ANNEX B

DIPOLE CALIBRATION REPORTS
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Test Equipment Number (TE): 4413

Calibration Class: A

TUV SUD Product Service

Internal Calibration Laboratory Report

Date of Calibration: 18/03/2014 Report Number: 26602

Calibration Expiry Date: 18/03/2017 Page 1 of 6

It is certified that the test(s) detailed in the above Calibration Report have been carried out to the
requirement of the specification, unless otherwise stated above. The quality control arrangements
adopted in respect of these tests have accorded with the conditions of our UKAS registration. The

uncertainties are for an estimated confidence probability of not less than 95%.

Manufacturer: IndexSar Ltd
Item: Dipoles
Model: 700

Serial No: 0279

Calibration Procedure, as per: CP036/CAL
The results recorded, were taken after a warm up period of 1 Hour(s) in an

ambient temperature of 23.2°C +3°C @ 29.3% RH £#10% RH. The mains voltage was 240V +10%.

M-

Calibration Engineer:

N. R. Grigsby
71/
7 J/7 P
Approved Signatory: UZ/&C
A.T. Pearce
Document 75934711 Report 11 Issue 1 Page B.2 of B.47

COMMERCIAL-IN-CONFIDENCE



CALIBRATION LABORATORY REPORT

TUV SUD Product Service

Calibration Classification and Key to Results

Report Ne
Page 2 of 6

(X) Class A: All results measured, lie within the specification limits, even when extended by their measurement
uncertainties. The instrument therefore complies with the specification.
( ) Class B: Some/all results measured, lie INSIDE the specification limits, by a margin less than their measurement
uncertainties. It is therefore not possible to state compliance of these results. However, these results indicate that
compliance is more probable than non-compliance. (***)
( ) Class C: Somef/all results measured, lie OUTSIDE the specification limits, by a margin less than their measurement
uncertainties. It is therefore not possible to state compliance of these results. However, these results indicate that non-
compliance is more probable than compliance. (**)
( ) Class D: Somef/all results measured, lie OUTSIDE the specification limits, by a margin greater than their
measurement uncertainties. Those results therefore, do not comply with the specification. (*)

( ) Class R: The instrument was repaired prior to calibration. Refer to enclosed repair report for details.

Test Equipment Used On This Calibration
Make & Model

Rohde & Schwarz: NRV-Z1

Hewlett Packard: ESG4000A

Narda: 766F-20

Hewlett Packard: 8753D

Hewlett Packard: 85054A

IndexSar Ltd: 7401 (VDC0830-20)

IndexSar Ltd: VBM2500-3

Rotronic: 1-1000

Rohde & Schwarz: NRV- Z5

Rohde & Schwarz: NRVD

R.S Components: Meter 615-8206 & Type K T/C
IndexSar Ltd: SARAC

IndexSar Ltd: White Benchtop

IndexSar Ltd: Wooden Bench

IndexSar Ltd: IPX-050

IndexSar Ltd: IXB-2HF 700- 6000MHz  Flat Phantom
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Description

Power Sensor

Signal Generator

Attenuator (20dB, 20W)

Network Analyser

'N' Calibration Kit

Bi-directional Coupler

Validation Amplifier (10MHz - 2.5GHz)

Hygromer

Power Sensor

Dual Channel Power Meter

Meter & T/C

Cartesian 4-axis Robot

Part of SARAC System

Part of SARAC System

Immersible SAR Probe
TE4400

Calibration Due
14/06/2014
22/05/2014
13/06/2014
23/04/2014
24/12/2014

03/04/2014
14/06/2014
14/06/2014
08/07/2014

07/03/2015

COMMERCIAL-IN-CONFIDENCE

TEID

TE0060
TE0061
TE0483
TE1149
TE1309
TE2414
TE2415
TE2784
TE2878
TE3259
TE3612
TE4079
TE4080
TE4081
TE4313
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CALIBRATION LABORATORY REPORT

Dipole impedance and return loss

The dipoles are designed to have low return loss ONLY when presented against a lossy-phantom at the specified
distance. A Vector Network Analyser (VNA) was used to perform a return loss measurement on the specific dipole when
in the measurement-location against the box phantom. The distance was as specified in the standard i.e. 15mm from the
liquid (for 700MHz).

The impedance was measured at the SMA-connector with the network analyser.
The following parameters were measured against Head fluid:

p y RefZ} =52.35Q
Dipole impedance at 700MHz Im{Z} = -3.65 0

Return loss at 700MHz -27.29 dB
Standards [1][2][3][4] call for dipoles to have a return loss better than 20dB

The measurements repeated against Body fluid:
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Report Ne
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CALIBRATION LABORATORY REPORT

. . Re{7}1=512150
Dipole impedance at 700MHz TmiZl =757 O
Return loss at 700MHz -22.58 dB

Standards [1][2][3][4] call for dipoles to have a return loss better than 20dB

SAR Validation Measurement in Brain Fluid

SAR validation checks have been performed using the 700MHz dipole and the bos-phantom located on the SARA-C
phantom support base on the SARA-C robot system. Tests were then conducted at afeed power level of approx. D.25WV.
The actual power level was recorded and used to normalise the results obtained to the standard input power conditions
of 1W (forward power). The ambient temperature was 23 2°C and the relative humidity was 29.3% during the
measurements.

The phantom was filled with 700MHz brain liquid using a recipe from [1], which has the following electrical parameters
{measured using an Indexsar DiLine kit) at 700MHz at the measurement temperature:

Relative Permittivity 426
Conductivity 0.896 S/im
Fluid Temperature 226 °C

The SARAC software version v6.08.11 was used with Indexsar [XP_050 probe Serial Number 204 previously calibrated
using waveguides.

The 3D measurement made using the dipole at the bottom of the phantom box is shown below:

Z vertical (mm)
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CALIBRATION LABORATORY REPORT

The validation results normalised to an input power of 1% (forward power) were:

Measured SAR Measured SAR values Target SARvalues
values (Wi ko) kg k) derived from
(250 input (Normalised to 1YWV feed system validation
power) power) and % Yariance from (Normalised to 1y
target Value. feed power)
Measured | % Variance
1gq SAR 1.94 772 064 7 .67
10g SAR 1.30 516 0.97 5.11
Allvalidation measurements are with £ 10% of Target values as required in standards [1][2][3][4]

SAR Measurement in Body Fluid

SAR validation checks have been performed using the 700MHz dipole and the bosxphantom located on the SARA-C
phantom support base on the SARA-C robot system. Tests were then conducted at afeed power level of approx. D.25WV.
The actual power level was recorded and used to normalise the results obtained to the standard input power conditions
of 1¥W (forward power). The ambient temperature was 23.3°C and the relative humidity was 30.9% during the

measurements.

The phantom was filled with 700MHz body liquid using a recipe from [1][4], which has the following electrical parameters
{measured using an Indexsar DiLine kit) at 700MHz at the measurement temperature:

Relative Permittivity 554
Conductivity 0988 S/im
Fluid Temperature 227:°C

The SARA-C software version v6.08.11 was used with Indexsar [XP_050 probe Serial Number 204 previously calibrated
using waveguides.

The 3D measurement made using the dipole at the bottom of the phantom box is shown below:

Z vertical (mm)
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CALIBRATION LABORATORY REPORT

The validation results normalised to an input power of 1W (forward power) were:

Measured SAR Measured SAR values Target SAR values
values (W/kg) (W/kg) (W/kg) derived from
(250mW input (Normalised to 1W feed system validation
power) power) and % Variance from (Normalised to 1W
target Value. feed power)
Measured [ % Variance
1g SAR 2.061 8.20 6.97** 7.67*
10g SAR 1.40 5.57 891 B5A1*

* In the specifications, SAR validation target values are only define for standardised measurements in brain fluid. Using
the target values (VW/kg) derived from system validation with brain fluid the validation measurements are within + 10% of
Target values.

**Variance against target values (W/kg) derived from system validation with brain fluid.

References

[1] IEEE Std 1528-2013. IEEE recommended practice for determining the peak spatial-average specific absorption rate
(SAR) in the human body due to wireless communications devices: Measurement Techniques — Description.

[2]BS EN 62209-1:2006 Human exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices — Human models, instrumentation, and procedures — Part 1: Procedure to determine the
specific absorption rate (SAR) for hand-held devices used in close proximity to the ear (frequency range of 300 MHz to 3
GHz).

[3]BS EN 62209-2:2010 Human exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices — Human models, instrumentation, and procedures — Part 2: Procedure to determine the

specific absorption rate (SAR) for hand-held devices used in close proximity to the human body (frequency range of 300
MHz to 6 GHz) (IEC 62209-2:2010)

[4] FCC KDB 865664 D01 SAR Measurement 100MHz to 6GHz V01r03
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Calibration Labaratory of S, g Schweizerischer Kalibrierdienst
Schmid & Pariner s c Service sulsso détalonnagn
Engineering AG Tt Servizio svizzwo di tarntura
Zeughousstrasse 43, 8004 Zurich, Switzerland “ﬁﬁ:\f S  Swiss Calibration Servics
Accraditod by the Swiss Accreditation Sendca (SAS) Accreditation Na.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilptersl Agroement for the recognition of calibration certificates

ciew  TOV SOD UK Cortficate No: DB35V2-447_Nov15
CALIBRATION CERTIFICATE

Objoct DB35V2 - SN: 447

Calibwation proceduna(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calbration dals: Movember 12, 2015

This ealibration cadilicale desumaents tha traceabidity io national standasds, which realize the physical units of measwemants (51).
Tha m@asuraments and il uncamainties with confidenca probabilty are given on the following pages and are par of the cerificate,

Al calibeations have been conductad in the closed labomtory facility: emdronment temperatune |22 = 3)°C and humidity < T0%.

Calbration Equipmant usod [MATE erilical for calibmtizn)

Prmary Standards 0w Cal Dale (Codilicale Ma.) Scheduled Calibration
Power moter EPR-dd24, GBEITEROTO4 OF-0et-15 (Mo, 21 T-02222) Q16

Powar sensor HP 84814 USaTX2783 OF-0et-15 (Mo, 217-02222) Qel-16

Power sensor HP 84814 MY41092217 0F-0et-15 (Mo, 217-02223) Oet-16

Ralerance 20 dB Attanuabor SM: 5058 (208) -Ape15 (Mo, 217-02131} Mar-18

Type-N mismateh combdnation SM: 50472 7 08327 O1=Ape158 (Mo, 217-02134) bar-16

Reference Probe EX30V4 5M: 7349 30-Dec-14 (Mo, EX3-7348_Decid) Dec-15

DAE4 SM: 601 1741015 (Mo, DAE4-E01_Aug15) Aug-16

Socondary Slandards 0 ¥ Check Date {in housa) Schoduled Chock

AF genemlor RES SMT-06 100872 15-Jun-18 {in housa check Jun-15) Ir il check: Jun-18
HNahwerk Analyzes HP B753E US3TI0585 54206 18-0ct-01 {in house chack Qel-18) I Rouse chask: Ocl-16

Hame Fumnclicn Signatura

Calibented by: Joton Kastrat LabmmuTadutCe__ [\9_._._--1-—-
Approved by: Katja Pokovic Techeical Manages /ﬁ,.ﬁ%

Issued; Movember 12, 2015

This calibration cortificale shall not be reproduced excopd in full withoul wiilien appeoval ol the laboratory.

Cartificals Mo DB3ISV2-447_Mowv15 Page 1of B
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Calibration Laboratory of

Schwelzerischer Kallbrigndd
Schmid & Partner Service sulsse d'éalonnage
Engineering AG Sorvizio svizzoro di taraturs
Zeughausstrasse 43, 5004 Zurich, Switzerland Swiss Calibration Service
Acerated by the Swiss Accredtalion Sorvice [SAS) Acereditation Na.: SCS 0108

The Swiss Accreditalion Service is one of the signatories 1o the EA
Muhilateral Agreement for the recognition of calibration certificabes:

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/NORM x.y,z
/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 Technigues”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢} IEC 62203-2, "Procedure to determine the Specific Absorption Rate (SAR) for wirgless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Reguirements for 100 MHz to 6 GHZ"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

« Feed Point Impedance and Relurn Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty reguired.

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

e 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.

« 8AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR rasult.

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%.

Carificate Mo: DE3EV2-44T_Movi5 Page 2of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52 8.8
Extrapolation Agvanced Extrapolation
Phantom Modular Flal Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolulion dx, dy, dz =5 mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity
Neminal Head TSL parameters 2200C 41.5 0.90 mha/m
Measured Head TSL parameters (22,0 £ 0.2) "G 426 +6% 0.92 mho/m £ 6 T
Head TSL temperature change during test <= 0.5% i L
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 m\Y inpul power 2.34 Wikg
SAR for nominal Head TSL paramelers normalized 1o 1W 9.26 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL candition
SAR measurad 250 mW input power 1.52 Wikg
SAR for nominal Head TSL paramalers normalized to TW .02 Wikg = 16.5 % (k=2}
Body TSL parameters
The following parameters and calculalions were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+02)°C EE6269% 0,99 mha'm £ 6 %
Body TSL temperature change during test =0.5°C e e
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW input powear 2.40 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ {10 g) of Body TSL condilion
S5AR measured 250 mW impul power 1.57 Wika
SAR for nominal Body TSL parameters normalized 1o 1W 6.21 Wikyg = 16.5 % (k=2)
Certificate No: DB3SV2-447_Novi5 Page 3of B
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transfarmead 1o fead point 49940 - T.O K2
Raturn Loss -23.1dB

Antenna Parameters with Body TSL

Impedance, transfarmed 1o fead paint 46.0 0 - 870

Retum Loss - 20.0 dB

General Antenna Parameters and Design

Electrical Delay {one direction) | 1.386 ns |

Aftar long term use with 100W radiated power, anly & slight warmning of the dipole near the feedpoint can be measured,

The dipale is made of standand semingid conxial cable. The center conductor of the feoding line is directly connected 19 the
second arm of the dipole. The antenna is tharefore short-circuited for DG-signals, On some of the dipoles, small end caps
ara added 1o the dipele arms in arder to impreve malching when loaded according to the posilion as explained in the
“Measurement Conditions® paragraph. The SAR dala are not affectad by this change. Tha overall dipole length is still
according to the Slandard.

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

Additional EUT Data

Manulaciured by SPEAG
Manufactured on October 24, 2001
Cartilficate Mo: DBISVZ-447_Movis Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 12.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DEISV2; Serial: DE3SV2 - SN: 447

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.92 S/m; & = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASYS (IEEEAEC/ANSI Ca3.19-2011)

DASYS2 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77); Calibrated: 30.12.2014;
« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
=  Electronics: DAE4 Sn601; Calibrated: 17.08.20135
« Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001
« DASYSZ 52.8.8(1222); SEMCAD X 14.6.1007331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=53mm, dy=5mm, dz=5mm

Reference Value = 61.13 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.47 Wikg

SAR(1 g) = 2.34 Wikg: SAR(10 g) = 1.52 Wikg

Maximum value of SAR (measured) = 3. 10 Wikg

0dB = 3.10 W/kg = 4.91 dBW/kg

Certificate Mo: DB3SV2-447_Movis Page 5of 8
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Impedance Measurement Plot for Head TSL

12 How 2045 15:3@:59
541 1 U FS 2499120 -698240 27.298pF B35.000 800 NHz

fivy
16

Hid

CHI 35,000 000 HHz

tel == —

Hid

START EI5.000 0Q0 HHz STOP 1 035000 DOD HHz

Cerificate Mo: DB35V2-447_Movils PageGeof 8
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DASYS Validation Report for Body TSL

Date; 12,10.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB3SV2 - SN: 447

Communication System: UID 0 - CW; Frequency: 835 MHz )
Medium parameters used: f= 835 MHz; o = 0,99 5/m; & = 55.6; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SNT349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;
s  Sensor-Surface: 1.4mm {(Mechanical Surface Detection)
» Electronics: DAE4 Sa601; Calibrated: 17.08.2015
» Phantom: Flat Phantom 4.9L; Type: QDOO0PA9AA; Serial: 1001
»  DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 59.65 Vim: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.57 Wike

SAR(L g) = 2.4 Wikg; SAR(10 g) = 1.57 Wikg

Maximum value of SAR (measured) = 3.17 Wikg

0dB =3.17 Wikg = 5.01 dBW/kg

Cerificale No: DB3SVE-447_Movi15 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration Labaratory of S, g Schweizerischer Kalibrierdienst
Schmid & Pariner s c Service sulsso détalonnagn
Engineering AG Tt Servizio svizzwo di tarntura
Zeughousstrasse 43, 8004 Zurich, Switzerland “ﬁﬁ:\f S  Swiss Calibration Servics
Accraditod by the Swiss Accreditation Sendca (SAS) Accreditation Na.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilptersl Agroement for the recognition of calibration certificates

ciew  TOV SOD UK Cortficate No: DB35V2-447_Nov15
CALIBRATION CERTIFICATE

Objoct DB35V2 - SN: 447

Calibwation proceduna(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calbration dals: Movember 12, 2015

This ealibration cadilicale desumaents tha traceabidity io national standasds, which realize the physical units of measwemants (51).
Tha m@asuraments and il uncamainties with confidenca probabilty are given on the following pages and are par of the cerificate,

Al calibeations have been conductad in the closed labomtory facility: emdronment temperatune |22 = 3)°C and humidity < T0%.

Calbration Equipmant usod [MATE erilical for calibmtizn)

Prmary Standards 0w Cal Dale (Codilicale Ma.) Scheduled Calibration
Power moter EPR-dd24, GBEITEROTO4 OF-0et-15 (Mo, 21 T-02222) Q16

Powar sensor HP 84814 USaTX2783 OF-0et-15 (Mo, 217-02222) Qel-16

Power sensor HP 84814 MY41092217 0F-0et-15 (Mo, 217-02223) Oet-16

Ralerance 20 dB Attanuabor SM: 5058 (208) -Ape15 (Mo, 217-02131} Mar-18

Type-N mismateh combdnation SM: 50472 7 08327 O1=Ape158 (Mo, 217-02134) bar-16

Reference Probe EX30V4 5M: 7349 30-Dec-14 (Mo, EX3-7348_Decid) Dec-15

DAE4 SM: 601 1741015 (Mo, DAE4-E01_Aug15) Aug-16

Socondary Slandards 0 ¥ Check Date {in housa) Schoduled Chock

AF genemlor RES SMT-06 100872 15-Jun-18 {in housa check Jun-15) Ir il check: Jun-18
HNahwerk Analyzes HP B753E US3TI0585 54206 18-0ct-01 {in house chack Qel-18) I Rouse chask: Ocl-16

Hame Fumnclicn Signatura

Calibented by: Joton Kastrat LabmmuTadutCe__ [\9_._._--1-—-
Approved by: Katja Pokovic Techeical Manages /ﬁ,.ﬁ%

Issued; Movember 12, 2015

This calibration cortificale shall not be reproduced excopd in full withoul wiilien appeoval ol the laboratory.

Cartificals Mo DB3ISV2-447_Mowv15 Page 1of B
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Calibration Laboratory of

Schwelzerischer Kallbrigndd
Schmid & Partner Service sulsse d'éalonnage
Engineering AG Sorvizio svizzoro di taraturs
Zeughausstrasse 43, 5004 Zurich, Switzerland Swiss Calibration Service
Acerated by the Swiss Accredtalion Sorvice [SAS) Acereditation Na.: SCS 0108

The Swiss Accreditalion Service is one of the signatories 1o the EA
Muhilateral Agreement for the recognition of calibration certificabes:

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/NORM x.y,z
/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 Technigues”, June 2013

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢} IEC 62203-2, "Procedure to determine the Specific Absorption Rate (SAR) for wirgless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Reguirements for 100 MHz to 6 GHZ"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

« Feed Point Impedance and Relurn Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty reguired.

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

e 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.

« 8AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR rasult.

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%.

Carificate Mo: DE3EV2-44T_Movi5 Page 2of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52 8.8
Extrapolation Agvanced Extrapolation
Phantom Modular Flal Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolulion dx, dy, dz =5 mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity
Neminal Head TSL parameters 2200C 41.5 0.90 mha/m
Measured Head TSL parameters (22,0 £ 0.2) "G 426 +6% 0.92 mho/m £ 6 T
Head TSL temperature change during test <= 0.5% i L
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 m\Y inpul power 2.34 Wikg
SAR for nominal Head TSL paramelers normalized 1o 1W 9.26 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL candition
SAR measurad 250 mW input power 1.52 Wikg
SAR for nominal Head TSL paramalers normalized to TW .02 Wikg = 16.5 % (k=2}
Body TSL parameters
The following parameters and calculalions were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+02)°C EE6269% 0,99 mha'm £ 6 %
Body TSL temperature change during test =0.5°C e e
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW input powear 2.40 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ {10 g) of Body TSL condilion
S5AR measured 250 mW impul power 1.57 Wika
SAR for nominal Body TSL parameters normalized 1o 1W 6.21 Wikyg = 16.5 % (k=2)
Certificate No: DB3SV2-447_Novi5 Page 3of B
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transfarmead 1o fead point 49940 - T.O K2
Raturn Loss -23.1dB

Antenna Parameters with Body TSL

Impedance, transfarmed 1o fead paint 46.0 0 - 870

Retum Loss - 20.0 dB

General Antenna Parameters and Design

Electrical Delay {one direction) | 1.386 ns |

Aftar long term use with 100W radiated power, anly & slight warmning of the dipole near the feedpoint can be measured,

The dipale is made of standand semingid conxial cable. The center conductor of the feoding line is directly connected 19 the
second arm of the dipole. The antenna is tharefore short-circuited for DG-signals, On some of the dipoles, small end caps
ara added 1o the dipele arms in arder to impreve malching when loaded according to the posilion as explained in the
“Measurement Conditions® paragraph. The SAR dala are not affectad by this change. Tha overall dipole length is still
according to the Slandard.

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

Additional EUT Data

Manulaciured by SPEAG
Manufaciured on October 24, 2001
Cartificate Mo: DB3SV2-447_Movis Page 4ol B
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DASYS5 Validation Report for Head TSL

Date: 12.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DEISV2; Serial: DE3SV2 - SN: 447

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.92 S/m; & = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASYS (IEEEAEC/ANSI Ca3.19-2011)

DASYS2 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77); Calibrated: 30.12.2014;
« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
=  Electronics: DAE4 Sn601; Calibrated: 17.08.20135
« Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001
« DASYSZ 52.8.8(1222); SEMCAD X 14.6.1007331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=53mm, dy=5mm, dz=5mm

Reference Value = 61.13 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.47 Wikg

SAR(1 g) = 2.34 Wikg: SAR(10 g) = 1.52 Wikg

Maximum value of SAR (measured) = 3. 10 Wikg

0dB = 3.10 W/kg = 4.91 dBW/kg

Certificate Mo: DB3SV2-447_Movis Page 5of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date; 12,10.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB3SV2 - SN: 447

Communication System: UID 0 - CW; Frequency: 835 MHz )
Medium parameters used: f= 835 MHz; o = 0,99 5/m; & = 55.6; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SNT349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;
s  Sensor-Surface: 1.4mm {(Mechanical Surface Detection)
» Electronics: DAE4 Sa601; Calibrated: 17.08.2015
» Phantom: Flat Phantom 4.9L; Type: QDOO0PA9AA; Serial: 1001
»  DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 59.65 Vim: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.57 Wike

SAR(L g) = 2.4 Wikg; SAR(10 g) = 1.57 Wikg

Maximum value of SAR (measured) = 3.17 Wikg

0dB =3.17 Wikg = 5.01 dBW/kg

Cerificale No: DB3SVE-447_Movi15 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S0, §  Schwelzerischer Kalibriorionst

Schmid & Partner ﬁ?& o Service suisss détalonnage
Engineering AG z 5 Servizia svizzero di tarstura

Zeughausstrasso 43, B004 Zurich, Switcertand ‘éﬁ} S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signataries to the EA
Multilateral Agreament for the recognition of calibeation certificales

client  TOV SUD UK

Accreditation Mo.: SCS 0108

Cavtificate No: D1900V2-546_Nov15

CALIBRATION CERTIFICATE

Citjeet D1900V2 - SN; 546
Calibration procedura(s) QA CAL-05.va

Calibration procedure for dipole validation kits above 700 MHz
Calibeation dala: Movember 17, 2015

This calibration centificat documants the imceakilty to national standards, which realize the phyaical unils of measuromants (51,
The measuremands and the uncorainties with conlidance probability are givan on the Tollowing pages and are past of the cerlilicals.

All calibrations have beon conducted in (he closed labaratony faciity: ermviranmnt lemparasure (22 + 3°C and humadity « 70%.

Calbration Equipment used (METE critical for calibeation)

Issued: Movember 17, 2015
This calibration cenilicate shall nol be reproduced gxcept in full wishout writhen approval of the labonaiony.

Primary Standards e Cal Dale (Carificate Mo.) Scheduled Calibration
Power matar EPM-4424 GBIT480704 O7-0et-15 (Mo, 217-00822) Oel1B
Power sensor HP B4R1A US37262783 O7-0ct-15 (Mo, 217-02228) Cct-16
Pawer sensor HP B4B1A, MY41082317 07-Oct-15 {No. 217-02223) Oct-16
Reference 20 dB Atlonuator Sh: 5058 (20K) 01-Apr-15 (Mo, 297-02131) Mar-16
Type-N mismatch combinaticn SN EOMT.2 06327 01-Ape-15 (Mo, 217-02134) Mar-16
| Rotorence Probe EX30V4E BM: T34 30-Oec-14 (No, EX3-TI43_Dect4) Dec-15
| DAE4 SM: 601 17-Ag-15 (Mo, DRE4-E01_Aug15) Aug-18
Secondary Slandards D # Chisck Date (in housal Schoduled Chock
RF gonarator &S SMT-06 100972 15-Jum-15 {in house eheck Jun-15) in housa check: Jun-18
Matwork Analyzer HP 8753E USITI80585 54206  1B-Oct-01 [in house check Oet-15) in housa chedk: Dct-16
Nama Function Signaturs
Calibeated by: Joton Kastratd WTMT:JE ElE
Approved by: Kntja Pokavic

Cedificate Mo: D1900V2-546_MNovis
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Calibration Laboratory of A e,

X 3

Schmid & Partner A = ﬁ'&?ﬂ’:ﬂﬁiﬁ:ﬁﬁ"'
Engineearing AG 3 B Servizie svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland ‘i/’f,::\}*’ Swiss Callbration Service
Actradited by Ihe Swiss Accrociation Sendes (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agreement for the recognition of calibration centilicates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
MN/A, not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62203-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

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

Additional Documentation:
e] DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

* Feed Point Impedance and Refum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed fram the
measurament at the SMA connector to the feed point. The Retumn Loss ensures low
reflected power. Mo uncertainty required.

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

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

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

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

Caerificate Mo D1200V2-546_MNov1s Pege 2ol @
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Measurement Conditions

DASY system configuration. as far as not given on page 1.

DASY Version DASYS V52.8.8

Extrapolation Advanced Exirapolation

Phantom Modular Flat Phantorn

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resalution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Parmittivity Conductivity

Nominal Head TSL parameters 220°C 40.0 1.40 mhaoim

Measured Head TSL parameters {(220£02)°C 39.4 £ 6% 1.38 mho/m = 6 %

Head TSL temperature change during test <0.5°C e -
SAR result with Head TSL

SAR averaged over 1 em’ (1 g) of Head TSL Caondition

SAR measured 250 mW input powar 9.93 Wikg

SAR for nominel Head TSL parameters nosmalized to 1W 39.8 Wikg = 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

S5AR measured 250 mW inpul power 5.19 Wikg

SAR for nominal Head TSL paramalers normalized fo 1W 20.8 Wikg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculalions were applied.
Temperature Permittivity Conductivity

Wominal Body TSL parameters 22.0°C 53.3 1.52 mhaim

Measured Body TSL parameters (22.0=02)°C 522+6% 1.52 mho/m £ 6 %

Body TSL temperature change during test =0.5°C nn e
SAR result with Body TSL

SAR averaged over 1 em® (1 g) of Body TSL Condition

SAR measured 250 mW input power 10.1 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 40,2 Wikg = 17.0 % (k=2)

SAR averaged over 10 em® {10 g) of Body TSL cendition

SAR measurad 250 mW input power 5.31 Wikg

SAR for nominal Body TSL paramelers

normalized 1o 1W

21.2 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-546_Mov15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, iransformed to feed poim 5070 +32j0
Retumn Loss -28.9d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 464 1 + 4.4 j02
Retum Loss - 24.6 dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.204ns |

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

The dipole is made of standard semirigid coaxial cable, The center conducior of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shor-circuited for DC-signals, On some of the dipoles, small end caps
ane added to the dipole arms in order to improve malching when loaded according to the pesition as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole lengih 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
Manufaciured on Movember 15, 2001
Certificate No: D1900V2-546_Nov15 Paged ol B
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DASYS Validation Report for Head TSL
Date: 10.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MIHz; Type: D1900V2; Serial: DI1900V?2 - SN: 546
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; o = 1.39 $/m; & = 39.4; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/NEC/ANSI C63.19-2011)
DASYS52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.14, 8.14, 8.14); Calibrated: 30.12.2014:

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

= Electronics: DAE4 Sn601; Calibrated: 17.08.2015

= Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA: Serial: 1001

» DASYS252.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 108.9 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 18.7 Wikg

SAR(1 g) = 9.93 W/kg; SAR(10 g) = 5.19 W/kg

Maximum value of SAR (measured) = 15.6 Wikg

-3.80
-1.60
-11.40

“15.20

-19.00

0dB =156 Wkg = 11.93 dBW/kg

Certificate No: D1300V2-546_Nov15 Page 5of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 17.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900YV?2 - SN: 546

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f= 1900 MHz; o = 1.52 Sim; & = 52.2; p = 1000 kg/m’
Fhantom section: Flat Section

Measurement Standard; DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(7.9, 7.9, 7.9): Calibrated: 30.12.2014:
» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sni601; Calibrated: 17.08.2015
+  Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA: Serial: 1002
« DASYS252.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 104.5 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 18.1 Wikg

SAR(D g) = 10.1 Wikg; SAR(L0 g) = 5.31 W/kg

Maximum value of SAR (measured) = 15.4 Wikg

0dB =154 Wikg = | .88 dBW/kg

Cartiicate Mo: D1900V2-546_Movis Page 7 of B
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

g Schweizerischer Kalibrierdienst

c Service sulsse d'étalonnage
Servizio svizzera di taratura

S Swiss Calibration Service

Accrodited by this Swiss Accredilation Serdca (SAS) Accreditation Ho.: SCS 0108
The Swiss Accreditation Service |5 one of the signateries 1o the EA
Muhilateral Agreement for the recognition of calibration certilicates

cienn TV S0D UK Cortificate Ho: D2450V2-715_Movi1s
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 715

Calitration procedurs(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Callbration date: Movember 10, 2015

This calibraticn cenilicale docurmnents 1he traceability to national standasds, which realize the physical units of measueemants (S1).
The measuremants and the uncerainties with confidence probabiiity are given on tha following pages and are par of the cerificale.

All calibrations have been conducied In the closed laboralory lacility: envirenmen] bemparalune (22 = 3)°C and humidity < T0%.

Calibration Equipment used (MATE crilical lor calbration)

Primary Standards L] Cal Date (Cortificale No.) Sehaduled Calbraticn

Power maler EPM-4424 GBEITA80T04 O7-0¢1-15 (Ma, 217-02222) Oct-16

Pavnld Sansor HP BAB1A Usaraeerad 07-0ct-15 (Mo, 217-02222) Oct-16

Power sensor HP BAB1A MY4108207 O7-0ct-15 (Mo, 217-02223) Det-16

Raderdncg 20 dB Atlonualor SH: B058 (30k) O1-Aper=15 (Ho. 21702131) Mar-16

Typa-MN mismalch combinalicn SM; S047.2 1 063ET 01-Apr-15 (Mo, 217-02134) Mar-16

Ralerenca Proba EX30DV4 SM: 7340 30-Dec-14 (No. EX3-T34D_Decid) Dac-15

DAE4 SM: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

Sacondany Standarnds 10w Chick Dals (in house) Schedulpd Chaci

RF genarator RAS SMT-05 100872 15-Jun-15 [in house check Jun-15) In house check: Jurn-18

Natwork Analyzer HP B753E US3T390585 54206 18-0ct-01 {in housa check Oct-15) In house chiack: Oct-16
Mame Function Sagnalure

Calibrated by: Michasd Wabar Labarabary Techiician ﬂm-

Appeoved by: Katja Pokavic Technical Manager el

|3sued: Mavember 11, 2015

This calibralion conificale shall ndl ba reproduced axcopt in full without writban approval of the laboralony.
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Calibration Laboratory of WUy,

o Sontis g  Schwalzerischer Kalibrierdienst
Schmid & Partner % c Service sulsse d'italennage
Engineering AG Tt Servizio avizzers di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland ! 4{5}“&‘ S  swiss Calibeation Service
Acciedibed by tha Swiss Accreditalion Service [SAS) Accreditation Me.: SCS 0108

The Swiss Accroditation Servics is ane of Ihe signatodies to the EA
Multilateral Agreement for the recognition of calibration cerlificates

Glossary:

T5L tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

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

b) |EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held

devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

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

Additional Documentation:
2) DASY4/s System Handbook

Methods Applied and Interpretation of Parameters:

= Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the cerificate 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 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.

s Electrical Defay: One-way delay between the SMA connector and the antenna feed paint.
Mo uncertainty required.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

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

Certificate MNo: D2450V2-715_Mowvi15 Paga2cfB

Document 75934711 Report 11 Issue 1 Page B.33 of B.47

COMMERCIAL-IN-CONFIDENCE



Measurement Conditions

DASY systern configuration, as far as not given on page 1.

DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 302 1.80 mhaim
Measured Head TSL parameters (22.0 £ 0.2) "C 3M2+E% 1.87 mhofm £ 6 %
Head T5L temperature change during test =05 - -
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measurad 250 mW inpul power 13.7 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 53.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condilian
SAR measurned 250 mW input power 6.34 Wikg
SAR lor pominal Head TSL pararmaters nofmakized o 1W 25.0 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.85 mhao/im
Measured Body TSL parameters (22.0 £0.2) °C E2T+B% 2.02 mho/m = 6 %
Body TSL temperature change during test =050 e e
SAR result with Body TSL
SAR averaged aver 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW inpul power 13.6 Wikg
SAR for rominal Body TSL parameters normalized 1o 1W 53.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em?® (10 g) of Body TSL condition
SAR maasured 250 mW input power 6.38 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 25.3 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed paint B3aT0O+27[0

Aeturn Loss -271dB

Antenna Parameters with Body TSL

Impadance, transiormed 1o feed paint 50102 +55[0

FRatum Loss -252dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.156 ng

After lang tarm use with 100W radiated power, only a slight warming of the dipale near the feedpoint can be measured.

Tha dipole is made of standard seminigid coaxial cabla. The cantar conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are added fo the dipole arms in order 1o improve matching when loaded according 1o the position as explained in the
“Measurement Conditions” paragraph, The SAR data are not allected by this change, The overall dipole length is still
according to the Standard.

Mo excessive force must be applied 1o the dipole arms, because they meght bend or the soldered connections near the
feedpoint rmay be damaged.

Additional EUT Data

Manulactured by SPEAG
Manulaciured on July 05, 2002
Cartilicate Mo: D2450V2-T15_Novis Page 4 ol 8
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DASYS Validation Report for Head TSL

Drate: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz ; Type: D2450V2; Serial: D2450V2 - 5N: 715

Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: = 2450 MHz; o = 1.87 S/m; & = 38.2; p = 1000 kg/m’
Phamom section: Flat Section
Measurement Standard: DASYS (IEEENEC/ANSI C63.19-2011)
DASYS2 Configuration:
+ Probe: EX3DV4 - SN734%9; ConvF(7.67, 7.67, 7.67); Calibrated: 30.12.2014;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phamom: Flat Phantom 5.0 (front); Type: QDOMP30AA; Serial: 100]

= DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=3mm

Reference Value = 116.3 Vim; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 28.7 Wikg

SAR(L gh=13.7 Wikg; SAR(10 g) = 6.34 Wikg

Maximum value of SAR (measured) = 23,3 Wikg

-4.80
-9.60
-14.40

-19.20

-24.00

0dB =233 W/kg = 13.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450%2; Serial: D2450V2 - SN: 715

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: { = 2450 MHz; o = 2.02 S/m; g, = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASY S (IEEEJEC/ANST C63.19-2011)

DASYS2 Configuration:
« Probe: EX3DV4 - SNT7349; ConvF(7.53, 7.53, 7.53); Calibrated: 30.12.2014;
+«  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 17.08.2015
+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
« DASYS2 52.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=53mm, dy=5mm, dz=5mm

Reference Value = 109.5 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 27.2 Wikg

SAR(T g) = 13.6 Wikg: SAR(10 g) = 6.38 W/kg

Maximum value of SAR (measured) = 22,2 W/ikg

0dB =222 Wikg = 13.46 dBW/kg

Carlificale No: D2450V2-T15_Mov15 Fage 7 of B
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Impedance Measurement Plot for Body TSL
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Aceradiied by the Swiss Accroditation Sarvice (SAS)
The Swiss Accreditation Service s one af the signalories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient TV SUD UK
CALIBRATION CERTIFICATE

Accroditntion Ne.: SCS 0108

Centifieste Ne: D2600Y2-1034_Novis

Object

Calibration procedure(s)

Calitenticn date:

D2600V2 - SN: 1034

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Movember 10, 2015

Colibration Eguipment used (METE eritical for alibraian)

This calibration cerificale documents the traceabidity to national standards, which realize the physical units of measuromants (51,
Thé measurements and the uncariainties with confidence procbablity are given on the Tallowing pages and are part of the cariificale.

All calibrations have been conducted inthe closed laberatory facility: anvironmant tomparaluna (22 = 3)°C and humidity < 70%.

Primary Standards D # Cal Daie [Cestificate No.) Schoduled Calibalion

Power maler EPM-d4424 GRIT4E0704 07-0ct-15 (Mo, 217-02222) Oct-16

Power sensor HP B4B1A US3TaesTaa O7-Cct-15 (Mo. 217-02222) Oct-16

Power S0nsce HP B4B1A MY41082317 O7-0ct-15 (Mo, 217-02223) Oct16

Ralerenca 20 dB Attenualor SN: 5058 (20k) 01-Ape-15 (Mo, 217-02131) Mar16

Type-N mismaich combinalicn SM: S047.2 /06327 01-Apr-15 (Mo, 217-02134) Mar16

Aelerence Probe EX30VE SEN: 7340 30-Dec-14 (Ho, EX3.7348_Dect4) Dac-15

DAE4 SN: 601 17-Aug-15 (o, DAESE01_Aug15) Aug-16

Secondary Standands D& Check Data (in house) Sehoduled Check

RF ganerator R&S SMT-06 100872 15-Jun-15 {in hausa chock Jurn-15) In housa check: Jun-18

Natwork Analyzer HP BTS3E US3TIS0585 54208  18-Oct-01 (in housa chack Ocl-15) In hoess chisck: Oet-16
Hama Funclion Signature

Calibrated by: Michasl Waber Laboratory Technician i‘ !

Approved by Fatja Pokovic Technical Managsr

e
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This calibeation cerificate shall not be reproduced axcept in Tull withou! wiitlen approval of the labosatory.
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Schweizerischer Kallbrierdionst
Service sulsse d'étalonnnge

Calibration Laboratory of S‘*@'ﬁ
Schmid & Partner —

wmow

Engineering AG L Servizio svizzero di taraturn
Zorughausstrasse 43, BO04 Zurich, Switzerland ‘g?ﬁ"}# Swiss Callbeation Service
el al®
Accrodited by tha Swiss Accreditation Servic (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the aignalories to the EA
Muiltiiateral Agreement for the recagnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
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-
Avaraged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62203-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

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

d) KDB BE5664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
&) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

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

» Antenna Paramelers 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 orfdented
parallel 1o the body axis.

= Feed Point Impedance and Return Loss: These parameters are measured with the dipale
positioned under the liquid filled phantem. 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.

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

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

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

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

Certificate No: D2E00V2-1034_Nov1s Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASYS v52.88
Extrapolation Advanced Extrapolation
Phantam Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dy, dy, dz =5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Mominal Head TS5L parameters 220°C 35.0 1.896 mho/m
Measured Head TSL parameters {22.0£0.2)°C AFT26% 2.04 mho/m = 6 %
Head TSL temperature change during test < 0.5 0 _— _—
SAR result with Head TSL
SAR averaged over 1 em? {1 g} of Head TSL Condilion

SAR measured

250 mW input power

14.8 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

58.1 Wikg = 17.0 % (k=2)

SAR averaged over 10 em® {10 g) of Head TSL condition

SAR measured 250 mW input power 6.56 Wikg

SAR for nominal Head TSL parameters normalized to 1TW 25.9 Wikg = 16.5 % [k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Hominal Body TSL parameters 22.0°C 525 2.16 mhim

Measured Body TSL parameters (22.0 20.2) *C G22+B9% 2,21 mho'm + 6 %

Body TSL temperature change during lest =05 - -
SAR result with Body TSL

SAR averaged over 1 em* (1 g) of Body TSL Condition

SAR measured

250 mW input power

14.4 Wikg

SAR for nominal Body TSL paramelers

normalized o 1W

56.9 Wikg = 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL condition
SAR maasurad 250 mW input power 8.39 Wikg
SAR for nominal Body TSL paramelars normalized o 1W 25.4 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed 1o leed poant 49501 - 4.8 0
FReturn Loss -262dB

Antenna Parameters with Body TSL

Impedance, ranslormed to feed point 45.0 61 - 3.4 [
Aeturn Loss -24.0dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.150 ns

After long ferm 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 and caps
are added Io the dipole arms in order to improve matching when loaded according 1o the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change, The overall dipole length is stil
acearding to the Standard.

Mo excessive force must be applied to the dipole ams, because they might bend of the soldered connections near the
{aedpaint may be damaged.

Additional EUT Data
Manufacturad by SPEAG
Manulactured on March 03, 2009
Cerlificate MNo: D2800V2-1034_Novi5 Page 4ol 8
Document 75934711 Report 11 Issue 1 Page B.43 of B.47

COMMERCIAL-IN-CONFIDENCE



DASYS Validation Report for Head TSL

Date: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1034

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; o = 2.04 S/m; & = 37.7; p = 1000 kg/m’
Phamtom section: Flat Section

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

DASYS2 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(7.4, 7.4, 7.4); Calibrated: 30.12.2014;
s  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
+ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYS52 52.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Secan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=53mm, dz=3mm

Reference Value = 116.9 Vim; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 32.1 Wikg

SAR(1 g) = 14.9 W/kg; SAR(10 g) = 6.56 W/kg

Maximum value of SAR (measured) = 25.2 Wikg

0dB =252 W/kg = 14.01 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1034

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: = 2600 MHz; o = 2.21 8/m; & = 52.2; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS2 Configuration:

L

Probe: EX3DV4 - SN734%; ConvF(7.52, 7.52, 7.52); Calibrated: 30.12.2014;

Sensor-Surface; 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
DASYS2 52.8.8(1222), SEMCAD X 14.6.10(7331)

Doare; 10.11.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm. dy=5mm, dz=5mm
Reference Value = 109.8 Vim; Power Drift = 0,04 dB
Peak SAR (extrapolated) = 29.9 Wikg

SAR(1 g) = 14.4 Wikg; SAR(10 g) = 6.39 Wikg
Maximum value of SAR (measured) = 24.1 Wikg

-5.20

-10.40

-15.60

-20.80

-26.00

0dB =241 Wikg = [3.82 dBW/kg
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Impedance Measurement Plot for Body TSL
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