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Appendix C

Dipole Calibration Certificates
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104

Calibration Laboratory of S,
Schmid & Partner S
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swige Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Report ID: P8397-EME-00319

S Schweizerischer Kalbrierdienst

c Service sulsse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

cient  Motorola Solutions MY Certificate No: D1900V2-5c1065_Oct19
CALIBRATION CERTIFICATE
Object D1900V2 - SN:5d065

Calibration procedure(s)

Cahibration date!

This calibiraiion certficate documents the tracaabilily 1o national standards, which reakze the physical units of measuremants (S1).
The measuramanis and the uncertainties with confidanca prebabiity are given on the foliowing pages ancd are part of tha cedtificate.

All caibrations have bean conducted in e closed laboratory fackily: environment temperature (22 £ 3)°C and humidty < 70%.

Cafbrabon Equpment used (MATE criical for calibrmtion)

Primary Standards D¢ Cal Date (Centificate No.) Scheduled Calibration
Power mater NRP SN 104778 03-Apr-19 (No. 217-02852/023%3) Ape-20

Power sensor NAP-Z91 SN 103244 03-Apr-19 {No. 217-02882) Ape-20

Power sansor NAP-Z31 SN 103245 03-Apr-19 (No. 217-02883) Apr-20

Refarence 20 ¢B Attenuator SN 5058 (20k) 04-Apr-19 (No. 217-02894) Ape-20

Type-N mismatch combinatin SN.5047.2/ 06327  04-Apr-18 (No. 217-02695) Apr20

Raferance Probe EX3DV4 SN: 7349 29-May-19 (No, EX3-7348_May19) May-20

DAE4 SN: 601 30-Apr-19 (No. DAE4-601_Apr1$) Apr-20

Secondary Standards ID# Check Date (in house) Scheduled Check
Powsr matar E44198 SN: GB39512475 30-0ct-14 {in houss chack Fab-18) In housa check: Qct20
Power sanace HP B481A SN: US37292783 07-0ct-15 {in house check Oct+18) In hausa chacke: Oct-20
Power sansor HP B481A SN:MY41082317 07-Cct-15 {in house check Oat-18) In house check: Cct-20
RF generator RAS SMT-05 SN: 100872 15-Jun-15 {in house check Oct-18) In house check: Oct-20
Natwork Anglyzer Agilent EBIGBA | SN: US41080477 31-Mar-14 (in house check Ou-18) In house check: Oct-19

Function ) nature
Cadbratad by: Laborstory Techrician ﬁt?%é/

|ssued: October 30, 2019

This calibration certificate shall not ba reproducad excspt in 11 without writton approval of the laboratory.

Certificate No: D1200V2-5d065_0ct19 Page 1of8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Calibration Laboratory of S, Schwsizorischer Kalibrierdienst
Schmid & Partner S Service sulsse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland % /.ﬁ\»““ Swiss Calibration Service
Accradited 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) |EC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human bedy (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 siated 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.

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

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

« 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: D1900V2-5d065_Oct19 Page 2 of 8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104

Report ID: P8397-EME-00319

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.3
Extrapolation Advanced Extrapolation
Phantom Modutar 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 paramsaters and calculations were apglied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/'m
Measured Head TSL parameters {(220+02)°C 413+6% 1.88 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 9.97 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.25 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.2 W/kg = 16.5 % (k=2)
Body TSL parameters
The following paramsaters and calculations were appied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 542 +6% 1.49 mho/m + 6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.84 Wikg
SAR for nominal Body TSL parameters normalized to TW 39.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.22 Wikg
SAR for nominal Bedy TSL parameters nomalized to 1W 20.9 W/kg = 16.5 % (k=2)
Cerdicate No: D1200V2-53065_Cct19 Page 30l B
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 53702 +4510
Return Loss -25.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 49.7Q + 64 )
Retumn Loss -239d8

General Antenna Parameters and Design

| Electrical Detay (ane direction) | 1197 ns |

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

The dipole s made of standard semirigid coaxial cable. The center conductor of the feedng line is directly connected to the
second arm of the dipole, The antenna is thersfore short-clreulted 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
feadpoint may be damaged.

Additional EUT Data

| Manutactured by | SPEAG

Certificate No: D1900V2-5¢065_Oct19 Page 4 of 8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

DASYS5 Validation Report for Head TSL

Date: 30.10.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d065

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

Medium parameters used: = 1900 MHz; ¢ = 1.38 S/m; & = 41.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard; DASYS (IEEE/AEC/ANSI €63.19.2011)

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.44, 8.44, 8.44) @ 1900 MHz; Calibrated: 29.05.2019
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated; 30,04.2019
¢ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Scrial: 1001

« DASY5252.10.3(1513); SEMCAD X 14.6.13(7474)

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

Reference Value = 109.8 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 18.3 W/kg

SAR(1 g) = 9.97 W/kg; SAR(10 g) = 5.25 W/kg

Smallest distance from peaks to all points 3 dB below = 9.8 mm

Ratio of SAR at M2 to SAR at M1 = 55.1%

Maximum value of SAR (measured) = 15.4 W/kg

dB

' 0
-3.00

= -6.00
-9.00
12.00
-15.00
0dB =154 Wrkg = 11.88 dBW/kg
Certificate No: D1900V2-5d065_0ct18 Page 5of 8

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.27 Page 6 of 76



FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Impedance Measurement Plot for Head TSL

Fie View Chenned Sweap Cajbration Jrace Scale Marker System \Window Heb
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Cerlilicate No: D1900V2-54066_0ct19 Page 6ot 8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

DASYS5 Validation Report for Body TSL

Date: 30.10.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d065

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

Medium parameters used: f = 1900 MHz; o = 1.49 S/m; & = 54.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.42, 8.42, 8.42) @ 1900 MHz; Calibrated: 29.05.2019
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 30.04.2019
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

e DASY5252.10.3(1513); SEMCAD X 14.6.13(7474)

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

Reference Value = 104.7 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.84 W/kg: SAR(10 g) = 5,22 Wikg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M| = 57.3%

Maximum value of SAR (measured) = 15.0 Wikg

-3.00

-6.00

-9.00

-12.00

-15.00

0dB =15.0 Wkg = 11.76 dBW/kg

Centificate No: D1300V2-5¢065_0ct19 Page 70f 8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Impedance Measurement Plot for Body TSL
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Calibration Laboratory of U,

r SN, G Schweizerischer Kallbrierdienst
Schmid & Partner % G Service suisse détaionnago
Engineering AG b =N Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % ,‘m\ ¥ S Swiss Calibration Service
Accredited by Ihe Swiss Accraditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Nuhtilateral Agreement for the recognition of calibration certificates

cient  Motorola Solutions MY Certificate No: D2300V2-1007_Feb19
[EALIBRATION CERTIFICATE

Object D2300V2 - SN:1007

Calration procedura(a) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calibration date: February 27, 2019

This casbration cenificate documnents the tracaability to natianal standards, which reaiize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probabdity are given on the following pages and are part of tha cenlificate.
All calibramions have been conducted in the closed laboratory facility: envircament temperature (22 + 3)°C and humidity < 70%.

Calbration Equipment used (MRTE critical for calibration)

Primary Standards iD# Cal Date (Contificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Ape-18 (Mo, 217-02672/02673) Apr-18

Power sensor NRP-Z91 SN: 108244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN 103245 04-Apr-18 (No. 217-02673) Apr-19

Reterence 20 dB Attenuator SN 5068 (20k) 04-Apr-18 (No., 217-02682) Apr-14

Type-N mismatch combination SN: 5047.2 / 06327 D4-Apr-18 (No. 217-02683) Apr-19

Rederence Probe EX3DV4 SN: 7349 31-Doc-18 (No. EX3-7349 Deci8) Dec-19

DAE4 SN: 601 04-0ct-18 (No. DAE4-601_Oct18) Oct-19

Secondary Standards [+X3 Chsck Date (in house) Schedulad Check

Power meter £44198 SN: GB39512475 07-0ct-15 (in house check Fob-19) In house check: Oct-20

Power sengsor HP 8481A SN: Us3r29278a 07-0ct-15 (in house chack Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: MY41082317 07-Oct-15 (in house chack Oct-18) in houee check: Oct-20

RF penerator R&S SMT-08 SN: 100872 15Jun-15 (in house check Oct-18) In house chack: Oat-20

Network Analyzer Agient ES358A | SN: US41080477 31-Mar-14 (in house chack Oct-18) In house check: Oct-19
Nams Funclion Signature

Calbrated by: Jeton Kastrasi Laboratory Technician L W
Agproved by: Katja Pokovio Tochnical Manager /ﬁ?g

Issued: February 27, 2019

This calibeation certificate shall not ba reproduced except in full without witten apprewal of the laboratory.

Certificate No: D2300V2-1007_Feb19 Page 1 of 8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Calibration Laboratory of {.\-‘Q‘“\L\f_'//"‘/"'z} G  Schweizerischer Kalibrierdienst
Schmid & Partner M ¢ Service suisse détslonnage
Engineering AG ) & Sarvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland K77 N S swiss Calibration Service
Accredited by the Swiss Accredilation Servics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to 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) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear {frequency range of
300 MHz to 6 GHz)", July 2016

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 Retum 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 No: D2300V2-1007_Feb19 Page20f 8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104

Report ID: P8397-EME-00319

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.2
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 220°C 395 1.67 mho/m
Measured Head TSL parameters (?20202)°C 382+68% 1.6 mhoim £ 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 122 Wikg
SAR for nominal Head TSL parameters normalized to 1W 48.1 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.83 W/kg
SAR for nominal Head TSL paramaters normalized to TW 23.1 W/Kkg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 52.9 1.81 mho/m
Measured Body TSL parameters (22.0=02)"C 518+6% 1.83mho/m =6 %
Body TSL temperature change during test <05°C — -
SAR resuit with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAA measured 250 mW input power 11.9 Wikg

SAR for nominal Body TSL parameters

nommalized to 1W

47.1 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.88 Wikg

SAR for nominal Body TSL parameters normalized to 1W 22.6 Wikg = 16.5 % (k=2)
Certificate No: D2300V2-1007_Feb19 Page 3of 8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4990-36jQ
Retumn Loss -288dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 452Q-19j2
Return Loss -254 dB

General Antenna Parameters and Design

| Electrical Detay (one direction) | 1.170ns B

After long term use with 100W radiated power, only & slight warming of the dipole near the feedpont 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 amm of the dipole. The antenna is therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added 1o 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 lorce must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpeint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Centificate No: D2300V2-1007_Feb19 Page 4ol &
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

DASYS5 Validation Report for Head TSL

Date: 27.02.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN:1007

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

Medium parameters used: f = 2300 MHz; o = 1.69 S/m; &, = 38.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63,19-201 1)

DASY52 Configuration:
+ Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2) @ 2300 MHz; Calibrated: 31.12.2018
* Sensor-Surface: | 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 PS0 AA; Secrial: 1001
» DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 115.4 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 23.8 W/kg

SAR(1 g) = 12.2 W/kg; SAR(10 g) = 5.83 W/kg

Maximum value of SAR (measured) = [9.9 W/kg

-4.00
-8.00
-12.00

-16.00

-20.00

0dB = 19.9 W/kg = 12.99 dBW/kg

Certificate No: D2300V2-1007_Fob19 Page 5 of 8
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Impedance Measurement Plot for Head TSL
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FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

DASYS Validation Report for Body TSL

Date: 26.02.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2300 MHz; Type: D2300V2; Serial: D2300V2 - SN:1007

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

Medium parameters used: f = 2300 MHz; ¢ = 1.83 S/m; &, = 51.8; p = 1000 kg/m’
Phantom section; Flat Section

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

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.16, 8.16, 8.16) @ 2300 MHz; Calibrated: 31.12.2018
= Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.10.2018
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 PSO AA; Serial: 1002
« DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 107.7 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 22.5 W/kg

SAR(1 g) = 11.9 W/kg; SAR(10 g) = 5.69 W/kg

Maximum value of SAR (measured) = 18,9 W/kg

-13.80

-18.40

-23.00

0dB = 18.9 Wikg = 12.76 dBW/kg

Certificate No: D2300V2-1007_Feb19 Page 7 0f 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

W,
%

& %, Schweizerischer Kalibriordienst
Schmid & Partner SN (S: Service suisse d'étalonnage
Engineering AG —_— Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland 'v._‘ﬁ”.@ 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

ciient  Motorola Solutions MY Cartificate No: D750V3-1098_Oct18
CALIBRATION CERTIFICATE
————

Object D750V3 - SN:1098

Calibration procedure(s) QA CAL-05.v10

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: October 15, 2018

This calibeation certificate documents the traceability to national standards, which realize the phy units of wents (S1),
The measuremonts 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 labaratory facility: environment temperature (22 = 3)°C and humidity < 70%.

Calitvation Equipment used (M&TE critical for calibeation)

Primary Standards 1] Cal Date (Certificate No.) Scheduled Callbration
Powar metor NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-261 SN 103244 04-Ape-18 (No. 217-02672) Ape-19

Power sensor NAP-291 SN: 103245 04-Apr-18 (No. 217-02673) Ape-10

Refersnce 20 dB Attenuator SN: 5058 (20K) D4-Apr-18 (No. 217-02682) Ape-19

Type-N mismatch combination SN:S047.2/06327  04-Apr-18 (No. 217-02683) Apr19

Reference Probe EX30V4 SN: 7340 30-Dec-17 (No. EX3-7348_Dect7) Dec-18

DAE4 SN: 801 04-Oct-18 (No. DAE4-601_Oct18) Oct-19

Secondary Standards 1D ¥ Check Date {in houss) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-0ct-15 (in house check Oct-18) In housa check: Oct-20
Powar sensor HP 8481A SN: US37292783 07-Oct15 (In house check Oct-15) In house check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) in house chock: Oct-20
RAF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20
Network Analyzer Agient EB3S8A | SN: US41080477 31-Mas-14 (in house check Oct-18) 1n house check: Oct-19

Name Function

Signature
Calibrated by: Michasl Weber Laboratory Technician lw
Approved by: Katja Pokovic Technical Manager %

Issued: October 15, 2018
This calibeation cenificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D750V3-1088_0Oct18 Page 10f8
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Calibration Laboratory of \\“\\':}"v, Schweizerischer Kalibrierdienst
Schmid & Partner e Service suisse d'étalonnage
Engineering AG 53 & Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland ‘—4,@.\? Swiss Calibration Service
Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calieation 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)

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, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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:

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

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

rted uncertainty of measurement is stated as the standard uncertainty of measurement

Certificate No: D750V3-1098_0Oct18 Paga2of8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52,102
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz = 1 MH2
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220+02)°C 408+6% 0.89 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 2.07 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8.23 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.35 Wig
SAR for nominal Head TSL parameters normalized to 1W 5.38 W/kg = 16.5 % (k=2)
Body TSL
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.96 mha/m
Measured Body TSL parameters (220=02)°C 55.1=6% 0.96 mho/m £ 6 %
Body TSL temperature change during test <05°C — A
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.16 Wikg
SAR for nominal Body TSL parameters normalized to 1W 8.63 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.42 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.67 Wikg = 16.5 % (k=2)
Certificate No: D750V3-1088_0ct18 Page3of8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 541Q-25§Q
Retumn Loss -26.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5040Q-362
Retum Loss -29.0d8

General Antenna Parameters and Design

| Etectrical Detay (one direction) | 1.034 ns 1

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 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 July 05, 2013
Certificate No: D750V3-1088_Oct18 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 15.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1098

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

Medium parameters used: f = 750 MHz; o = 0.89 S/m; & = 40.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.22, 10.22, 10.22) @ 750 MHz; Calibrated: 30.12.2017
« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Elecuronics: DAE4 Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
« DASY5252.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 59.60 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.19 Wikg

SAR(1 g) = 2.07 W/kg; SAR(10 g) = 1.35 W/kg

Maximum value of SAR (measured) = 2.81 Wikg

-2.00
-4.00
-6.00

-10.00

0dB =281 W/kg =4.49 dBW/kg

Certificate No: D750V3-1098_0ct18 Page 5of8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 12.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1098

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

Medium parameters used: f = 750 MHz; o = 0.96 S/m; & = 55.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(10.19, 10.19, 10.19) @ 750 MHz; Calibrated: 30.12.2017
¢ Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 4.9 (Back); Type: QD O0OR P49 AA; Serial: 1005
« DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (9x9x7)/Cube 0:
Measurcment grid: dx=5mm, dy=Smm, dz=5mm

Reference Value = 51.10 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.25 W/kg

SAR(1 g) = 2.16 W/kg; SAR(10 g) = 1.42 W/kg

Maximum value of SAR (measured) = 2.86 W/kg

-2.40
-4.80
-1.20
-9.60

-12.00

0 dB = 2.86 W/kg = 4.56 dBW/kg

Certificate No: D750V3-1098_Oct18 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schweizerischer Kalibrierdienst

Schmid & Partner Service suisse d'étalonnage

Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Cafibration Service
Accredited by the Swiss Accreditation Service (SAS) Accroditation No: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral Agreement for the recognition of caiibration certificates
client  Motorola Solutions MY Certificats No: DB835V2-4d030_Oct18
CALIBRATION CERTIFICATE
Calibration procedure(s) QA CAL-05.v10

Calibration procedure for dipole validation kits above 700 MHz

Calitiration date: October 15, 2018

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are pant of the cenlficate,
All calibrations have been conducted in the closed laboratory faciiity: environment temperature (22 = 3)°C and humidity < 70%,

Calibration Equipment used (M&TE ontical for calibeation)

Primary Standards D # Cal Date (Cartificate No.) Scheduled Calibeation
Power meter NRP SN: 104778 04-Ape-18 (No. 217-02672/02673) Apr-19

Power sansor NRP-201 SN: 103244 04-Ape-18 (No, 217-02672) Ape-19

Power sensor NRP-Z21 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Aefersnce 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 7 08327 04-Apr-18 (No. 217-02683) Apr-19

Reterance Probe EX30V4 SN: 7340 30-Dec-17 (No. EX3-7349_Dect?) Dec-18

DAE4 SN 601 04-0c1-18 (No. DAE4-601_Oct18) Oct-19

Secondary Standards D¢ Chack Date {in housa) Scheduled Check
Powor mater EPM-442A SN: GB37480704 07-Oct-15 (in house chack Oct-18) In house chack: Oct-20
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oat-20
Power sensor HP 8461A SN: MY41082317 07-Oct-15 (in house check Oct-18) In house check: Oct-20
RF generstor RAS SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20
Network Analyzer Agllent EB358A | SN. US41080477 31-Mar-14 (in house check Oct-18) in house check: Oct-19

Name Function
Calbrated by: Michas Weber Laboratory Technicisn ms-
Approved by Katja Pokovic Technical Manager //g,

Issued: October 15, 2018

This calbration certificate shal not be reproduced axcept in full without written approvai of the laboeatory.

Certificate No: D835V2-4d030_Oct18 Page 10of8
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Calibration Laboratory of Sehweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zoughausstrassa 43, 8004 Zurich, Switzerland 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
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, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

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

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

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

The rted 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: DB35V2-4d030_Oct18 Page20f8
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Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.27

Measurement Conditions
DASY system configuration, as far as not on page 1.
DASY Version DASYS V52.10.2
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency B35 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (22.0202)°C 4068+6% 0.91 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 2.42 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 9.55 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.55 Wig
SAR for nominal Head TSL parameters nomalized to 1W 6.14 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (220£02)*C 548+6% 0.98 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 243 W/kg
SAR for nominal Body TSL parameters normalized to 1W 9.63 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.59 Wrkg
SAR for nominal Body TSL parameters normalized to 1W 6.32 Wikg = 16.5 % (k=2)
Certificate No: D835V2-4d030_0ct18 Page3of B

Page 28 of 76



FCC ID: AZ489FT7104 / 1C: 109U-89FT7104 Report ID: P8397-EME-00319

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 523Q-40§Q
Retum Loss -27.0d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 481Q-72iQ
Return Loss -224dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.387 ns B

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 semingid 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, bacause they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 17, 2004
Certificate No: DB35V2-44030_0ct18 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 15.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d030

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

Medium parameters used: f = 835 MHz; o = 0.91 S/m; & = 40.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.9, 9.9, 9.9) @ 835 MHz; Calibrated: 30.12.2017
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.10.2018
e Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

o DASY5252.10.2(1495); SEMCAD X 14.6.12(7450)

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 = 64.05 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 3.77 W/kg

SAR(1 g) = 2.42 W/kg; SAR(10 g) = .55 W/kg

Maximum value of SAR (measured) = 3.29 W/kg

-2.40
-4.80
-1.20

-12.00

0dB =329 W/kg = 5.17 dBW/ke
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 12.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d030

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

Medium parameters used: f = 835 MHz; ¢ = 0,98 S/m; & = 54.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.05, 10.05, 10.05) @ 835 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.10.2018
» Phantom: Flat Phantom 4.9 (Back); Type: QD O0R P49 AA; Serial: 1005

» DASY5252.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (9x8x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 52.79 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.65 W/kg

SAR(1 g) = 2.43 W/kg; SAR(10 g) = 1.59 W/kg

Maximum value of SAR (measured) = 3.24 W/kg

-2.40
-4.80
-7.20
-9.60

-12.00

0dB =324 W/kg =5.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of s, Schweizerischer Kalibrierdienst
Schmid & Partner %’E g Service suisse d'étalonnage
Engineering AG 2 & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’rf‘:l\\h\\‘ S  Sswiss Calibration Service
hccreditad 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 ,'_. »’,’ o _ olt _ ions MY Cortificate No: D1900V2-5d065_Oct19
[CALIBRATION CERTIFICATE
Otject D1900V2 - SN:5d065
Callbration procedure(s)
Cafibration date: October 30,2019

This calibration certificate documents the traceabiity 1o national standards, which realize the physical units of measuraments (S1),
memawumonlsmdtneunoenaimieswnhmmDmmmgmmmangmsammmndmamm.

All calbrafions have been conducted in the closed laboratory facility: emironment temperature (22 £ 3)°C and humidity < 7056,

Calibration Equipment used (MATE critical for calibration)

Primary Standards ID# Cal Date (Certificata No.) Schedulad Calibration
Powsr mater NAP SN: 104778 03-Apr-18 (No, 217.02822/02833) Apr-20

Power sensor NRP-291 SN: 108244 08-Ape-12 (No. 217-02892) Apr-20

Powar sansor NRP-291 SN: 103245 03-Ape-19 (No. 217.02893) Apr-20

Heference 20 dB Atteruator SN 5058 (20k) 04-Apr-19 (No. 217-028%94) Ape-20

Type-N mismaich combination SN: 5047.2 / 06327 04-Apr-19 (No, 217-02885) Apr-20

Reference Probe EX3DV4 SN: 7349 29-May-19 (No. EX3-7348_ May19) May-20

DAE4 SN: 601 30-Apr-18 {No, DAF4-601_Apri19) Apr20

Secondury Standards D# Check Date (in housa) Scheduled Check
Power matar E44198 SN: GB38512475 30-Oct-14 {in house check Feb-19) In house check: Oct-20
Power sansor HP S481A SN: US37202783 07-Oct-15 fin house chack Oct-18) In house eheck: Oct-20
Power sensor HP 8481A SN: MY41082017 07-0ct-15 {in house check Oct-18) In house check: Oct-20
AF ganarator R&S SMT-06 8SN: 100572 15~Jun-15 {in house chack Oct-18) In house check; Oct-20
Network Analyzer Aglant EB3SBA | SN: US41080477 31-Mar-14 (In house check Oct-18) In house chack: Oct-18

Calibeated by:

Approved by: Katja Pokovic

ﬂ\ismlibmiwmmumlbermmnwmmenmcmldnulamw‘
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Calibration Laboratory of \\\Q__'_/Z, S Schwoizerischer Kalibrierdienst
Schmid & Partner y z c Service sulsse d'étalonnage
Engineering AG s Servizio svizzero di taratura
=N S .
Zeughausstrasse 43, 8004 Zurich, Switzerland A, 'r'\‘ W Swiss Callbration Service
Accredited by the Swigs Accraditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilatersl 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) |EC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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.

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

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

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

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

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

The 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%.

Centificate No: D1900V2-5d065_Oct19 Page 2of 8
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Measurement Conditions
DASY system configuration, as far as not onpage 1.
DASY Version DASYS V52,103
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+02)*C 413+6% 1.38 mho/m + 6 %
Head TSL temperature change during test <05°C - —
SAR resuit with Head TSL
SAR averaged over 1 ¢cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.97 Wikg
SAR for nominal Head TSL parameters romalized to 1W 40.5 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 5,25 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1,52 mho/m
Measured Body TSL parameters (22.0+02)°C 542+6% 1.49 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 9.84 W/kg
SAR for nominal Body TSL parameters normalized to 1W 39.5 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.22 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.9 W/kg = 16.5 % (k=2)
Certificate No: D1900V2-5d065_0ct13 Page3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.7Q+45jQ
Return Loss -251d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.7Q 4+ 64 Q
Return Loss -239d8B

General Antenna Parameters and Design

| Etectrical Delay (one diraction) | 1197 s i

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 fine is directly connected to the
sacond arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

| Manufactured by | SPEAG ]
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DASYS5 Validation Report for Head TSL
Date: 30.10.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d065
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: { = 1900 MHz; o = 1.38 S/m; & = 41.3; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.44, 8.44, 8.44) @ 1900 MHz: Calibrated: 29.05.2019
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2019
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001

* DASY5252,10.3(1513); SEMCAD X 14.6.13(7474)

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

Reference Value = 109.8 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 18.3 W/kg

SAR(1 g) = 9.97 W/kg; SAR(10 g) = 5.25 W/ke

Smallest distance from peaks to all points 3 dB below = 9.8 mm

Ratio of SAR at M2 1o SAR at M1 =55.1%

Maximum value of SAR (measured) = 15.4 W/kg

0dB =154 W/kg = 11.88 dBW/kg

Certificate No: D1200V2-5d085_0ct19 Page 5of 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 30,10.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d065

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

Medium parameters used: f = 1900 MHz; & = 1.49 S/m; ¢, = 54.2; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.42, 8.42, 8.42) @ 1900 MHz; Calibrated: 29.05.2019
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 30.04.2019
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 PSO AA: Serial: 1002

e DASYS5252.10.3(1513); SEMCAD X 14.6.13(7474)

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

Reference Value = 104,7 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.84 W/kg; SAR(10 g) = 5.22 W/kg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 = 57.3%

Maximum value of SAR (measured) = 15.0 Wikg

-3.00
-6.00
-9.00

-12.00

-15.00

0dB = 15.0 W/kg = 11.76 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner ) 2 Service suisse détalonnage
Engineering AG z & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "4@\\? S swiss Callbration Service
Accradited by the Swiss Accreditation Senvica (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitatoral Ag for the recognition of calibration certificates
CALIBRATION CERTIFICATE ]
Otject D2450V2 - SN;782
Calibration procedure(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calbration date: February 20, 2020

This calibeation certificate documents the traceability %o nafional standards, which realize the physical units of measurements (S1).
The measurements and the uncartainties with confidance probability are given on the following pages and are part of the certificate,
Al calibraions have been conducted in the cosed lsboralory fadiity. emironment temperature (22 £ 3)°C and humidity < 70%,

Calibeation Equipment used (MATE critical for calibration)

Primary Standard: o Cal Date (Certificate No.) Scheduled Calbration

Power meler NRP SN: 104778 03-Apr-18 (No. 217-02892/02883) Apr-20

Power senser NRP-Z81 SN: 103244 03-Apr-18 (No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Raferonce 20 dB Attenuator SN: 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2/ 06327 04-Apr-18 (No. 217-02695) Apr-20

Relerenca Probe EX30V4 SN: 7340 31-Dec19 (No. EX3-7349_Dec19) Dac-20

DAE4 SN: 601 27-Dec-19 (No. DAE4-601_Dec19) Dec-20

Secandary Standards D # Check Date (i house) Scheduied Check

Power mater E44198 SN: GB39512475 30-Oct-14 (in house check Feb-19) In house checi: Oct-20

Powear sensor HP B4B1A SN: US37202783 07-0¢t-15 (in house chack Oct-18) In house chedk: Oct-20

Power sensor HP B4B1A SN: MY41082317 07-0ct-15 {in house check Oct-18) In house chedk: Oct-20

RF generator RES SMT-08 SN: 100972 15-Jun-15 (in house check Oct-18) In house check: Oct-20

Natwork Analyzer Aglient ES358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house chedk: Oct-20
Name Function Signature

Calbrated by | Lelf Kiysner Laboratory Techniclan: W ¢ L
Aparoved by: Katja Pakovi Technical Manager m_

Issued: February 20, 2020

mmmmmsmmmuwmumtmwmmm;
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Calibration Laboratory of \\Q\{_/}/’, S Schweizsrischer Kallbrierdienst
Schmid & Partner - z C  Service sulsse detalonnage
Engineering AG % Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland Y ,”/,?\\N_\? S Sswiss Calibration Service
Accredited by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemaent 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, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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.

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.

» Electrical 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.

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

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

Certificate No: D2450V2-782_Feb20 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.10.4
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 220°C 392 1.80 mhoi/m
Measured Head TSL parameters (220+0.2)°C 384:6% 1.86 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 13.9 Wikg
SAR for nominal Head TSL parameters normalized to 1W 54,4 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.41 Whkg
SAR for nominal Head TSL parameters normalized fo 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 220°C 52.7 1.95 mha/m
Measured Body TSL parameters (220+0.2)°C 514+6% 203 mhoim 26 %
Body TSL temperature change during test <05*C — e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.3 Whkg
SAR for nominal Body TSL parameters normalized to 1W 51.9 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.21 Wikg
SAR for nominal Body TSL parameters normalized to 1W 24.5 Wikg * 16.5 % (k=2)
Certificate No: D2450V2-782_Feb20 Page 30f 8
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Antenna Parameters with Head TSL

Appendix (Additional assessments outside the scope of SCS 0108)

Report ID: P8397-EME-00319

Impedance, transformed to feed point 532Q+38Q
Retumn Loss -263dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 496Q+59jQ
Return Loss -246dB
General Antenna Parameters and Design
I Electrical Delay (one direction) | 1.153 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
sacond 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

Certificate No: D2450V2-782_Feb20
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DASYS5 Validation Report for Head TSL

Date: 20.02.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:782

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

Medium parameters used: = 2450 MHz; o = 1.86 S/m; &= 38.4; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(7.98, 7.98, 7.98) @ 2450 MHz; Calibrated: 31.12.2019
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001
o« DASYS2 52.10.4(1527); SEMCAD X 14.6.14(7483)

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 = 120.1 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 27,7 Wikg

SAR(1 g) = 13,9 W/kg; SAR(10 g) = 6.41 W/kg

Smallest distance from peaks to all points 3 dB below =9 mm

Ratio of SAR at M2 to SAR at M1 = 50%

Maximum value of SAR (measured) = 23.0 W/kg

-4.40
-8.80
-13.20

-17.60

-22.00

0dB = 23.0 W/kg = 13.62 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 20.02.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:782

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

Medium parameters used: = 2450 MHz; o = 2.03 $/m; & = 51.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.02, 8.02, 8.02) @ 2450 MHz; Calibrated: 31.12.2019
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 PSO AA; Serial: 1002
o« DASYS52 52.10.4(1527), SEMCAD X 14.6,14(7483)

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 = 110.9 V/m; Power Drift =-0.06 dB

Peak SAR (extrapolated) = 25.6 W/kg

SAR(1 g) = 13.3 W/kg; SAR(10 g) = 6.21 W/kg

Smallest distance from peaks to all points 3 dB below = 8.9 mm

Ratio of SAR at M2 to SAR at M1 = 52.9%

Maximum value of SAR (measured) = 21.6 W/kg

-4.40

-13.20

-17.60

-22.00

0dB =21.6 Wkg = 13.34 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

d Schweizerischer Kalibrierdienst

Schmid & Partner Service suisse d'étalonnage

Engineering AG Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
Tho Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Client  Motorola Solutions MY Cartificate No: D2600V2-1002_Apr19
CALIBRATION CERTIFICATE
Object D2600V2 - SN:1002
Calibration procedure(s) QA CAL-05.v11

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Callbration date; April 09, 2019
mmmwnmnmm.mmummam(m
memmummmmmmmubh&mmwmmdhm.
nmmmmmumwmmmmmzsmwmm<m

CMEWM(NTEMMM)

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

Powar meter NRP SN: 104778 03-Apr-18 (No. 217-02832/02893) Apr-20

Power sensor NRP-291 SN: 103244 03-Ape-18 (No. 217-02892) Apr-20

Power sensor NRP-291 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Referance 20 dB Atlenustor SN: 5058 (20k) 04-Apr-19 (No. 217-02854) Ape-20

Type-N mismatch combination SN: 5047.2 / 08327 04-Apr-19 (No. 217-02895) Apr-20

Raference Probe EX30Vv4 SN: 7349 31-Dec-18 (No. EX3-7349 Dec18) Deoc19

DAE4 SN: 801 04-Oct-18 (No. DAE4-801_Oct18) Oct-18

Secondary Standards iD# Check Date (in houso) Scheduled Check

Power meter E44198 SN: GB39512475 07-Oct-15 (in house chack Feb-19) In house check: Oct-20

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-18) in house check: Oct-20

Power sensor HP 8451A SN: MY41082317 07-0ct-15 (in house check Oct-18) In house chack: Oct-20

RF gonerator RES SMT-06 SN; 100972 15-Jun-15 (in housa check Oct-18) In house check: Oct-20

Network Analyzer Agilent EBIS8A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Name Function Signature

Callbrated by: Michael Weber Laboratory Technician M-
Approved by: Katja Pokovic Technical Manager ’%

Issued: April 18, 2019

mmmmmumwhummwuu“ Y.
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Calibration Laboratory of Schweizerischer Kalibrierdienst
Schmid & Partner Service suisso d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢) |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:

* 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%.

Certificate No: D2600V2-1002_Apr19 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not n on page 1.
DASY Version DASYS V52.10.2
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 220°C 390 1.96 mho/m
Measured Head TSL parameters (220+02)°C I226% 2.03 mho/m £ 6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.4 W/kg
SAR for nominal Head TSL parameters normalized to 1TW 56.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.34 W/kg
SAR for nominal Head TSL parameters normatized to 1W 25.0 W/kg = 16.5 % (k=2)
Body TSL parameters
Tholollowhgperummmdcdanﬁonswemapplm
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220+02)°C 50.726% 221 mho/m =6 %
Mmmmmu <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.9 Wikg
SAR for nominal Body TSL parameters normalized to 1W 54.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 6.14 W/kg
SAR for nominal Body TSL parameters normalized to 1W 24.3 Wikg = 16.5 % (k=2)
Certificate No: D2600V2-1002_Apr18 Page3dof 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4890-86|0
Retun Loss -235dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4490Q-53j0
Return Loss -223d8B

General Antenna Parameters and Design

| Etectrical Detay (ane direction) | 1.145ns |

After long term use with 100W Wm.mawmmgdmambmhmemummd.

'nnd‘pofeismammmmum.mmmmdmhﬁhohbdm connected

1o
mmdmm.mmuwmmmmmm.mmdmm:mm&
“Wasumv::nlrmm mmwﬂnsm : sty kit

" para X data are not affected by this . The

brpots ' by change overall dipole length is still
Memmtmmbewmmmmbeammmm«umnm
feedpoint may be damaged. ——

Additional EUT Data

| Manutactured by | SPEAG |
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DASYS5 Validation Report for Head TSL

Date: 09.04.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1002

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

Medium parameters used: f = 2600 MHz; 6 = 2.03 S/m; &, = 37.2: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(7.74, 7.74, 7.74) @ 2600 MHz; Calibrated: 31.12.2018
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 04.10.2018
» Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001

* DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 118.1 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30.0 W/kg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.34 W/kg

Maximum value of SAR (measured) = 24.4 W/kg

-5.20
-10.40
-15.60

-20.80

-26.00 '
0dB =244 W/kg = 13.87 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 09.04.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2: Serial: D2600V2 - SN:1002
Communication System: UID 0 - CW; Frequency: 2600 MHz .
Medium parameters used: f= 2600 MHz; 6 = 2.21 S/m; &, = 50.7; p = 1000 kg/m”
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration;
* Probe: EX3DV4 - SN7349; ConvF(7.89, 7.89, 7.89) @ 2600 MHz: Calibrated: 31. 1 2.2018
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 04.10.2018
¢ Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA: Serial: 1002

* DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 109.0 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 29.0 W/kg

SAR(1 g) = 13.9 W/kg: SAR(10 g) = 6.14 W/kg

Maximum value of SAR (measured) = 23.4 W/kg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =234 W/kg = 13.69 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schweizerischer Kalibrierdionst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zougha: 43, 8004 Zurich, Switzertand 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
ciet  Motorola Solutions MY Certificate No: D5GHzV2-1026_Oct18
ICALIBFIATION CERTIFICATE
Object D5GHzV2 - SN:1028
Cairation procedure(s) QA CAL-22.v3

Calibration procedure for dipole validation kits between 3-6 GHz

Castiration date: October 18, 2018
mmmmmmmwmmummmwmamm.
MmemmmmmwmmMmmnmdmm
MMMMWMNMWM:M:W(&:QN“W«M.

Cdbrwm&wwm(\“malwlorM)

Primary Standards D # Cal Date (Certificate No.) Schedulod Calibration
Powar meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-18
Power sansor NAP-291 SN: 103244 04-Apr-18 (No. 217-02672) Ape-19
Power sensor NAP-291 SN: 103245 04-Ape-18 (No. 217-02673) Agr-12
Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19
Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (No. 217-02683) Apr-19
Reaference Probe EX30V4 SN: 3503 30-Dec-17 {No. EX3-3503_Dec17) Dec-18
DAE2 SN: 601 04-Oct-18 (No. DAE4-601_Oct18) Oct-19
Secondary Standards D # Check Date (in house) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-0ct-15 (i house check Oct-18) In house check: Oct-20
Power sensor HP B481A SN: US37282783 07-0ct-15 (In house chack Oct-18) In house check: Oct-20
Power sensoc HP B481A SN MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20
RAF generator R&S SMT-06 SN: 100872 15-Jun-15 {in house check Oct-18) In house chock: Oct-20
Network Analyzer Agilent EB3S8A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Nama Function )
Calbrated by: Marwi Seitz Laboratory Technician
Approved by: Katja Pokovic Technical Manager @:’
Issued: October 18, 2018
mmmmmmmwmuwmwaum.
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Calibration Laboratory of 3‘@"'&., Schweizerischer Kalibrierdienst
Schmid & Partner % Sorvice suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand N Swiss Calibration Service
Hlyal W
Accradied 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, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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
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
DASYsystemoonﬂguaHm.aslarasth%mpmt
DASY Version DASYS V52,102
Extrapolation Advancad Extrapolation
Phantom Modutar Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy=4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5000 MHz & 1 MHz
5250 MHz = 1 MHz
Faqene Boe e
5750 MHz + 1 MHz
5800 MHz = 1 MHz
Head TSL parameters at 5000 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220*C 362 4.45 mho/m
Measured Head TSL parameters (22.0+02)°C 36.0+6% 4.28 mho/m = 6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5000 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.34 Wikg
SAR for nominal Head TSL parameters normalized to 1W 73.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 214 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.3 W/kg = 19.5 % (k=2)
Certificate No: D5GHzV2-1026_Oct18 Page 3 of 18
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Head TSL parameters at 5250 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.71 mho/m

Measured Head TSL parameters (220+02)*C 57:6% 4.54 mho/m 6 %

Head TSL temperature change during test <05°C - e
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 8.12 W/kg

SAR for nominal Head TSL parameters normakized to 1W 81.0W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.33Whkg

SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 356 4.96 mho/m

Measured Head TSL parameters (220=02)°C 3b53x6% 479 mho/m £ 6 %

Head TSL temperature change during test <05°C e -
SAR result with Head TSL at 5500 MHz

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

SAR measured 100 mW input power 8.50 Wikg

SAR for nominal Head TSL parameters normalized to 1W 84.7 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 242 Whg

SAR for nominal Head TSL parameters normalized to W 24.1 Wikg = 19.5 % (k=2)
Centificate No: DSGHzV2-1026_0ct18 Page 4 of 19
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Report ID: P8397-EME-00319

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.27

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 355 5.07 mha/m

Measured Head TSL parameters (220+02)°C 352+6% 4.90 mho/m =6 %

Head TSL temperature change during test <05°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 8.62 Wy

SAR for nominal Head TSL parameters nomalized to 1W 85.9 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 247 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W 24.6 Wikg 2 19.5 % (k=2)
Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 354 5.22 mho/m

Measured Head TSL parameters (220202)°C 350+6% 505 mho/m=8%

Head TSL temperature change during test <05°C e -
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 B.23 Wikg

SAR for nominal Head TSL parameters normalized to 1W B82.0 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.35 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.4 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5800 MHz
The following parameters and caloulations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 353 5.27 mho/m
Measured Head TSL parameters (220+02)°C 349:6% 511 mho/m£6 %
Head TSL temperature change during test <05"C e -

SAR result with Head TSL at 5800 MHz

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

SAR measured 100 mW input power 8.20 Wikg

SAR for nominal Head TSL parameters normalized to 1W 81.7 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.34 Whkg

SAR for nominal Head TSL parameters normalized 1o 1W 23.3 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5000 MHz
The following parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 493 5.07 mho/m

Measured Body TSL parameters (220+02)°C 4A76+6% 5.12mho/m £ 6 %

Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5000 MHz

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

SAR measured 100 mW input power 7.10 Wikg

SAR for nominal Body TSL parameters normalized to 1W 70.5 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.01 Wikg

SAR for nominal Body TSL parameters normalized to 1W 19.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 489 5.36 mho/m

Measured Body TSL parameters (220+02)°C 472:26% 5.45 mho/m £ 6 %

Body TSL temperature change during test <05°C s -
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 7.50 Wikg

SAR for nominal Body TSL parameters normalized to 1W 74.5 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.08 W/kg

SAR for nominal Body TSL parameters normalized to 1W 20.7 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following parameters and caiculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 20C 486 5.65 mho/m

Measured Body TSL parameters (220+02)°C 467+6% 5.79 mho/m =6 %

Body TSL temperature change during test <05°C e -
SAR result with Body TSL at 5500 MHz

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

SAR measured 100 mW input power 7.81 Wikg

SAR for nominal Body TSL parameters normalized to 1W 77.5 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 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.5 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

mmjmwmm'amw.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 485 5.77 mho/m

Measured Body TSL parameters (2202£02)°C 48526% 5.92 mho/m + 6 %

Body TSL temperature change during test <05°C e -
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 7.83 Wikg

SAR for nominal Body TSL parameters normalized to 1W 77.7 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 219 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.7 Wikg £ 19.5 % (k=2)
Certificate No: D5GH2V2-1026_0ct18 Page B of 19

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.27 Page 65 of 76



FCC ID: AZ489FT7104 / 1C: 109U-89FT7104

Report ID: P8397-EME-00319

Body TSL parameters at 5750 MHz
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 20C 483 5.94 mho/m

Measured Body TSL parameters (220+02)°C 463:+6% 6.13 mho/m = 6 %

Body TSL temperature change during test <05°C - 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 7.59 Wiy

SAR for nominal Body TSL parameters normalized to 1W 75.4 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 211 Wkg

SAR for nominal Body TSL parameters normalized to 1W 20.9 W/kg = 19.5 % (k=2)
Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 482 8.00 mho/m

Measured Body TSL parameters (220+£02)°C 46228% 6.20 mho/m £ 6 %

Body TSL temperature change during test <05°C s —
SAR result with Body TSL at 5800 MHz

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

SAR measured 100 mW input power 7.57 Wikg

SAR for nominal Body TSL parameters normalized to 1W 75.2 Wikg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2.10 Wikg

SAR for nominal Body TSL parameters normalized to 1W 20,8 Wikg = 19,5 % (k=2)
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Antenna Parameters with Head TSL at 5000 MHz

Report ID: P8397-EME-00319

Impedance, transformed 1o feed point 504Q+108jQ

Retum Loss -19.4d8
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed 1o feed point 4890Q-350

Retumn Loss -28.8dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed 1o feed point 4840-24iQ

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

Impedance, transformed to feed point 542Q+1.7iQ

Return Loss -27.3dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 526Q+30iQ

Return Loss -282d8
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 521Q+12jQ

Retum Loss -324dB
Antenna Parameters with Body TSL at 5000 MHz

Impedance, transformed to feed point 4940-96iQ

Return Loss -203dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to fead point 4810-08jQ

Return Loss -334d8
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 483Q-051Q

Return Loss -414d8
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 546Q+32jQ
HAetumn Loss -255dB

Antenna Parameters with Body TSL at 5750 MHz

Impadance, transformed to feed point 53.10Q4+42i0
Return Loss -259d8

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transtormed to feed point 531Q+2810
Retum Loss -27.7d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.204 ns W)

Anerlongmmunvdmlmwmpm.myammdeemlmmmbemm

Thodipolesmummmlmmm.mmmmmmmnbmmmm
seoondannolttndipob.mm&mmmmmdelmm.mwam
mmmmmominmwmmmmwmunmmummm
'Meesumm'uwTheSARdltamnoﬂﬂ.dedbymbd\mga.Themmldlpoblumhissﬂl
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 February 05, 2004
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DASYS Validation Report for Head TSL

Date: 17.10.2018
Test Laboratory: The name of your organization
DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1026

Communication System: UID 0 - CW; Frequency: 5000 MHz, Frequency: 5250 MHz,
Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5000 MHz; o = 4.28 S/m; &, = 36; p = 1000 kg/m’ ,

Medium parameters used: f = 5250 MHz; 6 = 4.54 S/m; g, = 35.7; p = 1000 kg/m’,

Medium parameters used: f = 5500 MHz; 6 =4.79 S/m; & = 35,3; p = 1000 kg/m’,

Medium parameters used: f = 5600 MHz; o = 4.9 S/m; g, = 35.2; p = 1000 kg/m"*,

Medium parameters used: f = 5750 MHz; 6 = 5.05 S/m; ¢, = 35; p = 1000 kg/m’ ,

Medium parameters used: f = 5800 MHz; 0 = 5.11 S/m; g, = 34.9; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(6.5, 6.5, 6.5) @ 5000 MHz,
ConvF(5.51,5.51,5.51) @ 5250 MHz, ConvF(5.2, 5.2, 5.2) @ 5500 MHz,
ConvF(5.05, 5.05, 5.05) @ 5600 MHz, ConvF(4.98, 4.98, 4.98) @ 5750 MHz,
ConvF(4.96, 4.96, 4.96) @ 5800 MHz; Calibrated: 30.12.2017

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

¢  Electronics: DAE4 Sn601; Calibrated: 04.10.2018

¢ Phantom: Flat Phantom 5.0 (front); Type: QD 000 PS0 AA: Serial: 1001
¢ DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5000 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 71.36 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 25.2 W/kg

SAR(1 g) = 7.34 W/kg: SAR(10 g) = 2.14 W/kg

Maximum value of SAR (measured) = 16.8 W/kg

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 = 75.56 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 28.1 Wkg

SAR(1 g) = 8.12 W/kg; SAR(10 g) = 2.33 W/kg

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

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 74,99 V/m; Power Drift =0.03 dB

Peak SAR (extrapolated) = 33.0 W/kg

SAR(1 g) = 8.5 W/kg; SAR(10 g) = 2.42 Wikg

Maximum value of SAR (measured) = 20.7 Wikg
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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 = 75.95 V/m; Power Drift = 0,07 dB

Peak SAR (extrapolated) = 32.6 W/kg

SAR(1 g) = 8.62 W/kg; SAR(10 g) =2.47 W/kg

Maximum value of SAR (measured) = 20.8 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=14mm

Reference Value = 73,91 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 31.6 W/kg

SAR(1 g) = 8.23 W/kg; SAR(10 g) = 2.35 W/kg

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

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 73.58 V/im; Power Drift = 0,09 dB

Peak SAR (extrapolated) = 31.9 Wikg

SAR(1 g) = 8.2 W/kg; SAR(10 g) = 2.34 W/kg
Maximum value of SAR (measured) = 19.9 W/kg

-6.00
-12.00
-18.00

-24.00

-30.00

0dB = 19.9 W/kg = 12.99 dBW/kg
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Impedance Measurement Plot for Head TSL (5000, 5250, 5500GHz)

Gle Yew Channel Sweep Cajbration Jrace Scsle Marker System Window Help

90400
0760 O
im0
ST
|aRia
2380
2071148
L2201+

ChlMge 20
Chi: Rt $.00000 GHy =

BEETT]

3863048

0N

(4000 L Ch1Awg 20
Chi: Stwt 5.00000 GHz  ——
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Impedance Measurement Plot for Head TSL (5600, 5750, 5800GHz)

ammmwmlvns&mmm

$.£00000 GMz
47 412pH
5.750000 OMz
92 04pH
9.800000 Gz
MH0IpH
5.500000 GHz

o) Ay = 20
CN1: Stat 500000 GHe =

0.00 27 306 oF
9.00 3 2835245
) 2243240

L4000 N1 Ay 20
Ch1: St 500000 GHz =
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DASYS5 Validation Report for Body TSL
Date: 18.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1026

Communication System: UID 0 - CW; Frequency: 5000 MHz, Frequency: 5250 MHz,
Frequency: 5500 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5000 MHz; o = 5.12 S/m; ¢, = 47.6; p = 1000 kg/m’ ,

Medium parameters used: f = 5250 MHz; o = 5.45 S/m; &, = 47.2; p = 1000 kg/m® ,

Medium parameters used: f = 5500 MHz; o = 5.79 S/m; &, = 46.7; p = 1000 kg/m’

Medium parameters used: f = 5600 MHz; o = 5.92 S/m; & = 46.5; p = 1000 kg/m’ ,

Medium parameters used: f = 5750 MHz; 0 = 6.13 S/m: & = 46.3; p = 1000 kg/m’ ,

Medium parameters used: f = 5800 MHz; ¢ = 6.2 S/m; g, = 46.2; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.7, 5.7, 5.7) @ 5000 MHz,
ConvF(5.26, 5.26, 5.26) @ 5250 MHz, ConvF(4.7, 4.7, 4.7) @ 5500 MHz,
ConvF(4.65, 4.65, 4.65) @ 5600 MHz, ConvF(4.57, 4.57, 4.57) @ 5750 MHz,
ConvF(4.53, 4.53, 4.53) @ 5800 MHz; Calibrated: 30.12.2017

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

¢  Electronics: DAE4 Sn601; Calibrated: 04.10.2018

« Phantom: Flat Phantom 5.0 (back); Type: QD 000 PSO AA; Serial: 1002
e DASYS52 52.10,2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5000MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.65 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 25.6 Wrkg

SAR(1 g) = 7.1 W/kg; SAR(10 g) = 2.01 W/kg

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

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 68.08 V/m; Power Drift =-0.07 dB

Peak SAR (extrapolated) = 28.9 W/kg

SAR(1 g) = 7.5 W/kg: SAR(10 g) = 2.09 W/kg

Maximum value of SAR (measured) = 17.2 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.64 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 32.1 W/ikg

SAR(1 g) = 7.81 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.3 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68,12 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 32.9 W/kg

SAR(1 g) =7.83 W/kg; SAR(10 g) =2.19 W/kg

Maximum value of SAR (measured) = 18.6 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=14mm
Reference Value = 66,92 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 32.3 W/kg

SAR(1 g) = 7.59 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 18.2 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=| 4mm

Reference Value = 66.85 V/m; Power Dnft = -0.07 dB

Peak SAR (extrapolated) = 33.0 W/kg

SAR(1 g) =7.57 W/kg; SAR(10 g) = 2.1 W/kg
Maximum value of SAR (measured) = 18.2 Wikg

-6.00
-12.00
-18.00

-24.00

-30.00

0dB=15.6 W/kg = 11.93 dBW/kg
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Impedance Measurement Plot for Body TSL (5000, 5250, 5500GHz)
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Impedance Measurement Plot for Body TSL (5600, 5750, 5800GHz)
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