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APPENDIX 2: SAR Measurement data

Appendix 2-1: Evaluation procedure

The SAR evaluation was performed with the following procedure:

Step 1: Measurement of the E-field at a fixed location above the central position of flat phantom was used as a reference
value for assessing the power drop.

Step 2: The SAR distribution at the exposed side of head or body position was measured at a distance of each device from
the inner surface of the shell. The area covered the entire dimension of the antenna of EUT and suitable horizontal
grid spacing of EUT (and/or platform). Based on these data, the area of the maximum absorption was determined by
splines interpolation.

Step 3:  Around this point found in the Step 2 (area scan), a volume of 30mm(X axis)x30mm(Y axis)x30mm(Z axis) (or
more) was assessed by measuring 7x7x7 points (or more) under 3GHz.
And for any secondary peaks found in the Step2 which are within 2dB of the SAR limit (1.6W/kg), this Step3
(Zoom scan) is repeated.
On the basis of this data set, the spatial peak SAR value was evaluated under the following procedure:

(1) The data at the surface were extrapolated, since the center of the dipoles is Imm away from the tip of the
probe and the distance between the surface and the lowest measuring point is 2mm. The extrapolation was
based on a least square algorithm. A polynomial of the fourth order was calculated through the points in z-axes.
This polynomial was then used to evaluate the points between the surface and the probe tip.

(2) The maximum interpolated value was searched with a straightforward algorithm. Around this maximum the
SAR values averaged over the spatial volumes (1g or 10g) were computed by the 3D-Spline interpolation
algorithm. The 3D-Spline is composed of three one-dimensional splines with the “Not a knot"-condition (in X,
y and z-directions). The volume was integrated with the trapezoidal-algorithm. One thousand points
(10x10x10) were interpolated to calculate the average.

(3) All neighboring volumes were evaluated until no neighboring volume with a higher average value was found.
Step 4: Re-measurement of the E-field at the same location as in Step 1 for the assessment of the power drift.
Step 5: Repeat Step 1-Step 4 with other condition or/and setup of EUT (and/or platform).
*. Theall SAR tests were conservatively performed with test separation distance 0Omm. The distance between the SAR probe tip to the surface of

test device which is touched the bottom surface of the phantom is approx. 3 mm for 2.4GHz band and 2.4 mm for SGHz band. The phantom
bottom thickness is approx. 2mm in the SAR test area.
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Appendix 2-2:  SAR measurement data

Worst SAR plot

Plot 1-1:  Back & touch, 11b (1Mbps), 2462 MHz ->Highest reported extremity (wrist) SAR(10g)

EUT: RF Module (in Smart Qutdoor Watch) ; Type: WSD-F21 (Platform:WSD-F21); Serial: 6 (Platform: 6)

Mode: 11b(1Mbps, DBPSK/DSSS) (UID: 0, Wifi_24GHz (0), Frame Length in ms: 0; PAR: 0; PMF: 1); Frequency: 2462 MHz; Crest Factor: 1.0

Medium: M2450(1903); Medium parameters used: f= 2462 MHz; ¢ =2.037 S/m; & = 50.65; p = 1000 kg/m?
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY Configuration: -Electronics: DAE4 Sn626; Calibrated: 2018/10/15 ; -Phantom: ELI v4.0; Type: QDOVA001BA; Serial: 1059; Phantom section: Flat Section
-DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450); -Probe: EX3DV4 - SN3907; ConvF(7.32,7.32, 7.32) @ 2462 MHz; Calibrated: 2018/05/15
-Sensor-Surface: 2mm (Mechanical Surface Detection (Locations From Previous Scan Used)), Sensor-Surface: 2mm (Mechanical Surface Detection), z= 1.0, 31.0, 161.0

touch(10g),back,add 2/24b3;2462,back&d0,b(1m)y/

Area:96x84,12 (8x9x1): Measurement grid: dx=12mm, dy=12mm; Maximum value of SAR (measured) =0.0994 W/kg
Area:96x84,12 (71x81x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm; Maximum value of SAR (interpolated) = 0.102 W/kg
Z;160,5 (1x1x33): Measurement grid: dx=20mm, dy=20mm, dz=5mm; Maximum value of SAR (measured) =0.115 W/kg

Zoom1:30x30x30,5 (7x7x7)/Cube 0: Measurement grid: dx=Smm, dy=Smm, dz=5mm;
Reference Value =6.494 V/m; Power Drift = 0.06 dB; Maximum value of SAR (measured) =0.113 W/kg; Peak SAR (extrapolated) =0.166 W/kg
SAR(1 g) =0.076 W/kg; SAR(10 g) = 0.037 W/kg
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Remarks:  *. Date tested: 2019/03/05; Tested by: Hiroshi Naka; Tested place:No.7 shielded room,
* liquid depth: 151 mmy; Position: distance of EUT to phantom: 0 mm (2 mm to liquid); ambient: (23~24) deg.C. / (40~55) %RH,
* . liquid temperature: 22.0(start)/22.1(end)/22.0(in check) deg.C.; *.White cubic: zoom scan area, Red cubic: big=SAR(10g y/small=SAR(1g)

Plot2-1: Front & 10 mm gap , 11b (1Mbps), 2437 MHz ->Highest reported partial body (next-to-mouth) SAR(1g)
EUT: RF Module (in Smart Qutdoor Watch) ; Type: WSD-F21 (Platform: WSD-F21); Serial: 6 (Platform: 6)

Mode: 11b(1Mbps, DBPSK/DSSS) (UID: 0, Wi-fi_ 24GHz (0), Frame Length in ms: 0; PAR: 0; PMF: 1); Frequency: 2437 MHz; Crest Factor: 1.0
Medium: HSL.2450(1903); Medium parameters used: f= 2437 MHz; ¢ = 1.857 S/m; & = 38.16; p = 1000 kg/m?
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY Configuration: -Electronics: DAE4 Sn626; Calibrated: 2018/10/15 ; -Phantom: ELI v4.0; Type: QDOVA001BA; Serial: 1059; Phantom section: Flat Section
-DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450); -Probe: EX3DV4 - SN3907; ConvF(7.31, 7.31,7.31) (@ 2437 MHz; Calibrated: 2018/05/15
-Sensor-Surface: 2mm (Mechanical Surface Detection (Locations From Previous Scan Used)), Sensor-Surface: 2mm (Mechanical Surface Detection), z=1.0, 31.0, 161.0

touch,front/24h9(fec);2437 front&gap10,b(1m)y/

Area:84x84,12 (8x8x1): Measurement grid: dx=12mm, dy=12mm; Maximum value of SAR (measured) = 0.0749 W/kg
Area:84x84,12 (71x71x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm; Maximum value of SAR (interpolated) = 0.0849 W/kg
Z;160,5 (1x1x33): Measurement grid: dx=20mm, dy=20mm, dz=5mm; Maximum value of SAR (measured) = 0.0828 W/kg

Zoom:30x30x30,5 (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=Smm;
Reference Value = 6.812 V/m; Power Drift =-0.02 dB; Maximum value of SAR (measured) = 0.0823 W/kg; Peak SAR (extrapolated) =0.104 W/kg
SAR( g) =0.060 W/kg; SAR(10 g) = 0.032 W/kg
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Remarks:  *. Date tested: 2019/03/04; Tested by: Hiroshi Naka; Tested place:No.7 shielded room,
*, liquid depth: 150 mm; Position: distance of EUT to phantom: 0 mm (2 mm to liquid); ambient: (24~25) deg.C. / (40~55) %RH,
*, liquid temperature: 24.0(start)/23.9(end)/23.9(in check) deg.C.; *.White cubic: zoom scan area, Red cubic: big=SAR(10g )/small=SAR(1g)
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Appendix 2-2: SAR measurement data (cont'd)

Other SAR plots

Plot1-2: Back&touch, 11b (1Mbps), 2412 MHz
EUT: RF Module (in Smart Qutdoor Watch) ; Type: WSD-F21 (Platform: WSD-F21); Serial: 6 (Platform: 6)

Mode: 11b(1Mbps, DBPSK/DSSS) (UID: 0, Wifi 24GHz (0), Frame Lengthinms: 0; PAR: 0; PMF: 1); Frequency: 2412 MHz; Crest Factor: 1.0
Medium: M2450(1903); Medium parameters used: f= 2412 MHz; 6 = 1.966 S/m; &= 50.84; p = 1000 kg/m?
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY Configuration: -Electronics: DAE4 Sn626; Calibrated: 2018/10/15 ; -Phantom: ELI v4.0; Type: QDOVA001BA; Serial: 1059; Phantom section: Flat Section
-DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450); -Probe: EX3DV4 - SN3907; ConvF(7.32, 7.32,7.32) (@ 2412 MHz; Calibrated: 2018/05/15
-Sensor-Surface: 2mm (Mechanical Surface Detection), z=1.0,31.0

touch(10g),back,add 2/24b1;2412,back&d0,b(1m)/
Area:96x84,12 (8x9x1): Measurement grid: dx=12mm, dy=12mm; Maximum value of SAR (measured) =0.103 W/kg
Area:96x84,12 (71x81x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm; Maximum value of SAR (interpolated) = 0.109 W/kg

Zoom1:30x30x30,5 (7x7x7)/Cube 0: Measurement grid: dx=Smm, dy=Smm, dz=5mm;
Reference Value = 6.879 V/m; Power Drift=-0.10 dB; Maximum value of SAR (measured) = 0.108 W/kg; Peak SAR (extrapolated) = 0.143 W/kg
SAR(1 g)=0.073 W/kg; SAR(10 g) =0.035 W/kg
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Remarks:  *. Date tested: 2019/03/05; Tested by: Hiroshi Naka; Tested place:No.7 shielded room,
*, liquid depth: 151 mm; Position: distance of EUT to phantom: 0 mm (2 mm to liquid); ambient: (23~24) deg.C. / (40~55) %RH,
*, liquid temperature: 22.0(start)/22.0(end)/22.0(in check) deg.C.; *.White cubic: zoom scan area, Red cubic: big=SAR(10g )/'small=SAR(1g)

Plot 1-3: Back&touch, 11b (1Mbps), 2437 MHz
EUT: RF Module (in Smart Qutdoor Watch) ; Type: WSD-F21 (Platform: WSD-F21); Serial: 6 (Platform: 6)

Mode: 11b(1Mbps, DBPSK/DSSS) (UID: 0, Wifi 24GHz (0), Frame Lengthinms: 0; PAR: 0; PMF: 1); Frequency: 2437 MHz; Crest Factor: 1.0
Medium: M2450(1903); Medium parameters used: f= 2437 MHz; 6 = 1.999 S/m; &= 50.75; p = 1000 kg/m?
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY Configuration: -Electronics: DAE4 Sn626; Calibrated: 2018/10/15 ; -Phantom: ELI v4.0; Type: QDOVA001BA; Serial: 1059; Phantom section: Flat Section
-DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450); -Probe: EX3DV4 - SN3907; ConvF(7.32,7.32,7.32) @) 2437 MHz; Calibrated: 2018/05/15
-Sensor-Surface: 2mm (Mechanical Surface Detection (Locations From Previous Scan Used)), Sensor-Surface: 2mm (Mechanical Surface Detection), z=1.0,31.0

touch(10g),back,add 2/24b2;2437 back&d0,b(1m)/
Area:96x84,12 (8x9x1): Measurement grid: dx=12mm, dy=12mm; Maximum value of SAR (measured) =0.0928 W/kg
Area:96x84,12 (71x81x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm; Maximum value of SAR (interpolated) = 0.0959 W/kg

Zoom1:30x30x30,5 (7x7x7)/Cube 0: Measurement grid: dx=Smm, dy=Smm, dz=5mm;
Reference Value = 6.396 V/m; Power Drift=0.20 dB; Maximum value of SAR (measured) = 0.109 W/kg; Peak SAR (extrapolated) = 0.154 W/kg
SAR(1 g) = 0.074 W/kg; SAR(10 g) = 0.035 W/kg
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Remarks:  *. Date tested: 2019/03/05; Tested by: Hiroshi Naka; Tested place:No.7 shielded room,
*, liquid depth: 151 mm; Position: distance of EUT to phantom: 0 mm (2 mm to liquid); ambient: (23~24) deg.C. / (40~55) %RH,
*, liquid temperature: 22.0(start)/22.0(end)/22.0(in check) deg.C.; *.White cubic: zoom scan area, Red cubic: big=SAR(10g )/'small=SAR(1g)
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Appendix 2-2: SAR measurement data (cont'd)

Plot2-2: Front & 10 mm gap , 11b (1Mbps), 2412 MHz

EUT: RF Module (in Smart Qutdoor Watch) ; Type: WSD-F21 (Platform:WSD-F21); Serial: 6 (Platform: 6)

Mode: 11b(1Mbps, DBPSK/DSSS) (UID: 0, Wifi_24GHz (0), Frame Length in ms: 0; PAR: 0; PMF: 1); Frequency: 2412 MHz; Crest Factor: 1.0
Medium: HSL.2450(1903); Medium parameters used: f= 2412 MHz; ¢ = 1.826 S/m; & = 38.25; p = 1000 kg/m?
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY Configuration: -Electronics: DAE4 Sn626; Calibrated: 2018/10/15 ; -Phantom: ELI v4.0; Type: QDOVA001BA; Serial: 1059; Phantom section: Flat Section
-DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450); -Probe: EX3DV4 - SN3907; ConvF(7.31,7.31,7.31) @ 2412 MHz; Calibrated: 2018/05/15
-Sensor-Surface: 2mm (Mechanical Surface Detection (Locations From Previous Scan Used)), Sensor-Surface: 2mm (Mechanical Surface Detection), z=1.0,31.0, 161.0

touch,front/24h8(fcc); 2412, front&gap10,b(1m)y/

Area:84x84,12 (8x8x1): Measurement grid: dx=12mm, dy=12mm; Maximum value of SAR (measured) =0.0748 W/kg
Area:84x84,12 (71x71x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm; Maximum value of SAR (interpolated) = 0.0861 W/kg
7;160,5 (1x1x33): Measurement grid: dx=20mm, dy=20mm, dz=5Smm; Maximum value of SAR (measured) = 0.0850 W/kg

Zoom:30x30x30,5 (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5Smm;
Reference Value =6.820 V/m; Power Drift = 0.08 dB; Maximum value of SAR (measured) = 0.0812 W/kg; Peak SAR (extrapolated) =0.103 W/kg

SAR(1 g) = 0.060 W/kg; SAR(10 g) = 0.033 W/kg
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Remarks:  *. Date tested: 2019/03/04; Tested by: Hiroshi Naka; Tested place:No.7 shielded room,
* liquid depth: 150 mmy; Position: distance of EUT to phantom: 0 mm (2 mm to liquid); ambient: (24~25) deg.C. / (40~55) %RH,
* . liquid temperature: 24.0(start)/24.0(end)/23.9(in check) deg.C.; *.White cubic: zoom scan area, Red cubic: big=SAR(10g )/small=SAR(1g)

Plot 2-3:  Front & 10 mm gap , 11b (1Mbps), 2462 MHz

EUT: RF Module (in Smart OQutdoor Watch) ; Type: WSD-F21 (Platform: WSD-F21); Serial: 6 (Platform: 6)

Mode: 11b(1Mbps, DBPSK/DSSS) (UID: 0, Wifi_24GHz (0), Frame Length in ms: 0; PAR: 0; PMF: 1); Frequency: 2462 MHz; Crest Factor: 1.0
Medium: HSL.2450(1903); Medium parameters used: f=2462 MHz; o = 1.884 S/m; & = 38.05; p = 1000 kg/m?
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY Configuration: -Electronics: DAE4 Sn626; Calibrated: 2018/10/15 ; -Phantom: ELI v4.0; Type: QDOVA001BA; Serial: 1059; Phantom section: Flat Section
-DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450); -Probe: EX3DV4 - SN3907; ConvF(7.31, 7.31,7.31) (@ 2462 MHz; Calibrated: 2018/05/15
-Sensor-Surface: 2mm (Mechanical Surface Detection (Locations From Previous Scan Used)), Sensor-Surface: 2mm (Mechanical Surface Detection), z=1.0,31.0

touch,front/24h10(fcc);2462,front&gap10,b(1m)/
Area:84x84,12 (8x8x1): Measurement grid: dx=12mm, dy=12mm; Maximum value of SAR (measured) =0.0611 W/kg
Area:84x84,12 (71x71x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm; Maximum value of SAR (interpolated) = 0.0687 W/kg

Zoom:30x30x30,5 (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=Smm;
Reference Value=6.083 V/m; Power Drift =0.02 dB; Maximum value of SAR (measured) = 0.0669 W/kg; Peak SAR (extrapolated) = 0.0850 W/kg
SAR(1 g) = 0.048 W/kg; SAR(10 g) = 0.026 W/kg

ik
D.EI%?

0.054

0.040

0.027

0.013

Remarks:  *. Date tested: 2019/03/04; Tested by: Hiroshi Naka; Tested place:No.7 shielded room,
*, liquid depth: 150 mmy; Position: distance of EUT to phantom: 0 mm (2 mm to liquid); ambient: (24~25) deg.C. / (40~55) %RH,
*, liquid temperature: 23.9(start)/23.9(end)/23.9(in check) deg.C.; *.White cubic: zoom scan area, Red cubic: big=SAR(10g )/small=SAR(1g)
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APPENDIX 3: Test instruments

Appendix 3-1: Equipment used

* AT (antenna terminal conducted power measurement) was measured February 26, 2019. (Refer to Section 6 in this report.)

The expiration date of calibration is the end of the expired month.
As for some calibrations performed after the tested dates, those test equipment have been controlled by means of an unbroken chains of calibrations.
All equipment is calibrated with valid calibrations. Each measurement data is traceable to the national or international standards.

[Test Item] SAR: Specific Absorption Rate, AT.pwr: Antenna terminal conducted power
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Appendix 3-2: Configuration and peripherals

These measurements were performed with the automated near-field scanning system DASYS from Schmid & Partner Engineering
AG (SPEAG). The system is based on a high precision robot), which positions the probes with a positional repeatability of better
than + 0.02 mm. Special E- and H-field probes have been developed for measurements close to material discontinuity, the sensors of
which are directly loaded with a Schottky diode and connected via highly resistive lines to the data acquisition unit. The SAR
measurements were conducted with the dosimetry probes EX3DV4 (manufactured by SPEAG), designed in the classical triangular
configuration and optimized for dosimetric evaluation.

Shielded room

-

Maasuameni Sanses DASYS

e X

robot controfer

P Flat phantom
I Tissue
simulating
liquid

L1 Device holder

e DASYS5 system for performing compliance tests consist of the following items:

A standard high precision 6-axis robot (Stéubli TX/RX family) with controller, teach pendant and software.
|An arm extension for accommodating the data acquisition electronics (DAE).

|An isotropic field probe optimized and calibrated for the targeted measurement.

IA data acquisition electronics (DAE) which performs the signal amplification, signal multiplexing, AD-conversion, offset measurements,
imechanical surface detection, collision detection, etc. The unit is battery powered with standard or rechargeable batteries. The signal is optically
transmitted to the EOC.

The Electro-optical converter (EOC) performs the conversion from optical to electrical signals for the digital communication to the DAE. To use
optical surface detection, a special version of the EOC is required. The EOC signal is transmitted to the measurement server.

The function of the measurement server is to perform the time critical tasks such as signal filtering, control of the robot operation and fast
imovement interrupts.

The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the probe positioning.

IA computer running Win7 professional operating system and the DASYS software.

IR Remote control and teach pendant as well as additional circuitry for robot safety such as warning lamps, etc.

The phantom.

The device holder for EUT. (low-loss dielectric palette) (*. when it was used.)

Tissue simulating liquid mixed according to the given recipes.

Validation dipole kits allowing to validate the proper functioning of the system.
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Appendix 3-3: Test system specification
TX60 Lsepag robot/CS8Csepag-TX60 robot controller | EOC
eNumber of Axes ) eRepeatability  : +0.02 mm
eManufacture : Staubli Unimation Corp.
DASYS Measurement server | DAE
eFeatures : The DASY5 measurement server is based on a PC/104 CPU board with a
400MHz intel ULV Celeron, 128MB chip-disk and 128MB RAM. The TX60L
necessary circuits for communication with the DAE4 electronics box, as
well as the 16 bit AD converter system for optical detection and digital I/O
interface are contained on the DASY'5 I/O board, which is directly Probe
connected to the PC/104 bus of the CPU board.
oCalibration : No calibration required.
eManufacture : Schmid & Partner Engineering AG
Data Acquisition Electronic (DAE) |
eFeatures . Signal amplifier, multiplexer, A/D converter and control logic. Light beam switch
Serial optical link for communication with DASY5 embedded system (fully
remote controlled). 2 step probe touch detector for mechanical surface
detection and emergency robot stop (not in -R version)
eMeasurement Range : 1 pV to>200 mV (16bit resolution and 2 range settings: 4 mV, 400 mV)
eInput Offset voltage : <1 pV (with auto zero)
eInput Resistance : 200 MQ DASYS Server
eBattery Power : > 10 hrs. of operation (with two 9 V battery)
eManufacture : Schmid & Partner Engineering AG
Electro-Optical Converter (EOC61) |
eManufacture : Schmid & Partner Engineering AG
Light Beam Switch (LB5/80) | Robot controller
eManufacture : Schmid & Partner Engineering AG
SAR measurement software |
eltem : Dosimetric Assessment System DASYS
eSoftware version : DASY52, V8.2 B969
eManufacture : Schmid & Partner Engineering AG
| E-Field Probe | EX3DV4 E-field Probe
eModel : EX3DV4 (serial number: 3907)
eConstruction : Symmetrical design with triangular core.
Built-in shielding against static charges.
PEEK enclosure material (resistant to organic solvents, e.g., DGBE).
eErequency : 10MHz to 6GHz, Linearity: 0.2 dB (30MHz to 6GHz)
eConversion Factors : 2.45,5.2,525,5.5,5.6,5.75,5.8 GHz (Head)
1 2.45,5.25,5.6,5.75 GHz (Body)
eDirectivity : 0.3 dB in HSL (rotation around probe axis)
10.5 dB in tissue material (rotation normal to probe axis)
eDynamic Range : 10uW/g to > 100 mW/g; Linearity: 0.2 dB (noise: typically < 1 pW/g)
eDimension : Overall length: 330 mm (Tip: 20 mm)
Tip diameter: 2.5 mm (Body: 12 mm)
Typical distance from probe tip to dipole centers: Imm
eApplication : High precision dosimetric measurement in any exposure scenario (€.g., very strong gradient fields).
Only probe which enables compliance testing for frequencies up to 6GHz with precision of better
30%.
eManufacture : Schmid & Partner Engineering AG
Phantom |
oType : ELI 4.0 oval flat phantom ELI14.0 flat phantom
oShell Material ~ : Fiberglass oShell Thickness  : Bottom plate: 2 £0.2 mm
eDimensions : Bottom elliptical: 600x400 mm, Depth: 190 mm (Volume: Approx. 30 liters)
eManufacture : Schmid & Partner Engineering AG
Device Holder |
Urethane foam
KSDH-01: In combination with the ELI4, the Mounting Device enables the rotation of the
mounted transmitter device in spherical coordinates. Transmitter devices can be easily and
accurately positioned. The low-loss dielectric urethane foam was used for the mounting section of
device holder.
eMaterial : POM eManufacture : Schmid & Partner Engineering AG Device holder
UL Japan, Inc.
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Appendix 3-4: Simulated tissue composition and parameter confirmation
Liquid type Body Head
Model No. / Product No. MSL2450V2 /SL AAM 245 BA HSL.2450V2 /S AAH 245 BA
Control number KSLM245-01 KSLH245-01
Ingredient: Mixture (%) Water:52-75%, DGBE:25-48%, NaCl:<1.0% Water: 52-75%, DGBE: 25-48%, NaCl: <1.0%
Manufacture Schmid & Partner Engineering AG Schmid & Partner Engineering AG
*. The dielectric parameters were checked prior to assessment using the DAK3.5 dielectric probe kit.
. .. Liquid parameters (*a) ASAR
Measured | Freq. | Liquid A[;‘;gg"]“ Liquid temp. I];gl:’:i‘l’ Permittivity (er) [ Conductivity [S/m] (19 [ (10g)
date [MHz] | type o) Tore [deg.C] Measured . Measured .| (%] | [%]
/[%RH] [mm] | Target Meas. | Aer(%] Limit| Target Meas. | Ac[%] Limit by | (%)
March4,2019 | 2450 | Head | 24/33 239 (150) 39.2 38.11 28 | 5% 1.80 1.871 | +4.0 | £5% [+2.52|+147
March 5,2019 | 2450 | Body | 23/35 220 (151) 52.7 5069 | -3.8 | 5% 195 2019 | +3.5 | £5% |+2.56|+1.52
*a, The target value is a parameter defined in Appendix A of Standard Interpolated
KDB865664 D01 (v01104). The dielectric parameters £ Head Tissue Body Tissue f Head Tissue Body Tissue
suggested for head and body tissue simulating liquid are (MHz) g | o[Sml| e | oc[Sm] (MHz) er G [S/m] e G [S/m]
given at 2000, 2450 and 3000MHz. As an intermediate (1800-2000 | 400 | 140 | 533 | 152 | 2412 [ 3927 1766 | 5275 | 1.914
solution, dielectric parameters for the frequencies between 2450 392 180 | 527 | 195 2437 (39221 1788 | 5272 | 1938
2000~2450MHz and 2450~3000MHz were obtained using 3000 385 | 240 | 520 | 273 2462 |39.18| 1813 | 5268 | 1.967

*b.

Appendix 3-5:

linear interpolation.

The coefficients are parameters defined in IEEE Std. 1528(2013).
ASAR(1g)= Cer xAer + Co xAG, Cer=-7.854E-4x{3+9 402E-3x2-2. 742E-2x£-0.2026 / Co =9.804E-3x13-8.661E-2x2+2.98 1 E-2x{+0.7829
ASAR(10g)= Cer xAer + Co A, Cer=3456x10-3x13 -3.531x102x12 +7.675x102xf-0.1860 / Co=4.479x103xf3 -1.586x10"2x12 -0.1972xf+0.7717

Daily check results

Prior to the SAR assessment of EUT, the daily check (system check) was performed to test whether the SAR system was
operating within its target of £10%. The daily check results are in the table below. (*. Refer to Appendix 3-6 of measurement data.)

Daily check results
Daily check target & measured
Dae | | Linid T ot 1o T T Target T e
easu viation P vieas n P
] P e | AR e [ Cal [ STD | Cal | STD | [at'| T3> | red || seaed | CaL | STD | Cal. [STD | 1|5
9 o) | ¢ | [%] | [%] ) o) | (D | [%] | [%] .
March4,2019 | 2450 | Head | 132 | 12.87 | 5148 | 51.8 | 524 |(-0.6)| -1.8 | +10 | Pass | 609 | 6.00 | 24.00 | 243 | 240 |(+02)] O | +10 |Pass
March 5,2019 | 2450 | Body | 12.9 | 12.57| 5028 | 50.7 | n/a | 0.8 | n/a | £10 | Pass | 6.01 | 592 | 23.68 | 23.7 | n/a | -0.1 | n/a | £10 |Pass
*.  Calculating formula: ~ ASAR corrected SAR (1g,10g) (W/kg) = (Measured SAR(1g,10g) (W/kg)) x (100 - (ASAR(%))/ 100
*c. The "Measured" SAR value is obtained at 250 mW for 2450MHz.
*d. The measured SAR value of Daily check was compensated for tissue dielectric deviations (ASAR) and scaled to 1W of output power in order to compare with the

*e.

manufacture's calibration target value which was normalized.
The target value is a parameter defined in the calibration data sheet of D2450V2 (sn:822) dipole calibrated by Schmid & Partner Engineering AG (Certification No.
D2450V2-822 Janl19, the data sheet was filed in this report).

*f. The target value (normalized to 1W) is defined in IEEE Std.1528.
Dipole
(245GHz)
Test setup for the system performance check
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Appendix 3-6: Daily check measurement data
Photographs of Liquid depth
150 mm (Head, 24GHz, March 4, 2019) 151 mm (Body, 24GHz, March 5,2019)

(Head liquid) EUT: Dipole(2.45GHz)(sn822); Type: D2450V2; Serial: 822; Forward conducted power: 250mW
Communication System: CW (*. UID:0; Frame Length in ms: 0; PAR: 0; PMF: 1); Frequency: 2450 MHz; Crest Factor: 1.0
Medium: HSL.2450(1902); Medium parameters used: f=2450 MHz; ¢ = 1.843 S/m; & =38.27; p =1000 kg/m?
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY Configuration: -Electronics: DAE4 Sn626; Calibrated: 2018/10/15 ; -Phantom: ELI v4.0; Type: QDOVAQ001BA; Serial: 1059; Phantom section: Flat Section
-DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450); -Probe: EX3DV4 - SN3907; ConvF(7.31,7.31,7.31) @ 2450 MHz; Calibrated: 2018/05/15
-Sensor-Surface: 2mm (Mechanical Surface Detection), z= 1.0, 31.0, 161.0

Area:60x60,15 (5x5x1): Measurement grid: dx=15mm, dy=15mm; Maximum value of SAR (measured) = 19.6 W/kg
Area:60x60,15 (41x41x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm; Maximum value of SAR (interpolated) =20.0 W/kg
7;160,5 (1x1x33): Measurement grid: dx=20mm, dy=20mm, dz=Smm; Maximum value of SAR (measured) =204 W/kg

Zoom:30x30x30,5 (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=Smm;
Reference Value = 104.9 V/m; Power Drift=0.01 dB; Maximum value of SAR (measured) =20.4 W/kg; Peak SAR (extrapolated) =27.6 W/kg
SAR( g)=13.2 W/kg; SAR(10 2)=6.09 W/kg

Wk
CAnn

1ol

EREG]

ENTET)

o

Remarks:  *. Date tested: 2019/03/04; Tested by: Hiroshi Naka; Tested place:No.7 shielded room,
*, liquid depth: 150 mm; Position: distance of dipole to phantom: 8mm (10mm to liquid); ambient: 25 deg.C./43 %RH,
*, liquid temperature: 23.8(start)/23.7(end)/23.9(in check) deg.C.; *.White cubic: zoom scan area, Red cubic: big=SAR(10g )/small=SAR(1g)

(Body liquid) EUT: Dipole(2.45GHz)(sn822); Type: D2450V2; Serial: 822; Forward conducted power: 250mW
Communication System: CW (*, UID:0; Frame Length in ms: 0; PAR: 0; PMF: 1); Frequency: 2450 MHz; Crest Factor: 1.0
Medium: M2450(1903); Medium parameters used: f= 2450 MHz; ¢ =2.019 S/m; & =50.69; p = 1000 kg/m?
Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY Configuration: -Electronics: DAE4 Sn626; Calibrated: 2018/10/15 ; -Phantom: ELI v4.0; Type: QDOVA001BA; Serial: 1059; Phantom section: Flat Section
-DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450); -Probe: EX3DV4 - SN3907; ConvF(7.32, 7.32,7.32) (@ 2450 MHz; Calibrated: 2018/05/15
-Sensor-Surface: 2mm (Mechanical Surface Detection), z= 1.0, 31.0, 161.0

Area:60x60,15 (5x5x1): Measurement grid: dx=15mm, dy=15mm; Maximum value of SAR (measured) = 18.9 W/kg
Area:60x60,15 (41x41x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm; Maximum value of SAR (interpolated) = 19.1 W/kg
Z;160,5 (1x1x33): Measurement grid: dx=20mm, dy=20mm, dz=5mm; Maximum value of SAR (measured) = 19.7 W/kg

Zoom:30x30x30,5 (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=Smm;
Reference Value = 98.54 V/m; Power Drift = 0.03 dB; Maximum value of SAR (measured) = 19.6 W/kg; Peak SAR (extrapolated) =262 W/kg
SAR( g) =12.9 W/kg; SAR(10 g) = 6.01 W/kg

e
e Bon

15.480

1. reU

7840

FERT)

n

Remarks:  *. Date tested: 2019/03/05; Tested by: Hiroshi Naka; Tested place:No.7 shielded room,
*, liquid depth: 151 mmy; Position: distance of dipole to phantom: 8mm (10mm to liquid); ambient: 23 deg.C./ 52 %RH,
* . liquid temperature: 22.0(start)/22.0(end)/22.0(in check) deg.C.; *.White cubic: zoom scan area, Red cubic: big=SAR(10g y/small=SAR(1g)
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Appendix 3-7: Daily check uncertainty

Although this standard determines only the limit value of uncertainty, there is no applicable rule of uncertainty in this. Therefore, the following results are derived depending

on whether or not laboratory uncertainty is applied.

*. This measurement uncertainty budget is suggested by IEEE Std. 1528(2013) and determined by Schmid & Partner Engineering AG (DASY5 Uncertainty Budget).

Uncertainty of daily check (2.4~6GHZ) (*£&a tolerance: <+5%, DAK3.5, CW) (v08) 1g SAR 10g SAR
Combined measurement uncertainty of the measurement system (k=1) +11.0% +109 %
Expanded uncertainty (k=2) +22.1 % +21.8 %
Error Description (v08) Uncertainty | Probabli | pivior | ci(lg) | ci10g) |  ui(l) ui(10g) | Vi veff
A | Measurement System (DASYS5) (std. uncertainty) | (std. uncertainty)
1 | Probe Calibration Error +6.55% Normal 1 1 1 +6.55 % +6.55 % o
2 | Axial isotropy error +47% | Rectangular | B N0.5 | o5 +19% +19% o
3 | Hemispherical isotropy error £9.6% | Rectangular [ B 0 0 0% 0% o
4 | Probe linearity +47% | Rectangular | B 1 1 £27% £27% o
5 | Probe modulation response (CW) +0.0 % Rectangular \3 1 1 0% 0% oc
6 | System detection limit £1.0% | Rectangular | B 1 1 +0.6% +0.6 % o
7 | Boundary effects +4.8 % Rectangular \3 1 1 +2.8% +2.8% oo
8 | System readout electronics (DAE) +0.3 % Normal 1 1 1 +0.3 % +0.3 % o0
9 | Response Time Error (<5ms/100ms wait) £0.0% | Rectangular [ B 1 1 0% 0% o
10 | Integration Time Exror (CW) £0.0% | Rectangular | 3 1 1 0% 0% o
11 | RF ambient conditions-noise +3.0% Rectangular \3 1 1 +1.7% +1.7% 0
12 | RF ambient conditions-reflections £3.0% | Rectangular | B 1 1 £1.7% £1.7% o
13 | Probe positioner mechanical tolerance +33% Rectangular \3 1 1 +1.9% +1.9% oo
14 | Probe positioning with respect to phantom shell +6.7 % Rectangular \3 1 1 +3.9% +3.9% o0
15 | Max. SAR evaluation (Post-processing) 4.0 % Rectangular \3 1 1 23 % +23% ©
B | Test Sample Related
16 | Deviation of the experimental source +3.5% Normal 1 1 1 +3.5% +3.5% ©
17 | Dipole to liquid distance (10mm=+0.2mm,<2deg,) +2.0 % Rectangular \3 1 1 +1.2% +1.2% o0
18 | Drift of output power (measured, <0.2dB) £23% Rectangular \3 1 1 +1.3% +1.3% ©
C | Phantom and Setup
19 | Phantom uncertainty £2.0% | Rectangular [ 3 1 1 £1.2% £1.2% o
20 | Algorithm for correcting SAR (e',5: <5%) +1.2% Normal 1 1 0.84 +1.2% +0.97 % 0
21 | Liquid conductivity (meas.) (DAK3.5) 30% Normal 1 078 | 071 3% £21% «
22 | Liquid permittivity (meas.) (DAK3.5) 31% Normal 1 023 | 026 0.7 % 0.8% o
23 | Liquid Conductivity-temp.uncertainty (<2deg C) 453% | Reclangular | 3 078 | 071 4% 2% ©
24] Liquid Permittivity-temp.uncertainty (<2deg C.) £09% | Reclangular | 3 023 | 026 0.1 % 0.1 % w
Combined Standard Uncertainty +11.0 % +10.9 %
Expanded Uncertainty (k=2) 22.1% +21.8%
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Appendix 3-8:

Calibration certificate: E-Field Probe (EX3DV4)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

G Schweizerischer Kalibrierdienst
c Sarvice suisse d'étalonnage

s Servizio svizzero di taratura
Swiss Calibration Service

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

_ULJapan[Vilec} e

] | Certificate No: EX3-3907_May18

CALIBRATION CERTIFICATE

(EX30V4-SN:3807

'QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
; Calibration procedure for dosimetric E-field probes

Calibration Equipment used (M&TE critical for calibration)

Object
Calibration procadure(s)
Caibration dater ‘May 15,2018~

This calibration certificate documents the traceability fo national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainfies with confidence prabability are given on the following pages and are part of the certificate.

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

Primary Standards D Ca| Date {Cenificate No.) Scheduled Calibration
Power meter NRP SN: 104778 0d-Apr-18 (No. 217-02672/02673) Apr-19
Power sengor NRP-291 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19
Power sensor NRP-291 SN: 103245 Qd-Apr-18 (Mo, 217-026T3} Apr-19
Reference 20 dB Attenuator SN: 88277 (20x) 04-Apr-18 (Mo. 217-02882) Apr-10
Reference Probe ES30V2 SN 3013 30-Dac-17 (Mo. ES3-3013_DeciT) Dec-i8
DAES SN: 680 21-Dec-17 (No. DAE4-860_DeciT) Dec-18
Secondary Standards D Check Date (in house) Scheduled Check
Power meter E44198 SN: GB41293874 06-Apr-16 (in house check Jun-16) In house check: Jun-18
Power sensor E44124 SM: MY41498087 0B-Apr-16 (in house check Jun-16) In house check: Jun-18
Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-16) In housa check: Jun-18
RF generator HP B648C Sh: US3642U01700 04-Aug-83 (in house check Jun-16) In house check: Jun-18
Matwork Analyzer HP 87535 SN: US37300588 18-0ct-01 (in house check Cet-A7) lnfhn\use check: Oct-18
1

Mame Function gt

Calibrated by: | Glaudio Leubler Laboratory Technician

Thig calibration certificate shall not be reproduced except in full without written appraval of the laboratory.

Issued: May 15, 2018

Certificate No: EX3-3907_May18

Page 1 of 11

UL Japan, Inc.
Shonan EMC Lab.

1-22-3 Megumigaoka, Hiratsuka-shi, Kanagawa-ken, 259-1220 JAPAN

Telephone: +81 463 50 6400 / Facsimile: +81 463 50 6401

Report Cover Page - 13-EM-F0429 Issue # 14.0



Test report No. : 12669313S-A-R1

Page : 26 of 43
Issued date : March 19,2019
FCCID : BBQ-WSDF21

Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)

. - A ey,
Calibration Laboratory of i‘_‘—'-"’_:’» R § Schweizerischer Kalibrierdionst
Schmid & Partner =z fa c Service suisse d'étalonnage
Engineering AG oy e g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % F i .
ug| an i %m‘\ ‘h‘ha ol Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode comprassion point

CF crest factor (1/duty_cycle) of the RF signal

AB,C D modulation dependent linearization parameters

Polarization ¢ p rotation around probe axis

Polarization & 4 rotation around an axis that is in the plane normal to probe axis {at measurement center),
i.e., 8 =0is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)
Metho

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

IEC 62208-1, ", "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"

ds Applied and Interpretation of Parameters:

NORMy,y,z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMYx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z doss not affect the E*-fiekd
uncertainty inside TSL (see below ConvF).

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

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

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

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

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

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

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

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
EX3DV4 ~ SN:3907 May 15, 2018

Probe EX3DV4

SN:3907

Manufactured:  September 4, 2012
Calibrated: May 15, 2018

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 system!)
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
EX3DV4- SN:3807 May 15, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3907

Basic Calibration Parameters

Sensor X SensorY SensorZ Unc {(k=2)
Norm (u\MI(Vim)*)"® 0.45 0.58 0.54 +10.1 %
DCP {mV)* 104.8 98.0 99.2
Modulation Calibration Parameters
uUiD Communication System Name A B c D VR Unc®
dB dB+vpv dB my {k=2)
0 oW X 0.0 0.0 1.0 000 | 1325 | *3.8%
Y 0.0 0.0 1.0 131.4
z 0.0 0.0 1.0 144.8

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%.

» The uncertinties of Nonm X,Y,Z do nol affect the £ field uncertainty inside TSL (see Pages 5 and 6).

E Numerical linearization parameter; uncertainty nol required.

0 li:mg'lain’ry is determined using the max, deviation from linear response applying rectangular distribution and s expressed for the square of the
eld value.
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
EX3DV4- SN:3907 May 15, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3907

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc

f(MHz)® | Permittivity" (Sim}" ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
2450 39.2 1.80 7.31 7.31 7.31 0.36 0.80 | $12.0%
5200 38.0 4,88 5.31 5.31 5.31 0.35 180 | +131%
5250 35.9 471 5.16 5.16 5.16 0.35 1.80 | *+13.1%
5500 356 4.96 4.73 4.73 4.73 040 1.80 | #131%
5600 35.5 5.07 4.49 4.49 4.49 0.40 1.80 | £131%
5750 35.4 5.22 470 470 4.70 0.40 1.80 | £13.1%
5800 35.3 5.27 4,69 4.69 4,69 0.40 180 | 131 %

© Frequency validity above 300 MHz of = 100 MHz anly applies for DASY vé.4 and higher {see Page 2), else i is restricted to + 50 MHz. The
uncertainty is fhe RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band, Frequency validity
belaw 300 MHz is £ 10, 25, 40, 50 and 70 MHz for Convf™ sssessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to = 110 MHz.

F At frequencies below 3 GHz, the validity of tissue perameters (e and &) can be relaxed to * 10% if liquid compensation farmula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of issue parameters (e and o) is restricted to + 5%. The unceriainty is the RSS of
the ConvF uncerainty for indicated target tissue parameters.

S Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compengsation is
always less then £ 1% for frequencies below 3 GHz and below £ 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
EX30V4- SN:3907 May 15, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3907

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Une

f(MHz)® | Permittivity " (Stm) " ConvFX | ConvFY | ConvFZ | Alpha®| (mm) {k=2)
2450 52.7 1.95 7.32 7.32 7.32 0.34 084 | +120%
5250 48.9 5.36 4.49 4.49 449 0.45 1.90 | +131%
5600 48.5 5.77 3.92 3.92 3.92 0.40 1.80 | £131%
5750 48.3 5.04 4.00 4,00 4,00 0.45 1.90 | £131%

€ Fraquency validity above 300 MHz of £ 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is restricted to = 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequsncy and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz Is + 10, 26, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended o £ 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (& and o) can be relaxed to = 10% If liguid compensation formula is applied to
measured SAR values, Al frequencies above 3 GHz, the validity of tissue parameters (2 and o) is restricted to £ 5%. The uncartainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

@ Alpha/Dapth are determined during calibration. SPEAG warants that the remaining deviation due o the boundary effect after compensation is
always less than = 1% for fraquencies below 3 GHz and below + 2% for frequencies between 3-8 GHz at any distance larger than half the probe tip
diameter from the boundary.
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
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Appendix 3-8: Calibration certificate: E-Field Probe (EX3DV4) (cont’d)
EX3DV4— SN:3807 May 15, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3907

Other Probe Parameters

Sensor Arrangement Triagngular
Connector Angle (%) 39.¢
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point 1mm
Frobe Tip to Sensor Z Calibraiion Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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Appendix 3-9: Calibration certificate: Dipole (D2450V2)

A g,
gﬁ:_: bmog I;taboratory of S, § Schweizerischer Kallbrierdienst
chm ariner 3 E Servi !
Engineering AG iﬂﬁ c s.n:i?\:iﬁfﬁfm
Zeughaussirasse 43, 8004 Zurich, Switzerland % ,'ﬂ\,\&‘ S  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
Muitilateral Agreement for the recognition of callbration certificates

oient  ULdJapan(Vitee) "cortiome Me: D2450V2-522 Jan19

CALIBRATION CERTIFICATE |

Object D2450V2 - SN:822

Calibration procedure(s) QA CAL-05.vi1
Calibration Procedure for SAR Validation Sources above 0.7-3 GHz

Calibration date; ‘January 18, 2019

This calibration certificala documants the traceability to natienal standardsz, which reafize the physical units of measuremants (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are pan of the cenfficate.
All calibrations have been conducted In the closed laboratory facility: ervironment temperature (22 = 3)°C and humidity < 70%.

Calibration Equipment used (MA&TE critical for calibration)

Primary Standards D # Cal Date {Cartificate No.) Schaduled Celibration

Power meter MRP SM: 104778 Od-Apr-18 (No. 217-02672/02673) Apr-19

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

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

Reference 20 dB Attenuator SN: 5058 (20k) Dd-Apr-18 [Mo. 217-02682) Apr-18

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (Mo, 217-02683) Apr-19

Reference Probe EX30V4 SM: 7340 31-Dec-18 {No. EX3-7349_Dec18) Dec-18

DAE4 Sh: 61 04-0ct-18 (No. DAE4-601_Octi8) Oet-13

Secondary Standards D it Check Date (in house) Schadulad Check

Power meter EPM-442A SN: GBIT4B0TO4 07-0ct-15 (in house check Oct-18) In heuse check: Oct-20

Fower sensor HP B481A SN: USaT292783 07-0¢t-15 (in house chack Oct-18) In houge chack: Oct-20

Fower sensor HP 8481A SN: MY 41002317 07-0¢t-15 (in house check Oct-18) In house chack: Oct-20

RF generator &S SMT-06 SN: 100872 - 15-Jun-15 {in house check Oct-18) In house check: Oct-20

Network Anafyrer Agilent EB3SBA | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
Name ... Function Signature

Calibrated by: " Maru: Seitz Laboratory Techniclan

Approved by: KataPokode Technical Neanager /‘f’ﬁ’@

Issuad: January 18, 2019

This calibration centificate shall not be reproduced except in full without written approval of the laboratery.
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Appendix 3-9: Calibration certificate: Dipole (D2450V2) (cont’d)

Calibration Laboratory of S, Sehweizerischer Kalibrisrdienst
\ = £
Schmid & Partner iﬁ Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland 'v,,,fﬁ\ﬁ Swiss Calibration Service
ol |l
Accredited by the Swiss Accrediiation Senvica (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration cenificates

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 Technigues”, 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 meaasured 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.
Mo 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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Appendix 3-9: Calibration certificate: Dipole (D2450V2) (cont’d)
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 2450 MHz =1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0*C 39.2 1.80 mho/m
Measured Head TSL parametars (22.0x0.2)°C F7Bx6% 1.87 mho/m +6 %
Head TSL temperature change during test <05°C P -
SAR result with Head TSL
SAR averaged over 1 em?® {1 g) of Head TSL Condition
SAR measured 250 mW input power 13.3 W/kg
SAR for nominal Head TSL parameters normalized to 1W 51.8 W/kg =17.0 % (k=2)
SAR averaged over 10 cm? {10 g) of Head TSL condition
SAR measured 250 mW input power 6.18 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 24.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters {22.0x0.2) °C 511 6% 2.03 mho/m =6 %
Body TSL temperature change during test <0.5°C R -
SAR result with Body TSL
SAR averaged over 1 cm* {1 g) of Body TSL Condition
SAR measured 250 mW input power 13.0 Wikg
SAR for nominal Body TSL parameters normalized to 1W 50.7 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.02 W/kg
SAR tor nominal Body TSL parameters normalized to 1W 23.7 Wikg = 16.5 % (k=2)
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Appendix 3-9: Calibration certificate: Dipole (D2450V2) (cont’d)

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

Impedance, transformed to feed point 5380 +54i0
Retum Loss -24.0 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.002+83[Q
Retum Loss -21.6dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.158 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. Cn 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.

Mo 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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Appendix 3-9: Calibration certificate: Dipole (D2450V2) (cont’d)
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Appendix 3-9: Calibration certificate: Dipole (D2450V2) (cont’d

Impedance Measurement Plot for Head TSL

Fle Mew Channel Sweep Calbration Trace Scale Marker System Window Heslp

2450000 GHz
351.18 pH
y, 2.450000 GHz

53.762 )
54060 Q
§3.388 mu
2.184°

. Chil Awg= 20
. Chl:Stant 2.25000GHe  — Stop 265000 GHz
o - >1 2450000 GHz 2960 0B
a0
a0
10.00
| ]
00 —
o0
\_/’
ot
a0 Ch i Ava= 20
|| ent: sian zzm000 GRe  — — . Stop 2.65000 Gz
Status CH1: C*1-Poit Avp=20 Delay LCL
Certificate No: D2450V2-822_Jan19 Page & of 8

UL Japan, Inc.

Shonan EMC Lab.
1-22-3 Megumigaoka, Hiratsuka-shi, Kanagawa-ken, 259-1220 JAPAN
Telephone: +81 463 50 6400 / Facsimile: +81 463 50 6401

Report Cover Page - 13-EM-F0429 Issue # 14.0



Testreport No. : 12669313S-A-R1

Page : 42 of 43
Issued date : March 19,2019
FCCID : BBQ-WSDF21

Appendix 3-9: Calibration certificate: Dipole (D2450V2) (cont’d)
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Appendix 3-9: Calibration certificate: Dipole (D2450V2) (cont’d

Impedance Measurement Plot for Body TSL
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