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DASY5 Validation Report for Body TSL

Date: 07.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900Y2; Serial: D1900V2 - SN: 5d194

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

Medium parameters used: f = 1900 MHz; o = 1.5 S8/m; & = 53.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration
« Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601: Calibrated: 18.08.2014
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

» DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)
Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=5mm, dz=5mm
Reference Value = 95.88 Vim; Power Drift = -0.00 dB
Peak SAR (extrapolated) = 16.8 Wikg

SAR(I g) = 9.95 W/kg: SAR(10 g) = 5.31 W/kg
Maximum value of SAR (measured) = 12.6 W/kg
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0dB = 12.6 W/kg = 11.00 dBW/kg
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Impedance Measurement Plot for Body TSL
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8.6 D2450V2 Dipole Calibration Ceriticate

Calibration Laboratory of

d S Schweizerischer Kallbriordsenst
Schmid & Parner Service sulsse d'dalonnage
Engineering AG C  servizio svizzero o tarstura
Zeughausatrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Seevice
Accredited by the Swiss Actreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresment for the recognition of calibeation certificates
client  SMQ (Auden) \ Certificate No: D2450V2-955 Jan15/2
|CALIBRATION CERTIFICATE (Replacement of No: D2450V2-955_Jan15
okt D2450V2 - SN: 955
Calibration peocedunsds) QA CAL-05.v9

Calibration procedure for dipole validation kits abave 700 MHz

Caltration date January 08, 2015

This cafibration certficate documents the traceakiity 1o national standards, which alize he Pysical uets of s (S1)
The massurements and the Lncertalnties with confidence probablity are givan on the following pages and are part af the cenficate

Al caiibrations have bean conducted n Ihe Closed leboratory faciity: anvronment temperasure (22 + 3°C and humidity < 707,

Caibration Equipment used (MATE critical for calbeation|

Primary Standards LD Cal Data (Cartilicats No.) 5 C. )
Power meter EPM-442A GE37480704 07-Oct-14 (No, 217-02020) (o ER 1

Powes sansor HP 84814 Us37292763 07-Oct-14 (Mo, 21702020 Oct-15

Power sansor HP 84814 MY£1092317 07-Oct-14 (No. 217.02021) Oct-15

Retarence 20 dB Atenuator SN: 5058 (20k) 0G-Apr-14 (No. 217-01918) Ape-15

Type-N mismatch combarasion SN: B047.2/ 06327 0G-Apr-14 (No. 217-01421) Apr1S

Reference Probe ESIOV3 SN: 32e 30-Dec-14 (No. ES3-3206_Dec14) Dec-15

DaAE4 SN: g0 18-Aug-14 (No. DAE4-601_Awg14) Aug1s

Y Standaros Dsa Chack Date {in house) Senadulad Check
RF generator RES SMT-06 100005 0d4-Aug-86 (N housa chack Oct13) In house check: Oct-16
Netwark Analyzer HP B783€ US3IT300585 S4208 18-Oct-01 (in house check Oct-14) In howse check: Oct-15
MName Furction :
| Calorated by: Claudio Leubler Laboratory Technician

| Approwed by Katja Pokovc Tochnkal Managar %;z

lssued: Februsry 10, 2018

This caibranon cedificate shall not be raproducsd axcept in full without written sppmval of the Inborasory

Certficate No: D2450V2-955_Jan152 Page 10f8
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Calibration Laboratory of SO, o it

Schmid & Partner S 9 v détalonnage
Engineering AG T C  servisho svizmsro 8 taraturs

Zeughausstrasss 43, B004 Zurich, Switzsriand % ,’{,-\\_\\.\? S Swiss Caltbration Service

A by the Swizs A Sardcs (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilatersl Agreement for the recognition of calibration certiticates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

* Feed Point Impedance and 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%.

Cerdicate No: D2450V2.955_Jan152 Page20f 8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS vszee
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 calcylations were applied.
2 Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mho/m
Measured Head TSL parameters {220+£02)°C 307 +6% 1.84 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 Candition
SAR measured 250 m\W input power 13.2 Wikg
SAR for nominal Head TSL parameters normalized to TW 52.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW Input power 6,12 Wikg
SAR for nominal Head TSL parameters normakzed to 1W 24,4 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 527 1.95 mha'm
Measured Body TSL parameters (220202)°C 51026% 203 mho/m £ 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.8 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 53.7 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.36 Wikg
SAR for nominal Body TSL parameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)

Cartificate No: D2450V2-855_Jan15/2
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance. transformed to feed point 5480+35M0
Retum Loss -24.9 9B

Antenna Parameters with Body TSL

Impadance, transformed to feed point 5120+4940
Retum Loss -26.0dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) [ 116508

After long term use with 100W radiated power, enly & slight warming of the dipole near the feedpaint 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 1o 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 stil
according to the Standard,

No excessive force must be applied 1o the dipele arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manutactured on August 05, 2014

Certificate No: D2450V2-955_Jan 152 Paged ol 8
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DASYS Validation Report for Head TSL

Date: 08.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 955

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

Medium parameters used: f = 2450 MHz; a = 1.84 S/m: & = 39.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvFi4.45, 4.45, 4.45), Calibrated: 30.12.2014;
*  Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
* Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial; 1001

* DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 101.2 V/im; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 27.5 Wikg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.12 W/kg

Maximum value of SAR (measured) = 17.5 W/kg

-10.00
-15.00

-20.00

-25.00

0dB = 17.5 W/kg = 12.43 dBW/kg

Cartificate No: D2450V2-855_Jan15/2 Paga5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG. Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 955

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

Report No.: CTL1702156501-SAR

Date: 08.01.2015

Medium parameters used: f = 2450 MHz; ¢ = 2.03 $/m: & = 51; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS2 Configuration:

. Pti\hc: ES3DV3 - SN3205; ConvFi4.17, 4,17, 4.17); Calibrated: 30.12.2014;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn6d1; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 {back): Type: QDOOOPS0AA: Senal: 1002

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

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Mecasurement grid: dx=5mm, dy=3mm, dz=Smm

Reference Vilue

= 97.96 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28 8 W/kg
SAR(] g) = 13.8 W/kg: SAR(10 g) = 6.36 W/kg
Maximum value of SAR (measured) = 18.3 Wikg

-5.00

-15.00

-20.00

-25.00

0dB =183 W/ikg = 12.62 dBW/kg

Cedificate No. D2450V2-955_Jan1%2 Page 7of 8
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Impedance Measurement Plot for Body TSL
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8.7 D5GHzV2 Dipole Calibration Certificate

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughaussirasse 43, 0004 Zurich, Swizorland

Actrediled by the Swiks Accrediation Service (SAS)
The Swiss Accreditation Service |5 one of the signatories to the EA
Multitateral Agreement for the recegnition of callbration certificates

cilent  SMQ (Auden)

‘cmanmou CERTIFICATE

Qbject D5GHzV2 - 8N: 1185
Cstbeation procochins(s) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz
Calibrasion dule: August 22, 2014

tmwmmmmmnmm.mmmmudwm
TbmmwmmmMmenumm“mﬂumﬂm

ummmmmumwmmmm.qtun—mnm.

Caibeation Equipment used (M TE crillon! kor calibration)

This calration canilicate thal nol bo reproduced mxcept In kil without wiillen spgroval ol the lsboratory.

Standards D * Csl Dale (Certilicats No.)
Powot matos EPM-442A GRAT4B0704 00.0ct-13 {No. 217-01827) Oct-14
Powar sensor HP B4BIA Us3azaseres 00-Oci-13 (Mo, 217.01827) Oct-14
Power sensor HP BABIA MY41082347 08-Oct-13 (No, 217-01828) Oct-14
Hatererce 20 dB Allovvaslor SN 5058 (20k) 03-Apr-14 (Mo, 217-01018) Apr-15
Type N miamaich combination SN: 5047 .2 / 06327 O3-Apt-14 (No. 217-01621) Apr15
Relerence Prcbe EX30Va SN: 3503 a0-Dec-13 (No. EX3-3503_Dectd) Doc-14
DAE4 SN 601 18-Aug-14 (No, DAE4-601_Aug14) Mig-15
Secondary Standands 1Dy Chack Dato {in house) Scheduled Chock "
AF generaor &S SMY-06 100005 04-Aug 99 (in house check Oct-13) In house chock: Oct-16
Network Analyzer HP 8753E USI7I00485 54206  18-Oct-01 (In housa check Oct-13) I house check: Oct-14
Namo Function Sigrosurm
Calthrated by: Jeton Kastrasi Laboratory Techniclan t (
Approved by Katja Pokovic Technical Manager

7

Issued: Augus! 22, 2004

Contilicate No: DSGHzV2-1185_Augi4
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Calibration Laboratory of § Schweizsrischer Kalbrlerdlenst
Schmid & Partner Service sulsse d dalonnage
Engineering AG C  seevisio sizzero i taraturs
Zoughausstrasse 43, 6004 Zurich, Swilzerland BRK S Swiss Colibration Service
Accrodied by the Swiss Accrediation Service (SAS) : Accrediation No.: SCS 108

The Swiss Accreditaion Servico |3 one of the signatories to the EA
Mutitatoral Agreement for the recogaition of caliration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEC 62209-2, "Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2 “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHZ"

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further detalls are available from the Validation Report at the end
of the certificate. Al figures stated in the certificate are valid at the frequency Indicated.

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

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

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

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

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

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

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

Corlilicate No: D5GHzV2-1185_Aug14 Page 20l 17
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Measurement Conditions
msvmmm,am.nag_w_nm&!.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution dx, dy = 4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz + 1 MMz
300 MHz & 1 MH2
Frequency 5500 MHz 1 MHz
5600 MHz = 1 MHz
5800 MHz = 1 MHz
Head TSL parameters at 5200 MHz
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 36.0 4.85 mho/m
Mesasured Head TSL parameters (22.0402)C 4T720% 4.48 mho/m + 6 %
Head TSL temperature change during test <05°C e —
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW Input powor 7.89 Wikg
SAR for nomingl Head TSL parameters normakzed to 1W 78.2 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 MW input power 227 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 22.4 Wikg = 19.5 % (k=2)

Cortificata No: DSGHzV2-1186_Aug14

Page 3ol 17
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Head TSL parameters at 5300 MHz
The loflowing parameters and caloulations were applied.

Report No.: CTL1702156501-SAR

Temperature Pormittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.76 mho/m
Measured Head TSL parameters (220+02)°C 34526% 4.57 mholim £ 6 %
Head TSL temperature change during test <05°C — oo
SAR result with Head TSL at 5300 MHz
SAR averagod over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW lnput power 8.42 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W B83.4 W/ kg = 19.9 % (k=2)
SAR averaged over 10 om’ (10 g) of Head TSL condition
SAR measured 100 mW Input power 242 Whg
SAR for nominal Head TSL parameters nommalized to 1TW 23.9 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5500 MHz
The and calculations were
Temperature Permittivity Conductivity
Nomingal Head TSL parameters 20°C 356 4.68 mho/m
Measured Head TSL paramoters (220202)°C 3M4326% 4.76 mho/m 2 6 %
Head TSL temperature change during test <05°C [ oo
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 8.60 Wikg
SAR for nominal Head TSL parameters normakized 1o W 85,2 Wikg = 19.9 % (k=2)
SAR averaged over 10 om” (10 g) of Head TSL condition
SAR measured 100 mW input power 247 Wikg
SAR for nominal Head TSL paramelers normalized 1o 1W 24.4 Wikg = 18.5 % (k=2)
Contilicate No: DSGHzV2-1185_Aug14 Page 4 ol 17
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applad.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Hoad TSL parameters (22.0+02)°C M1:26% 4,86 mho/m £ 6%
Hoad TSL temperature change during test <05°C e
SAR result with Head TSL at 5600 MHz
SAR sveraged over 1 om’ {1 g) of Head TSL Condition
SAR measwed 100 mW Input power 8.43 Wikg
SAR for nominal Head TSL parameters nommalized 1o 1W 83,4 W/ikg 2 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.40 Wikg
SAR for nominal Head TSL paramelers nosmalized 1o 1W 23.7 Wikg = 19,5 % (k=2)
Head TSL parameters at 5800 MHz
The following parameters and caloulations wers applied.
Tomperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 353 5.27 mhalm
Measured Head TSL parameters (220:02)*C 339+6% 5.06 mhoim £ 6 %
Head TSL temperature change during test <05°C —-es -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.86 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 78.8 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL conddion
SAR measwed 100 mW Input power 228 Whkg
SAR for nominal Head TSL paramaeters nommalized to W 22.3 Wikg = 19.5 % (k=2)
Contificate No: DSGHZV2-1185_Aug14 Page 5 of 17
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Head TSL parameters at MHz
The following parameters and calculations were

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C mho/m
Measured Hoad TSL parameters (22.0+02)°C +6% mho/m +6 %
Head TSL temperature change during test <05°C e oe

SAR result with Head TSL at MHz

SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured mW input power Wikg
SAR for nominal Head TSL parameters normalized to 1W Wikg £ 10.9 % (k=2)
SAR avoraged over 10 cm’ (10 g) of Head TSL condition
SAR measured mW input power Wikg
SAR for nominal Head TSL parameters nommalized 1o 1W Wikg = 19.5 % (kn2)

Carlificato No: DSGHzV2-1185_Aug14 PageBol 17
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Body TSL parameters at 5200 MHz
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Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 49.0 5.30 mho'm

Measured Body TSL paramotors (220+02)°C 47026% 532 mho/m £ 6 %

Body TSL temperature change during test <086°C e e
SAR result with Body TSL at 5200 MHz

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

SAR measured 100 mW input power 7.63 Why

SAR for nomnal Body TSL parameters normalized to 1W 75.7 Wikg ¢ 19.9 % (k=2)

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

SAR measwed 100 mW inpul power 212 Wikg

SAR for nominal Body TSL parameters nomalized o 1W 21.0 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 489 5.42 mho/m

Measured Body TSL parameters (22.0+02)°C 488+6% 6.45 mho/m 2 6 %

Body TSL temperature change during tes! <05"C e e
SAR result with Body TSL at 5300 MHz

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

SAR measured 100 mW input power 7.90 Whg

SAR tor nominal Body TSL parameters normalized 1o W 78.3 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW inpul power 222 Wikg

SAR for nominal Body TSL pararmeters normalized 1o 1W 22.0 Wikg = 19.5 % (k=2)
Cartificato No: DSGHZV2-1185_Aug14 Page 7 o 17
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Body TSL parameters at 5500 MHz
The following parameters and calculaticns were applied.

Report No.: CTL1702156501-SAR

Temperature Pormittivity Conductivity

Nominal Body TSL parameters 220°C 486 5.65 mho/m

Moasured Body TSL parameters (2204 02)°C 465:8% 5.71 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 8.25 Wikg

SAR for nominal Body TSL paramelers nommalized 10 1W 81.8 Wikg + 10.9 % (ke2)

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

SAR measured 100 mW Inpul power 229 Whkg

SAR for nominal Body TSL paramaters nomalized 1o 1W 22,6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following paramelers and calculations were applied.
Temperature Parmittivity Conductivity

Nominal Body TSL paramoters 220°C 48.5 5.77 mhoim

Moasured Body TSL parameters (220+02)°C 163+6% 5.84 roho/m £ 6 %

Body TSL temperature change during test <05°C e 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 841 Who

SAR for nominal Body TSL parameders nommalized 1o tW £3.3 Wikg £ 19.9 % (k=2)

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

SAR measured 100 mW input power 233 Wikg

SAH for nominal Body TSL parameters normalized 1o 1W 23.0 Wikg « 19.5 % (k=2)

Conificate No: DSGHzV2-1185_Aug14 Page 8 of 17
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Body TSL parameters at 5800 MHz
The '

he following parameters and calculations were applied.

Report No.: CTL1702156501-SAR

Temperature Pormittivity Conductivity
Nominal Body TSL parameters 220°C 482 6.00 mho/m
Measured Body TSL parameters (220+02)°C 460:8% 6.12 mho/m £ 6%
Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Candition
SAR measured 100 mW input power 7.75 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 76.8 Wikg = 19.9 % (ke2)
SAR averagoed aver 10 cm® (10 g) of Body TSL condition
SAR mansured 100 mW ingut power 215 Wikg
SAR lor nominal Body TSL paramelers normalized 1o 1W 21.3 Wikg = 19.5 % (k=2)
Body TSL parameters at MHz
The following parameters and calculations were
Tomperalure Permittivity Conductivity
Nominal Body TSL parameters 220°C mivo/m
Measured Body TSL parameters (220202)°C +6% mhoim £ 6 %
Body TSL temperature change during test <05°C ean e
SAR result with Body TSL at MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured mW inpul power Wikg
SAR for nominal Body TSL parameters nommalized o TW Wikg = 19.9 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured mw input power Wihkg
SAR for nominal Bady TSL parameters normalized 1o 1W Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, tansfarmed to leed point 4880-750

Retum Loss -223d8
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed 10 feed point 511Q-250

Retun Loss -31.4dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed 1o feed point 50504050

Retwn Loss -43.1dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed 10 feed polnt saz2n-18Q

Return Loss ~293dB
Antenna Parameters with Head TSL at 5800 MHz

impedance, transformed 10 feed point §5590+060

Retum Loss -25.0dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed 1o fead point 400Q-64 0

Relum Loss -23.74d8
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 51.30-28i0

Rotun Loss - 304 dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, translormed to feed point 5040+05iQ

Return Loss -43.7d8

Certiticate No: DSGHzV2-1185_Aug14
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, franstormed to feed point 520+00j0
Relurn Loss -2794d8

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transtormed 1o feed point Bo0+221Q0
Retum Loss -234d8

General Antenna Parameters and Design

[ Etectrical Detay (one direction) | 1.208 ns 3.

Morlwgb«nmmlmmm.Waﬁimdthnthwmm.

according to the Standard.
mmmmuwnwmm.mmmmammm:mw
teadpoint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manulactured on April 01, 2014
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DASYS5 Validation Report for Head TSL
Date: 20.08.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1185

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f= 5200 MHz; o = 448 S/m; & = 34.7, p = 1000 kg/m’ , Medium parameters
used: [= 5300 MHz: 6 = 4.57 S/ & = 34.5; p = 1000 kg/m" , Medium parameters used: f = 5500 MHz; o =
476 S/n; £, = 34.3; p = 1000 kg/m® , Medium parameters uscd: [ = 5600 MHz; 0 =4.86 S/m; & = 34.1:p =
1000 kg/m" , Medium parameters used: { = 5800 MHz; o = 5.06 S/m; &, = 33.9; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvF(5.2,5.2,5.2);
Calibated: 30.12.2013, ConvI(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.86, 4.86, 4.86);
Calibrated: 30.12.2013, ConvF(4.91, 4.91, 4.91); Calibrated: 30.12.2013;

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

o Blectronics: DAE4 Sn601; Calibrated: 18.08.2014

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
o DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.54 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.0 Wikg

SAR(] g) = 7.89 Wikg; SAR(10 g) = 2.27 Wikg

Maximum value of SAR (measured) = 17.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=| 4mm

Reference Value = 67.97 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 31,1 Wikg

SAR(1 g) = 8.42 W/kg; SAR(10 g) = 2.42 W/kg

Maximum value of SAR (measured) = 19.0 Wkg

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=) 4mm

Reference Value = 67,14 V/im; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 33.0 Wikg

SAR(] g) = 8.6 W/kg; SAR(10 g) = 247 W/kg

Maximum value of SAR (measured) = 19.8 Wikg

Centilicate No: DSGH2V2-1185_Aug14 Page 1200 17
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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=| 4mm

Reference Value = 65.77 Vim; Power Drift = 0,04 dB

Peak SAR (extrapolated) = 33.1 W/kg

SAR(] g) = 8.43 W/kg; SAR(10 g) = 2.4 Wikg

Maximum value of SAR (measured) = 20.0 W/kg

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

Reference Value = 63.39 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 32.5 Wikg

SAR(1 g) = 7.96 W/kg; SAR(10 g) = 2.26 Wikg

-6.00
-12.00
-18.00

-24.00

-30.00

0dB = 19.0 Wikg = 12,79 dBW/kg
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Impedance Measurement Plot for Head TSL

20 Aug 2004 11199148
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DASYS Validation Report for Body TSL
Date: 22.08.2014

Test Laboratory: SPEAG, Zurich, Switzerdand
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1185

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: S500
MHz, Frequency: 5600 MHz, Frequeacy: 5800 MHz

Medium parameters used: = 5200 MHz; 0 = 5.32 S/m; & = 47; p = 1000 kg/m' , Medium panameters used: f
= 5300 MHz; & = 5.45 S/n; & = 46.8; p = 1000 kg/m’ , Medium parameters used: = 5500 MHz; 0 = 5.71
S/m; &, = 46.5; p = 1000 kg/m" , Medium parameters used: f = 5600 MHz; o = 5.84 S/m; ¢, = 46.3; p = 1000
kg/m® , Medium parameters used: £ = 5800 MHz; o = 6.12 S/m; ¢, = 46; p = 1000 kg/m’

Phantom section: Flut Section

Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2011)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF{(4.76, 4.76,
4.76); Calibrated: 30,12.2013, Convi¥(d,52, 4.52, 4.52); Calibrated: 30.12.2013, ConvF(4.3, 4.3, 4.3),
Calibrated: 30.12.2013, ConvF(4.47, 4.47, 447); Calibrated: 30.12.2013;

« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

« Electronics: DAEA Sn601; Calibrated: 18.08.2014

o Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
o DASY52 52.8.8(1222); SEMCAD X 14,6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=| 4mm

Reference Value = 59.57 V/im; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 29.9 W/kg

SAR(I g) = 7.63 Wikg; SAR(10 g) = 2.12 W/kg

Maximum vaiue of SAR (measured) = 1 7.8 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, (=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60,58 Vim; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 31.9 Wikg

SAR(] g) = 7.9 W/kg; SAR(10 g) = 2.22 W/kg

Maximum value of SAR (measured) = 19.0 Wikg

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=] 4mm

Reference Value = 60.71 Vim; Power Drift = 0.02 dB

Peak SAR (eximpolated) = 35.5 Wikg

SAR(] g) = 8.25 W/kg; SAR(10 g) = 2.29 W/kg

Maximum value of SAR (measured) = 20.3 Wikg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1L4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.71 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 37.2 W/kg

SAR(] g) =8.41 W/kg; SAR(10 g) = 2,33 W/kg

Maximum value of SAR (measured) = 20.8 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, (=5800 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 56.97 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 36.1 W/kg

SAR(1 g) =7.75 W/kg; SAR(10 g) = 2.15 Wikg

Maximum value of SAR (measured) = 19.6 Wikg

dB
0

-65.00
-12.00
-18.00

24,00

-30.00

0dB = 19.6 W/kg = 1292 dBW/kg
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Impedance Measurement Plot for Body TSL
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8.8 DAEA4 Calibration Certificate

. b N N PEW
=‘TTL —P—"-ﬁ'—’——%@CNAS B

NS v CALIBRA
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China ""ol | \“\ CNAS LD
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209 —

o

E-mail: cttl@chinattl.com Hittp://www.chinattl.cn
Client - ClQ(Shenzhen) Certificate No: Z16-97120
CALIBRATION CERTIFICATE
Object DAE4 - SN: 1315 ?[’VZP(?V

Calibration Procedure(s) FD-Z11-2-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: July 26, 2016
This calibration Certificate documents the traceability to national standards, which realize the physical units ¢
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the followin

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 27-June-16 (CTTL, No:J16X04778) June-17
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer é%
Reviewed by: Qi Dianyuan SAR Project Leader %
Approved by: Lu Bingsong Deputy Director of the laboratory 4)@"7 '

Issued:\July 27, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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A, Colaboration with

Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: ctti@chinattl.com Hittp://www.chinattl.cn
Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Voltage Measurement:. Calibration Factor assessed for use in DASY
system by comparison with a calibrated instrument traceable to national
standards. The figure given corresponds to the full scale range of the
voltmeter in the respective range.

» Connector angle: The angle of the connector is assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

« The report provide only calibration results for DAE, it does not contain other
performance test results.
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ﬁ" lnCoaabomionwma

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

Report No.: CTL1702156501-SAR

DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1V, full range = -100...+300 mV
Low Range: 1LSB = 61nV , full range = i P +3mV

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

Calibration Factors X Y Z

High Range 405.179 + 0.15% (k=2) | 405.018 + 0.15% (k=2) | 404.98 + 0.15% (k=2)

Low Range 3.99015+ 0.7% (k=2) | 3.98549 + 0.7% (k=2) | 3.98861 + 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

20.5°+1°

Certificate No: Z16-97120 Page 3 of 3
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) A
Fetwunry 24, 2013
Acceptable Conditions for SAR Mcasurements Using Probes and Dipoles

Calibrated under the SPEAG-CTTL Dual-Logo Calibration Program to
Support FCC Equipment Certification

The acceptable conditions for SAR measurements using probes, dipoles and DAEs
calibrated by CTTL (China Telecommmmication Technology Labs), under the Dual-Logo
Calibration Certificate program and quality assurance (QA) protocols established
between SPEAG (Schmid & Pariner Engineering AG, Switzerland) and CTTL, to support
FCC (U.S. Federal Comnmunications Conmission) equipment certification are defined
and described in the following, The conditions in this KDB are valid until December 31,
2015.

1) The agreement established between SPEAG and CTTL is only applicable 1o
calibration services performed by CTTL where its clients (companies and divisions of
such companics) arc headquartered in the Greater China Region, including Taiwan
and Hong Kong, CTTL shall inform the FCC of any changes or early termination o
the agreement.

2) Only a subset of the calibration services specified in the SPEAG-CTTL agreement,
while it remains valid, are applicable to SAR measurcments performed using such
equipment for supporting FCC equipment certification, These are identified in the
following.

a) Calibration of dosimetric (SAR) probes EX3DVx, ET3DVx and ES3DVx,

i) Free-space E-field and H-field probes, including those used for HAC (bearing
aid compatibility) evaluation, temperature probes, other probes or equipment
not identified in this document, when calibrated by CTTL, are excluded and
cannot be used for measurements to support FCC equipment certification,

i) Signal specific and bundled probe calibrations based on PMR (probe
modulation responsc) characteristics or probe sensor model based
lincarization methods that are not fully described in SAR standards are
excluded and cannot be used for measurements to support FCC equipment
certification,

b) Calibration of SAR system validation dipoles, excluding HAC dipoles,

c) Calibration of data acquisition electronics DAE3Vx, DAE4Vx and DAEasyVx.

d) For FCC cquipment certification purposes, the frequency range of SAR probe and
dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by
the equipment identified in the CTTL QA protocol (a separate attachment to this
document),

¢) The identical system and equipment setup, measurement configurations,
hardware, evaluation algorithms, calibration and QA protocols, including the
format of calibration certificates and reports used by SPEAG shall be applied by

CTTL. Equivalent test equipment and measurement configurations may be

considered only when agreed by both SPEAG and the FCC,

f) The calibrated items arc only applicable to SPEAG DASY 4 and DASY 5
systems or higher version systems that satisfy the requirements of this KDB.

3) The SPEAG-CTTL agreement includes specific protocols identified in the following
to ensure the quality of calibration services provided by CTTL under this SPEAG-
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9 Test Setup Photos

Photograph of the depth in the Body Phantom

Back Side Setup Photo

Front Side Setup Photo
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Left SideSetup Photo

Top Side Setup Photo
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Bottom Side Setup Photo
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10 External and Internal Photos of the EUT

Please reference to the test report No.: CTL1702156501-WF01
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