abtve 5 Gz insquancy
willdily can be extoncled fo & T80 MHE
rNwmlwmﬂvﬂmmm:hﬂ-:mum—nh:1nimmmumu
mesasirad SAH values, &1 Iquencies above 3 GHz. Ihe valicily of lsaue peramaters {r @nd o) i restricted b+ 5% Thi ucariamty = ihe RS of
mem;uwmmm

Adphalllepth am deemingd doring colbraion SPEAD wananis thal i remaning delatase el |- Iba broundany sffect afor compensaton =

alwayn s thae £ 1% for frequincies below 3 GHz and Bielw + 2% for requencies betemen 3.0 GH2 ol Any distaree lager han hall (he praba iy
tiameler om [he boustany

Cerlilicate Mo: EX3-3511_Naow1T Page 500 11



ExX30VE- Shi:ani1d Mvamber 28, 2047

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3911

Calibration Parameter Determined in Body Tissue Simulating Media

| F (M © Hq;!;:hb:!' W ComE X | ConvF ¥ | ComFZ | Alpha® m‘ i,lrl'h-zn:
750 56.5 0.06 1027 | 1027 1027 | 053 | 080 | #120%
B35 552 0.97 10.08 | 10.00 1008 | 050 | oo | +120%
1750 534 148 B.28 8.28 828 038 | 080 | 2120%
1900 53.3 1.52 8.02 B.02 B.02 038 | 085 | +120%
2300 52.0 1.81 7.78 7.78 7.78 041 | 080 | +120%
2450 52.7 1.85 1.68 7.68 7.68 038 | 080 | +120%
2600 525 2.16 1.37 7.37 7.37 024 | 0868 | £120%
5250 48.9 538 4.80 4.80 4.80 040 | 100 | s181%
5600 485 5.77 4.12 4.12 4.12 040 | 180 | £13a%
5750 48.3 5.94 421 4.23 423 | 045 | 190 | £131%

© Frequency validity ataee 300 MHz of 2 100 MHZ onty apolies ol DCASY w4 ared highes [nae Paos T}, slse § 5 reslvcted fo 2 50 MHz The

5 i FSS ol e Corvf uncarainty ai calibration begueesy and ks uncenainty ke i indcatéd hegeancy barel. Froquancy vasdity
] iz i & 10, 25, 40, 50 and 710 MH2 for Con sssssements ab 10, 64, T8, 160 and 220 MHE espestivaly, Aberve 5 GH2 frequency
vy £an-be sxlordisd o ¢ 190 Mz
" Al frequercies bekow 3 GHz. the valdily of lissun paramatees (e sed o) 230 be mined 1o ¢ 10% # bguid corpensation formas i applsd 10
st e SAR vihiam, Al hequoncies aboen 3 GHa, he welidly of isus paramelers (o and o) B iesircimd o 2 5% The wrcartniny & ihe 255 o
b SonuF wnzestainly bor imficated lorgs) Basue paramsliie.
" Aot Diepth ane detsmmened daring cakbraiion. SPEAG wirtania ikl fhis iseirsning devision due o the boondany effec afer compocsaltion is
Hﬂ-rl-ﬂ-r:: V¥ for frequancess bedny 3§ GHz srd below + 2% for frequancies betwenn 3.6 GHE @ any distemcs Larger San hall the probe bp
diinsta fram 1he boundarg
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Movesmdiar 28, 2017

Frequency Response of E-Field
(TEM-Ceil:ifi110 EXX, Waveguide: R22)
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Uneertainty of Fraquency Response of E-field: £ 6.3% (kw2)
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EX30Y4— Sh:3911 Hovemiter 28, J017

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)

Cortilficate Noo EX3-3911_Nov17 Page Bof 11



Novernber 28, 2017

Dynamic Range f(SAR}caq)
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EXIDVd- SNaeN

Movenmbar 28, 2017
Conversion Factor Assessment

f = 835 MHZ WGLS RS (H_comyF) I'= 1900 MHz WGLE R22 [H_comF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f= 900 MHz
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Uncertainty of Spherical Isotropy Assessmant: + 26% (k=2)
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EXI0V4- SN:391 1 Havirmibar 28, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3911

Other Probe Parameters

Sensor Arangesmont Triangular
Conneclor Angle (") 344
Mechanical Surface Detection Moda enabisd
Ophical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameler 10 mm
[ Tip Length @ mm
[ Tip Dlameter 25 mm
Probe Tip 1o Senseor X Calibrabon Paint 1 mm
"Frobe Tip o Sensor ¥ Calibrabion Point 1 mm
Probe Tip to Sensor £ Calibration Paint 1 mim
Recommended Maasurament Distance from Surface 1.4 mm

Carlificale Mo EX3-3811_MNewiT Prga 11 of 1]
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