DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1054

Communication System: UID 0 - CW ; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; ¢ = 0.91 $/m; & = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.17, 10.17, 10.17); Calibrated: 31.12.2016;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Phantom: Flat Phantom 4.9 {front); Type: QD 00L P49 AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 07.03.2017

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=5mm
Reference Value = 59.71 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 3.21 W/kg

SAR(1 g) = 2.14 W/kg; SAR(10 g) = 1.4 W/kg
Maximum value of SAR (measured) = 2.85 W/kg

0 dB = 2.85 W/kg = 4.55 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 07.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1054

Communication System: UID 0 - CW ; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; 6 = 0.99 S/m; & = 54.6; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 31.12.2016;
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

s Electronics: DAE4 Sn601; Calibrated: 04.01.2017

+ Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005

+ DASY52 52.8.8(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 = 57.88 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.31 W/kg

SAR(1 g) = 2.21 W/kg; SAR(10 g) = 1.45 W/kg

Maximum value of SAR (measured) = 2.94 Wikg

-4.40
-6.60

-8.89

1100

0dB =2.94 W/kg = 4.68 dBW/kg
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Impedance Measurement Plot for Body TSL

7 Mar 2017 14:51:37
CHI] si1 11 Fs 1! SB.EEE o —3638% 0 58.445 pF 750,889 008 MHz

Del e W

Ca
P
159

Hld

CHz

Ca

Av
182

Hld

START S5S2.000 699 MHz STOP 952.006 880 MHz

Certificate No: D7560V3-1054_Mar17 Page 8 of 8




Calibration Laboratory of
Schmid & Partner
Engineering AG

W|ir
X,

”,

S Schweizerischer Kalibrierdienst
C Service suisse d'étalonnage
S

s,

Yz

K

T Servizio svizzero di taratura
. < ~
Zeughausstrasse 43, 8004 Zurich, Switzerland 4 g I/—\ \\\\\‘ Swiss Calibration Service
LTI
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
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ciient  PC Test Certificate No: DB35V2-4d119_Apr17
ICALIBRATION CERTIFICATE 5
Object -D835V2 - SN:4d119
Calibration procedure(s) QA CAL-05.v9 ‘/
Calibration procedure for dipole validation kits above 700 MHz ?,[\l
5% Tt
Calibration date: April 11, 2017

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measuremenis and the unceriainties wilh confidence probabilily are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboralory facilily: environmeni lemperature (22 + 3)°C and humidily < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Dale (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NRP-Z91 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18

Reference 20 dB Attenuator SN: 5058 (20k) 07-Apr-17 (No. 217-02528) Apr-i8

Type-N mismatch combination SN: 5047.2 / 06327 07-Apr-17 (No. 217-02529) Apr-18

Reference Probe EX3DV4 SN: 7349 31-Dec-16 (No. EX3-7349_Dec16) Dec-17

DAE4 SN: 601 28-Mar-17 (No. DAE4-601_Mar17) Mar-18

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 {in house check Ocl-16) In house check: Oct-18

Power sensor HP 8481A SN: US37292783 07-Oc¢l-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) In house check: Oc¢t-18

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-186) In house check: Ocl-18

Nelwork Analyzer HP 8753E SN: US37390585 18-0Oct-01 (in house check Oct-16) In house check: Oct-17
Name Function

Callibrated by: Claudio Leubler Laboratory Technician

Approved by: Kalja Pokovic - Technical Manager /Z/%f

Issued: April 12, 2017

This calibration cerlificate shall not be reproduced except in full without wrilten approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) |EC 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 6 GHz)", March 2010

d) KDB 865664, “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.

s 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. ‘

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

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

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

DASY system contiguration, as tar as not given on page 1.

DASY Version DASY5 V52.10.0
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipale Center - TSL 15 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

835 MHz =1 MHz

Head TSL parameters

The following parameiers and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.90 mho/m
Measured Head TSL parameters {22.0+0.2)°C 409 +6% 0.94 mho/m+6 %
Head TSL temperature change during test <0.5°C ---- ----
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW inpu! power 2.45 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

9.46 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.58 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

6.15 Wikg + 16.5 % (k=2)

Body TSL parameters

The following paramelers and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 53.9+6% 1.01 mho/m 6 %
Body TSL temperature change during test <0.5°C nan -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.44 W/kg

SAR for nominal Body TSL paramsters

normalized to 1W

9.42 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.60 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

6.23 W/kg + 16.5 % (k=2)

Certificate No: D835V2-4d119_Apr17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 505Q-46jQ

Return Loss -26.7 dB

Antenna Parameters with Body TSL

Impedancs, transformed to feed point 51.18-4.2(Q

Return Loss -27.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.387 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 cenier 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 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on June 29, 2010
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DASY5 Validation Report for Head TSL

Date: 11.04.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d119

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

Medium parameters used: f = 835 MHz; ¢ = 0.94 S/m; & = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

+ Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 31.12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

DASYS52 52.10.0(1442); SEMCAD X 14.6.10(7413)

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

Reference Value = 62.10 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.65 W/kg

SAR(1 g) = 2.45 W/kg; SAR(10 g) = 1.58 W/kg

Maximum value of SAR (measured) = 3.21 W/kg

-11.23

0dB =3.21 W/kg =5.07 dBW/kg

Certificate No: D835V2-4d119_Apr17 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 11.04.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d119

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

Medium parameters used: f = 835 MHz; ¢ = 1.01 S/m; & =53.9; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 31.12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 4.9 (Back); Type: QD O0R P49 AA; Serial: 1005

DASY52 52.10.0(1442), SEMCAD X 14.6.10(7413)

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 = 59.70 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 3.64 W/kg

SAR(1 g) = 2.44 W/kg; SAR(10 g} = 1.6 W/kg

Maximum value of SAR (measured) = 3.21 W/kg

{-2.14
N 127
-6.41
-8.54

-10.68

0dB =3.21 W/kg =5.07 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accreditation No.: SCS 0108

|CALIBRATION CERTIFICATE I

D835V2 - SN:4d132

Object

Calibration procedure(s}

Calibration date:

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

January 11, 2017

Calibration Equipment used (M&TE critical for calibralion)

v

0\\‘1'("9

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S}.
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerlilicate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3}°C and humidily < 70%.

Network Analyzer HP 8753E

Calibrated by:

Approved by:

SN: US37390585

Name
Jeton Kastrati

Katja Pokovic

18-Oct-01 (in house check Oct-16}

Function

Laboratory Techniclan W

Technical Manager

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibralion
Power meter NRP SN: 104778 06-Apr-16 {No. 217-02288/02289) Apr-17

Power sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Reference 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 (No. 217-02292) Apr-17

Type-N mismatch combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02295) Apr-17

Reference Probe EX3DV4 SN: 7349 31-Dac-16 (No. EX3-7349_Dec16) Deac-17

DAE4 8N: 601 04-Jan-17 (No. DAE4-601_Jan17) Jan-18

Secondary Slandards 1D # Check Date (in house) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-0¢t-15 (in house check Ocl-16) In house check: Oct-18
Power sensor HP 8481A SN: US37292783 07-Ocl-15 {in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: MY41092317 07-0ct-15 (in house check Oct-16) In house check: Cct-18
RF generator R&S SMT-06 SN: 100872 15-Jun-15 {in house check Oct-16) In house check: Oct-18

In house check: Oct-17

Signatur,

) oz

AT

Issued: January 12, 2017

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

Cerificate No; D835V2-4d132_Jan17
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Accrediled by the Swiss Accreditation Servico (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 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 6 GHz)", March 2010

d) KDB 865664, “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.

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

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

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

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

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

Certificate No: D835V2-4d132_Jani7 Page2of8



Measurement Conditions

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

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapoclation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

835 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 41.4+6% 0.92 mho/m+6 %
Head TSL temperature change during test <05°C --e-
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.42 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

9.52 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.56 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

6.16 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 54.0+6% 0.99 mho/m £ 86 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.50 W/kg

SAR for nominal Body TSL parameters

normalized to 1TW

9.80 W/kg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.64 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

6.46 W/kg = 16.5 % {(k=2)

Certificate No: D835V2-4d132_Jan17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 52.1Q-26jQ

Return Loss -29.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.30-6.1jQ

Return Loss -23.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.386 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 1o the
second arm of the dipole. The antenna is therefore short-circuiled 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 lo the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 22, 2011

Ceriificate No: D835V2-4d132_Jan17 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 11.01.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d132

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

Medium parameters used: f = 835 MHz; ¢ = 0.92 S/m; &, =41.4; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72), Calibrated: 31.12.2016;

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

Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=3mm

Reference Value = 62.53 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.69 W/kg

SAR(1 g) = 2.42 W/kg; SAR(10 g) = 1.56 W/kg

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

= -1.40
-6.59

-8.79

-10.99

0 dB = 3.27 W/kg = 5.15 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 10.01.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d132

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

Medium parameters used: f = 835 MHz; 6 = 0.99 S/m; €. = 54; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
¢« Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); :Calit.)'r_é'ted: 31.12.2016;

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

Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005

DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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 = 61.28 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.75 W/kg

SAR(1 g) = 2.5 W/kg; SAR(10 g) = 1.64 W/kg

Maximum value of SAR (measured) = 3.32 W/kg

-2.40
-4.80
-7.20

-9.60

-12.00

0dB =3.32 Wtkg =5.21 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTest

CALIBRATION CERTIFICATE

SCS 0108

Accreditation No.:

Client

Genticato No: D1750V2-1002 May17 -

Object

D1750V2- SN:1092

Calibration procedure(s)

QA CAL-05.v9. s RIS e .
Callbratlon .procedure for dlpote_vahdatlon _klts above 700 MHz

O 2y der

Calibration date:

May 09,2017 7 70
This calibration certificate documents the traceability to nationa! 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 pait of the cerificate.

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

Calibration Equipment used (M&TE critical for calibration)

Network Analyzer HP 8753E

Calibrated by:

Approved by:

SN: US37380585

Namae

_ Claudlo Leubler i

.Kat]z_'i_':Pbko\(_ic . e

Primary Standards 10 # Cal Date {Cettificate No.} Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NRP-Z91 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18

Reference 20 dB Attenuator SN: 5058 (20Kk) 07-Apr-17 (No. 217-02528) Apr-18

Type-N mismatch combination SN: 5047.2 / 06327 07-Apr-17 (No. 217-02529} Apr-18

Reference Probe EX3DV4 SN: 7349 31-Dec-16 (No, EX3-7349_Dec16) Dec-17

DAE4 SN: 601 28-Mar-17 (No. DAE4-601_Mar17} Mar-18

Secondary Standards ID # Check Date (in house} Scheduled Check
Powear meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-16) In house check: Oct-18
Powar sensor HP 8481A SN: US37202783 07-Oct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: MY41092317 07-Oct-15 {in housea check Oct-16) In house check: Oct-18
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-16) In house check: Oct-18

18-Qct-01 (in house chack Oct-16)

_ Function

i __LabOIatoryTechnlman R

This calibration caeriificate shall not be reproduced except In full without written approval of the laboratory.

In house check: Oct-17

Issued: May 11, 2017

Certificate No: D1750V2-1092_May17
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Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Schweizerischer Kalibrierdienst

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

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

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

[EC 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 6 GHz)", March 2010

KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate No: D17650V2-1092_May17 Page20f8




Measurement Conditions

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

DASY Version DASY5 V52.10.0

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1760 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m

Measured Head TSL parameters (22.0+£0.2)°C 39.0+6% 1.36 mho/m + 6 %

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

SAR averaged over 1 cm® {1 g) of Head TSL Condition

SAR measured 250 mW input power 9.11 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

36.4 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.83 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

19.3 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.0+02)°C 53726 % 1.47 mho/m £ 6 %
Body TSL temperature change during test <05°C anee s
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.15 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

37.0 W/kg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

4.93 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

19.8 W/kg * 16.5 % (k=2)

Certificate No: D1750V2-1092_May17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 48.9Q-051Q

Return Loss -385dB

Antenna Parameters with Body TSL

Impedance, fransformed to feed point 452Q-08jQ

Return Loss -259dB

General Antenna Parameters and Design

Electrical Delay {(one direction) 1.217 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 diraclly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, smail 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

Manufactured on November 07, 2012

Certificate No: D1750V2-1092_May17 Page 4 of 8




DASYS5 Validation Report for Head TSL

Date: 09.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1092

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.36 S/m; & = 39; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvE(8.46, 8.46, 8.46); Calibrated: 31.12.2016;

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

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

DASYS52 52.10.0(1442); SEMCAD X 14.6.10(7413)

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 = 105.6 V/m; Power Dnift = -0.05 dB

Peak SAR (extrapolated) = 16.5 W/kg

SAR(1 g) =9.11 W/kg; SAR(10 g) = 4.83 W/kg

Maximum value of SAR (measured) = 13.8 W/kg

0dB = 13.8 W/kg = 11.40 dBW/kg

Certificate No: D1750V2-1092_May17 Page b of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 09.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1092

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz,; ¢ = 1.47 $/m; &, = 53.7; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:

o Probe: EX3DV4 - SN7349; ConvE(8.25, 8.25, 8.25); Calibrated: 31.12.2016;

Sensor-Surface: {.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

-*

DASY52 52.10.0(1442); SEMCAD X 14.6.10(7413)

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 = 98.81 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 15.8 W/kg

SAR( g) =9.15 W/kg; SAR(10 g) =4.93 W/kg

Maximum value of SAR (measured) = 13.1 W/kg

-9.82

3.19

-16.37

0dB =13.1 W/kg=11.17 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration ceriificates

Client PCTest =~ By e Certificate No: D1900V2-5d026_May17
[CALIBRATION CERTIFICATE '

Object D1900V2 - SN:5d026

Calibration procedure(s) QA CAL-05.v9

Calibration prbc'e_dur_e for dip_olé_ Vé_l_idation kits above 700 MHz

N

(5 24 devr

pr—

Calibration date: May 10, 2017

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measuremsnis and the uncertainties wilh confidence probability are given on the following pages and are part of the cerlificate.

Al calibrations have been cenducted in the closed laboratory facility: environment temperature {22  3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration

Power mater NRP SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NRP-Z91 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18

Reference 20 dB Attenuator SN: 5058 (20k) 07-Apr-17 (No. 217-02528) Apr-18

Type-N mismaltch combination SN: 5047.2 /06327 07-Apr-17 (No. 217-02529) Apr-18

Reference Probg EX3DV4 SN; 7349 31-Dec-16 (No. EX3-7349_Dec18) Dac-17

DAE4 SN: 601 28-Mar-17 (No. DAE4-801_Mar17) Mar-18

Secondary Standards ID # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-0ct-15 (in house check Oct-18) In house check: Oct-18

Powar sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-186) In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) In house check: Oct-18

RF generator R&S SMT-06 SN: 100872 15-Jun-15 (in house check Oct-16) tn house check: Oct-18

Network Analyzer HP 8753E SN: US37390585 18-Oct-01 {in house check Oct-16) In house check: Oct-17
Name Function Signature

Calibrated by: Leif Klysner Laberatory Technician

W /%’_.\,
A . " . . P
pproved by: Kaja Pokovic Technical Manager -

Issued: May 12, 2017

This calibration certificate shall not be reproduced except in full withou! written approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, lEEE 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) 1EC 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) 1EC 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 6 GHz)", March 2010

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

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate Mo: D1900V2-5d026_May17 Page 2 of 8




Measurement Conditions

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

DASY Version DASYS V52.10.0
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 16 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

1900 MHz = 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 413+8% 1.40 mho/m 6 %
Head TSL temperature change during test <0.5°C mnee
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.75 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

39.3 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.14 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

20.7 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0x0.2)°C 54.2+6% 1.51 mho/m £6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measurad 250 mW input power 10.0 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

40.3 W/kg  17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.34 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.5 W/kg x 16.5 % (k=2)

Certificate No: B1900V2-5d026_May17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to fead point 527Q+84iQ

Return Loss -21.3d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4730 +8.8|Q

Return Loss -20.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.199 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

Manufactured on December 17, 2002

Certiticate No: D1900V2-5d026_May17 Page 4 of 8




DASYS5 Validation Report for Head TSL

Date: 10.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d026

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

Medium parameters used: f = 1900 MHz; 6 = 1.4 S/m; &, = 41.3; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-201 1

DASYS52 Contiguration:

» Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12); Calibrated: 31.12.2016:

?

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (front); Type: QDO0OP50AA; Serial: 1001

DASYS52 52.10.0(1444); SEMCAD X 14.6.10(7416)

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 = 107.4 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) = 9.75 W/kg; SAR(10 g) = 5.14 W/kg

Maximum value of SAR (measured) = 14.9 W/kg

0dB = 14.9 W/kg = 11.73 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, Switzertand

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d026

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

Medium parameters used: = 1900 MHz; 6 = 1.51 S/m; & = 54.2; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2016;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 28.03.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASY52 52.10.0(1444); SEMCAD X 14.6.10(7416)

Date: 10.05.2017

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 = 102.9 V/m; Power Drift = -0.06 dB
Peak SAR (extrapolated) = 17.7 W/kg

SAR(1 g) = 10 W/kg; SAR(10 g) = 5.34 W/kg
Maximum value of SAR (measured) = 14.5 W/kg

0dB =14.5 W/kg = 11.61 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

. SN, S Schweizerischer Kalibrierdienst
Schmid & Partner % C Service suisse d'étalonnage
Engineering AG T3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ) /ﬁ\\\\\‘ S  Sswiss Calibration Service
gImmas
Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

gient  PCTest ¢ oo oo Certificate No: D1900V2-5d148_Feb17
CALIBRATION CERTIFICATE

Object D1900V2 - SN:5d148
Calibration procedure(s) QA CAL-05.v9 .~
Calibration procedure for dipole validation kits above 700 MHz 4
03 06{ 20l
Calibration date: February 09, 2017

This calibration certificate documents the traceabilily 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 cerlificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date {Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 06-Apr-16 (No. 217-02288/02269) Apr-17

Power sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Powaer sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Reference 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 {No. 217-02292) Apr-17

Type-N mismatch combination SN: 5047.2 /08327 05-Apr-16 {No. 217-02295} Apr-17

Reference Probe EX3DV4 SN: 7349 31-Dec-16 {No. EX3-7349_Dec16) Dac-17

DAE4 SN: 6801 04-Jan-17 {No. DAE4-601_Jan17) Jan-18

Secondary Standards D # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-0ct-15 {in house check Qct-16) In house check: Oct-18

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) In house check: Oct-18

RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Qct-16) In house check: Oct-18

Network Analyzer HP 8753E SN: US37300585 18-0ct-01 (in house check Oct-16) In house check: Oct-17
Name Function Sif na_tuge,/«- &i

Calibrated by: Claudio Leubler - - .. Laboratory Techniclan VY @\

Approved by: Katja Pokovic - Technieal Manager

Issued: February 10, 2017

This calibration certificate shall not be reproduced axcept in full without wrilten approval of the laboratory.
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 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 6 GHz)", March 2010
d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

DASY Version DASY5 v52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0+0.2) °C 407 +6 % 1.38 mho/m +6 %

Head TSL temperature change during test <05°C
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 9.93 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

40.2 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.18 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

20.9 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0 £0,2) °C 541x6% 1.50 mho/m £ 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.1 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

40.9 Wkg = 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Body TSL

condition

SAR measured

250 mW input power

5.33 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.5 Wikg = 16.5 % (k=2)

Cenlificate No: D1900V2-5d148_Feb17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 541Q+58|Q

Return Loss -23.3dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 483Q+7.1jQ

Return Loss -226dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.199 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 canductor 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 dipcle 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 stifl
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

Manufactured on March 11, 2011
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DASYS5 Validation Report for Head TSL

Date: 09.02.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d148

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

Medium parameters used: f = 1900 MHz; 6 = 1.38 S/m; & = 40.7, p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvEF(8.12, 8.12, 8.12); Calibrated: 31.12.2016;

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

Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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 = 108.8 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 19.2 W/kg

SAR(1 g) = 9.93 W/kg; SAR(10 g) = 5.18 W/kg

Maximum value of SAR (measured) = 15.6 W/kg

0dB =15.6 W/kg = 11.93 dBW/kg

Certificate No: D1800V2-5d148_Feb17 Page5of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 09.02.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d148

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

Medium parameters used: f = 1900 MHz; 6 = 1.5 S/m; & = 54.1; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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 = 105.3 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 18.1 W/kg

SAR(1 g) =10.1 W/kg; SAR(10 g) = 5.33 W/kg

Maximum value of SAR (measured) = 15.3 W/kg

0dB = 15.3 W/kg = 11.85 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by he Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client  PC Test Certificate No: D2300V2-1038 Mar17
lCALlBRATlON CERTIFICATE |

Object D2300V2 - SN:1038

Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: March 07, 2017 BN
0%-23- 1Y
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S!).

The measurements and the uncertainties with confidence probability are given on the following pages and are pan of the certificate.

All calibratlons have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%,

Calibration Equipment used (M&TE critical for calibration)

Primaiy Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP 8N: 104778 0B6-Apr-16 (No. 217-02288/02289) Apr-17

Powar sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Paower sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Reference 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 {No. 217-02292) Apr-17

Type-N mismalch combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02295) Apr-17

Referance Probe EX3DV4 SN: 7349 31-Dec-16 (No. EX3-7349_Dec16) Dac-17

DAE4 SN: 801 04-Jan-17 (No. DAE4-601_Jan17) Jan-18

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-0¢t-15 (in house check Oct-16} In house check: Oct-18

Power sensor HP 8481A SN: US37292783 07-Oct-15 {in house check Oct-16) In house check: Cct-18

Power sensor HP 8481A SN: MY41092317 07-O¢t-15 {in house check Oct-16) In house check: Oct-18

RF generator R&S SMT-06 SN: 100972 156-Jun-15 {in house check Oct-16) In house check: Oct-18

Network Analyzer HP 8753E SN: US37380585 18-Oct-01 (in house check Oct-16) In house check: Oct-17
Name Function Signature

Calibrated by: Johannes Kurikka Laboratory Technictan

Approved by: Katja Pokovic Technical Manager

lssued: March 14, 2017

This calibration certiflicate shall not be reproduced except in full without writlen approval of the laboratory.

Certificate No: D2300V2-1038_Mari7 Page 1 of 8




Calibration Laboratory of
Schmid & Partner

W,
o Y,
N

N

Schweizerischer Kalibrierdienst

, e

A
ila\\é—{/ﬁ& Service suisse d'étalonnage
Englneerlng AG g Servizio svizzero di taratura
. . N . .
Zeughausstrasse 43, 8004 Zurich, Swilzerland s //'z-?\\\v Swiss Calibration Service
(T
Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 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 6 GHz)", March 2010

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

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: D2300V2-1038_Mari7 Page 2 of 8




Measurement Conditions

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

DASY Version DASYS5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy, dz =5 mm

Frequency

2300 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 38.5 1.67 mho/m
Measured Head TSL parameters (22.0+0.2)°C 384 +6% 1.71 mho/m +6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm? {1 g) of Head TSL Candition
SAR measured 250 mW input power 12.1 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

47.5 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.83 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.1 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.9 1.81 mho/m
Measured Body TSL parameters (22.0x0.2)°C 532+6% 1.85 mho/m £ 6 %
Body TSL temperature change during test <0.5°C -
SAR result with Body TSL
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.0 W/kg

SAR for nominal Body TSL parameters

normaltized to 1W

47.5 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

5.79 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

23.0 Wikg = 16.5 % (k=2)

Certificate No: D2300V2-1038_Mari7
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 407 Q-5.1i0Q

Return Loss -259dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4580 -4.2i0

Return Loss -24.2 dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.171 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
gecording 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

Manufactured on July 02, 2013

Certificate No: 2300V2-1038_Mar17 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 07.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V?2 - SN:1038

Communication System: UID 0 - CW ; Frequency: 2300 MHz

Medium parameters used: f = 2300 MHz; o = 1.71 S/m: & = 38.4; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.99, 7.99, 7.99); Calibrated: 31.12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.01,2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 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=5mm

Reference Value = 111.4 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 23.8 Wrkg

SAR(1 g) = 12.1 W/kg; SAR(10 g) = 5.83 W/kg

Maximum value of SAR (measured) = 18.7 W/kg

-8.80
-13.20

-17.60

-22.00

0dB = 18.7 Wrkg = [2.72 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 07.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN:1038

Communication System: UID 0 - CW ; Frequency: 2300 MHz

Medium parameters used: £ = 2300 MHz; ¢ = 1.85 S/m; & = 53.2; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: EX3DV4 - SN7349, ConvF(7.79, 7.79, 7.79); Calibrated: 31.12,2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS52 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=5mm, dy=5mm, dz=5mm

Reference Value = 106.4 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 23.0 W/kg

SAR(1 g) =12 W/kg; SAR(10 g) =5.79 W/kg

Maximum value of SAR (measured) = 19.0 W/kg

-8.08
-12.00

-16.00

-20.00

0dB =19.0 W/kg = 12.79 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates
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[CALIBRATION CERTIFICATE _

Certtcats No: D2450V2-945_May17.

Object D2450V2 -'SN:945. -

Calibration procedura(s) QA CAL-05 V9 e ' : i e L
_Callbratlon procedure for dlpole vahdatlon k!ts above 700 MHz

Y
" . e B0 8- Za s
Cabration daer May 09,2017~ it 2y

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

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

Callibration Equipment used (M&TE critical for calibration)

Primary Standards b # Cal Date {Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-17 (No. 217-02521/02622) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NRP-Z¢1 SN; 103245 04-Apr-17 (No. 217-02522) Apr-18

Reference 20 dB Attenuator SN: 5058 (20k) 07-Apr-17 (No. 217-02528) Apr-18

Type-N mismatch combination SN: 5047.2 /05327 07-Apr-17 (No. 217-02529) Apr-18

Reference Probe EX3DV4 SN: 7349 31-Dec-16 {No. EX3-7349_Decl6) Dec-17

DAE4 SN: 601 28-Mar-17 (No. DAE4-801_Mar17) Mar-18

Secondary Standards ID # Check Date (in house) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-Cct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: US37292783 07-0Oct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: MY41082317 07-Oct-15 (in house check Oct-16) In house check: Cct-18
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-16) In house check: Oct-18
Network Analyzer HP 8753E SN: US37320585 18-Oct-01 (in house check Oct-18) In house check: Cct-17

Name Function
Calibrated by: Glaudio Leubler *".7 ./ .7 “Laboratory Technician == 2+ =5

Approved by: Kalja Pokovic = - ": " 1" Technical Manager ..

Issued: May 11, 2017

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 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 6 GHz}", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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
refiected power. No uncertainty required.

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

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

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

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

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

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

Cerlificate No: D2450V2-945_May17 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASY5 V52.10.0

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 parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0£0.2)°C 37.9+6% 1.88 mho/m =6 %

Head TSL temperature change during test <05°C
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 13.2 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

51.3 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.08 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.9 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C B2.7 1.95 mho/m
Measured Body TSL parameters {22.0+£0.2)°C 52.4+6% 2.03mho/m+6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.8 W/ka

SAR for nominal Body TSL parameters

normalized to 1W

50.2 W/kg + 17.0 % {k=2)

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

condition

SAR measured

250 mW input power

5.98 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23,7 Wikg + 16.5 % (k=2)

Certificate No: D2450V2-945_May17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 553 Q +1.8]Q

Return Loss -25.4dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 506 Q+3.6jQ

Return Loss -28.8dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.157 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 direclly connected to the
second arm of the dipole. The antenna is therefore shon-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 1o 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

Manufactured on March 15, 2014

Certificate No: D2450V2-945_May17 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 09.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:945

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

Medium parameters used: f = 2450 MHz; ¢ = 1.88 S/m; & = 37.9; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; Convl(7.72, 7.72, 7.72); Calibrated: 31.12.2016;

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

L

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.0(1442); SEMCAD X 14.6.10(7413)

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 = 114.4 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 27.3 W/kg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.08 W/kg

Maximum value of SAR (measured) = 22.0 W/kg

0dB =220 W/kg =13.42 dBW/kg

Certificate No: D2450V2-945_May17 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 09.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:945

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

Medium parameters used: { = 2450 MHz; 6 =2.03 S/m; &, = 52.4; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

¢ Probe: EX3DV4 - SN7349; ConvFE(7.79, 7.79, 7.79); Calibrated: 31.12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS52 52.10.0(1442); SEMCAD X 14.6.10(7413)

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 = 104.8 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 25.3 W/kg

SAR(1 g) = 12.8 W/kg; SAR(10 g} = 5.98 W/kg

Maximum value of SAR (measured) = 19.9 W/kg

-8.00
-12.00

§ -16.00

-20.00 EH S AR
0 dB = 19.9 W/kg = 12.99 dBW/kg
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Impedance Measurement Plot for Body TSL
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cient PC Test _ - ! | Certificate No: D2450V2-797_Sep16 ;
ICALIBRATION CERTIFICATE N I
Object D2450V2 - SN:797 o S ;

| o
Calibration procedure(s) QA CAL-05.v9 ' :

}Calibration procedure for dipole validation kits above 700 MHz 06\—?-‘% 2006

Calibration date: - September 13, 2016

This calibration certificale documents the traceability to nalional standards, which realize the physical units of measurements (SI).
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 D # Cal Date {Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 06-Apr-16 {No. 217-02288/02289) Apr-17

Power sensor NRP-291 SN: 103244 06-Apr-16 {No. 217-02288) Apr-17

Power sensor NRP-Z91 SN: 103245 06-Apr-16 {No. 217-02289) Apr-17

Reference 20 dB Altenuator SN: 5058 (20k) 05-Apr-i6 {No. 217-02292) Apr-17

Type-N mismatch combination SN: 5047.2 / 08327 05-Apr-16 (No. 217-02295) Apr-17

Reterence Probe EX3DV4 SN: 7349 15-Jun-16 (No. EX3-7349_Jun16) Jun-17

DAE4 SN: 601 30-Dec-15 {(No. DAE4-601_Dec15) Dec-16

Secondary Standards 1D # Chack Dale (in house) Scheduied Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (No. 217-02222) In housse check: Oct-16

Power sensor HP 8481A 8N: US37292783 07-Cct-15 (No. 217-02222) In house check: Oct-16

Power sensor HP 8481A SiN: MY41092317 07-Oct-15 (No. 217-02223) In house check: Oct-16

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Jun-15) In house check: Oct-16

Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Oct-15) In house check: Oct-16
Name Function Signature

Calibrated by:  Joton Kastrati ’ Laboratory Techn[cian

Approved by: :Katia Pokovic - _ : Technical Manager - % %%,

Issued: September 13, 2016

This calibration certificale shall not be reproduced except in {ull without wrilten approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zaughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 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 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

» 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.

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

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

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

o 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%.

Certificaie No: D2450V2-797_Sep16 Page 2 of 8



Measurement Conditions

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

DASY Version DASYS V52.8.8

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 parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+0.2)°C 37.9+6% 1.88 mho/m =6 %

Head TSL temperature change during test <05°C
SAR result with Head TSL

SAR averaged over 1 cm® (1 g} of Head TSL Condition

SAR measured 250 mW input power 13.4 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

52.1 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.26 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.6 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52,7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 516+6% 2.04 mho/m £ 6 %
Body TSL temperature change during test <05°C -—--
SAR result with Body TSL
SAR averaged over 1 ¢cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.0 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

50.7 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.13 W/kg

SAR for nominal Body TSL paramelers

normalized to 1W

24.2 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-797_Sep16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.8Q+6.0jQ

Return Loss -23.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.8Q+8.0jQ

Return Loss -22.0dB

General Antenna Parameters and Design

Electrical Detay (one direction) 1.160 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 1o 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
Manufactured on January 24, 2006
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DASY5 Validation Report for Head TSL

Date: 13.09.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:797

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

Medium parameters used: f = 2450 MHz; ¢ = 1.88 S/m; &, = 37.9; p = 1000 kglm3
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.72, 7.72, 7.72); Calibrated: 15.06.2016;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 5.0 (front); Type: QDOOOP50AA; Serial: 1001
o« DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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 = 113.4 V/m: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 26.9 W/kg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.26 W/kg

Maximum value of SAR (measured) = 21.9 W/kg

0dB =219 W/kg =13.40 dBW/kg

Certificate No: D2450V2-797_Sep16 Page50f8




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 13.09.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:797

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

Medium parameters used: f = 2450 MHz; ¢ = 2.04 S/m; g = 51.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
* Probe: EX3DV4 - SN7349; ConvE(7.79, 7.79, 7.79); Calibrated: 15.06.2016;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back);, Type: QDOOOP5S0AA; Serial: 1002

» DASY352 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 106.5 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 25.6 W/kg

SAR(1 g) =13 W/kg; SAR(10 g) = 6.13 W/kg

Maximum value of SAR (measured) =21.2 W/kg

-8.00
-12.00

-16.00

-20.00

0dB =21.2 W/kg = 13.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client  PC Test 7 a Certificate No; D2600V2-1071_Sep16
]C-ALIBRATION CERTIFICATE _ | |
Object D2600V2 - SN:1071
BNy
Calibration procedurs(s) QA CAL-05.v9

. R : . . i 0oq -99-2c [
-Calibration procedure for dipole validation kits above 700 MHz _

Calibration date: ‘September 13, 2016

This calibration certilicate documents the traceability to national standards, which realize the physical units of measurements {Sl).
The measurements and the uncertainties with confidence probabilily are given on the following pages and are par of the cerlificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D it Cal Dale (Cedlificate No.) Scheduled Calibration
Power meter NRP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02209) Apr-17

Reference 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 (No. 217-02292) Apr-17

Type-N mismateh combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02295) Apr-17

Reference Probe EX3DV4 SN: 7349 15-Jun-16 (No. EX3-7349 Jun16} Jun-17

DAE4 SN: 601 30-Dec-15 (No. DAE4-601_Dec15) Dec-16

Secondary Standards 1D # Check Date (in house) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-Ocl-15 (No. 217-02222) In house check: Oct-16
Power sensor HP 8481A SN: 837292783 07-0Oct-15 (No. 217-02222) In house check: Oct-16
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (No. 217-02223) In house check: Oct-16
RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house chack Jun-15) In house check: Oct-16
Nelwork Analyzer HP 8753E SN: US37380585 18-Oct-01 (in house check Oct-15) In house check: Oct-16

Name Function Signature
Calibrated by: Jeton Kaslrati Laboratory Technlclan ﬂ% W/
Approved by: Katja Pokovic _ Technical Manager /’Zf ? Z :

Issued: September 13, 2016
This calibration certificate shall nol be reproduced except in full without wrilten approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

c) |EC 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 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

e Feed Poinf 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 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.

e 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%.

Certificate No: D2600V2-1071_Sepi6 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASY5 V52.8.8

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 2600 MHz =1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m

Measured Head TSL parameters (22.0+02)°C 37.3+6% 2.05 mho/m £6 %

Head TSL temperature change during test <05°C -
SAR result with Head TSL

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

SAR measured 250 mW input power 14.5 W/ikg

SAR for nominal Head TSL parameters

normalized to 1W

56.3 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.45 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25.3 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters {(22.0+£02)°C 51.1£6% 222 mho/im+6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.8 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

54.2 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.20 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

24.5 Wikg = 16.5 % {k=2)

Ceriificate No: D2600V2-1071_Sep16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 499 Q-6.7iQ

Return Loss -23.5dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.1Q-2.1jQ

Return Loss -26.7dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.163 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 posilion 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

Manufactured on July 17, 2013
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DASY5 Validation Report for Head TSL

Date: 13.09.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1071

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

Medium parameters used: f = 2600 MHz; o = 2.05 8/m; g, = 37.3; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(7.56, 7.56, 7.56); Calibrated: 15.06.2016;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOO0OP50AA; Serial: 1001
« DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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 = 115.1 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 30.4 W/kg

SAR(1 g) = 14.5 W/kg; SAR(10 g) = 6.45 W/kg

Maximum value of SAR (measured) = 24.6 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =24.6 W/kg =13.91 dBW/kg
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Impedance Measurement Plot for Head TSL

12 Sep 2016 13:13:44
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DASY5 Validation Report for Body TSL

Date: 13.09.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1071

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

Medium parameters used: f = 2600 MHz; ¢ = 2.22 S/m; g, =51.1; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(7.48, 7.48, 7.48); Calibrated: 15.06.2016;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 30.12.2015
¢ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
o DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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 = 107.7 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 28.3 W/kg

SAR(1 g) = 13.8 W/kg; SAR(10 g) = 6.2 W/kg

Maximum value of SAR (measured) = 23.3 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =233 W/kg = 13.67 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner m C Service suisse d'étalonnage
Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland A ,{f\\\‘c‘ S Swiss Calibration Service
triplats
Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client ~PCTest - . Certificate No: DBGHzV2-1237_Aug16
|CALIBRATION CERTIFICATE |
Object D5GHzV2 - SN:1237
v P
Calibration procedure(s) QA CAL-22.v2 '
‘Callibration procedure for dipole validation kits between 3-6 GHz 6’/ J /’1
Calibration date: .August 02, 2016

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements {Sl).
The measurements and ihe uncertainties with confidence probabilily are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory Tacility: environment lemperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Gal Date (Cerfificate No.) Scheduled Calibration

Power meter NRP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sensor NRP-Z91 SN: 103245 06-Apr-16 {No. 217-02289) Apr-17

Reference 20 dB Attenuator SN: 5058 (20K) 05-Apr-16 (No. 217-02292) Apr-17

Type-N mismatch combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02295} Apr-17

Reference Probe EX3DV4 SN: 3503 30-Jun-18 (No. EX3-3503_Jun16) Jun-17

DAE4 SN: 501 30-Dec-15 (Mo. DAE4-601_Dec15) Dec-16

Secondary Standards ID # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (No. 217-02222}) In house check: Oct-16

Power sensor HP 8481A SN: US37292783 07-Oct-15 (No. 217-02222) In house check: Oct-16

Power sensor HP 84B1A SN: MY41092317 07-0ct-15 (No. 217-02223) In house check: Oct-16

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Jun-15) In house check: Ocl-16

Network Analyzer HP B753E SN: US37390585 18-0ct-01 (in house check Oct-15) In house check: Oct-i6
Name Funclion

Calibrated by: " Claudio Leubler Laboratory Technlcian

Approved by: Katja Pokovic Technical Manager % g .

Issued: August 4, 2016

This calibration cerlificate shall not be reproduced except in full without writlen approval of the laboratory.

1

Cerificate No; DEGHzV2-1237_Aug16 Page 1 of 13




Calibration Laboratory of Sy,

SN, g  Schweizerischer Kalibrierdienst
. Y <
Schmid & Partner il;‘ \‘\—‘——‘//EME—H’: c Service suisse d'étalonnage
Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % /{/_-\\\ S S  swiss Calibration Service
o My *
Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recagnition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-2, "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

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

Additional Documentation:
d) 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.

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

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

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

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

« 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%.

Cenlificate No: D5GHzV2-1237_Aug16 Page 2 of 13




Measurement Conditions

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

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz =1.4mm

Graded Ratio = 1.4 (Z direction)

Frequency

5250 MHz £ 1 MHz
5600 MHz + 1 MHz
5750 MHz = 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.71 mho/m
Measured Head TSL parameters (22.0+0.2) °C 344+6% 4.52 mho/m =6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.00 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

79.2 W/kg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.30 Wkg

SAR for nominal Head TSL parameters

normalized to TW

22.7 Wikg +19.5 % (k=2)

Certificate No: D5GHzV2-1237_Aug16
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+0.2) °C 339+6% 4.86 mho/m £ 6 %
Head TSL temperature change during test <05°C . -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.43 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

83.3 W/ kg +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.42 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.9 Wikg £ 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.4 5.22 mho/m
Measured Head TSL parameters {22.0£0.2)°C 33.7+6% 5.02 mho/m+6 %
Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.25 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.5 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.35 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.2 Wikg £ 19.5 % (k=2)

Certificate No: D5GHzV2-1237_Aug16
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.36 mho/m
Measured Body TSL parameters (22.0+0.2) °C 471 +£6% 5.42 mho/m £6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.54 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

74.8 Wikg = 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.12 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.0 Wikg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0£0.2)°C 4656 % 5.88 mho/m £ 6 %
Body TSL temperature change during test <0.5°C -—--
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.76 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

77.0 W/kg +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.17 Wkg

SAR for nominal Body TSL parameters

normalized to 1W

21.5 Wikg + 19.5 % (k=2)

Certificate No: D5GHzV2-1237_Aug16
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.3 5.94 mho/m
Measured Body TSL parameters (220+0.2}°C 46216 % 6.11 mho/m +6 %
Body TSL temperature change during test <0.5°C “aan --e-
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.60 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

75.4 Wikg + 19.9 % (k=2)

SAR averaged over 10 em® {10 ¢) of Body TSL

condition

SAR measured

100 mW input power

2,11 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.9 Wikg = 19.5 % (k=2)

Cerlificate No: D5GHzV2-1237_Aug16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 486Q-25jQ

Return Loss -30.7 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 50.9Q+15jQ

Return Loss -35.3dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 5380 +58jQ

Return Loss -235dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 47.0Q-39jQ

Return Loss -2569dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 515Q0+39(Q

Return Loss -27.7d8
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 53.80+03]Q

Return Loss -28.6dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.193 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

Manufaciured by

SPEAG

Manufactured on

May 04, 2015

Certificate No: D5GHzV2-1237_Aug16
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DASY5 Validation Report for Head TSL
Date: 02.08.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole D5GHzV2; Type: D5GHzV2; Serial: DSGHzV2 - SN:1237

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 4.52 S/m, & = 34.4; p = 1000 kglm

Medium parameters used: f = 5600 MHz; ¢ = 4.86 S/m; & = 33.9; p = 1000 kg/m

Medium parameters used: f = 5750 MHz; o = 5.02 S/m; &, = 33.7; p = 1000 kg/m®

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(5.42, 5.42, 5.42); Calibrated: 30.06.2016; ConvF(4.89, 4.89,
4.89); Calibrated: 30.06.2016, ConvF(4.85, 4.85, 4.85); Calibrated: 30.06.2016,

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

¢ Electronics: DAE4 Sn601; Calibrated: 30.12.2015

« Phantom: Flat Phantom 5.0 (front); Type: QDO0O0OPSOAA; Serial: 1001
e« DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=52350 MHz/Z.oom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 74.10 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 29.5 W/kg

SAR(1 g) =8 W/kg; SAR(10 g) =2.3 Wkg

Maximum value of SAR (measured) = 18.3 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=35600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 73.55 V/m; Power Drift = -0.01 dB

Pecak SAR (extrapolated) = 32.9 W/kg

SAR(1 g) = 8.43 W/kg; SAR(10 g) = 2.42 W/kg

Maximum value of SAR (measured) = 19.7 W/kg

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

Reference Value = 72.23 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 33.6 W/kg

SAR(1 g) = 8.25 W/kg; SAR(10 g) = 2.35 W/kg

Maximum value of SAR (measured) = 18.3 Wikg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: (02.08.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: D5GHzV2; Serial: DSGHzV2 - SN:1237

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 5.42 S/m; &, = 47.1; p = 1000 kg/m’

Medium parameters used: f = 5600 MHz; ¢ = 5.88 S/m; g, = 46.5; p = 1000 kg/m’

Medium parameters used: £ = 5750 MIz; 6 = 6.11 8/m; & = 46.2; p = 1000 kglm3

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(4.85, 4.85, 4.85); Calibrated: 30.06.2016, ConvF(4.35, 4.35,
4.35); Calibrated: 30.06.2016, ConvF(4.3, 4.3, 4.3); Calibrated: 30.06.2016;

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

» Electronics: DAE4 Sn601; Calibrated: 30.12.2015

e Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7372)

Dipole Calibration for Bedy Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=!.4mm

Reference Value = 67.19 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 28.4 W/kg

SAR(1 g) = 7.54 W/kg; SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 17.3 W/kg

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

Reference Value = 66.80 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) =31.9 W/kg

SAR(1 g) = 7.76 W/kg; SAR(10 g) =2.17 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

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

Reference Value = 65.31 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 32.6 W/kg

SAR(1 g) =7.6 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 18.4 W/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muititateral Agreement for the recognition of calibration certificates

ciient  PC Test Certificate No: D835V2-4d180_May17

CALIBRATION CERTIFICATE

Object D835V2 - SN:4d180 BN v

Calibration procedura(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibration date: May 11, 2017
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerlificate.

All calibrations have heen conducted in the closed laboratory facility: environmant temperature (22 + 3}°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration})

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 {No. 217-02521) Apr-18

Power sensor NRP-Z91 SN: 103245 04-Apr-17 {No. 217-02522) Apr-18

Reference 20 dB Attenuator SN: 5058 (20k) 07-Apr-17 (No. 217-02528) Apr-18

Type-N mismaich combination SN: 5047.2 / 06327 07-Apr-17 (No. 217-02529) Apr-18

Reference Probe EX3DV4 SN: 7349 31-Dec-16 {No. EX3-7349_Dec16) Dec-17

DAE4 SN: 801 28-Mar-17 (No. DAE4-601_Mar17) Mar-18

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power meter EPM-442A 5N: GB37480704 07-Oct-15 (in house check Oct-16} In house check: Oct-18

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Cct-16) In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) In house check: Oct-18

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-16) In houss check: Oct-18

Network Analyzer HP 87563E SN: US37390585 18-0ct-01 {in house check Oct-16) In house check: Oct-17
Name Function Signature

Calibrated by: Johannes Kurikka Laboratory Techniclan

”‘}s,,«;f}{/-’.{_;_.,. i/-f?’ P

Issued: May 11, 2017

Approved by: Katja Pokovic Technical Manager

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “4 /ﬁ\\\\\‘ S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories {o the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) 1EC 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 6 GHz)", March 2010

d) KDB 865664, “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
paraliel to the body axis.

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

e FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncettainty required.

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

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

o SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resuit.

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

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

DASY Version DASY5 V52.10.0

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 415 0.90 mho/m

Measured Head TSL parameters (22.0x02)°C 4086 % 0.94 mho/m £ 6 %

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

SAR averaged over 1 cm?® (1 g} of Head TSL Condition

SAR measured 250 mW input power 2.40 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

9.26 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.56 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

6.07 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22,0 £0.2) °C 552 +6% 0.99 mho/m+£6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

2.44 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

9.61 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.60 Wikg

SAR for nomina!l Body TSL parameters

normalized to 1W

6.32 Wikg = 16,5 % (k=2)

Cettificate No: D835V2-4d180_May17
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to fead point 5189Q-50jQ

Return Loss -25.6 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46,7 01 - 8.6 Q)

Return Loss -20.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.393 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
“Meastrement 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

Manufactured on September 24, 2014
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DASY5 Validation Report for Head TSL

| Date: 11.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d180

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

Medium parameters used: f = 835 MHz; ¢ = 0.94 S/m; & = 40.8; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 31.12.2016;
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 28.03.2017
s Phantom: Flat Phantom 4.9 (front); Type: QD O0L P49 AA; Serial: 1001
« DASY5252.10.0(1444); SEMCAD X 14.6.10(7416)

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

Reference Value = 62.02 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.58 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) =3.21 W/kg

0dB =3.21 W/kg = 5.07 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 11.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d180

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

Medium parameters used: f = 835 MHz; ¢ = 0.99 S/m; & = 55.2; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS52 Configuration:

o Probe: EX3DV4 - SN7349; ConvF(9,73, 9,73, 9.73); Calibrated: 31.12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005

DASY52 52.10.0(1444); SEMCAD X 14.6.10(7416)

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 = 60.10 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.58 W/kg

SAR(1 g) = 2.44 W/kg; SAR(10 g) = 1.6 W/kg

Maximum value of SAR (measured) = 3.19 W/kg

0dB =3.19 W/kg = 5.04 dBW/kg
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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

S Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Client PC Test Certificate No: D2450V2-882_Feb17
Object D2450V2 - SN:882

Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz ?)1\\\/
0} 0]—20 I8

Calibration date: February 13, 2017

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).

The measurements and the uncentainites with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.
Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 08-Apr-16 (No. 217-02288/02289) Apr17

Power sensor NRP-291 SN: 103244 06-Apr-16 {No. 217-02288} Apr-17

Power sensor NRP-Z91 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Reference 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 {No. 217-02292) Apr-17

Type-N mismatch combination SN: 5047.2 / 06327 05-Apr-16 {No. 217-02295) Apr-17

Referance Probe EX3DV4 SN: 7349 31-Dec-16 (No. EX3-7349_Dec16) Dec-17

DAE4 SN: 601 04-Jan-17 (No. DAE4-601_Jan17) Jan-18

Secondary Standards ID# Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: MY41092317 07-Oct-15 {in house chack Cct-16) In house check: Oct-18
RF genarator R&S SMT-06 SN: 100972 15-dun-15 (in house check Oct-18) in house check: Oct-18
Network Analyzer HP 8753E SN: UUS37390585 18-Oct-01 {in house check Oct-16) In house check: Qct-17

Name Function Signature
Calibrated by: Jeton Kastrati Laboratory Technician
Approved by: Katja Pokovic Fechnical Manager
Issued: February 14, 2017

This calibration certificate shall not be reproduced except in full without written approval of the faboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) 1EC 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 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 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

» SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
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 cotresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.8.8
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 parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 38.2 1.80 mho/m

Measured Head TSL parameters (22.0+£0.2)°C 375x6% 1.87 mho/m + 6 %

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

SAR averaged over 1 cm® {1 g) of Head TSL Condition

SAR measured 250 mW input power 13.2 Wikg

SAR for nominal Head TSL parameters normalized to 1W 51.3 W/kg £ 17.0 % (k=2)

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

SAR measured 250 mW input power 6.10 W/kg

SAR for nominal Head TSL parameters normalized to 1W 24.0 W/kg + 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m

Measured Body TSL parameters (22.0£0.2) °C 516+6% 2.02mho/m+6 %

Body TSL temperature change during test <05°C ----
SAR result with Body TSL

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

SAR measured 250 mW input power 12.7 Wikg

S5AR for nominal Body TSL parameters normalized to 1W 49.7 Wikg + 17.0 % (k=2)

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

SAR measured 250 mW input power 5.90 Wikg

SAR for nominal Body TSL parameters normalized to 1W 23.3 W/kg + 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 point 53.5Q+08jQ

Return Loss -29.1dB

Antenna Parameters with Body TSL

Impeadance, transformed to feed point 486 Q+21jQ

Return Loss -31.8dB

General Antenna Parameters and Design

Electricai Delay (one direction) 1.157 ns

After tong 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

Manufactured on October 06, 2011

Certificate No: D2450V2-882_Feb17 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 10.02.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:882

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

Medium parameters used: f = 2450 MHz; ¢ = 1.87 S/m; &, = 37.5; p = 1000 kg/m3
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.72, 7.72, 1.72); Calibrated: 31.12.2016;

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

Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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 = 112.5 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 27.5 W/kg

SAR(1 g) =13.2 W/kg; SAR(10 g) = 6.1 W/kg

Maximum value of SAR (measured) =21.8 W/kg

0dB =218 W/kg =13.38 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 13.02.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:882

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

Medium parameters used: f = 2450 MHz; = 2,02 S$/m; & = 51.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvE(7.79, 7.79, 7.79), Calibrated: 31.12.2016;

Sensor-Surface: 1.4min (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.01,2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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 = 105.6 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 26.2 W/kg

SAR(1 g) =12.7 W/kg; SAR(10 g) = 5.9 W/kg

Maximum value of SAR (measured) = 20.8 W/kg

0dB =20.8 W/kg=13.18 dBW/kg
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Impedance Measurement Plot for Bady TSL
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Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client PC Test Certificate No: D2600V2-1004_Apr17
CALIBRATION CERTIFICATE

Object D2600V2 - SN:1004

GCalibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

pn
Calibration date: April 13, 2017 Gfg),_wﬂ’

This calibration certificate documents the traceability to nalional 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 cedificate.

All calibrations have been conducted in the closed laboratory facility: anvironment temperature (22 + 3)°C and humidily < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Slandards ID # Cal Date {Cenrtificate No.) Scheduled Calibralion

Power meter NRP SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-Z291 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NRP-Z91 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18

Reference 20 dB Altenuator SN: 5058 (20k) 07-Apr-17 (No. 217-02528) Apr-18

Type-N mismatch combination SN: 5047.2 / 06327 07-Apr-17 {No. 217-02529) Apr-18

Reference Probe EX3DV4 SN: 7349 31-Dec-16 (No. EX3-7349_Dec16) Dec-17

DAE4 SN: 61 28-Mar-17 {No. DAE4-601_Mar17) Mar-18

Secondary Standards D # Check Dale (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-0ct-15 (in house check Ocl-16) in house check: Oct-18

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-Oct-15 {in house chack Oct-16) In house check: Oct-18

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-16) In house check: Oct-18

Network Analyzer HP 8753E SN: US37390585 18-Oct-01 {in house check Oct-16) In house check: Oct-17
Name Function Signature

Calibrated by: Michael Weber Laboratory Technician /%M

Approved by: Katja Pokovic Technicat Manager /g %g By

Issued: April 18, 2017

This calibration cerlilicate shall not be reproduced excepl in full without written approval of the laboratory.
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Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) |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 6 GHz)", March 2010

d) KDB 865664, “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.

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

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.

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

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

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

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

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

Cerlificate No: D2600V2-1004_Apri7 Page20f8




Measurement Conditions

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

DASY Version DASY5 Vv52.10.0
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx,dy, dz =5 mm

Frequency

2600 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0+0.2)°C 371x6% 2.03 mho/m £6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.8 W/kg

SAR for nominal Head TSL parameters

normatized to W

57.6 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.54 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

25.7 Wikg t 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters (22.0+0.2)°C 521+6% 2.21 mho/m +6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g} of Bady TSL Condition
SAR measured 250 mwW input power 14.0 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

55.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g} of Body TSL

condition

SAR measured

250 mW input power

6.26 W/kg

SAR for nominal Bedy TSL parameters

normalized to 1W

24.9 W/kg + 16.5 % (k=2)

Certificate No: D2600V2-1004_Apr17
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Appendix {(Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4850 -59iQ

Return Loss -24.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 447Q-49jQ

Return Loss -22.4dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.149 ns

After long term use with 100W radiated power, only a slight warming of the dipale near the feedpoini 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

Manufactured on December 23, 2006

Certificate No: D2600V2-1004_Apr17 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 13.04.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

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

Medium parameters used: f = 2600 MHz; ¢ = 2.03 S/m; & = 37.1; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuration:

e Probe: EX3DV4 - SN7349; ConvF(7.56, 7.56, 7.56); Calibrated: 31.12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.0(1442); SEMCAD X 14.6.10(7413)

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 = 115.4 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) =31.2 W/kg

SAR(1 g) = 14.8 W/kg; SAR(10 g) = 6.54 W/kg

Maximum value of SAR (measured) = 24.6 W/kg

-5.20
-10.40
-15.60

-20.80

-26.00

0dB =24.6 W/kg =13.91 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 10.04.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

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

Medium parameters used: f = 2600 MHz; ¢ = 2.21 S$/m; & = 52.1; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(7.48, 7.48, 7.48); Calibrated: 31.12.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 28.03.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
DASYS52 52.10.0(1442), SEMCAD X 14.6.10(7413)

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 = 107.3 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 28.2 W/kg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.26 W/kg

Maximum value of SAR (measured) = 22.0 W/kg

dB

-5.20

-10.40
-15.60
-20.80

-26.00

0dB =220 W/kg=13.42 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client PC Test Certificate No: D5GHzV2-1123_Mar17
CALIBRATION CERTIFICATE

Objact DBGHzV?2 - SN:1123
Calibration procedure(s) QA CAL-22,v2 [%N \/
Calibration procedure for dipole validation kits between 3-6 GHz
A2 iy
Calibration date: March 09, 2017

This calibration certificate documents the lraceability to national standards, which realize the physical units of measurements (sh).
The measurements and the uncertainties with confidence probability are given on the following pages and are pait of the cerlificate.

All callbralions have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidily < 70%.

Calibration Equipment used (M&TE critical for calibration)

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

Power meter NRP SN: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRP-Z91 SN: 103244 06-Apr-18 (No. 217-02288) Apr-17

Power sensor NRP-Z91 SN: 103245 08-Apr-16 (No. 217-02289) Apr-17

Reference 20 dB Attenuator SN: 5058 (20k) 05-Apr-16 (No. 217-02292) Apr-17

Type-N mismaich combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02295) Apr-17

Reference Probe EX30V4 SiN: 3503 31-Dec-16 (No. EX3-3503_Deci6) Dec-17

DAE4 SN: 601 04-Jan-17 (No. DAE4-601_Jan17?) Jan-18

Secondary Standards ID # Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 {in house check Oct-16) In house check: Oct-18

Power sensor HP 8481A SN: US37292783 07-Oct-15 {in hotise check Oct-18)} In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) In house check: Oct-18

RF generator R&S SMT-06 SN: 160972 15-Jun-15 (in house check Cct-16) In house check: Oct-18

Network Analyzer HP 8753E SN: US37390585 18-Oct-01 (in house check Qct-16) In house check; Oct-17
Name Function Signature

Calibrated by: Johannes Kurikka Laboratory Technician W‘ M

Approved by: Katja Pokovic Technical Manager

Issued: March 10, 2017

This calibrafion certificate shail not be reproduced except in full without written approval of the faboratory.
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
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Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL. / NORM x,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 62209-2, "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

¢) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

iven on page 1.

DASY Version DASY5 V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modutar Flat Phantorn V5.0

Pistance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy =4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 {Z direction)

Frequency

5250 MHz + 1 MHz
5600 MHz + 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.71 mho/m
Measured Head TSL parameters (22.0x0.2)°C 349+6% 4.57 mho/m +6 %
Head TSL temperature change during test <Q0.5°C
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 ecm?® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.98 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

79.3 W/kg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.29 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

22.7 Wikg +19.5 % (k=2)

Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0+£0.2)°C 344 +6% 4.92 mho/m £ 6 %
Head TSL temperature change during test <0.5°C e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® {1 g) of Head TSL Condition
SAR measured 100 mW input power 8.49 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

84.2 W/ kg +19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.42 Wikg

SAR for nominal Head TSL parameters

normalized {o TW

24.0 Wikg = 19.5 % (k=2)

Cettificate No: D6GHzV2-1123_Mari7
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Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.4 5.22 mho/m
Measured Head TSL parameters (22.0+0.2) °C 342:6% 5.07 mho/m+6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

100 mW input power

8.30 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

82.3 W/kg = 19,9 % (k=2)

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

condition

SAR measured

100 mW input power

2,35 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.3 W/kg + 19.5 % (k=2)

Certificate No: D5GHzV2-1123_Mar17
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Body TSL parameters at 5250 MHz

The following pararneters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.9 5.36 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 481 +8% 5.52 mho/m +6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 ¢cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.61 W/kg

SAR for nominal Bady TSL parameters

normalized to 1W

75.9 W/kg £ 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

214 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.3 W/kg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2) °C 4756 % 5.99 mho/m £ 6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.91 W/ikg

SAR for nominal Body TSL parameters

normalized to 1W

78.9 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm?® {10 g) of Body TSL

condition

SAR measured

100 mW input power

2.22 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.1 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1123_Mari7
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0+0.2)°C 47226 % 6.21 mho/m £ 6 %
Body TSL temperature change during test <0.5°C -
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 em?® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.65 W/kg

SAR for nominal Body TSL parameters

normalized to TW

76.3 Wikg % 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.14 Wrkg

SAR for nominal Body TSL parameters

normalized to 1W

21,3 Wikg + 19.5 % (k=2)

Ceriificate No: D5GHzV2-1123_Mar{7
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 51.6Q-57jQ

Return Loss -247 dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 5590Q-070Q

Return Loss -25.1dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 56.7Q+1.2)Q

Return Loss -23.9dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 51.8Q-38jQ

Return Loss -27.7dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 58.2Q+14j0Q

Return Loss -22.3dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 57.3Q+3.7jiQ

Return Loss -22.4dB

Certificate No: D5GHzV2-1123_Mari7
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.205 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

Manufactured on September 08, 2011

Certificate No: D5GHzV2-1123_Mar17 Page 8 of 14



DASY5 Validation Report for Head TSL

Date: 08.03.2017
‘Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: D5GHzV2; Serial: DSGHZV?2 - SN:1123

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; ¢ = 4.57 S/m; g =34.9; p = 1000 kg/m* , Medium parameters
used: £ = 5600 MHz; 6 =4.92 S/m; & = 34.4; p = 1000 kg/m* , Medium parameters used: f = 5750 MHz; ¢ =
5.07 S/m; & = 34.2; p = 1000 kg/m?

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-201 1)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvIi(5.58, 5.58, 5.58); Calibrated: 31.12.2016, ConvF(5.09, 5.09,
5.09); Calibrated: 31.12.2016, ConvF(5.02, 5.02, 5.02); Calibrated: 31.12.2016;

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

» Electronics: DAE4 Sn601; Calibrated: 04.01.2017

+ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial; 1001
+ DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 71.62 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 29.9 W/kg

SAR(1 g) =7.98 W/kg; SAR(10 g) = 2.29 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

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

Reference Value = 71.47 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) = 8.49 W/kg; SAR(10 g) = 2.42 W/kg

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

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

Reference Value = 70.34 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 34.6 W/kg

SAR( g) = 8.3 W/kg; SAR(10 g) = 2.35 Wikg

Maximum value of SAR (measured) = 19.6 W/kg

Certificate No: DBGHzV2-1123_Mar17 Page 9 of 14




— -6.00

-30.00

0 dB = 18.3 W/kg = 12.62 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY35 Validation Report for Body TSL

Date: 09.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: D5GHzV2; Serial: DSGHzV2 - SN:1123

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 5.52 S/m; & = 48.1; p = 1000 kg/m3 , Medium parameters
used: f = 5600 MHz; 6 = 5.99 S/m; & =47.5; p = 1000 kg/m® , Medium parameters used: f = 5750 MHz; o =
6.21 S/m; & = 47.2; p = 1000 kg/m®

Phantom section: Flat Section

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

DASY52 Configuration:

* Probe: EX3DV4 - SN3503; ConvF(5.14, 5.14, 5.14); Calibrated: 31.12.2016, ConvF(4.57, 4.57,
4.57); Calibrated: 31.12.2016, ConvF(4.52, 4.52, 4.52); Calibrated: 31.12.2016;

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

¢ FElectronics: DAE4 Sn601; Calibrated: 04.01.2017

» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
» DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 64.40 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 29.1 W/kg

SAR(1 g} = 7.61 W/kg; SAR(10 g) = 2.14 W/kg

Maximum value of SAR (measured) = 17.5 Wikg

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

Reference Value = 63.91 V/m: Power Drift = -0.03 dB

Peak SAR (extrapolated) = 33.2 Wrkg

SAR( g) =7.91 W/kg; SAR(10 g) = 2.22 W/kg

Maximum value of SAR (measured) = 18.7 W/kg

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

Reference Value = 63.25 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 33.4 Wrkg

SAR(1 g) = 7.65 W/kg; SAR0 g) = 2.14 W/kg

Maximum value of SAR (measured) = 18.3 W/kg
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0dB =175 W/kg =12.43 dBW/kg
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Impedance Measurement Plot for Body TSL
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APPENDIX D: SAR TISSUE SPECIFICATIONS

Measurement Procedure for Tissue verification:

1) The network analyzer and probe system was configured and calibrated.
2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.
Trapped air bubbles beneath the flange were minimized by placing the probe at a slight

angle.

3) The complex admittance with respect to the probe aperture was measured
4) The complex relative permittivity € can be calculated from the below equation

(Pournaropoulos and Misra):

J2we, &y
[In b/a)f

fino o e e 120

o L2
exp[ ja)r(r,uogrgo) ]d¢'dp'dp

where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates

refer to source and observation points, respectively, r> = p>+ p'

and j=\/—_1.

—-2pp'cosg’, wis the angular frequency,

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 [2300-2600 | 2300-2600 | 5200-5800 | 5200-5800
Tissue Head Body Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1
DGBE 47 31 4492 2044 26.7
1 1
HEC See page | See page See page See page
NacCl 23 9 1.45 0.%4 04 02 0.18 0.39 4 0.1 5
Sucrose 57 449
Poly sorbate (Tween) 80 20
Water 4045 53.06 52.6 68.8 549 7017 732 80
) ) Approved by:
FCC ID: ZNFV30A NEETEST SAR EVALUATION REPORT LG ,
Quality Manager
Test Dates: DUT Type: APPENDIX D:
07/24/17 - 08/10/17 Portable Handset Page 1 of 5
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:
H.0 Water, 35 — 58%

Sucrose Sugar, white, refined, 40 — 60%

NaCl Sodium Chloride, 0 — 6%

Hydroxyethyl-cellulose  Medium Viscosity (CAS# 9004-62-0), <0.3%

Preventol-D7 Preservative: aqueous preparation, (CAS# 55965-84-9), containing
5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H)-isothiazolone,
0.1-07%
Relevant for safety; Refer to the respective Safety Data Sheet*.

Figure D-1
Composition of 750 MHz Head and Body Tissue Equivalent Matter

Note: 750MHz liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual

liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

Item Name Body Tissue Simulating Liquid (MSL750V2)
Product No. SL AAM D75 AA (Batch: 150518-2)
Manufacturer SPEAG

Measurement Method

[TSL dielectric parameters measured using calibrated DAK probe.

Setup Validation

[Validation results were within = 2 6% towards the target values of Methanol.

Target Parameters

|Target parameters as defined in the IEEE 1528 and IEC 62209 compliance standards

Test Condition

Ambient Environment temperatur (22 + 3)°C and humidity < 70%.
TSL Temperature 22°C

Test Date 20-Apr-16

Operator WM

Additional Information

TSL Density 1.212 glem®
TSL Heat-capacity 3.008 kJi(kg"K)

Measured Target Diff.to Target [36] .
f[MHz]| @ e" |sigmal eps sigma A-eps A-sigma " SE
600 | 57.2 |2476| 083 [ 561 o0es| 20 132 2 50
625 | 57.0 | 2443| 085| 560 05| 17 1.0 2 e
850 | 56.7 [24.11| 087 [ 559 D096 | 14 88 g Do\
675 | 564 |23B2| 089 | 558 086 | 1.1 66 & .25
700 | 861 | 2353| 082 557 o0se| 07 45 & 50 '
725 | 559 | 2332|094 | 556 096 | 05 2.2 10; |
750 | 557 [2312]| 0.96 ] 555 098] 0.2 0.1 =
775 | 554 [ 2203 099 | 554 097 | .01 24 S BR0 CI00 0, oD D 800 6307 10N
BOO | 561 [2273]| 1.01 | 553 097 | 04 46 Fisquency Miz
825 | 549 |2259]| 1.04| 552 o098 | 07 5.0
838 | 548 [2252| 1.05| 552 o0es | o& 67
850 | 548 | 2245| 106 | 552 099 | -09 T4 0.0 - x
875 | 544 [2232| 109|551 102| 12 ss £ 15 M
900 | 541 [2219] 111|550 105| 15 58 g€ 50
925 | 639 |2209]| 1.14| 550 108 | 19 69 s sg
950 | 537 [2198] 1.16 | 549 108 | -22 8.0 5 5.
ors | 635 2191|119 | 549 109| 25 92 2 ol
1000 | 532 | 2183] 1.21| 548 110 -29 10.6 & 754 /
4100

600 650 700 750 800 B850 900 950 1000
Freguency MHz

Figure D-2
750MHz Body Tissue Equivalent Matter
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Measurement Certificate / Material Test

Iltem Name Head Tissue Simulating Liquid (HSL750V2)
Product No. SL AAH 075 AB (Batch: 160322-2)
Manufacturer SPEAG

Measurement Method
[TSL dielectric parameters measured using calibrated DAK probe. |

Setup Validation

[Validation results were within * 2.5% towards the target values of Methanol. ]
Target Parameters
I%rg;et parameters as defined in the |IEEE 1528 and IEC 62209 compliance standards. |
Test Condition
Ambient Environment temperatur (22 + 3)°C and humidity < 70%.
TSL Temperature 22°C
Test Date 23-Mar-16
Operator WM
Additional Information
TSL Density 1.284 g/cm®
TSL Heat-capacity 2.701 kJ/(kg*K)
|Measured Target Diff.to Target [%]
f(MHz)] e | o' [sigma| eps sigmal A-eps A-sigma 5
600 | 449 | 2260] 0.75 | 427 o088 | 51 -14.4 %
625 | 445 |2237| 078 | 426 088| 45 12,0 =
650 | 442 | 22.13| 0.80 | 425 o089 | 40 96 E
675 | 438 | 2190| 082 | 423 089 | 34 74 o
700 | 434 | 2167| 0.84 | 422 o089 | 28 51 &
725 | 431 |2152| 087 | 421 o089 | 24 26 Gl - i — |
150" | 428112071 0.8 /41,07 089 ] 20 0.2 600 650 700 750 800 850 900 950 1000
775 | 424 | 2121|091 418 090 ]| 15 2.1 ———
800 | 421 |2104| 094 | 417 090 | 09 44
825 | 418 | 2092| 096 | 416 091 | 05 59
838 | 416 |2086| 0.97 | 415 091 02 6.6
850 | 415 |2079| 098 | 415 092 | 00 73 10.0 - — ————y
875 | 412 [2068( 1.01| 415 o094 | 07 6.7 ® Ta M
900 | 409 |2056( 103|415 o097 a5 6.1 5 gg _
925 | 406 | 2048| 105 | 415 098 -20 73 2 ool
950 | 403 | 20.39| 108 | 414 o099 | 25 83 5 25|
975 | 401 | 2029| 110 [ 414 100| 32 95 ‘j 5.0 _
1000 | 398 |2020] 112 | 413 101]| 37 107 8 75| / |
-10.0 +— - -

600 650 700 750 800 850 900 950 1000
Frequency MHz

Figure D-3
750MHz Head Tissue Equivalent Matter
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3 Composition / Information on ingredients
The Item is composed of the following ingredients:

Water 50-73%

Non-ionic detergents 25-50% polyoxyethylenesorbitan monolaurate

NaCl 0-2%

Preservative 0.05 - 0.1% Preventol-D7

Safety relevant ingredients: .

CAS-No. 55965-84-9 <01% aqueous preparation, containing 5-chloro-2-methyl-3(2H)-
isothiazolone and 2-methyyl-3(2H)-isothiazolone

CAS-No. 9005-64-5 <50 % polyoxyethylenesorbitan monolaurate

According to international guidelines, the product is nol a dangerous mixlure and therefore not required to be
marked by symbols.

Figure D-4
Composition of 2.4 GHz Head Tissue Equivalent Matter

Note: 2.4 GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

Iem Mama Head Tissue Simulating Liquid (HEBL1300-3800V3)

Product No. SL AAH 196 AB (Balch: 160330-1)

Manufacturer SPEAG

Moasurement Method

\TSL dielectric parameters using calibrated DAK probe ]

Setup Validation
[Vahdation resulls were within £ 2.5% towards the target values of I

Target Parametars
Ta'gel parameters as defined in the IEEE 1528 and IEC 62208 comphiance standards ]

Test Condition

Ambient Envirenmen! temperatur (22 + 3)°C and humidity < 70% —|
TSL Temperature  22°C
Test Date 30-Mar-16
Operator WM
Additional Information
TSL Density 1.054 gicm” |
TSL Heat-capacity 3389 kJ/(kg*K) |
| Measured T) Dift.to T
1 I3 o wnwo
1600 M0 T 122 [ 13 400 14 17 6.5 2 75|
W50 J4o5] 125] 14 Ja00 4] 12 3.3 £ so
2000 403 126 [ R4 400 14 | 08 a1 5 25
2050 |40 | 127 | 18| we 14| os as £ oo}
20 {209 20| 18 f e 15| o3 )9 3 25\
FIECN T EC] I I 8 5o
2200 [ 388 130 | 98| W6 16 | 02 £ 15 |
zzs0 | o] 132 [aa] e 15| 03 20 10 ==L .
N N RN EEA o6 24 1960 2100 2300 2500 2700 2900 3100 3300 3500 3700 3900
50 [30y| 125 [ 48] W4 17 08 29
= o i Vel 5 2 Froguency MMz
19 [mz 18| a2 40
18 kR 18 -15 ig
2o 301 15| s
et 100 —
20 | w0 70| @3 38 ”[
24| 389 20 | 26 18 #
22| s 21| 28 18 £ j:' e
22| mes 21 33 36 -
33 e 22| s 36 g oo K
25| w7 22| as 17 © 23 ¢
24|38 23| 4 18 B
24| s 23| <5 37 75
28| 385 24| <8 26 o e
B .. s | = = 1500 2100 2300 2500 2700 2000 3100 3300 3500 3700 3900
20| 384 25| 58
27|03 26| 50 a0 Flapncyias
27 | 23 28 6.2 ]
28 a2 27 &6 4
28| w2 27| &8 40
29|81 28 | 72 42
29|20 28| 95 4
30 0 29 T8 42
30 | 37028 | &1 |
a e a0 54 42
3| wa 30| a7 44
32| wa 31| 20 43 |
3337 31| e A= ]
p &) ns a2 55 44 |
34| 76 32 | 8o a7
34| w5 33|00 a7

Figure D-5
2.4 GHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

Water 50 - 65%
Mineral oil 10 -30%
Emulsifiers 8-25%
Sodium salt 0-15%
Figure D-6

Composition of 5 GHz Head Tissue Equivalent Matter

Note: 5GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

Itern Name Head Tissue Simulating Liquid (HBBL3500-5800V5)
Product No. SL AAH 502 AG (Batch: 160331-2)
Manufacturer SPEAG

Measurement Method

TSL dielectric parameters measured using calibrated DAK, probe.

Setu i
[Validation results were within = 2.5% lowards the target values of Methanol.

Target Parameters
Target parameters as defined in the IEEE 1528 and IEC 62200 compliance standards.

Environment temperatur (22 + 3)°C and humidity < 70%.
TSL Temperature 22°C

Test Date 4-Apr-16

Operator WM

Additional Information

TSL Density 0.985 glem™
TSL Heat-capacity 3.383 kJ/(kg*K)

Figure D-7
5GHz Head Tissue Equivalent Matter

|Measured Target |Ditf.to Target [%]
f(MHz]| o' | e |sigmal eps sigmal A-eps a-sigma 100
3400 | 30.0 [1512] 286 [ 380 281 25 18 z L
3500 | 388 [15.09| 294 | 379 291 | 23 0.9 x 30
3600 | 387 | 15.08) 3.02 | 378 2.3 02 E 2%
3700 | 386 | 15.08 | 310 | ar.7 24 06 & 004 e )
3B00 384 | 1507 319 | 376 22 08 F R |
3900 | 383 |15.00| 327 | 78 22 16 S 50
4000 | 38.2 | 1510 3.36 | 374 23 -19 75 4
4100 | 381 [1513| 345 | 372 23 22 100
4200 | 38.0 | 15.18| 3.55 | a7.1 23 2.2 3400 3900 4400 4500 5400 5900
4300 | 378 |16522| 364 | 370 21 25 Frequency MHz
4400 | 377 |1520| 374 | 369 22 25
4500 | 376 | 1534 | 384 | 268 22 25
4500 | 37.4 [ 15.41| 5.94 | 367 20 25
4700 | 37.3 [ 15.47| 405 | 385 20 22
4800 | 37.1 | 1553 | 415 | 364 18 22
4850 | 371 | 1557 20 22
400 | 37.0 | 1560 18 22
4950 | 6.9 | 1562 13 22 e
5000 | 368 | 1566 18 22 1
5050 | 36.8 | 1568 18 22
5100 36.7 | 1673 1.7 2.0
15.75 1.5 -2.0
1578 14 ET) 3400 3900 4400 4900 5400 5900
15.80 14 18 Prec:ency MHZz
1584 1.5 18
1585 14 -18
1588 12 18
15.90 1.4 19
5500 | 361 [ 1581 13 18
5550 | 36.0 [ 15.95 1.2 17
5600 | 35.0 [15.99 1.0 1
5650 | 359 | 16.02 1.2 15
5700 | 358 | 1605 & 1.1 -15
5750 | 35.7 | 16.09 0 1.3
5800 | 357 | 16.10 1.4 13
£ 356 | 1614 | 5.2 0.8 &
355 | 1615 530 | 353 540 0.6 1.9
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APPENDIX E: SAR SYSTEM VALIDATION |

Per FCC KDB Publication 865664 D02v01r02, SAR system validation status should be documented to
confirm measurement accuracy. The SAR systems (including SAR probes, system components and
software versions) used for this device were validated against its performance specifications prior to the
SAR measurements. Reference dipoles were used with the required tissue- equivalent media for system
validation, according to the procedures outlined in FCC KDB Publication 865664 D01v01r04 and IEEE
1528-2013. Since SAR probe calibrations are frequency dependent, each probe calibration point was
validated at a frequency within the valid frequency range of the probe calibration point, using the system
that normally operates with the probe for routine SAR measurements and according to the required
tissue-equivalent media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

Table E-I
SAR System Validation Summary — 1g
SAR COND. PERM. CW VALIDATION OD. VALIDATION

SYS#TEM FREQ. [MHz] DATE PROBE SN [PROBE TYPE| PROBE CAL. POINT © () SENSITIVITY |_|ZRE(,ZgE|—Y |SF3?|-%?;;>Y ¥$PDE DUTY FACTOR PAR

J 750 6/21/2017 3209 ES3DV3 750 Head 0.868 39.874 PASS PASS PASS N/A N/A N/A

K 835 5/2/2017 7406 EX3DV4 835 Head 0.896 40.478 PASS PASS PASS GMSK PASS N/A

H 1750 3/22/2017 3318 ES3DV3 1750 Head 1.338 38.950 PASS PASS PASS N/A N/A N/A

H 1900 3/13/2017 3318 ES3DV3 1900 Head 1.441 39.998 PASS PASS PASS GMSK PASS N/A

J 1900 6/5/2017 3209 ES3DV3 1900 Head 1.456 39.187 PASS PASS PASS GMSK PASS N/A

| 2300 6/1/2017 3213 ES3DV3 2300 Head 1.698 40.843 PASS PASS PASS N/A N/A N/A

H 2450 4/27/2017 3318 ES3DV3 2450 Head 1.882 38.945 PASS PASS PASS OFDM/TDD PASS PASS

| 2450 6/1/2017 3213 ES3DV3 2450 Head 1.876 40.253 PASS PASS PASS OFDM/TDD PASS PASS

| 2600 6/1/2017 3213 ES3DV3 2600 Head 2.059 39.650 PASS PASS PASS TDD PASS N/A

H 5250 6/10/2017 3914 EX3DV4 5250 Head 4.580 35.029 PASS PASS PASS OFDM N/A PASS

H 5600 6/10/2017 3914 EX3DV4 5600 Head 4.940 34.501 PASS PASS PASS OFDM N/A PASS

H 5750 6/10/2017 3914 EX3DV4 5750 Head 5.103 34.300 PASS PASS PASS OFDM N/A PASS

K 750 5/3/2017 7406 EX3DV4 750 Body 0.952 53.745 PASS PASS PASS N/A N/A N/A

E 835 4/4/2017 3319 ES3DV3 835 Body 0.954 53.125 PASS PASS PASS GMSK PASS N/A

| 835 4/24/2017 3213 ES3DV3 835 Body 0.991 53.903 PASS PASS PASS GMSK PASS N/A

K 1750 5/1/2017 7406 EX3DV4 1750 Body 1.514 51.685 PASS PASS PASS N/A N/A N/A

J 1750 6/5/2017 3209 ES3DV3 1750 Body 1.474 51.981 PASS PASS PASS N/A N/A N/A

J 1900 6/15/2017 3209 ES3DV3 1900 Body 1.552 52.203 PASS PASS PASS GMSK PASS N/A

G 2300 9/27/2016 3287 ES3DV3 2300 Body 1.818 51.466 PASS PASS PASS N/A N/A N/A

G 2450 9/28/2016 3287 ES3DV3 2450 Body 2.030 50.891 PASS PASS PASS OFDM/TDD PASS PASS

G 2600 9/27/2016 3287 ES3DV3 2600 Body 2.236 50.316 PASS PASS PASS TDD PASS N/A

D 5250 2/2/2017 3589 EX3DV4 5250 Body 5.422 47.823 PASS PASS PASS OFDM N/A PASS

D 5600 2/2/2017 3589 EX3DV4 5600 Body 5.882 47.193 PASS PASS PASS OFDM N/A PASS

D 5750 2/2/2017 3589 EX3DV4 5750 Body 6.117 46.985 PASS PASS PASS OFDM N/A PASS

Table E-lI
SAR System Validation Summary — 10g
SAR COND. PERM. CW VALIDATIOI MOD. VALIDATION

SYS;’EM FREQ. [MHZ] DATE PROBE SN |PROBE TYPE| PROBE CAL. POINT © ) SENSITIVITY leigﬁ-y |5PORT%%EPY ¥YOPDE DUTY FACTOR PAR

D 5250 2/2/2017 3589 EX3DV4 5250 Body 5.422 47.823 PASS PASS PASS OFDM N/A PASS

D 5600 21212017 3589 EX3DV4 5600 Body 5.882 47.193 PASS PASS PASS OFDM N/A PASS

D 5750 2/2/2017 3589 EX3DV4 5750 Body 6.117 46.985 PASS PASS PASS OFDM N/A PASS

NOTE: While the probes have been calibrated for both CW and modulated signals, all measurements
were performed using communication systems calibrated for CW signals only. Modulations in the table
above represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r04 for scenarios when CW probe calibrations are used with other signal
types. SAR systems were validated for modulated signals with a periodic duty cycle, such as GMSK, or
with a high peak to average ratio (>5 dB), such as OFDM according to FCC KDB Publication 865664 D01
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APPENDIX G: WIFI POWER REDUCTION VERIFICATION

This device was tested by the test lab to verify power reduction in WIFI power levels when audio is routed
through the ear-piece of the device.

G1l. Test Procedure
The following procedure was utilized to verify power reduction in normal operating conditions:

1. The WIFI antenna of the DUT is connected via a conducted connection to a CMW500 with WIFI
signaling and measurement functions.

2. A WIFI data transmission is initiated and WIFI power is measured by the CMW500.

3. The DUT is connected via a radiated connection to a second CMW500 and a speech call is
initiated, simultaneously with the WIFI data transmission.

4. Audio is verified to be routed through the held-to-ear speaker and the WIFI power is measured.
The speakerphone is toggled on and off to ensure power reduction is reactivated when audio is
restored to the held-to-ear speaker.

5. The WIFI powers are measured and compared to the reduced power levels to verify the WIFI
power reduction mechanism.

6. Repeat for each WIFI mode (e.g. 802.11b, 802.11¢, etc...) supported by the DUT.

....... ::M:d (‘[’)

Data CMWS00
(WIFI Signaling and
Measurement)

Conducted

Figure 1 — Verification of WIFI Power Reduction

G2. Verification Data Summary

The WIFI power reduction mechanism was verified under the above test procedures and conditions. The
maximum and reduced WIFI power levels were within the tune-up range.

Table 1 — Data Summary of Power Reduction

Target Max Measured Target Reduced Measured
FCCID IMEI Antenna Mode Channel Power (dBm) Power (dBm) Power (dBm) Power (dBm)
1 802.11b 6 18.00 18.91 16.00 16.95
1 802.11g 6 17.00 17.96 16.00 16.65
ZNFV30A 15532
2 802.11b 6 17.50 18.20 16.00 16.02
2 802.11g 6 17.00 16.86 16.00 15.73

Maximum Allowed Output Power: Target Power +1 dB
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APPENDIX H: CONDUCTED POWERS FOR 4X4 DL MIMO

This device supports downlink 4x4 MIMO operations for LTE Bands 66, 4, 2 only. Uplink transmission is
limited to a single output stream. Power measurements were performed with downlink 4x4 MIMO active
for the configuration with highest measured maximum conducted power with 4x4 downlink MIMO inactive
measured among the channel bandwidth, modulation, and RB combinations in each frequency band.

Per FCC Guidance, SAR for downlink 4x4 MIMO was not needed since the maximum average output
power in 4x4 downlink MIMO mode was not > 0.25 dB higher than the maximum output power with
downlink 4x4 MIMO inactive. When carrier aggregation is applicable, power measurements were
performed with the downlink carrier aggregation and 4x4 DL MIMO active for the configuration with
highest measured maximum conducted power with downlink carrier aggregation inactive measured
among the channel bandwidth, modulation, and RB combinations in each frequency band.

Note: Per FCC guidance LTE Band 66 SISO powers were used to select measurement configurations for
LTE Band 4 and LTE Band 25 SISO powers were used to select measurement configurations for LTE
Band 2.

H.1 Single Carrier 4x4 Downlink MIMO

Table H-1
Additional Maximum Output Powers

Single
LTE Bandwidth Frequency . RB RB 4x4 DL MIMO | Antenna | Target
Band [MHZ] Channel [MHz] Modulation Size | Offset Tx. Power TX. Power
[dBm] Power [dBm]
[dBm]
4 5 20375 1752.5 QPSK 1 0 24.7 24.70 24.2
66 5 132647 1777.5 QPSK 1 0 24.7 24.70 24.2
2 20 19100 1900 QPSK 1 50 24.69 24.70 24.2
; —
Base2wton [ ————3] wirelessDevice
Simulator 4l—’5
Figure H-1
Power Measurement Setup
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H.2

Carrier Aggregation Scenarios with 2 Component Carriers with 4x4
Downlink MIMO

LTE Band 12 Additional Maximum Output Powers — 2 Component Carriers

Table H-2

pCC scc Power
LTE Single
L) DL] DL
pec PCC (UL) (RS PCCUL# | PCCUL |PCC (DL) [EEEY DL Antenna scc Scc (pL) SEE() DL Antenna |LTE Tx.Power with DL CA| Carrier Tx
Combination | PCC Band Channel | Freauency RB |RB Offset| Channel | IS | configuration |SCCBand |Bandwidth | o) Frequency | ¢ G uration | Enabled (dBm) Power
[MHz] [MHz] [MHz] € [MHz] [MHz] ® e
CA 2A-12A(1) LTE B12 10 23095 707.5 QPSK 1 25 5095 737.5 2x2 MIMO LTE B2 20 900 1960 4x4 MIMO 25.15 25.50
CA_4A-12A LTE B12 10 23095 707.5 QPSK 1 25 5095 737.5 2x2 MIMO LTE B4 10 2175 2132.5 4x4 MIMO 25.14 25.50
CA_12A-66A(2) | LTEB12 10 23095 707.5 apsk 1 2 5095 | 7375 22MMo | LTE B66 20 66786 | 2145 4x4 MIMO 25.12 25.50
LTE Band 17 Additional Maximum Qutput Powers — 2 Component Carriers
PCC scc Power
LTE Single
. Pcc, PCC (UL) (s PCC UL# | PCCUL |PCC (DL) ) | o e SCC lsec (DL) SCCOL) | ) Antenna  |LTE Tx.Power with DL CA| Carrier Tx
combinatonj[JRCCEand Channel - ¥ RB RB Offset| Channel Ereguency Configuration SCCEand [Bandwidih Channel Gy Configuration Enabled (dBm) Power
[MHz] [MHz] [MHz] g [MHz] [MHz] e =
CA_2A-17A LTE B17 10 23790 710 QPSK 1 25 5790 740 2x2 MIMO LTE B2 10 900 1960 4x4 MIMO 25.11 25.50
CA 4A17A | LTEB17 10 23790 710 apsk 1 2 5790 740 22MIMO__| LTEB4 10 2175 | 21325 | 4x4MIMO 25.08 25.50
Table H-4
LTE Band 13 Additional Maximum Output Powers — 2 Component Carriers
pcC scc Power
LTE Single
(=5 PCC (UL) (e PCC UL# | PCCUL |PCC (DL) CEEY) || o gy S gec (DL) SCCOL) | b Antenna |LTE Tx.Powerwith DL CA| Carrier Tx
ConEhatichj[RccEany Channel - ' RB RB Offset| Channel Ereauency Configuration Sl e | D Channel ey Configuration Enabled (dBm) Power
[MHz] [MHz] [MHz] e [MHz] [MHz] E =
CA_2A-13A LTE B13 10 23230 782 QPSK 1 25 5230 751 2x2 MIMO LTE B2 20 900 1960 4x4 MIMO 25.14 25.47
CA 4A13A | LTEBI3 10 23230 782 apsk 1 2 5230 751 22MIMO | LTEB4 20 2175 | 21325 | 4x4MIMO 25.10 25.47
CA_13A-66A LTE B13 10 23230 782 QPSK 1 25 5230 751 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 25.12 25.47
Table H-5
PCC scc Power
LTE Single
pcc pec (UL pec (oL scc scc (oL
o - | pecquy) (uL) PCCULH | PCCUL [PCC (DL) (Y | 5 Antenna - |scc (oL (PL) | 5 Antenna  |LTE Tx.Power with DL CA| Carrier Tx
EILEED || RESEm Channel SIS | demmd| TEE | @i [ B | g S| i Enabled (dBm) Power
[MHz] [MHz] [MHz] ¢ XG] [MHz] : (dBm)
CA_2A-5A LTE BS 10 20525 836.5 QPSK 1 25 2525 881.5 2x2 MIMO LTE B2 20 900 1960 4x4 MIMO 25.23 25.50
CA 4ASA(1) | LTEBS 10 20525 836.5 Qpsk 1 25 2525 | 8815 22MIMO__| LTEB4 20 2175 | 21325 | 4xdaMIMO 25.29 25.50
CA_5A-66A LTE BS 10 20525 836.5 QPSK 1 25 2525 881.5 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 25.29 25.50
PCC sccC Power
LTE Single
pcc PCC (UL PCC (DL scc scc (DL
. N PCC (UL) (UL) PCCUL# | PCCUL |PCC(DL) ((=2) DL Antenna . scc(pL) (bL) DL Antenna |LTE Tx.Power with DL CA| Carrier Tx
Conbinztonj[fccEand Channel - 4 RB RB Offset| Channel Frequency Configuration ECCEand [Eandwidih Channel Frequency Configuration Enabled (dBm) Power
[MHz] [MHz] [MHz) 8 [MHz] [MHz] o
CA_2A-66A(2) | LTE B66 s 132647 | 1777.5 apsk 1 0 67111 | 2177.5 22MIMO__| LTEB2 20 900 1960 4x4 MIMO 24.68 24.70
CA_2A-66A (2) LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE B2 20 900 1960 2x2 MIMO 24.69 24.70
CA_2A66A(2) | LTE B66 s 132647 | 1777.5 apsk 1 0 67111 | 2177.5 4x4MIMO__| LTEB2 20 900 1960 4x4 MIMO 24.65 24.70
CA_5A-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE BS 10 2525 881.5 2x2 MIMO 24.67 24.70
CA_12A-66A (2) LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 24.69 24.70
CA_13A-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTEB13 10 5230 751 2x2 MIMO 24.62 24.70
CA_29A-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE B29 10 9715 722.5 2x2 MIMO 24.70 24.70
CA 30A-66A | LTEB66 5 132647 | 1777.5 Qpsk 1 [ 67111 | 21775 44MIMO__| LTE B30 10 9820 | 2355 2x2 MIMO 24.68 24.70
CA_66B LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE B66 15 67018 2168.2 4x4 MIMO 24.70 24.70
CA _66C LTE B66 5 132647 | 1777.5 apsk 1 [ 67111 | 2177.5 4x4MIMO | LTE B66 20 66994 | 21658 | 4x4 MIMO 24.68 24.70
CA_66A-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE B66 5 66461 2112.5 2x2 MIMO 24.63 24.70
CA 66A-66A | LTEB66 5 132647 | 1777.5 apsk 1 [ 67111 | 2177.5 2x2MIMO | LTE B66 5 66461 | 21125 | 4x4 MIMO 24.68 24.70
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Table H-7

LTE Band 4 Additional Maximum Output Powers — 2 Component Carriers

PCC scc Power
LTE Single
o Pcc, PCC (UL) (s PCC UL# | PCC UL |PCC (DL) peco) |-y, Antenna sc‘f scc (pL) sccoy) |y, Antenna |LTE Tx.Power with DL CA| Carrier Tx
Combinatonj[JRcCRand Channel - ¥ RB RB Offset| Channel Eeguency Configuration SCCEand [Bandwidih Channel E=gLency Configuration Enabled (dBm) Power
[MHz] [MHz] [MHz] & [MHz] [MHz] ]
CA_2A-4A (2) LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 2x2 MIMO LTE B2 20 900 1960 4x4 MIMO 24.70 24.70
CA_2A-4A(2) LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B2 20 900 1960 2x2 MIMO 24.63 24.70
CA_2A-4A (2) LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B2 20 900 1960 4x4 MIMO 24.64 24.70
CA_4A-4A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B4 5 1975 2112.5 2x2 MIMO 24.68 24.70
CA_4A-4A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 2x2 MIMO LTE B4 5 1975 2112.5 4x4 MIMO 24.67 24.70
CA_4A-5A (1) LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE BS 10 2525 881.5 2x2 MIMO 24.65 24.70
CA_4A-7A (1) LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B7 20 3100 2655 2x2 MIMO 24.65 24.70
CA_4A-12A (1) LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 24.69 24.70
CA_4A-13A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B13 10 5230 751 2x2 MIMO 24.70 24.70
CA_4A-17A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTEB17 10 5790 740 2x2 MIMO 24.70 24.70
CA_4A-29A (2) LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B29 10 9715 722.5 2x2 MIMO 24.68 24.70
CA_4A-30A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.67 24.70
LTE Band 2 Additional Maximum Output Powers — 2 Component Carriers
PCC sccC Power
LTE Single
PCC PCC (UL PCC (DL} scc SCC (DL}
o . PCC (UL) () PCC UL# | PCCUL | PCC(DL) () DL Antenna . Scc (bL) (oL) DL Antenna [LTE Tx.Power with DL CA| Carrier Tx
ConbinztonjficeEand Channel - 4 RB RB Offset| Channel Frequency Configuration ECCkand [Banawidty Channel Frequency Configuration Enabled (dBm) Power
[MHz] [MHz] [MHz) 8 [MHz] [MHz] 3 o
CA_2A-2A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B2 5 625 1932.5 2x2 MIMO 24.68 24.70
CA_2A-2A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2 MIMO LTE B2 5 625 1932.5 4x4 MIMO 24.65 24.70
CA_2A-4A (2) LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B4 20 2175 2132.5 2x2 MIMO 24.65 24.70
CA_2A-4A (2) LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2 MIMO LTE B4 20 2175 21325 4x4 MIMO 24.68 24.70
CA_2A-4A(2) LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B4 20 2175 2132.5 4x4 MIMO 24.67 24.70
CA_2A-5A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE BS 10 2525 881.5 2x2 MIMO 24.69 24.70
CA_2A-12A(1) LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 24.67 24.70
CA_2A-13A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B13 10 5230 751 2x2 MIMO 24.66 24.70
CA_2A-17A LTE B2 10 19150 1905 QPSK 1 25 1150 1985 4x4 MIMO LTE B17 10 5790 740 2x2 MIMO 24.69 24.67
CA_2A-29A(2) LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B29 10 9715 722.5 2x2 MIMO 24.69 24.70
CA_2A-30A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.68 24.70
CA_2A-66A (2) LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B66 20 66786 2145 2x2 MIMO 24.67 24.70
CA_2A-66A (2) LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 24.69 24.70
CA_2A-66A (2) LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B66 20 66786 2145 4x4 MIMO 24.66 24.70
LTE Band 30 Additional Maximum OQutput Powers — 2 Component Carriers
PCC scC Power
LTE Single
PCC PCC (UL PCC (DL} scc SCC (DL}
. . PCC (UL) (UL) PCCUL# | PCCUL |PCC(DL) (=) DL Antenna . scc(pL) (bL) DL Antenna |LTE Tx.Power with DL CA| Carrier Tx
ComtinztonjjRccEand Channel " Y RB RB Offset| Channel Frequency Configuration SCCand [Eandwidih Channel Frequency Configuration Enabled (dBm) Power
[MHz] [MHz] [MHz) 8 [MHz] [MHz] o
CA_2A-30A LTE B30 10 27710 2310 QPSK 1 25 9820 2355 2x2 MIMO LTE B2 20 900 1960 4x4 MIMO 25.13 25.20
CA_4A-30A LTE B30 10 27710 2310 QPSK 1 25 9820 2355 2x2 MIMO LTE B4 20 2175 2132.5 4x4 MIMO 25.14 25.20
CA_30A-66A LTE B30 10 27710 2310 QPSK 1 25 9820 2355 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 25.17 25.20
Table H-10
LTE Band 7 Additional Maximum Output Powers — 2 Component Carriers
PCC scc Power
LTE Single
PCC PCC (UL PCC (DL} scc SCC (DL
o . PCC (UL) (UL) PCC UL# | PCCUL | PCC (DL) (LY DL Antenna . Scc (bL) (oL) DL Antenna [LTE Tx.Power with DL CA| Carrier Tx
ConbinstonjfRceEan: Channel - 4 RB RB Offset| Channel Frequency Configuration ECCkand [Bandwidt Channel Frequency Configuration Enabled (dBm) Power
[MHz] [MHz] [MHz) 8 [MHz] [MHz] o
CA_4A-7A (1) LTE B7 20 21100 2535 QPSK 1 0 3100 2655 2x2 MIMO LTE B4 20 2175 21325 4x4 MIMO 23.60 23.60
Base Station [*—— >
: . . .
Simulator »| Wireless Device
T »
»
T »
Figure H-2
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H.3

Downlink MIMO

Table H-11

LTE Band 12 Additional Maximum Output Powers — 3 Component Carriers

Carrier Aggregation Scenarios with 3 Component Carriers with 4x4

PCC scc1 Scc2 Power
DL DL bL LTE Single
(x5 PCC (UL) Gy PCCUL# | PCCUL |PCC(DL) GEs(EY Antenna &5 SCC (DL) (=Y Antenna €5 scc(oL) Sy Antenna |LTE Tx.Power with DL CA| Carrier Tx
Combination PCCBand | Bandwidth Frequency | Modulation Frequency _|scc Band | Bandwidth Frequency N | sccBand |Bandwidth Frequency N
MHz] Channel [MHa RB RB Offset| Channel MHz] Config ti [MHz] Channel oy Confi ti M2 Channel PR Config ti Enabled (dBm) Power
on on on (dBm)
CA_2A-2A-12A LTE B12 10 23095 707.5 QPsk 1 25 5095 7375 [2x2MIMO| LTEB2 5 900 1960 | 4x4 MIMO LTE B2 5 625 1932.5 | 2x2 MIMO 25.46 25.50
CA_2A-4A-12A LTE B12 10 23095 707.5 QPSK. 1 25 5095 737.5 2x2 MIMO | LTE B2 20 900 1960 Ax4 MIMO LTE B4 20 2175 2132.5 2x2 MIMO 25.49 25.50
CA_2A-4A-12A LTE B12 10 23095 707.5 QPskK. 1 25 5095 737.5 2x2MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B4 20 2175 2132.5 4x4 MIMO 25.50 25.50
CA_2A-12A-30A LTE B12 10 23095 707.5 QPSK. 1 25 5095 737.5 2x2 MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B30 10 9820 2355 2x2 MIMO 25.45 25.50
CA_2A-12A-66A LTE B12 10 23095 707.5 QPsK. 1 25 5095 737.5 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B66 20 66786 2145 2x2 MIMO 25.50 25.50
CA_2A-12A-66A LTE B12 10 23095 707.5 QPSK. 1 25 5095 737.5 2x2 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 25.48 25.50
CA_4A-4A-12A LTE B12 10 23095 707.5 QPsK 1 25 5095 737.5 2x2 MIMO | LTE B4 5 2175 21325 4x4 MIMO LTE B4 5 1975 2112.5 2x2 MIMO 25.50 25.50
CA_4A-7TA-12A LTE B12 10 23095 707.5 QPSK. 1 25 5095 737.5 2x2 MIMO | LTE B4 20 2175 2132.5 4x4 MIMO LTE B7 20 3100 2655 2x2 MIMO 25.49 25.50
CA_4A-12A-30A LTE B12 10 23095 707.5 QPsK 1 25 5095 737.5 2x2MIMO | LTE B4 20 2175 21325 4x4 MIMO LTE B30 10 9820 2355 2x2 MIMO 25.35 25.50
CA_12A-66A-66A LTE B12 10 23095 707.5 QPSkK 1 25 5095 737.5 2x2 MIMO | LTE B66 5 66786 2145 4x4 MIMO LTE B66 5 67311 2197.5 2x2 MIMO 25.48 25.50
Table H-12
LTE Band 13 Additional Maximum Qutput Powers — 3 Component Carriers
PCC Scc1 scc2 Power
DL DL DL LTE Single
(s PCC (UL) (REE(L) . |pccuws PECUL |oce (o) (ES(E Antenna SCC - Jsee (DL) =PI Antenna SCC  lsee (o) EEHED Antenna | LTE Tx.Power with DL | Carrier Tx
Combination PCCBand |Bandwidth Frequency RB quency scc quency SCCBand quency
vz | e g B | otset | MMM€! " makg) Mgy |2l gy | Configurat ez |2 bz @ETEIER) || Ceor
ion ion ion (dBm)
CA_2A-2A-13A LTEB13 10 23230 782 QPSK 1 25 5230 751 2x2MIMO | LTE B2 5 900 1960 4x4 MIMO LTE B2 5 625 1932.5 2x2 MIMO. 25.20 25.47
CA_2A-4A-13A LTE B13 10 23230 782 QPSK 1 25 5230 751 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B4 20 2175 21325 2x2 MIMO 25.19 25.47
CA_2A-4A-13A LTEB13 10 23230 782 QPSK 1 25 5230 751 22MIMO| LTEB2 20 900 1960 2x2 MIMO LTE B4 20 2175 2132.5 | 4x4 MIMO 25.20 25.47
CA_2A-13A-66A LTE B13 10 23230 782 QPSK 1 25 5230 751 2x2MIMO| LTEB2 20 900 1960 4x4 MIMO LTE B66 20 66786 2145 2x2 MIMO 25.26 25.47
CA_2A-13A-66A LTEB13 10 23230 782 QPSK 1 25 5230 751 22MIMO| LTEB2 20 900 1960 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 25.29 25.47
CA_4A-4A-13A LTE B13 10 23230 782 QPSK 1 25 5230 751 2x2MIMO| LTEB4 5 2175 2132.5 | 4x4 MIMO LTE B4 5 1975 2112.5 | 2x2 MIMO 25.16 25.47
CA_13A-66A-66A LTEB13 10 23230 782 QPSK 1 25 5230 751 2x2 MIMO | LTE B66 5 66786 2145 4x4 MIMO LTE B66 5 67311 2197.5 | 2x2 MIMO 25.27 25.47
CA_13A-66B LTE B13 10 23230 782 QPSK 1 25 5230 751 2x2 MIMO | LTE B66 15 66786 2145 4x4 MIMO LTE B66 5 66693 2135.7 | 4x4 MIMO 25.35 25.47
CA_13A-66C LTEB13 10 23230 782 QPSK 1 25 5230 751 2x2MIMO| LTE B66 20 66786 2145 4x4 MIMO LTE B66 20 66984 2164.8 | 4x4 MIMO 25.32 25.47
Table H-13
LTE Band 5 Additional Maximum Output Powers — 3 Component Carriers
PCC scc1 scc2 Power
DL DL DL LTE Single
— PCC- PCC (UL) (EE() " PCCUL# | PCCUL |PCC(DL) CEEy) Antenna SCC- Scc (pL) SCEE() Antenna SC(E scc(oL) SEEEY) Antenna |LTE Tx.Power with DL CA| Carrier‘Tx
Combination PCCBand | Bandwidth Frequency | Modulation Frequency SCC Band | Bandwidth Frequency SCC Band Bandwidth Frequency
[MHz) Channel [MHz) RB RB Offset | Channel [MHz) Configurati [MHz) Channel [MHz) Co ti [MHz) Channel [MHz] Configurati Enabled (dBm) Power
on on on (dBm)
CA_2A-2A-5A LTE BS 10 20525 836.5 QPSK. 1 25 2525 881.5 2x2 MIMO | LTE B2 5 900 1960 Ax4 MIMO LTE B2 5 625 1932.5 2x2 MIMO 25.48 25.50
CA_2A-4A-5A LTE BS 10 20525 836.5 QpPskK 1 25 2525 881.5 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B4 20 2175 2132.5 2x2 MIMO 25.49 25.50
CA_2A-4A-5A LTE BS 10 20525 836.5 QPSK. 1 25 2525 881.5 2x2 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B4 20 2175 2132.5 4x4 MIMO 25.50 25.50
CA_2A-5A-30A LTE BS 10 20525 836.5 QPsk 1 25 2525 881.5 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B30 10 9820 2355 2x2 MIMO 25.38 25.50
CA_2A-5A-66A LTE BS 10 20525 836.5 QPSK 1 25 2525 881.5 2x2 MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B66 20 66786 2145 2x2 MIMO 25.50 25.50
CA_2A-5A-66A LTE BS 10 20525 836.5 QPSK 1 25 2525 881.5 2x2MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 25.49 25.50
CA_4A-5A-30A LTE BS 10 20525 836.5 QPSK 1 25 2525 881.5 2x2MIMO | LTE B4 20 2175 21325 4x4 MIMO LTE B30 10 9820 2355 2x2 MIMO 2535 25.50
CA_5A-30A-66A LTE BS 10 20525 836.5 QPSK. 1 25 2525 881.5 2x2 MIMO | LTE B30 10 9820 2355 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 25.40 25.50
CA_5A-66B LTE BS 10 20525 836.5 QPSK 1 25 2525 881.5 2x2 MIMO | LTE B66 15 66786 2145 4x4 MIMO LTE B66 5 66693 2135.7 4x4 MIMO 25.47 25.50
CA_5A-66C LTE BS 10 20525 836.5 QPSK. 1 25 2525 881.5 2x2 MIMO | LTE B66 20 66786 2145 4x4 MIMO LTE B66 20 66984 2164.8 4x4 MIMO 25.50 25.50
CA_5A-66A-66A LTE BS 10 20525 836.5 QPSkK 1 25 2525 881.5 2x2 MIMO | LTE B66 5 66786 2145 4x4 MIMO LTE B66 5 67311 2197.5 2x2 MIMO 25.49 25.50
Table H-14
LTE Band 66 Additional Maximum Output Powers — 3 Component Carriers
PCC scc1 scc2 Power
DL DL DL LTE Single
o Pcc_ PCC (UL) (ESILY _|pccuLk | PccuL |Pec (o) GEsC) Antenna scc_ scc(pL) S5 Antenna s“f scc (L) SESED Antenna |LTE Tx.Power with DL CA Carrier"rx
Combination PCCBand | Bandwidth Frequency | Modulation Frequency SCC Band | Bandwidth Frequency SCC Band Bandwidth Frequency
[MHz) Channel [MHz) RB RB Offset | Channel [MHz) Configurati [MHz) Channel [MHz) Co ti [MHz) Channel [MHz) Configurati Enabled (dBm) Power
on on on (dBm)
CA_2A-2A-66A LTE B66 S 132647 1777.5 QPSK. 1 0 67111 2177.5 2x2MIMO | LTE B2 S 900 1960 Ax4 MIMO LTE B2 5 625 1932.5 2x2 MIMO 24.69 24.70
CA_2A-2A-66A LTE B66 5 132647 1777.5 QPSK. 1 ] 67111 2177.5 4x4 MIMO | LTE B2 5 900 1960 2x2 MIMO LTE B2 5 625 1932.5 2x2 MIMO 24.70 24.70
CA_2A-5A-66A LTE B66 S 132647 1777.5 QPSK. 1 0 67111 2177.5 2x2MIMO | LTE B2 20 900 1960 Ax4 MIMO LTE BS 10 2525 881.5 2x2 MIMO 24.70 24.70
CA_2A-5A-66A LTE B66 5 132647 1777.5 QPSK. 1 0 67111 2177.5 4x4 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE BS 10 2525 881.5 2x2 MIMO 24.69 24.70
CA_2A-12A-66A LTE B66 S 132647 1777.5 QPSK. 1 0 67111 2177.5 2x2MIMO | LTE B2 20 900 1960 Ax4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 24.68 24.70
CA_2A-12A-66A LTE B66 5 132647 1777.5 QPSK. 1 0 67111 2177.5 4x4 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B12 10 5095 737.5 2x2 MIMO 24.68 24.70
CA_2A-13A-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 2x2MIMO | LTE B2 20 900 1960 Ax4 MIMO LTEB13 10 5230 751 2x2 MIMO 24.70 24.70
CA_2A-13A-66A LTE B66 5 132647 1777.5 QPSK 1 )] 67111 2177.5 4x4 MIMO | LTE B2 20 900 1960 2x2 MIMO. LTE B13 10 5230 751 2x2 MIMO 24.67 24.70
CA_2A-66B LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B66 15 67018 2168.2 4x4 MIMO 24.69 24.70
CA_2A-668 LTE B66 5 132647 1777.5 QPSK 1 ] 67111 2177.5 2x2 MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B66 15 67018 2168.2 2x2 MIMO 24.67 24.70
CA_2A-66C LTE B66 5 132647 1777.5 QPSK. 1 0 67111 2177.5 4x4 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B66 20 66994 2165.8 4x4 MIMO 24.70 24.70
CA_2A-66C LTE B66 5 132647 1777.5 QPSK. 1 0 67111 2177.5 2x2 MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B66 20 66994 2165.8 2x2 MIMO 24.68 24.70
CA_2A-66A-66A LTE B66 5 132647 1777.5 QPSK 1 o 67111 2177.5 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B66 5 66461 2112.5 2x2 MIMO 24.68 24.70
CA_2A-66A-66A LTE B66 5 132647 1777.5 QPSK. 1 0 67111 2177.5 4x4 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B66 5 66461 2112.5 2x2 MIMO 24.70 24.70
CA_2A-66A-66A LTE B66 5 132647 1777.5 QPSK 1 [ 67111 2177.5 2x2MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B66 5 66461 2112.5 4x4 MIMO 24.67 24.70
CA_5A-30A-66A LTE B66 5 132647 1777.5 QPSK. 1 0 67111 2177.5 4x4 MIMO | LTE BS 10 2525 881.5 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.60 24.70
CA_5A-66B LTE B66 5 132647 1777.5 QPSkK 1 o 67111 2177.5 4x4 MIMO | LTE BS 10 2525 8815 2x2 MIMO LTE B66 15 67018 2168.2 4x4 MIMO 24.67 24.70
CA_5A-66C LTE B66 5 132647 1777.5 QPSK. 1 ] 67111 2177.5 4x4 MIMO | LTE BS 10 2525 881.5 2x2 MIMO. LTE B66 20 66994 2165.8 4x4 MIMO 24.68 24.70
CA_5A-66A-66A LTE B66 5 132647 1777.5 QPSK 1 ) 67111 2177.5 4x4 MIMO | LTE BS 10 2525 8815 2x2 MIMO LTE B66 5 66461 2112.5 2x2 MIMO 24.70 24.70
CA_5A-66A-66A LTE B66 5 132647 1777.5 QPSK. 1 0 67111 2177.5 2x2 MIMO | LTE BS 10 2525 881.5 2x2 MIMO. LTE B66 5 66461 2112.5 4x4 MIMO 24.66 24.70
CA_12A-66A-66A LTE B66 5 132647 1777.5 QPSk 1 [ 67111 2177.5 4x4 MIMO | LTE B12 10 5095 737.5 2x2 MIMO LTE B66 5 66461 2112.5 2x2 MIMO 24.70 24.70
CA_12A-66A-66A LTE B66 5 132647 1777.5 QPSK. 1 0 67111 2177.5 2x2 MIMO | LTE B12 10 5095 737.5 2x2 MIMO. LTE B66 5 66461 2112.5 4x4 MIMO 24.68 24.70
CA_13A-66A-66A LTE B66 5 132647 1777.5 QPSK 1 [ 67111 2177.5 4x4 MIMO | LTE B13 10 5230 751 2x2 MIMO LTE B66 5 66461 2112.5 2x2 MIMO 24.67 24.70
CA_13A-66A-66A LTE B66 5 132647 1777.5 QPSK. 1 )] 67111 2177.5 2x2 MIMO | LTE B13 10 5230 751 2x2 MIMO LTE B66 5 66461 2112.5 4x4 MIMO 24.66 24.70
CA_13A-66B LTE B66 5 132647 1777.5 QPSK 1 [ 67111 2177.5 4x4 MIMO | LTE B13 10 5230 751 2x2 MIMO LTE B66 15 67018 2168.2 4x4 MIMO 24.69 24.70
CA_66A-66C LTE B66 5 132647 1777.5 QPSK 1 [ 67111 2177.5 4x4 MIMO | LTE B66 20 66578 2124.2 2x2 MIMO LTE B66 5 66461 2112.5 2x2 MIMO 24.60 24.70
CA_66A-66C LTE B66 5 132647 1777.5 QPSK 1 ) 67111 2177.5 2x2 MIMO | LTE B66 20 66578 2124.2 4x4 MIMO LTE B66 5 66461 2112.5 4x4 MIMO 24.58 24.70
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Table H-15
LTE Band 4 Additional Maximum Output Powers — 3 Component Carriers

PCC SCc1 scc2 Power
DL DL DL LTE Single
» GEs PCC (UL) (REE(L) pecus | PCY [pec (o) GEsE Antenna SCC - Jsee (DL) =PI Antenna SCC  lsee (oy) =D Antenna | LTE Tx.Power with DL | Carrier Tx
Corbiarc[[Fcchand]| Bandu it el edency RB BB | channel|FredUeMY | oo fiourat | >SS Channel | 7% @i e Channel|Freaueney CAEnabled (dBm) | Power
[MHz] [MHz] Offsef [MHz] et [MHz] [MHz] et [MHz) [MHz] et (dBm)
CA_2A-4A-4A LTEB4 5 20375 17525 QPSK 1 0 2375 21525 |[2x2MIMO| LTE B2 20 900 1960 A4x4 MIMO LTE B4 5 1975 21125 | 2x2 MIMO 24.65 24.70
CA_2A-4A-4A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 |4x4 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B4 5 1975 2112.5 2x2 MIMO. 24.68 24.70
CA_2A-4A-4A LTEB4 5 20375 17525 QPSK 1 0 2375 21525 |2x2MIMO| LTE B2 20 900 1960 2x2 MIMO LTE B4 5 1975 21125 | 4x4 MIMO 24.68 24.70
CA_2A-4A-5A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE BS 10 2525 8815 2x2 MIMO 24.70 24.70
CA_2A-4A-5A LTEB4 5 20375 17525 QPSK 1 0 2375 21525 |4x4MIMO| LTE B2 20 900 1960 2x2 MIMO LTE BS 10 2525 8815 2x2 MIMO 24.68 24.70
CA_2A-4A-12A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 24.67 24.70
CA_2A-4A-12A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 [4x4MIMO| LTEB2 20 900 1960 2x2 MIMO LTE B12 10 5095 7375 22 MIMO 24.70 24.70
CA_2A-4A-13A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 2x2MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B13 10 5230 751 2x2 MIMO 24.65 24.70
CA_2A-4A-13A LTEB4 5 20375 1752.5 QPSK 1 0 2375 21525 [4x4MIMO| LTEB2 20 900 1960 2x2 MIMO LTEB13 10 5230 751 2x2 MIMO 24.70 24.70
CA_2A-4A-7A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 [4x4MIMO| LTE B2 20 900 1960 2x2 MIMO LTEB7 20 3100 2655 2x2 MIMO. 24.69 24.70
CA_2A-4A-29A LTEB4 5 20375 1752.5 QPSK 1 0 2375 21525 [2x2MIMO| LTEB2 20 900 1960 4x4 MIMO LTEB29 10 9715 7225 2x2 MIMO 24.66 24.70
CA_2A-4A-29A LTE B4 5 20375 1752.5 QPSK 1 [] 2375 2152.5 |[4x4 MIMO| LTE B2 20 900 1960 2x2 MIMO LTE B29 10 9715 722.5 2x2 MIMO 24.70 24.70
CA_2A-4A-30A LTEB4 5 20375 1752.5 QPSK 1 0 2375 2152.5 [2x2MIMO| LTEB2 20 900 1960 4x4 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.68 24.70
CA_2A-4A-30A LTEB4 5 20375 1752.5 QPSK 1 ] 2375 2152.5 |[4x4 MIMO| LTE B2 20 900 1960 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.69 24.70
CA_4A-4A-5A LTEB4 5 20375 1752.5 QPSK 1 0 2375 2152.5 [4x4MIMO| LTEB4 5 1975 21125 | 2x2 MIMO LTE BS 10 2525 8815 2x2 MIMO 24.70 24.70
CA_4A-4A-5A LTEB4 5 20375 1752.5 QPSK 1 ] 2375 2152.5 |[2x2MIMO| LTEB4 5 1975 21125 | 4x4 MIMO LTE BS 10 2525 881.5 2x2 MIMO 24.70 24.70
CA_4A-4A-12A LTEB4 5 20375 1752.5 QPSK 1 0 2375 2152.5 [4x4MIMO| LTEB4 5 1975 21125 | 2x2 MIMO LTE B12 10 5095 7375 2x2 MIMO 24.69 24.70
CA_4A-4A-12A LTEB4 5 20375 1752.5 QPSK 1 ] 2375 2152.5 [2x2MIMO| LTEB4 5 1975 21125 | 4x4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 24.70 24.70
CA_4A-4A-13A LTEB4 5 20375 1752.5 QPSK 1 0 2375 2152.5 [4x4MIMO| LTEB4 5 1975 21125 | 2x2 MIMO LTEB13 10 5230 751 2x2 MIMO 24.68 24.70
CA_4A-4A-13A LTEB4 5 20375 1752.5 QPSK 1 ] 2375 2152.5 [2x2MIMO| LTEB4 5 1975 21125 | 4x4 MIMO LTE B13 10 5230 751 2x2 MIMO 24.70 24.70
CA_4A-4A-29A LTEB4 5 20375 1752.5 QPSK 1 0 2375 2152.5 [2x2MIMO| LTEB4 5 1975 21125 | 2x2MIMO LTE B29 10 9715 7225 2x2 MIMO 24.65 24.70
CA_4A-4A-29A LTEB4 5 20375 1752.5 QPSK 1 [ 2375 2152.5 [2x2MIMO| LTEB4 5 1975 21125 | 4x4 MIMO LTE B29 10 9715 722.5 2x2 MIMO 24.70 24.70
CA_4A-5A-30A LTEB4 5 20375 1752.5 QPSK 1 0 2375 21525 |4x4MIMO| LTEBS 10 2525 8815 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.68 24.70
CA_4A-7A-7TA LTEB4 5 20375 1752.5 QPSK 1 0 2375 21525 | 4x4MIMO| LTEB7 5 3100 2655 2x2 MIMO LTEB7 5 2775 2622.5 | 2x2 MIMO 24.70 24.70
CA_4A-7TA-12A LTEB4 5 20375 1752.5 QPSK 1 0 2375 21525 [4x4MIMO| LTEB7 20 3100 2655 2x2 MIMO LTE B12 10 5095 7375 2x2 MIMO 24.70 24.70
CA_4A-12A-30A LTEB4 5 20375 1752.5 QPSK 1 0 2375 21525 | 4x4MIMO | LTE B12 10 5095 737.5 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.69 24.70
CA_4A-29A-30A LTEB4 5 20375 1752.5 QPSK 1 0 2375 21525 |4x4MIMO| LTE B29 10 9715 7225 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.70 24.70
CA_2A-4A-4A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 2x2MIMO | LTE B4 5 1975 2112.5 2x2 MIMO LTE B2 20 900 1960 2x2 MIMO 24.59 24.70
CA_2A-2A-4A LTEB4 5 20375 17525 QPSK 1 0 2375 21525 [2x2MIMO| LTE B2 5 900 1960 2x2 MIMO LTE B2 5 625 19325 | 2x2MIMO 24.62 24.70
Table H-16
LTE Band 2 Additional Maximum Output Powers — 3 Component Carriers
PCC Scc1 scc2 Power
DL DL DL LTE Single
» GEs PCC (UL) (REE(L) pecus | PCY [pec (o) GES(E Antenna SCC - Jsee (DL) 5P Antenna SCC lsee (o) =S Antenna | LTE Tx.Power with DL | Carrier Tx
Corbiatco[[Fcchand] Bandw it | el ediiency RB B channel| o4 | oo figurat | >SS hannel| e Y| conigurar| SCCBand Channel|Freaueney CAEnabled (dBm) | Power
[MHz] [MHz] Offset [MHz] et [MHz] [MHz] et [MHz) [MHz] i (dBm)
CA_2A-2A-5A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B2 5 625 19325 | 2x2 MIMO LTE BS 10 2525 8815 2x2 MIMO 24.66 24.70
CA_2A-2A-5A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTE B2 5 625 19325 | 4x4 MIMO LTE BS 10 2525 8815 2x2 MIMO 24.67 24.70
CA_2A-2A-12A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B2 5 625 1932.5 2x2 MIMO LTE B12. 10 5095 737.5 2x2 MIMO 24.66 24.70
CA_2A-2A-12A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTE B2 5 625 19325 | 4x4 MIMO LTE B12 10 5095 7375 2x2 MIMO 24.65 24.70
CA_2A-2A-13A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B2 5 625 1932.5 2x2 MIMO LTE B13 10 5230 751 2x2 MIMO 24.67 24.70
CA_2A-2A-13A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO | LTE B2 5 625 1932.5 4x4 MIMO LTE B13 10 5230 751 2x2 MIMO. 24.67 24.70
CA_2A-2A-66A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B2 5 625 1932.5 2x2 MIMO LTE B66. 20 66786 2145 2x2 MIMO 24.66 24.70
CA_2A-2A-66A LTEB2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTEB2 5 625 1932.5 4x4 MIMO LTE B66 20 66786 2145 22 MIMO. 24.65 24.70
CA_2A-2A-66A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO | LTE B2 5 625 1932.5 2x2 MIMO LTE B66. 20 66786 2145 4x4 MIMO 24.70 24.70
CA_2A-4A-4A LTEB2 20 19100 1900 QPSK 1 50 1100 1980 4x4MIMO | LTEB4 5 2175 2132.5 | 2x2 MIMO LTE B4 5 2375 2152.5 | 2x2 MIMO 24.70 24.70
CA_2A-4A-4A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTEB4 5 2175 2132.5 4x4 MIMO LTE B4 5 2375 2152.5 2x2 MIMO 24.69 24.70
CA_2A-4A-5A LTEB2 20 19100 1900 QPSK 1 50 1100 1980 4x4MIMO | LTEB4 20 2175 2132.5 | 2x2 MIMO LTE BS 10 2525 8815 2x2 MIMO. 24.69 24.70
CA_2A-4A-5A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTEB4 20 2175 2132.5 4x4 MIMO LTE BS 10 2525 881.5 2x2 MIMO 24.65 24.70
CA_2A-4A-12A LTEB2 20 19100 1900 QPSK 1 50 1100 1980 4x4MIMO | LTEB4 20 2175 2132.5 | 2x2 MIMO LTE B12 10 5095 7375 2x2 MIMO 24.60 24.70
CA_2A-4A-12A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTEB4 20 2175 2132.5 | 4x4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 24.68 24.70
CA_2A-4A-13A LTEB2 20 19100 1900 QPSK 1 50 1100 1980 4x4MIMO | LTEB4 20 2175 21325 | 2x2 MIMO LTEB13 10 5230 751 2x2 MIMO 24.65 24.70
CA_2A-4A-13A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTE B4 20 2175 2132.5 | 4x4 MIMO LTE B13 10 5230 751 2x2 MIMO 24.66 24.70
CA_2A-4A-7A LTEB2 20 19100 1900 QPSK 1 50 1100 1980 22MIMO| LTEB4 20 2175 21325 | 4x4 MIMO LTEB7 20 3100 2655 2x2 MIMO 24.68 24.70
CA_2A-4A-29A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4MIMO | LTE B4 20 2175 21325 | 2x2 MIMO LTE B29 10 9715 722.5 2x2 MIMO 24.67 24.70
CA_2A-4A-29A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTEB4 20 2175 21325 | 4x4 MIMO LTE B29 10 9715 7225 2x2 MIMO 24.69 24.70
CA_2A-4A-30A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4MIMO | LTE B4 20 2175 21325 | 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.67 24.70
CA_2A-4A-30A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTEB4 20 2175 21325 | 4x4 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.68 24.70
CA_2A-5A-30A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE BS 10 2525 8815 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.64 24.70
CA_2A-5A-66A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 A4x4MIMO | LTE BS 10 2525 8815 2x2 MIMO LTE B66 20 66786 2145 2x2 MIMO 24.66 24.70
CA_2A-5A-66A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTE BS 10 2525 8815 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 24.70 24.70
CA_2A-12A-30A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4MIMO | LTE B12 10 5095 737.5 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.65 24.70
CA_2A-12A-66A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4MIMO | LTE B12 10 5095 737.5 2x2 MIMO LTE B66 20 66786 2145 2x2 MIMO 24.65 24.70
CA_2A-12A-66A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO | LTEB12 10 5095 7375 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 24.69 24.70
LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B13 10 5230 751 2x2 MIMO LTE B66 20 66786 2145 2x2 MIMO 24.68 24.70
CA_2A-1: 6A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO | LTEB13 10 5230 751 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 24.70 24.70
CA_2A-29A-30A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B29 10 9715 722.5 2x2 MIMO LTE B30 10 9820 2355 2x2 MIMO 24.70 24.70
CA_2A-66B LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO | LTE B66 15 66786 2145 4x4 MIMO LTE B66 5 66879 21543 | 4x4 MIMO 24.70 24.70
CA_2A-66B LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B66 15 66786 2145 2x2 MIMO LTE B66. 5 66879 21543 2x2 MIMO 24.69 24.70
CA_2A-66C LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO | LTE B66 20 66786 2145 4x4 MIMO LTE B66. 20 66984 2164.8 | 4x4 MIMO. 24.68 24.70
CA_2A-66C LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B66 20 66786 2145 2x2 MIMO LTE B66. 20 66984 2164.8 2x2 MIMO 24.69 24.70
CA_2A-66A-66A LTEB2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO | LTE B66 5 66786 2145 2x2 MIMO LTE B66 5 67311 2197.5 22 MIMO. 24.69 24.70
CA_2A-66A-66A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO | LTE B66 5 66786 2145 4x4 MIMO LTE B66. 5 67311 2197.5 2x2 MIMO. 24.68 24.70
CA_2A-4A-4A LTEB2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTEB4 5 2175 2132.5 | 2x2 MIMO LTE B4 5 2375 2152.5 | 2x2 MIMO 24.61 24.70
CA_2A-2A-4A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 2x2MIMO| LTE B2 5 625 1932.5 2x2 MIMO LTE B4 20 2175 21325 2x2 MIMO 24.59 24.70
Table H-17
LTE Band 30 Additional Maximum Output Powers — 3 Component Carriers
PCC scc1 scc2 Power
DL DL DL LTE Single
o Pcc_ PCC (UL) CEE() .| pccuLt | pccuL |Pcc (pL) EEY) || term scc_ scc (DL) S || scc. scc (DL) SCC(OL) | 1 venna |LTE TxPower with DL CA carrler"fx
Combination PCCBand |Bandwidth Frequency | Modulation Frequency .[SCC Band | Bandwidth Frequency . SCC Band Bandwidth Frequency
MHz] Channel [MH2] RB RB Offset | Channel Ha fil ti [MH2] Channel [MHz] fi ti [MHz] Channel MH2 Config ti Enabled (dBm) Power
on on on (dBm)
CA_2A-4A-30A LTE B30 10 27710 2310 QPsK. 1 25 9820 2355 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B4 20 2175 21325 2x2 MIMO 25.10 25.20
CA_2A-4A-30A LTE B30 10 27710 2310 QPSK. 1 25 9820 2355 2x2 MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B4 20 2175 2132.5 4x4 MIMO 25.11 25.20
CA_2A-5A-30A LTE B30 10 27710 2310 QPsk 1 25 9820 2355 2x2 MIMO | LTE B2 20 900 1960 4x4 MIMO LTE BS 10 2525 881.5 2x2 MIMO 25.15 25.20
CA_2A-12A-30A LTE B30 10 27710 2310 QPSK. 1 25 9820 2355 2x2MIMO | LTE B2 20 900 1960 Ax4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 25.09 25.20
CA_2A-29A-30A LTE B30 10 27710 2310 QPSK 1 25 9820 2355 2x2MIMO | LTE B2 20 900 1960 4x4 MIMO LTE B29 10 9715 722.5 2x2 MIMO 25.10 25.20
CA_4A-5A-30A LTE B30 10 27710 2310 QPSK. 1 25 9820 2355 2x2 MIMO | LTE B4 20 2175 21325 Ax4 MIMO LTE BS 10 2525 881.5 2x2 MIMO 25.05 25.20
CA_4A-12A-30A LTE B30 10 27710 2310 QPSkK 1 25 9820 2355 2x2MIMO | LTE B4 20 2175 21325 4x4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 25.06 25.20
CA_5A-30A-66A LTE B30 10 27710 2310 QPSK 1 25 9820 2355 2x2MIMO | LTE BS 10 2525 8815 2x2 MIMO LTE B66 20 66786 2145 4x4 MIMO 25.03 25.20
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Table H-18

LTE Band 7 Additional Maximum Output Powers — 3 Component Carriers

PcC scc1 scc2 Power
DL DL DL LTE Single
pec PCC (UL) CESID PCCUL# | PCCUL |PCC (DL) (s ‘Antenna scc scc (pL) () Antenna scc scc (oL) SESE Antenna (LTE Tx.Power with DL CA| Carrier Tx
Combinati PCCBand |Bandwidth Fr Modulati Fre SCC Band | Bandwidth Fi scCBand | Bandwidth Fre
mbination n ["MHx] Channel "l’:::x’;" odulation | g |R8 Offset| Channel l:::x';‘v c -n; il n ["MHx] Channel "[:';x';" c :nmﬂ n TM:;I Channel l:::x';‘v c -n; ti|  Enabled (dBm) :::)r
CA_2A-4A-7A LTEB7 20 21100 2535 QPSK. 1 0 3100 2655 2x2MIMO | LTE B2 20 900 1960 2x2 MIMO LTE B4 20 2175 21325 | 4x4 MIMO 23.50 23.60
CA_4A-TA-TA LTE B7 20 21100 2535 QPSK 1 ) 3100 2655 2x2 MIMO | LTE B4 20 2175 21325 4x4 MIMO LTE B7 5 2775 2622.5 2x2 MIMO 23.46 23.60
CA_4A-7A-12A LTEB7 20 21100 2535 QPSK 1 0 3100 2655 2x2MIMO | LTEB4 20 2175 21325 | 4x4 MIMO LTE B12 10 5095 737.5 2x2 MIMO 23.47 23.60
Base Station [+——————— N
Simulator - 5 »| Wireless Device
—— 7 >
(Master) [ ¢ ¢l
Base station
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APPENDIX I: CONDUCTED POWERS FOR LAA

This device supports LAA with downlink carrier aggregation only for B46. All uplink communications and
acknowledgements on the PCC remain identical to specifications when downlink carrier aggregation is
inactive.

Per FCC Guidance and KDB Publication 941225 DO5A v01r02, for every supported combination,
additional conducted output powers are measured with the downlink carrier aggregation active for the
configuration with highest measured maximum conducted power with downlink carrier aggregation
inactive measured among the channel bandwidth, modulation, and RB combinations in each frequency
band.

The PCC uplink channel was selected based on section C)3)b)ii) of KBD 941225 D05 V01r02. The
downlink PCC channel was paired with the selected PCC uplink channel according to normal
configurations without carrier aggregation per 3GPP requirements. The SCC downlink channels were
selected near the middle of their transmission bands. For contiguous intra-band carriers, the downlink
channel spacing between the component carriers was set to multiple of 300 kHz less than the nominal
channel spacing defined in section 5.4.1A of 3GPP TS 36.521. For LAA operations, each Band 46 sub-
band was evaluated independently due to the wide downlink bandwidth.

Per FCC KDB Publication 941225 DO5Av01r02, no SAR measurements are required for carrier
aggregation configurations when the average output power with downlink only carrier aggregation active
is not more than 0.25 dB higher than the average output power with downlink only carrier aggregation
inactive.

Per FCC guidance, LTE Band 66 standalone powers were used to select measurement configurations for
LTE Band 4 and LTE Band 25 standalone powers were used to select measurement configurations for
LTE Band 2.
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[.1 Downlink LAA Additional Conducted Powers

Table I-1
Additional Maximum Output Powers — 2 Component Carriers

PCC scc Power
LTE Single
PCC PCC (UL] PCC (DL scc SCC (DL]
. 5 PCC (UL) (uL) . PCCUL# | PCCUL |PCC(DL) (oL) . |scc(pL) (DL) LTE Tx.Power with DL CA| Carrier Tx
Combination PCCBand | Bandwidth Channel Frequency | Modulation - RB Offset| Channel | &% y |SCC Band channel | F Enabled (dBm) Power
[MHz] [MHz] [MHz] [MHz] [MHz]
(dBm)
CA_2A-46,A LTE B2 20 19100 1900 QPsSK 1 50 1100 1980 LTE B46, 20 47290 5200 24.60 24.70
CA_2A-465A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 LTE B46g 20 48290 5300 24.57 24.70
CA_2A-46cA LTE B2 20 19100 1900 QPSK 1 50 1100 1980 LTE B46c 20 51290 5600 24.53 24.70
CA_2A-465A LTE B2 20 19100 1900 QPsSK 1 50 1100 1980 LTE B46p 20 53140 5785 24.50 24.70
CA_4A-46,A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 | LTE B46, 20 47290 5200 24.62 24.70
CA_4A-465A LTE B4 5 20375 1752.5 QPsK 1 0 2375 2152.5 | LTE B46; 20 48290 5300 24.61 24.70
CA_4A-46A LTE B4 5 20375 1752.5 QPSK 1 0 2375 21525 | LTE B46c 20 51290 5600 24.68 24.70
CA_4A-465A LTE B4 5 20375 1752.5 QPsSK 1 0 2375 2152.5 LTE B46p 20 53140 5785 24.68 24.70
CA_46,A-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 | 2177.5 | LTEB46, 20 47290 5200 24.56 24.70
CA_465A-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 | 2177.5 | LTE B46s 20 48290 5300 24.60 24.70
CA_46cA-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 | 2177.5 | LTE B46c 20 51290 5600 24.67 24.70
CA_46,A-66A | LTEB66 5 132647 1777.5 QPsK 1 0 67111 | 2177.5 |[LTEB46, 20 53140 5785 24.62 24.70
CA_13A-46,A LTE B13 10 23230 782 QPSK 1 25 5230 751 LTE B46, 20 47290 5200 25.23 25.47
CA_13A-465A LTE B13 10 23230 782 QPsSK 1 25 5230 751 LTE B46g 20 48290 5300 25.29 25.47
CA_13A-46,A LTE B13 10 23230 782 QPSK 1 25 5230 751 LTE B46 20 51290 5600 25.32 25.47
CA_13A-46,A | LTEB13 10 23230 782 QPsK 1 25 5230 751 LTE B46p 20 53140 5785 25.28 25.47
CA_7A-46,A LTE B7 20 21100 2535 QPSK 1 0 3100 2655 | LTE B46, 20 47290 5200 23.62 23.60
CA_7A-465A LTE B7 20 21100 2535 QPsK 1 0 3100 2655 LTE B46g 20 48290 5300 23.63 23.60
CA_7A-46A LTE B7 20 21100 2535 QPSK 1 0 3100 2655 | LTE B46c 20 51290 5600 23.65 23.60
CA_7A-46,A LTE B7 20 21100 2535 QPsK 1 0 3100 2655 | LTE B46y 20 53140 5785 23.64 23.60
Table I-4
Additional Maximum Output Powers —3 Component Carriers
= scc1 scc2 Power
pcc pcc (uL) pcc (o) scc scc (oL) scc scc (oL) (S
[Compipaticn PCCBand | Bandwidth Zf‘c (”"I) Frequency | Modulation Pci: L R:C;:L | Z:C "’"} Frequency | SCCBand | Bandwidth i:c "’"} Frequency | SCCBand | Bandwidth f:f‘c "’L: e ] (e ':P:‘:’;'(::" ')“ & C‘P"‘" T
E amnel | et Channel| " ECH Ty | Channel| iy | Chamnel | na m] (::::)r
CA_2A-46,C LTE B2 20 19100 1900 QPSK 1 50 1100 1980 LTE B46, 20 47290 5200 LTE B46, 20 47488 5219.8 24.59 24.70
CA_2A-46,C LTEB2 20 19100 1900 apsk 1 50 | 1200 | 1980 | LTEB46s 20 48290 | 5300 LTE B46s 20 48488 | 53198 24.61 24.70
CA_2A-46.C LTE B2 20 19100 1900 QPSK 1 50 1100 1980 LTE B46. 20 51290 5600 LTE B46. 20 51488 5619.8 24.57 24.70
CA_2A-46,C LTE B2 20 19100 1900 QpPsk. 1 50 1100 1980 LTE B46p 20 53140 5785 LTE B46, 20 53338 5804.8 24.55 24.70
CA_2A-46,A-46,A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 LTE B46, 20 47090 5180 LTE B46, 20 53540 5825 24.44 24.70
CA_4A46,C LTEB4 5 20375 | 17525 apsk 1 ) 2375 | 21525 | LiEBd6, 20 47290 | 5200 LTE 846, 20 47488 | 52198 24.63 24.70
CA_4A-464C LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 LTE B46y 20 48290 5300 LTE B46y 20 48488 5319.8 24.60 24.70
CA_4A-46.C LTE B4 5 20375 1752.5 QpPsk. 1 0 2375 2152.5 LTE B46. 20 51290 5600 LTE B46¢ 20 51488 5619.8 24.65 24.70
CA_4A-46,C LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 LTE B46, 20 53140 5785 LTE B46, 20 53338 5804.8 24.67 24.70
CA_4A-46,A-46pA LTE B4 5 20375 1752.5 QPskK 1 0 2375 2152.5 LTE B46, 20 47090 5180 LTE B46, 20 53540 5825 24.64 24.70
CA_46,C-66A LTE B66 5 132647 1777.5 QPsK 1 0 67111 2177.5 LTE B46, 20 47290 5200 LTE B46, 20 47488 5219.8 24.61 24.70
CA_465C-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 LTE B46y 20 48290 5300 LTE B46y 20 48488 5319.8 24.60 24.70
CA_46.C-66A LTE 866 5 132647 | 17775 apsk 1 0 [ 6711 | 21775 | LTesds 20 51290 | 5600 LTE Bd6e 20 51488 | 56198 24.69 24.70
CA_46,C-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 LTE B46; 20 53140 5785 LTE B46, 20 53338 5804.8 24.64 24.70
CA_46,A-460A-66A LTE B66 5 132647 | 17775 apsk 1 0 [ 6711 | 21775 | LTesds, 20 4709 | 5180 LTE B46, 20 53540 | 5825 24.64 24.70
CA_13A-46,C LTEB13 10 23230 782 QPSK 1 25 5230 751 LTE B46, 20 47290 5200 LTE B46, 20 47488 5219.8 2531 25.47
CA_13A-465C LTEB13 10 23230 782 QpPsk. 1 25 5230 751 LTE B465 20 48290 5300 LTE B46g 20 48488 5319.8 25.32 25.47
CA_13A-46.C LTE B13 10 23230 782 QPSK 1 25 5230 751 LTE B46c 20 51290 5600 LTE B46¢ 20 51488 5619.8 25.30 25.47
CA_13A-46,C LTE B13 10 23230 782 QPsk 1 25 5230 751 LTE B46, 20 53140 5785 LTE B46, 20 53338 5804.8 2531 25.47
CA_7A-46,C LTE B7 20 21100 2535 QPSK 1 0 3100 2655 LTE B46, 20 47290 5200 LTE B46, 20 47488 5219.8 23.63 23.60
CA_7A-464C LTEB7 20 21100 2535 QPsk 1 0 3100 2655 LTE B46y 20 48290 5300 LTE B46y 20 48488 5319.8 23.62 23.60
CA_7A-46.C LTE B7 20 21100 2535 QPSK 1 0 3100 2655 LTE B46c 20 51290 5600 LTE B46¢ 20 51488 5619.8 23.65 23.60
CA_7A-46,C LTEB7 20 21100 2535 QPsk 1 0 3100 2655 LTE B46;,. 20 53140 5785 LTE B46, 20 53338 5804.8 23.63 23.60
CA_7A-46,A-460A LTE B7 20 21100 2535 QPSK 1 0 3100 2655 LTE B46, 20 47090 5180 LTE B46, 20 53540 5825 23.64 23.60
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Table I-2
Additional Maximum Output Powers — 4 Component Carriers

pPcc scc scc scc Power

pCC (UL) pcc (bL) sce (oL sce(oy) scc (oL G

- pec pand| PCCBW [PeC(uL) |7 PpccuLk | peccuL | pec (o) Freq. | sccang | SCCBW |scc (o) Freq. sccBana | SCCBW | scc(on) Freq. sccBand | SCCBW | SCC(DL) | T P |LTE Tx.Power with DL CA| Carrer Tx
Mz | channel | RS |RBOffset| Channel [ L {M#z] | channel | L IMHa] | channel | |1 el | channel | Enabled (dBm) ::;:;
CA_2A-46,D LTE B2 20 19100 1900 QPsk 1 50 1100 1980 LTE B46, 20 47290 5200 LTE B46, 20 47488 5219.8 LTE B46, 20 47092 5180.2 24.58 24.70
CA_2A-46,D LTEB2 20 19100 1900 QPsK 1 50 1100 1980 LTE B46; 20 48290 5300 LTE B46y 20 48488 5319.8 LTE B46, 20 48092 5280.2 24.54 24.70
CA_2A-46.D LTE B2 20 19100 1900 QPsk 1 50 1100 1980 LTE B46c 20 51290 5600 LTE B46c 20 51488 5619.8 LTE B46: 20 51092 5580.2 24.55 24.70
CA_2A-46,D LTE B2 20 19100 1900 QPSK 1 50 1100 1980 LTE B46, 20 53140 5785 LTE BA46; 20 53338 5804.8 LTE B46y. 20 52942 5765.2 24.57 24.70
CA_2A-46,A-46,C LTE B2 20 19100 1900 QPsK 1 50 1100 1980 LTE B46, 20 47090 5180 LTE B46; 20 53540 5825 LTE B46; 20 53342 5805.2 24.48 24.70
CA_13A-46,D LTE B13 10 23230 782 QPsK 1 25 5230 751 LTE B46, 20 47290 5200 LTE B46, 20 47488 5219.8 LTE B46, 20 47092 5180.2 25.33 25.47
CA_13A-46,D LTEB13 10 23230 782 QPsK 1 25 5230 751 LTE B46; 20 48290 5300 LTE B46, 20 48488 5319.8 LTE B46y 20 48092 5280.2 2532 25.47
CA_13A-46.D LTE B13 10 23230 782 QPsk 1 25 5230 751 LTE BA6 20 51290 5600 LTE BA46 20 51488 5619.8 LTE B46: 20 51092 5580.2 25.34 25.47
CA_13A-46,D LTEB13 10 23230 782 QPsK 1 25 5230 751 LTE B46, 20 53140 5785 LTE B46; 20 53338 5804.8 LTE B46y 20 52942 5765.2 25.32 25.47
CA_4A-46AD Tes | 5 | 20375 | 17525 | apsk 1 0 2375 | 21525 | LTEB46, 20 | 47200 | 5200 | Leeas, 20 | a74s8 | 52198 | L1 846, 20 | 47092 | 51802 2461 24.70
CA_4A-46BD LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 LTE B46; 20 48290 5300 LTE BA46y 20 48488 5319.8 LTE B46g 20 48092 5280.2 24.60 24.70
CA_4A-46CD \TEB4 | 5 | 20375 | 17525 | apsk 1 0 2375 | 21525 | LTE Bd6e 20 | 51290 | 5600 | LTEBd6 20 | siss | 56198 | LTEBds 20 | si092 | ss802 24.68 24.70
CA_4A-46DD LTE B4 5 20375 17525 QPsK 1 o 2375 2152.5 LTE B46, 20 53140 5785 LTE B46, 20 53338 5804.8 LTE B46y. 20 52942 5765.2 24.70 24.70
CA_4A-46,A-46,C LTE B4 5 20375 17525 QPsK 1 0 2375 21525 LTE B46, 20 47090 5180 LTE BA46; 20 53540 5825 LTE B46; 20 53342 5805.2 24.65 24.70
CA_46,0-66A LTeses | 5 | 132647 | 17775 | apsk 1 0 | o7t | 21775 | Lreeas, 20 | 47230 | s200 | wieeas, 20 | a7ass | 52198 | Lreses, 20 | 47092 | s1802 263 2270
CA_464D-66A LTE B66. 5 132647 | 1777.5 QPSK 1 o 67111 2177.5 LTE B46; 20 48290 5300 LTE B46y 20 48488 5319.8 LTE B465 20 48092 5280.2 24.62 24.70
CA_46.D-66A LTE B66 5 132647 | 1777.5 QPsK 1 0 67111 2177.5 LTE B46 20 51290 5600 LTE BA46 20 51488 5619.8 LTE B46 20 51092 5580.2 24.68 24.70
CA_46,D-66A LTE B66. 5 132647 | 1777.5 QPsK 1 o 67111 2177.5 LTE B46, 20 53140 5785 LTE B46y 20 53338 5804.8 LTE B46, 20 52942 5765.2 24.61 24.70
CA_46,A-46,C-66A LTE B66 5 132647 | 1777.5 QPsk 1 0 67111 2177.5 LTE B46, 20 47090 5180 LTE B46; 20 53540 5825 LTE B46,y 20 53342 5805.2 24.60 24.70
CA_TA46,0 TEe7 | 20 | 21100 | 2535 | apsk 1 0 3100 | 2655 | LTEBas, 20 | 47290 | sa00 | Lt eas, 20 | a7ass | 52198 | LieBas, 20 | 47092 | s1s02 2362 23.60
CA_7A-46,D LTEB7 20 21100 2535 QPsK 1 o 3100 2655 LTE B46; 20 48290 5300 LTE B46g 20 48488 5319.8 LTE B46, 20 48092 5280.2 23.64 23.60
CA_7A-46.D LTE B7 20 21100 2535 QPsK 1 0 3100 2655 LTE B46 20 51290 5600 LTE BA46 20 51488 5619.8 LTE BA6 20 51092 5580.2 23.59 23.60
CA_7A-46,D LTEB7 20 21100 2535 QPsK 1 0 3100 2655 LTE B46;, 20 53140 5785 LTE B46, 20 53338 5804.8 LTE B46, 20 52942 5765.2 23.60 23.60
CA_7A-46,A-46,C LTE B7 20 21100 2535 QPsk 1 0 3100 2655 LTE B46, 20 47090 5180 LTE B46, 20 53540 5825 LTE B46, 20 53342 5805.2 23.60 23.60
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[.2 Downlink 4x4 MIMO LAA Additional Conducted Powers

Table I-3
Additional Maximum Output Powers — 2 Component Carriers

pcc scc Power
LTE Single
PCC PCC (UL] PCC (DL] scc SCC (DL]
. PCC (UL) (ut) PCCUL# | PCCUL |PCC(DL) (oL DL Antenna scc (pL) (0L) DL Antenna |LTE Tx.Power with DL CA| Carrier Tx
Combination | PCC Band q! y Frequency . N SCC Band | Bandwidth Frequency . .
Channel RB  |RB Offset| Channel Configuration Channel Configuration Enabled (dBm) Power
[MHz] [MHz] [MHz] [MHz] [MHz]
(dBm)
CA_2A-46,A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B46, 20 47290 5200 2x2 MIMO 24.60 24.70
CA_2A-465A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B465 20 48290 5300 2x2 MIMO 24.64 24.70
CA_2A-46,A LTE B2 20 19100 1900 QPSK 1 50 1100 1980 4x4 MIMO LTE B46¢ 20 51290 5600 2x2 MIMO 24.68 24.70
CA_2A-46pA LTE B2 20 19100 1900 QPsK 1 50 1100 1980 4x4 MIMO LTE B46p 20 53140 5785 2x2 MIMO 24.61 24.70
CA_4A-46,A LTE B4 S 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B46, 20 47290 5200 2x2 MIMO 24.56 24.70
CA_4A-465A LTE B4 5 20375 1752.5 QPsK 1 0 2375 2152.5 4x4 MIMO LTE B46g 20 48290 5300 2x2 MIMO 24.54 24.70
CA_4A-46,A LTE B4 5 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B46c 20 51290 5600 2x2 MIMO 24.62 24.70
CA_4A-46,A LTE B4 bl 20375 1752.5 QPSK 1 0 2375 2152.5 4x4 MIMO LTE B46p. 20 53140 5785 2x2 MIMO 24.55 24.70
CA_46,A-66A LTE B66 5 132647 1777.5 QPsK 1 0 67111 2177.5 4x4 MIMO LTE B46, 20 47290 5200 2x2 MIMO 24.57 24.70
CA_465A-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE B46g 20 48290 5300 2x2 MIMO 24.55 24.70
CA_46cA-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE B46¢ 20 51290 5600 2x2 MIMO 24.54 24.70
CA_46pA-66A LTE B66 5 132647 1777.5 QPSK 1 0 67111 2177.5 4x4 MIMO LTE B46p. 20 53140 5785 2x2 MIMO 24.56 24.70
pcc scc1 scc2 Power
oL oL oL LTE Single
pcc pec(ut) pec (o) scc scc (o) scc scc (oL) _ >
Combination ceenm | Jemirm || S || iy et | S| | R |G| S et | el | S0 || e o [FEE Y oy | D || BrERRenmeEE || CI i
Channel RB |RB Offset| Channel Configurati Channel Configurati Channel Configurati Enabled (dBm) Power
[MHz] [MHz] [MHz] [MHz] [MHz] [MHz] [MHz]
on on on (dBm)
CA_2A-46,C LTE 82 20 19100 1900 Qapsk 1 50 1100 | 1980 |axamimo[LrERas, | 20 47290 | 5200 |22mimMo| LTeBds, 20 47488 | 52198 | 22 MIMO 24.62 24.70
CA_2A-46,C LTE B2 20 19100 1900 apsk 1 50 1100 | 1980 | 4xamivo|LTERaG, | 20 48290 | 5300 | 2x2MIMO | LTEBA6, 20 48488 | 53198 | 22 MIMO 24.63 24.70
CA_2A-46,C LTE B2 20 19100 1900 Qpsk 1 50 1100 | 1980 | 4xémimO [ LTEBAE | 20 51290 | 5600 | 22MIMO | LTE B4k 20 51488 | 5619.8 | 22 MIMO 24.66 24.70
CA_2A-46,C LTE 82 20 19100 1900 apsk 1 50 | 1100 | 1980 |axamimo[iTeBas,| 20 53140 | 5785 | 22MIMO| LTE 846, 2 53338 | 58048 |22 MIMO 2466 24.70
CA_2A-46,A 4607 LTE B2 20 19100 1900 Qpsk 1 50 1100 | 1980 | 4xamimMo[LTERBaG, | 20 47000 | 5180 | 22MIMO | LTE 846, 20 53540 | 5825 | 22 MIMO 24.64 24.70
CA_4A-46,C LTEB4 5 20375 | 17525 apsk 1 o 2375 | 21525 |ax4MIMO[LTEB46,| 20 47290 | 5200 |22mivMO| LTEBAG, 20 47488 | 52198 | 22 MIMO 2457 24.70
CA_aA-46,C LTE B4 s 20375 | 17525 Qpsk 1 [ 2375 | 21525 |4xaMIMO|LTEBdG, | 20 48290 | 5300 | 22miMO| LTEBAG, 20 48488 | 53198 | 22 MIMO 24.55 24.70
CA_4A-46.C LTE B4 5 20375 | 17525 apsk 1 [ 2375 | 21525 |axdMIMO|LTEBd6 | 20 51200 | 5600 | 22MIMO| LTEBAG, 20 51488 | 5619.8 | 22 MIMO 2459 24.70
CA_4A-46,C LTE B4 5 20375 17525 Qpsk 1 o 2375 | 21525 |4x4MIMO|LTEBAG, | 20 53140 | 5785 | 2x2MIMO| LTEBAG, 20 53338 | 5804.8 | 22 MIMO 24.56 24.70
CA_4A-46,A 46,7 LTE B4 5 20375 | 17525 apsk 1 ) 2375 | 21525 |4axamimMo[LTEBds, | 20 47090 | 5180 |2x2MiMO| LTE B46y 20 53540 | 5825 | 2x2MIMO 24.60 24.70
CA_46,C-66A LTE B66 5 132647 | 17775 apsk 1 0 | enm | 21775 |axamvo|iTeERas, | 20 47290 | 5200 |2aMMO| LTEBAG, 2 47488 | 52198 |22 MIMO 2456 24.70
CA_46,C-66A LTE B66 5 132647 | 17775 Qpsk 1 0 | e7m | 21775 |axamimo[iTEBas, | 20 48290 | 5300 | 22MIMO | LTE Bd6, 20 48488 | 53198 | 22 MIMO 24.53 24.70
CA 46.C-66A LTE B66 5 132647 | 17775 apsk 1 o [ enu | 21775 [axammoireBse | 20 51200 | 5600 |2x2MIMO| LTEBAGC 20 51488 | 5619.8 |22 MIMO 2459 24.70
CA_46,C-66A LTE B66 s 132647 | 17775 Qpsk 1 0 | 671 | 21775 |axammo[itesas, | 20 53140 | 5785 | 22MiMO| LTEBAG, 20 53338 | 5804.8 | 22 MIMO 2450 24.70
CA_46,A-46,A66A | LTEB66 5 132647 | 17775 apsk 1 0 | e7mm | 21775 |axammo|iTeERas, | 20 47000 | 5180 | 22MIMO| LTE 846, 20 53540 | 5825 |22 MIMO 24.60 24.70
53 sccy sccz scc3 Power
Pecut) pec (L) scc (oL) scc (L) scc(oL) LTE Single
pccaw| pec PccuLy | pecuL | pec DLANt. scc BW | scc (oL) LAt ) DLANt. scc BW [sc (oL) DLANt. |LTE Tx.Power with DL CA| Carrier Tx
Combination PCC Band Freq. | Mod. Freq. scc Band Freq. scc Band Freq. scc Band Freq.
(R (TOLN Ret R8 ey | Confis- g | cn || config. el | cn || confg. e [ ch. | G| confi. Enabled (d8m) ::::::)v
CA 2A-46,0 UEB2 | 20 | 19100 1900 | apsk 1 50| 1100 | 1980 |4xaMIMO|LTEBA6, | 20 | 47290 | 5200 |2x2MiMO| LTEBA6, | 20 | 47488 | 5219.8 | 22 MIMO| LTEB46, | 20 | 47092 | 5180.2 | 2x2MIMO 2461 2170
CA 2A-46,D UEB2 | 20 | 19100 [ 1900 | apsk 1 50 | 1100 | 1980 |4xaMIMO|LTEBAG, | 20 | 48290 | 5300 |2x2MIMO| LTEBAG, | 20 | 48488 | 5319.8 | 22MIMO | LTEBAG, | 20 | 48092 | 52802 |2x2MIMO 2166 2470
CA 20460 EB2 | 20 | 19100 | 1900 | apsk 1 50| 1100 | 1980 |axamimo|LTEBa6 | 20 | 51200 | 5600 |2x2MimO|(TeBas | 20 | 51488 | 56198 | 22 MiMO [ LTEB4S | 20 | 51092 | 5580.2 | 262 MIMO 2466 2470
CA 24-46,0 TEB2 | 20 | 19100 1900 | apsk 1 50 | 1200 | 1980 [4xamimo|LTEBa6, | 20 | 53140 | 5785 |2x2mimo|(TEB46, | 20 | 53338 | 58048 | 22MiMO|LTEBA6, | 20 | 52042 | 5765.2 [2x2MiMO 2067 24.70
CA_2A-46,A-460C UEB2 | 20 | 19100 1900 | apsk 1 50 | 1100 | 1980 |4xdMIMO|LTEBA6,| 20 | 47090 | 5180 |2x2MIMO|LTEB46, | 20 | 53540 | 5825 | 22 MIMO | LTEB46y | 20 | 53342 | 5805.2 | 2x2MIMO 2162 24.70
CA_4A-46AD UEBd | 5 | 20375 | 17525 | apsk 1 0| 2375 | 21525 [axamimo [ reBac,| 20 | 47290 | 5200 [2xamivio| cresas, | 20 | a7ass | 52198 | 2@mimo | Lresas, | 20 | 47092 | s180.2 |2x2mivio 2456 2470
CA_4A-468D UEBs | 5 | 20375 | 17525 | apsk 1 0 | 2375 | 21525 [4xaMIMO | LTEB46, | 20 | 48290 | 5300 |2xamiMO| LTEBaG, | 20 53198 | 2x2MIMO | LTEBA6, | 20 | 48092 | 52802 |22 MIMO 254 2470
CA_4A-46CD LTEBs | 5 | 20375 | 17525 | apsk 1 0 | 2375 | 21525 |4xaMIMO| LTEB46. | 20 | 51290 | 5600 [22MIMO| LTEB46 | 20 | 51488 | 5619.8 | 2x2MIMO [ LTEBAG | 20 | 51092 | 55802 | 2x2 MIMO 2458 24.70
CA_4A-46DD UEBs | 5 | 20375 | 17525 | apsk 1 0 [ 2375 | 21525 [axamimO [ LTE a6, | 20 | 53140 | 5785 |2xamimio|LTEBasy | 20 | 53338 | 58048 | 2x@MimO [iTEB46, | 20 | 52942 | 5765.2 |2x2mivo 2456 2470
CA_4A-46,A-46,C UER4 | 5 | 20375 | 17525 | apsk 1 0 [ 2375 | 21505 [axammo[uresas,| 20 | 47090 | 5180 [axamimio|uteasy| 20 | s3sa0 | se2s |2xemimo[itemas, | 20 [ 53342 | ss0s.2 |2x2mivo 2459 2470
CA_46,0-66A UEBes | 5 | 132647] 17775 | aesk 1 0 [e7111] 21775 [aamimo[reBas, | 20 | 47200 | 5200 [2x2mimio| creBas, | 20 | 47488 | 52198 |22 mimo | LieBas, | 20 | 47092 | 51802 |22 mivio 2455 2470
CA_464D-66A UTEBS6 | 5 |132647| 17775 | apsK 1 0 [e7111[ 21775 [axammo[resass | 20 [ 48200 | 5300 [axamimiof Lresas,| 20 | asass | 53198 [2@mimo [Lresacs | 20 [ 4sos2 [ s280.2 [2x2mivio 2454 2470
CA_46:D-66A UEBGs | 5 | 132647| 17775 | apsK 1 0 | 67111 2177.5 |4aMIMO | LTEBA6. | 20 | 51290 | 5600 |2x2MiMO| LTEBA6 | 20 | 51488 | 5619.8 | 22 MIMO | LTEBa6 | 20 | 51092 | 5580.2 | 2x2 MIMO 2457 2470
CA_46,0-66A UTEB6s | 5 | 132647] 17775 | apsk 1 0 | 67111 | 21775 [4xamivO [ TEB46, | 20 | 53140 | 5785 |2x2MiMO|LTEB46,| 20 | 53338 | 58048 | 2@ MIMO | LTEBA6, | 20 | 52942 | 5765.2 | 2x2MIMO 253 2470
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