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trademark, is permitted only with our prior written permission. This report sets forth our findings solely with respect to the test samples
identified herein. The results set forth in this report are not indicative or representative of the quality or characteristics of the lot from which a
test sample was taken or any similar or identical product unless specifically and expressly noted. Our report includes all of the tests
requested by you and the results thereof based upon the information that you provided to us. You have 60 days from date of issuance of this
report to notify us of any material error or omission caused by our negligence, provided, however, that such notice shall be in writing and
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1. Summary of Maximum SAR Value

Equipment SAR
qup Band & Mode Tx Frequency 1 g Body
Class
(W/kQg)
DTS LoRa 903 ~ 927 MHz 0.34
DTS Bluetooth LE 2402 ~ 2480 MHz Notel() 12
Simultaneous SAR per KDB 690783 D0O1v01r03: 0.47

This wireless portable device has been shown to be capable of compliance for localized specific absorption rate (SAR) for uncontrolled
environment/general population exposure limits specified in ANSI/IEEE C95.1-1992 and has been tested in accordance with the measurement

procedures specified in Section 7 of this report;

Note 1: Per FCC KDB Publication 447498 D01, Bluetooth LE SAR was not required. So, this is the estimated SAR value for simultaneous

transmission assessment involving the transmitter.

2. Device Under Test
2.1. DUT Information

DUT Type GPS Tracker & Messenger
FCC ID 2AUFQZLD-300U

Brand Name ZTACOM

Model Name ZLD-300U

Additional Model Name(s) -

Antenna Type Fixed Internal Antenna
DUT Stage Identical Prototype

2.2. Device Overview

Band & Mode Operating Modes Tx Frequency
LoRa Data 903 ~ 927 MHz
Bluetooth LE Data 2402 ~ 2480 MHz

2.3. Power Reduction for SAR
There is no power reduction used for any band/mode implemented in the device for SAR purposes.

2.4. Nominal and Maximum Output Power Specifications

This device operates using the following maximum and nominal output power specifications. SAR values were
scaled to the maximum allowed power to determine compliance per KDB Publication 447498 D01 vO6.

Maximum LoRa Output Power

Mode / Band Modulated Average (dBm)
Maximum 18.5
LoRa
Nominal 18.0
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Maximum Bluetooth LE Output Power

Mode / Band Modulated Average (dBm)

Maximum 4.0

Bluetooth LE

Nominal 3.0

2.5. DUT Antenna Locations

This device is also operating at hand-held use near body. So, FCC KDB Publication 941225 D07 is apply to this
condition. 1g SAR test is evaluated to some position (distance from to the edge/side is within 2.5 cm) at 0 mm. so
10g SAR is not required.

Table 2-1 Device Edges/Sides for SAR Testing

Mode Top Bottom Front Rear Right Left

LoRa Yes No Yes Yes Yes Yes

Note: Particular DUT edges were not required to be evaluated for wireless router SAR or phablet SAR if the edges were greater
than 2.5 cm from the transmitting antenna according to FCC KDB Publication 941225 D07 and October 2016 TCBC Workshop
Note. The distances between the transmit antenna and the edges of the device are included in the filing.

2.6. Near Field Communications (NFC) Antenna
This DUT don’t support NFC operations.

2.7. Simultaneous Transmission Capabilities

According to FCC KDB Publication 447498 D01v06, transmitters are considered to be transmitting simultaneously
when there is overlapping transmission, with the exception of transmissions during network hand-offs with
maximum hand-off duration less than 30 seconds. Possible transmission paths for the DUT are shown in Figure 2-1
and are color-coded to indicate communication modes which share the same path. Modes which share the same
transmission path cannot transmit simultaneously with one another.

This device contains multiple transmitters that may operate simultaneously, and therefore requires a simultaneous
transmission analysis according to FCC KDB Publication 447498 D01v06 5.3.2 procedures.

: Path 1 | Path 2

| LoRa : Bluetooth
| LE

| |

Figure 2-1 Simultaneous Transmission Paths

No. Capable Transmit Configuration Body Notes

1 LoRa + Bluetooth LE Yes
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2.8. Miscellaneous SAR Test Considerations

(A) Bluetooth LE
Per FCC KDB 447498 D01v06, the 1g SAR exclusion threshold for distances < 50 mm is defined by the
following equation:

Max Power of Channel (mW)

« / Frequency(GHz) < 3.0
Test Separation Dist (mm) " e b gt

Based on the maximum conducted power of Bluetooth LE (rounded to the nearest mW) and the antenna to user
separation distance, body Bluetooth LE SAR was not required; [(3/5) X SQRT(2.402)] = 0.9 < 3.0. Per KDB
Publication 447498 D01v06, the maximum power of the channel was rounded to the nearest mW before
calculation.

2.9. Guidance Applied

IEEE 1528-2013

FCC KDB Publication 941225 D07v01r02 (UMPC Mini Tablet)

FCC KDB Publication 447498 D01v06 (General SAR Guidance)

FCC KDB Publication 865664 D01v01r04, D02v01r02 (SAR Measurements up to 6 GHz)
FCC KDB Publication 690783 D01v01r03 (SAR Listings on Grants)

October 2016 TCBC Workshop Notes (SAR for Generic Device)

April 2019 TCBC Workshop Notes (Tissue Simulating Liquids (TSL))

2.10. Device Serial Numbers
Several samples with identical hardware were used to support SAR testing. The manufacturer has confirmed that
the device(s) tested have the same physical, mechanical and thermal characteristics and are within operational
tolerances expected for production units. The serial numbers used for each test are indicated alongside the results
in Section 11.
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3. INTRODUCTION

The FCC and Innovation, Science, and Economic Development Canada have adopted the guidelines for evaluating
the environmental effects of radio frequency (RF) radiation in ET Docket 93-62 on Aug. 6, 1996 and Health Canada
Safety Code 6 to protect the public and workers from the potential hazards of RF emissions due to FCC-regulated
portable devices.

The safety limits used for the environmental evaluation measurements are based on the criteria published by the
American National Standards Institute (ANSI) for localized specific absorption rate (SAR) in IEEE/ANSI C95.1-1992
Standard for Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to
300 GHz and Health Canada RF Exposure Guidelines Safety Code 6. The measurement procedure described in
IEEE/ANSI C95.3-2002 Recommended Practice for the Measurement of Potentially Hazardous Electromagnetic
Fields - RF and Microwave is used for guidance in measuring the Specific Absorption Rate (SAR) due to the RF
radiation exposure from the Equipment Under Test (EUT). These criteria for SAR evaluation are similar to those
recommended by the International Committee for Non-lonizing Radiation Protection (ICNIRP) in Biological Effects
and Exposure Criteria for Radiofrequency Electromagnetic Fields,” Report No. Vol 74. SAR is a measure of the rate
of energy absorption due to exposure to an RF transmitting source. SAR values have been related to threshold

levels for potential biological hazards.

3.1. SAR Definition

Specific Absorption Rate is defined as the time derivative (rate) of the incremental energy (dU) absorbed by (dissipated in) an
incremental mass (dm) contained in a volume element (dV) of a given density ( ). It is also defined as the rate of RF energy

absorption per unit mass at a point in an absorbing body (see Equation 3-1).

SAR=—| — |=—
dt\ dm | dt\ pdV )

#

d f dw\ d | dw |

Equation 3-1 SAR Mathematical Equation

SAR is expressed in units of watts per kilogram (W/kg).

cl|E|
SAR = ———
}U
where:
o = conductivity of the tissue (S/m)
P = mass density of the tissue (kg/m®)
E = rms electric field strength (V/m)

NOTE: The primary factors that control rate of energy absorption were found to be the wavelength of the incident
field in relation to the dimensions and geometry of the irradiated organism, the orientation of the organism in
relation to the polarity of field vectors, the presence of reflecting surfaces, and whether conductive contact is made
by the organism with a ground plane.
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3.2. SAR Measurement Setup

A standard high precision 6-axis robot 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. Data acquisition electronics (DAE) which performs the signal amplification, signal
multiplexing, AD-conversion, offset measurements, mechanical 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 movement interrupts. The Light Beam
used is for probe alignment. This improves the (absolute) accuracy of the probe positioning. A computer running
WinXP, Win7 or Win10 and the DASY5 software. Remote control and teach pendant as well as additional circuitry
for robot safety such as warning lamps, etc. The phantom, the device holder and other accessories according to
the targeted measurement.

S

Pl e it S il DASYS

¥ - BT by ; i

o

robot controlier
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4. DOSIMETRIC ASSESSMENT

The evaluation was performed using the following procedure compliant to FCC KDB Publication 865664
D01v01r04 and IEEE 1528-2013:

1. The SAR distribution at the exposed side of the head or body was
measured at a distance no greater than 5.0 mm from the inner surface of
the shell. The area covered the entire dimension of the device-head and
body interface and the horizontal grid resolution was determined per
FCC KDB Publication 865664 D01v01r04 (See Table 5-1) and IEEE
1528-2013.

2. The point SAR measurement was taken at the maximum SAR region
determined from Step 1 to enable the monitoring of SAR
fluctuations/drifts during the 1g/10g cube evaluation. SAR at this fixed
was measured and used as a reference value.

3. Based on the area scan data, the peak of the region with maximum SAR point was determined by spline
interpolation. Around this point, a volume was assessed according to the measurement resolution and
volume size requirements of FCC KDB Publication 865664 D01v01r04 (See Table 4-1) and IEEE 1528-2013.
On the basis of this data set, the spatial peak SAR value was evaluated with the following procedure (see
references or the DASY manual online for more details):

a) SAR values at the inner surface of the phantom are extrapolated from the measured values along the
line away from the surface with spacing no greater than that in Table 4-1. The extrapolation was based
on a least-squares algorithm. A polynomial of the fourth order was calculated through the points in the
z-axis (normal to the phantom shell).

b) After the maximum interpolated values were calculated between the points in the cube, the SAR was
averaged over the spatial volume (1g or 10g) using a 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 then integrated with the trapezoidal algorithm. One thousand points (10 x 10 x 10)
were obtained through interpolation, in order to calculate the averaged SAR.

¢) All neighboring volumes were evaluated until no neighboring volume with a higher average value was
found.

4. The SAR reference value, at the same location as step 2, was re-measured after the zoom scan was
complete to calculate the SAR drift. If the drift deviated by more than 5%, the SAR test and drift
measurements were repeated.

Table 4-1 Area and Zoom Scan Resolutions per FCC KDB Publication 865664 D01v01r04*

*Also compliant to IEEE 1528-2013 Table 6
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5. TEST CONFIGURATION POSITIONS

5.1. Device Holder
The device holder is made out of low-loss POM material having the following dielectric parameters: relative
permittivity € = 3 and loss tangent & = 0.02.

5.2. Positioning for Testing
Based on FCC guidance and expected exposure conditions, the device was positioned with the outside of the
device touching the flat phantom and such that the location of maximum SAR was captured during SAR testing.
The SAR test setup photograph is included in Appendix F.
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6. RF EXPOSURE LIMITS

In order for users to be aware of the body-worn operating requirements for meeting RF exposure compliance,
operating instructions and cautions statements are included in the user’s manual.

6.1. Uncontrolled Environment
Uncontrolled Environments are defined as locations where there is the exposure of individuals who have no
knowledge or control of their exposure. The general population/uncontrolled exposure limits are applicable to
situations in which the general public may be exposed or in which persons who are exposed as a consequence of
their employment may not be made fully aware of the potential for exposure or cannot exercise control over their
exposure. Members of the general public would come under this category when exposure is not employment-
related; for example, in the case of a wireless transmitter that exposes persons in its vicinity.

6.2. Controlled Environment

Controlled Environments are defined as locations where there is exposure that may be incurred by persons who
are aware of the potential for exposure, (i.e. as a result of employment or occupation). In general,
occupational/controlled exposure limits are applicable to situations in which persons are exposed as a
consequence of their employment, who have been made fully aware of the potential for exposure and can exercise
control over their exposure. This exposure category is also applicable when the exposure is of a transient nature
due to incidental passage through a location where the exposure levels may be higher than the general
population/uncontrolled limits, but the exposed person is fully aware of the potential for exposure and can exercise
control over his or her exposure by leaving the area or by some other appropriate means.

Table 8-1 SAR Human Exposure Specified in ANSI/IEEE C95.1-1992 and Health Canada Safety Code 6

UNCONTROLLED EWNVIRONRKENT CONTROLLED ENVIROMENT
General Population Professional Population
(Wke) or (W) (W) on (W)
SPATIAL PEAK SAR'
Brain 1.60 2.00
SPATIAL AVERAGE SAR-
Whole Body 0.08 0.40
SPATIAL PEAK SARS
Hands, Faet, Ankles, Wrists .00 20.00

! The Spatial Paak value of the SAR averaged aver any 1 gram of tiszue (dafined as 2 tissue valume i the shape of
a cuse) and over the appropriate averaging time.

“ The Spatial Average value of the SAR aweraged over the whals hody.

* The Spafial Peak value of the SAR averaged aver any 10 grams of issue (defined as a tissue volume in the shape
of a cube] and aver the appropnate al.rl:_lr:-lging time
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7. FCC MEASUREMENT PROCEDURES

Power measurements for licensed transmitters are performed using a base station simulator under digital average
power.

7.1. Measured and Reported SAR

Per FCC KDB Publication 447498 D01v06, when SAR is not measured at the maximum power level allowed for
production units, the results must be scaled to the maximum tune-up tolerance limit according to the power applied
to the individual channels tested to determine compliance. For simultaneous transmission, the measured aggregate
SAR must be scaled according to the sum of the differences between the maximum tune-up tolerance and actual
power used to test each transmitter. When SAR is measured at or scaled to the maximum tune-up tolerance limit,
the results are referred to as reported SAR. The highest reported SAR results are identified on the grant of
equipment authorization according to procedures in KDB 690783 D01v01r03.

Per KDB Publication 447498 D01v06, testing of other required channels within the operating mode of a frequency
band is not required when the reported 1g or 10g SAR for the mid-band or highest output power channel is:
- =< 0.8 W/kg or 2.0 W/kg, for 1g or 10g respectively, when the transmission band is < 100 MHz
- = 0.6 W/kg or 1.5 W/kg, for 1g or 10g respectively, when the transmission band is between 100 MHz and
200 MHz
- =< 0.4 Wrlkg or 1.0 W/kg, for 1g or 10g respectively, when the transmission band is = 200 MHz

7.2. Procedures Used to Establish RF Signal for SAR

Chipset based test mode software is hardware dependent and generally varies among manufacturers. The device
operating parameters established in test mode for SAR measurements must be identical to those programmed in
production units, including output power levels, amplifier gain settings and other RF performance tuning
parameters. The reported SAR is scaled to 100% transmission duty factor to determine compliance at the
maximum tune-up tolerance limit. Establishing connections in this manner ensure a consistent means for testing
SAR and are recommended for evaluating SAR. Devices under test are evaluated prior to testing, with a fully
charged battery and were configured to operate at maximum output power. In order to verify that the device is
tested throughout the SAR test at maximum output power, the SAR measurement system measures a “point SAR”
at an arbitrary reference point at the start and end of the 1 gram SAR evaluation, to assess for any power drifts
during the evaluation. If the power drift deviates by more than 5%, the SAR test and drift measurements are
repeated.

As required by 88 2.1091(d)(2) and 2.1093(d)(5), RF exposure compliance must be determined at the maximum
average power level according to source-based time-averaging requirements to determine compliance for general
population exposure conditions. Unless it is specified differently in the published RF exposure KDB procedures,
these requirements also apply to test reduction and test exclusion considerations. Time-averaged maximum
conducted output power applies to SAR and, as required by § 2.1091(c), time-averaged effective radiated power
applies to MPE. When an antenna port is not available on the device to support conducted power measurement,
such as for FRS (Part 95) devices and certain Part 15 transmitters with built-in integral antennas, the maximum
output power and tolerance allowed for production units should be used to determine RF exposure test exclusion
and compliance.
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8. RF CONDUCTED POWERS
8.1. Conducted Powers
8.1.1. LoRa Conducted Powers

Table 8-1 LoRa Conducted Powers

Report No. OT-19N-RWD-016

Mode

ROLA

. Frequency Average Conducted Power
Bandwidth Ch.
[MHz] dBm mw
202 903 18.14 65.16
500 KHz 220 915 18.17 65.61
239 927 18.07 64.12

-20 dBm

Note: The Bolded channel above were tested for SAR.

Figure 8-1 LoRa Transmission Plot

-30 dBém

-40 dBm

-50 dBrm

-60 dBm

CF 915.0 MHz

1001 pts

5.0 ps/

Equation 8-1 LoRa Duty Cycle Calculation
- DUTY cycle of this device is 100 %.
- DUTY Cycle [%] = (Pulse / Period) X 100 = (1/1) X 100 = 100 %
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8.1.2. Bluetooth LE

Table 8-2 Bluetooth LE Conducted Powers
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Average Conducted Power
Mode Data Rate |Frequency
dBm mwW
2402 3.80 2.40
Bluetooth LE 2440 3.47 2.22
2480 311 2.05
Figure 8-2 Bluetooth LE Transmission Plot
-30 dBm
-40 dBm
-50 dBm
-60 dBm
-70 dBm
CF 2.44 GHz 1001 pts 50.0 ps/f

Equation 8-2 Bluetooth LE Duty Cycle Calculation

- DUTY cycle of this device is 100 %.
- DUTY Cycle [%] = (Pulse / Period) X 100 = (1/1) X 100 = 100 %
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9. SYSTEM VERIFICATION
9.1. Tissue Verification
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Table 9-1 Measured Head Tissue Properties

Tissue Frequenc Liquid Measured Measured Target Target Conductivity | Permittivity Test
Tvpe (I?/IHz) y Temp. Conductivity | Permittivity [ Conductivity | Permittivity Deviation Deviation Date
P () (@ (&) (@) (&) %) %)
900 0.982 41.505 0.97 41.5 1.24 0.01
903 0.985 41.475 0.97 41.5 1.55 -0.06
HSL900 21.7 2019.10.11
915 0.997 41.347 0.97 41.5 2.78 -0.37
927 1.009 41.215 0.97 41.5 4.02 -0.69

Tissue Verification Notes:

1. The above measured tissue parameters were used in the DASY software. The DASY software was used to perform

interpolation to determine the dielectric parameters at the SAR test device frequencies (per KDB Publication 865664
D01v01r04 and IEEE 1528-2013 6.6.1.2). The tissue parameters listed in the SAR test plots may slightly differ from
the table above due to significant digit rounding in the software.
2. Per April 2019 TCBC Workshop Notes, effective February 19, 2019, FCC has permitted the use of single head-tissue
simulating liquid specified in IEC 62209-1 for all SAR tests.

9.2. Test System Verification

Prior to SAR assessment, the system is verified to +10% of the SAR measurement on the reference dipole at the
time of calibration by the calibration facility. Full system validation status and result summary can be found in

Appendix E.
Table 9-2 System Verification Results —1 g
N Normalized
SAR Amb. Liquid Test Tissue |Frequency UTRLIEH A LU (LTS to 1W Deviation | Dipole | Probe
System| Temp Temp. Power | SAR-1g SAR-1g
Date Type (MHz) SAR-1g (%) S/IN SIN
# () () (mw) | (Wka) | Wkg) | Ty
9)
4 22.0 21.7 2019.10.11| Head 900 200 11.00 2.19 10.95 -0.45 1d069 | 3832

Figure 9-1 System Verification Setup Diagram and Photo
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10. SAR TEST DATA SUMMARY

10.1. Standalone Body SAR Data

Table 10-1 LoRa Body SAR (Bandwidth: 500 KHz)

Maximum | Measured i
Device Frequency Separation el Scaling Measured | Reported
Plot : Test . Allowed |Conducted Duty Factor Power
Serial Band Mode Distance Factor SAR1g SAR1g
No. i Position Power Power Cycle (Duty Drift (dB)
Number | MHz [ Ch. (cm) Gycle) (Power) (W/kg) (W/kg)
(dBm) (dBm)

1 SAR#1 915 220 | 900 MHz LoRa Top 0 18.5 18.17 100 % 1.000 1.079 -0.170 0.319 0.344
SAR#1 915 220 | 900 MHz LoRa Front 0 18.5 18.17 100 % 1.000 1.079 0.090 0.210 0.227
SAR#1 915 220 | 900 MHz LoRa Rear 0 18.5 18.17 100 % 1.000 1.079 0.020 0.162 0.175
SAR#1 915 220 | 900 MHz LoRa Right 0 18.5 18.17 100 % 1.000 1.079 -0.019 0.052 0.056
SAR#1 915 220 | 900 MHz LoRa Left 0 18.5 18.17 100 % 1.000 1.079 -0.130 0.218 0.235

ANSI / IEEE C95.1 1992 — SAFETY LIMIT Body
Spatial Peak 1.6 W/kg (mW/g)
Uncontrolled Exposure / General Population Averaged over 1 gram

10.2. SAR Test Notes

General Notes:

1. The test data reported are the worst-case SAR values according to test procedures specified in IEEE
1528-2013, and FCC KDB Publication 447498 D01v06.

2. Batteries are fully charged at the beginning of the SAR measurements.

3. Liquid tissue depth was at least 15.0 cm for all frequencies.

4. The manufacturer has confirmed that the device(s) tested have the same physical, mechanical and
thermal characteristics and are within operational tolerances expected for production units.

5. SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC KDB
Publication 447498 D01v06.

6. Per FCC KDB Publication 447498 D01v06, if the reported (Scaled) SAR measured at the middle channel
or highest output power channel for each test configuration is < 0.8 W/kg for 1g evaluations then testing
at the other channels is not required for such test configuration(s). When the maximum output power
variation across the required test channels is > 1/2 dB, instead of the middle channel, the highest output
power channel was used.

7. Device was tested using a fixed spacing for body testing. A separation distance of 0 cm was considered
because the manufacturer has determined that there will be body available in the marketplace for users to
support this separation distance.

8. Unless otherwise noted, when 10g SAR measurement is considered, a factor of 2.5 is applied to the
thresholds below.

9. Per FCC KDB 865664 D01v01r04, variability SAR tests may be performed when the measured SAR
results for a frequency band were greater than or equal to 0.8 W/kg. Since the measured SAR results of
this device were less than or equal to 0.8 W/kg, repeated SAR measurements are not required.

LoRa Notes:
1. LoRa SAR was measured. Duty cycle of this device is 100 %. So, it was tested by 100 % duty cycle. See

Section 8.1.1 for the time domain plot and calculation for the duty factor of the device.
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11. FCC MULTI-TX AND ANTENNA SAR CONSIDERATIONS

11.1. Introduction
The following procedures adopted from FCC KDB Publication 447498 D01v06 are applicable to devices with builtin
unlicensed transmitters such as LoRa and Bluetooth LE devices which may simultaneously transmit with the
transmitter.

11.2. Simultaneous Transmission Procedures
This device contains transmitters that may operate simultaneously. Therefore, simultaneous transmission analysis
is required. Per FCC KDB Publication 447498 D01v06 4.3.2 and IEEE 1528-2013 Section 6.3.4.1.2, simultaneous
transmission SAR test exclusion may be applied when the sum of the 1g SAR for all the simultaneous transmitting
antennas in a specific a physical test configuration is <1.6 W/kg. The different test positions in an exposure
condition may be considered collectively to determine SAR test exclusion according to the sum of 1g or 10g SAR.

When standalone SAR is not required to be measured, per FCC KDB 447498 DOv05 4.3.2.2), the following

equation must be used to estimate the standalone 1g SAR for simultaneous transmission assessment involving the
transmitter.

Table 11-1 Estimated SAR Values

Maximum Allowed Separation Distance Estimated SAR
Frequency
Mode Power (Body) (Body)
[MHz] [dBm] [mm] [Wikg]
Bluetooth Le 2402 4.0 5 0.124

Per FCC KDB Publication 447498 D01v05, the maximum power of the channel was rounded to the nearest mw
before calculation. Per FCC KDB Publication 447498, when the test separation distance is <5 mm, a distance of 5
mm is applied to determine estimated SAR.

When the test separation distance was > 50 mm, an estimated SAR of 0.4 W/kg was used to determine
simultaneous transmission SAR exclusion, for configurations excluded per FCC KDB Publication 447498 D0O1v05.

Per FCC KDB Publication 941225 D07 and TCBC Workshop Note, the devices edges with antennas more than 2.5
cm from edge are not required to be evaluated for SAR (*-*).
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11.3. Body SAR Simultaneous Transmission Analysis
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For SAR summation, the highest reported SAR across all test distances was used as the most conservative
evaluation for simultaneous transmission analysis for each device edge.

Table 11-1 Simultaneous Transmission Scenario with Bluetooth (Body at 0 cm)

Bluetooth
Zigbee SAR
Exposure Mode Ig(W/k ) Ant. Master Z SAR (W/kg)
Condition g SAR (W/kg)
1 2 1+2
Body SAR LoRa 0.344 0.124 0.468

11.4. Simultaneous Transmission Conclusion

The above analysis for all the worst-case simultaneous transmission conditions were below the SAR limit.
Therefore, the above analysis is sufficient to determine that simultaneous transmission cases will not exceed the
SAR limit per FCC KDB Publication 447498 D0O1v06 and IEEE 1528-2013 Section 6.3.4.1.2.
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Manufacturer Model Description Cal. Date Cal. Interval Cal .Due Serial No.
SY Corp. SAR ROOM #4 SAR Shield Room N/A N/A N/A N/A
STAUBLI TX90XL DASY6 Robot N/A N/A N/A F17/59RBA1/A/01
STAUBLI CS8C Speag TX90 DASY®6 Controller N/A N/A N/A F17/59RBA1/C/01

Speag SE UMS 028 BB DASY6 Measurement Server N/A N/A N/A 1544
STAUBLI SP1 Robot Remote Control N/A N/A N/A D 211 426 06B
Speag SE UKS 030 AA LightBeam SAR #4 N/A N/A N/A 1040
Speag TP-1381 Twin SAM Phantom N/A N/A N/A TP-1381
Speag MDA4HHTV5 Mounting Device N/A N/A N/A N/A
Speag EX3DV4 SAR Probe 2019-02-27 Annual 2020-02-27 3832
Speag DAE4 Data Acquisition Electronics 2019-02-28 Annual 2020-02-28 557
Speag D900V2 Dipole Antenna 2019-04-25 Annual 2020-04-25 1d069
HP 8665B RF Signal Generator 2019-08-21 Annual 2020-08-21 3744A01349
EMPOWER BBS3Q7ECK-2001 RF Power Amplifier 2019-08-22 Annual 2020-08-22 1045D/C0536
Agilent E4419B Power Meter 2019-08-22 Annual 2020-08-22 MY45100284
Anritsu ML2495A Power Meter 2019-07-26 Annual 2020-07-26 1924013
HP 8481H Power Sensor 2019-08-23 Annual 2020-08-23 3318A17600
HP 8481A Power Sensor 2019-08-23 Annual 2020-08-23 US37290447
Anritsu MA2411B Pulse Power Sensor 2019-07-26 Annual 2020-07-26 1726430
HP 778D Dual Directional Coupler 2019-08-21 Annual 2020-08-21 16500
Bird 50-6A-MFN-30 Attenuator 2019-08-21 Annual 2020-08-21 N/A
HP 8491A Attenuator 2019-08-21 Annual 2020-08-21 63272
WAINWRIGHT WLJS1500-6EF Low Pass Filter 2019-08-22 Annual 2020-08-22 1
Speag DAK-3.5 Dielectric Assessment Kit 2018-11-20 Annual 2019-11-20 1140
Agilent E8357A Network Analyzer 2019-08-21 Annual 2020-08-21 US41070399
ROHDE & SCHWARZ FSP Spectrum Analyzer 2019-07-25 Annual 2020-07-25 100017
ROHDE & SCHWARZ FSV40 SIGNAL ANALYZER 2019-03-11 Annual 2020-03-11 101009
LKM Electronic GmbH DTM3000-Spezial Hand-Held Thermometers 2019-08-23 Annual 2020-08-23 3247
CAS TE-201 Temperature hygrometer 2019-08-26 Annual 2020-08-26 14011777-1
KIKUSHI PAS40-9 DC POWER SUPPLY 2019-04-06 Annual 2020-04-06 QKO000851
Notes:

1. CBT (Calibration Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator,

coupler or filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the
measurement path. The power meter offset was then adjusted to compensate for the measurement system losses.
This level offset is stored within the power meter before measurements are made. This calibration verification

procedure applies to the system verification and output power measurements. The calibrated reading is then taken
directly from the power meter after compensation of the losses for all final power measurements.
2. All equipment was used solely within its calibration period.
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13. MEASUREMENT UNCERTAINTIES
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Table 13-1 Uncertainty of SAR equipment for measurement Body 0.3 GHz to 3 GHz

Uncertainty Uncertainty Probe | Div. C; L] [} ¥
No. Error Description Value (1 g) Value (10 g Dist. [1¥] z [1¥] e or s
(89)
1 | & |Probe Calibration 6.30 6 N 100 | 10D 6.30 b 00
1| vy |lsotopy 1LE7 T | ~3 1.08 w
3| o |Linesity 0.60 : o [~7 | 0.35 =
4 | vt |Probs modulstion rasponse 140 14 BT | 138 W
] nij  |Detection Limits 100 R AT L 0.58 E]
5| ©ee |Eoundary offct 100 R I I 058 @
T v, |Resdout Elactronics 0.30 N 100 | 100 0.30 w
i Rezponss Tims 0.80 E | % | LW .46 45 w
¢ Intagration Tims 2.60 2.6 E |~ | 10 1.50 @
10 | |RF ambient conditions~noiza 3.00 R W 1.0 1.73 T m
11 RF ambiant conditions—reflactions 3.00 R |~3 | 100 IE] T 00
12 | vrty) |Probe positionsr mach. Restrictions 0.40 4 R S5 L 0.23 p) w
13 | trty) |Probe positioning with raspect to phantom shall 18 2 B | ~F | 100 1.67 &7 W
4]t | |Post-processing(for max, SAR svalustion) 200 2 B O|~T |10 115 E]
15| wowy |Device Holder Uncertsinty 3.60 6 N 100 | 100 3.60 6 5.00
16 | i) | Tast zampls positioning 082 - N 100 | L0 0.2 - 200
17 r5 | Power scaling 0.00 R 1.00 0.00 ]
18 Dyift of output powerimeasured SAR driff) 5.00 R S| 1 1.0 2 ]
1% Phantom Uncertsinty §.10 ] R L ERY: y E]
20 | b 180 N 100 | 10D 1.9 6 @
21| vacy |Liquid Conductivity (mess.) 130 26 N 100 | 078 1.08 500
22| vk |Liquid Permittivity (mess.) 0.34 N 100 | 023 0.08 500
] I |Liquid conductivity{tsmpststure uncsmsinty) 187 7 R S 0.84 7 W
4 I |Liquid permittivity{temperaturs uncartsingy) 0.11 R ST ER b 0.01 2 E]
Uefrar) Combined standard uncertainty (%4) 082 8.7 175
Extended uncertainty I'{%4) 10.63 19.47
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14. CONCLUSION

14.1. Measurement Conclusion

The SAR evaluation indicates that the EUT complies with the RF radiation exposure limits of the FCC and
Innovation, Science, and Economic Development Canada, with respect to all parameters subject to this test.

These measurements were taken to simulate the RF effects of RF exposure under worst-case conditions. Precise
laboratory measures were taken to assure repeatability of the tests. The results and statements relate only to the
item(s) tested.

Please note that the absorption and distribution of electromagnetic energy in the body are very complex
phenomena that depend on the mass, shape, and size of the body, the orientation of the body with respect to the
field vectors, and the electrical properties of both the body and the environment. Other variables that may play a
substantial role in possible biological effects are those that characterize the environment (e.g. ambient temperature,
air velocity, relative humidity, and body insulation) and those that characterize the individual (e.g. age, gender,
activity level, debilitation, or disease). Because various factors may interact with one another to vary the specific
biological outcome of an exposure to electromagnetic fields, any protection guide should consider maximal
amplification of biological effects as a result of field-body interactions, environmental conditions, and physiological
variables.

14.2. Information on the Testing Laboratories

We, Onetech Corp. Laboratory were founded in 1989 to provide our best service in EMC, Radio, Telecom and

Safety consultation. Our laboratories are accredited and approved according to ISO/IEC 17025.

If you have any comments, please feel free to contact us at the following:

Address: 43-14, Jinsaegol-gil, Chowol-eup, Gwangju-si, Gyeonggi-do, Korea Republic of, 12735
E-Mail: info@onetech.co.kr

Tel: +82-31-799-9500

Fax: +82-31-799-9599
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APPENDIX A: SYSTEM VERIFICATION
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Test Laboratory: ONETECH CO., LTD. Lab Date: 10/11/2019
System Verification for 900 MHz

DUT: D900V?2 - SN:1d069

Communication System; CW, Frequency: 900 MHz,Duty Cycle: 1:1
Medium: HSL900 Medium parameters used: f =900 MHz, 6 = 0.982 S/m; e, = 41.505; p = 1000 kg/m’
Ambient Temperature : 22.0 °C; Liquid Temperature : 21.7 °C

DASYS5 Configuration:

- Probe: EX3DV4 - SN3832; ConvF(9.05, 9.05, 9.05) @ 900 MHz; Calibrated: 2/27/2019
- Sensor-Surface: 1.4mm (Mechanical Surface Detectiomn)

- Electronics: DAE4 Sn557; Calibrated: 2/28/2019

- Phantom: Twin-SAM V4.0, Type: QD 000 P40 CC; Serial: 1381

- Measurement SW: DASY52, Version 52.10 (2); SEMCAD X Version 14.6.12 (7450)

Pin=200mW/Area Scan (5x13x1): Measurement grid: dx=15mm, dy=15mm

Maximum value of SAR (measured) = 2.92 W/kg

Pin=200mW/Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 54.13 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.35 W/kg

SAR(1 g) = 2.19 W/kg; SAR(10 g) = 1.41 W/kg

Maximum value of SAR (measured) =2.97 W/kg

Wikg
2.970

2.419
1.669
1.318

0.768

0.217
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APPENDIX B: SAR TEST DATA
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Test Laboratory: ONETECH CO., LTD. Lab Date: 10/11/2019
P01_900 MHz Band_LoRa 500KHz_Top 0 cm_Ch.220

DUT: ZLD-300U

Communication System: 900 MHz Band, Frequency: 915 MHz,Duty Cycle: 1:1
Medium: HSL900 Medium parameters used: =915 MHz, 6 = 0.997 S/m; e, = 41.347; p = 1000 kg/m’
Ambient Temperature : 22.0 °C; Liquid Temperature : 21.7 °C

DASYS5 Configuration:

- Probe: EX3DV4 - SN3832; ConvF(9.05, 9.05, 9.05) @ 915 MHz; Calibrated: 2/27/2019
- Sensor-Surface: 1.4mm (Mechanical Surface Detectiomn)

- Electronics: DAE4 8n557; Calibrated: 2/28/2019

- Phantom: Twin-SAM V4.0; Type: QD 000 P40 CC; Serial: 1381

- Measurement SW: DASY 52, Version 52.10 (2); SEMCAD X Version 14.6.12 {7450)

- Area Scan (6x7x1): Measurement grid: dx=15mm, dy=15mm

Maximum value of SAR (measured) = 0.388 W/kg

- Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 25.52 V/m, Power Drift=-0.17 dB

Peak SAR (extrapolated) = 1.20 W/kg

SAR(1 g) = 0.319 W/kg; SAR(10 g) = 0.118 W/kg

Maximum value of SAR (measured) = 0.776 Wikg

Wikg
0.776

0.621
0.467
0.312

0.158

0.00302
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APPENDIX C: PROBE & DIPOLE ANTENNA CALIBRATION
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EX3DV4 — SN:3832

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3832

Basic Calibration Parameters

February 27, 2019

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uV/(V/im)*)* 0.44 0.44 0.57 +10.1%
DCP (mV)° 102.1 100.2 103.5
Calibration Results for Modulation Response
uID Communication System Name A | B c D VR Max Max
[ ‘ ‘ ‘ dB | dBvpv ‘ ‘ dB ‘ mv ‘ dev. ‘ Unc® ‘
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EX3DV4- SN:3832

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3832

Sensor Model Parameters

February 27, 2019

c1 c2 a T T2 T3 T4 T5 T6
fF fF v ms.V? ms.V™' ms Vs v
X 49.2 363.41 35.01 18.01 0.76 5.08 1.15 0.40 1.01
Y 44 .4 340.08 37.16 13.78 0.85 5.08 0.00 0.61 1.01
4 47.5 346.99 34.23 20.04 0.38 5.10 1.43 0.31 1.01
Nthar Draha Daramatare
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Relative Conductivity Depth© Unc

f(MHz)® | Permittivity " (stm)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 11.50 11.50 11.50 0.00 1.00 +13.3%
300 45.3 0.87 10.87 10.87 10.87 0.07 1.30 +13.3%
450 435 0.87 10.21 10.21 10.21 0.15 1.30 +13.3 %
750 41.9 0.89 9.97 9.97 9.97 0.52 0.80 +12.0%
835 415 0.90 9.19 9.19 9.19 0.54 0.85 +12.0 %
900 41.5 0.97 9.05 9.05 9.05 0.40 0.95 +12.0%
1750 401 1.37 8.10 8.10 8.10 0.36 0.85 +£120%
1950 40.0 1.40 7.78 7.78 7.78 0.30 0.85 +12.0%
2300 39.5 1.67 7.37 7.37 7.37 0.37 0.85 +12.0%
2450 39.2 1.80 7.1 7.11 7.1 0.34 0.88 +12.0%
2600 39.0 1.96 7.00 7.00 7.00 0.41 0.85 +12.0%
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Relative Conductivity Depth © Une

f(MHz)® | Permittivity " (sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 11.05 11.05 11.05 0.00 1.00 £133%
3500 51.3 3.31 6.56 6.56 6.56 0.25 1.25 +13.1 %
3700 51.0 3.55 6.29 6.29 6.29 0.25 125 | 131 %
5200 49.0 5.30 4.69 4.69 469 0.50 1.90 +131%
5300 48.9 5.42 4.54 454 4.54 0.50 190 | +131%
5500 48.6 565 4.14 4.14 4.4 0.50 190 | +13.1%
5600 48.5 5.77 4.04 4.04 4.04 0.50 190 | *131%
5800 48.2 6.00 4.12 4.12 4.12 0.50 1.90 | 131 %

© Frequency 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 frequency and the uncertainty for the indicated frequency band. Frequency validity

below 300 MHz 1s £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively, Validity of ConvF assessed at

g MHz is 4-8 MHz, and ConvF assessed at 13 MHz is 9-19 MHz. Above 5 GHz frequency validity can be extended lo + 110 MHz.
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uiD Rev | Communication System Name Group PAR Unc®
(dB) (k=2)
0 cw cwW 0.00 +4.7 %
10010 CAA | SAR Validation (Square, 100ms, 10ms) Test 10.00 +9.6%
1001 CAB | UMTS-FDD (WCDMA) WCDMA 291 +9.6%
10012 CAB | |IEEE 802.11b WiFi 2.4 GHz (DSSS, 1 Mbps) WLAN 1.87 +9.6 %
10013 CAB_| |EEE 802.11g WiFi 2.4 GHz (DSSS-OFDM, 6 Mbps) WLAN 9.46 +9.6 %
10021 DAC | GSM-FDD (TDMA, GMSK) GSM 9.39 +9.6 %
10023 DAC | GPRS-FDD (TDMA, GMSK, TN 0) GSM 9.57 +9.6%
10024 DAC | GPRS-FDD (TDMA, GMSK, TN 0-1) GSM 6.56 +9.6%
1NN25 NAC FNRF.ENN ITNMA SRS Th M [T LG Lneor
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10109 CAG | LTE-FDD (SC-FDMA, 100% RB, 10 MHz, 16-QAM) LTE-FDD 6.43 +9.6 %
10110 CAG | LTE-FDD (SC-FDMA, 100% RB, 5 MHz, QPSK) LTE-FDD 5.75 +9.6%
10111 CAG | LTE-FDD (SC-FDMA, 100% RB, 5 MHz, 16-QAM) LTE-FDD 6.44 +96%
10112 CAG | LTE-FDD (SC-FDMA, 100% RB, 10 MHz, 64-QAM) LTE-FDD 6.59 +96%
10113 CAG | LTE-FDD (SC-FDMA, 100% RB, 5 MHz, 64-QAM) LTE-FDD 6.62 +8.6 %
10114 CAC | IEEE 802.11n (HT Greenfield, 13.5 Mbps, BPSK) WLAN 8.10 + 9.6 %
101158 CAC | |EEE B02.11n (HT Greenfield, 81 Mbps, 16-QAM) WLAN 8.46 +9.6%
10116 CAC | |IEEE B02.11n (HT Greenfield, 135 Mbps, 64-QAM) WLAN 8.15 +9.6%
10117 CAC | |IEEE 802.11n (HT Mixed, 13.5 Mbps, BPSK) WLAN 8.07 +9.6%
10118 CAC | |IEEE 802.11n (HT Mixed, 81 Mbps, 16-QAM) WLAN 8.59 +9.6 %
10119 CAC | IEEE 802.11n (HT Mixed, 135 Mbps, 64-QAM) WLAN 8.13 +96%
10140 CAE | LTE-FDD (SC-FDMA, 100% RB, 15 MHz, 16-QAM) LTE-FDD 6.49 +96%
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10220 | CAC | IEEE 802.11n (HT Mixed, 43.3 Mbps, 16-QAM) WLAN 813 | +96%
10221 | CAC | IEEE 802.11n (HT Mixed, 72.2 Mbps, 64-QAM) WLAN 827 | +96%
10222 | CAC | IEEE 802.11n (HT Mixed, 15 Mbps. BPSK) WLAN BO6 | +96%
10223 | CAC [ IEEE 802.11n (HT Mixed, 90 Mbps. 16-QAM) WLAN B48 | +96%
10224 | CAC_ | IEEE 802.11n (HT Mixed, 150 Mbps, 64-QAM) WLAN BOB [ +96%
10225 | CAB | UMTS-FDD (HSPA+) WCDMA 597 | +96%
10226 | CAA | LTE-TDD (SC-FOMA, 1 RB, 1.4 MHz, 16-QAM) LTE-TDD 949 [ +96%
10227 | CAA | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz. 64-QAM) LTE-TOD 1026 | +9.6 %
10228 | CAA | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, QPSK) LTE-TDD 922 | +96%
10229 | CAC [ LTE-TDD (SC-FDMA, 1 RB_3 MHz_15-QAM) LTE-TDD 948 | +9.6%
10230 | CAC | LTE-TDD (SC-FOMA_ 1 RB, 3 MHz, 64-QAN) LTE-TDD 1025 | +9.6 %
10231 | CAC | LTE-TDD (SC-FDMA, 1 RB. 3 MHz, QPSK) LTE-TDD 919 | +96%
10232 | CAF | LTE-TDD (SC-FDMA, 1 RB, 5 MHz, 16-QAM) LTE-TDD 948 | £96%
10233 | CAF | LTE-TDD (SC-FDMA,_1 RB, 5 MHz, 64-QAM) LTE-TDD 1025 | +96%
10234 | CAF | LTE-TDD (SC-FDMA, 1 RB, 5 MHz, QPSK) L 921 | +96%
10235 | CAF | LTE-TDD (SC-FDMA, 1 RB, 10 MHz, 16-QAM) LTE-TDD 948 | +96%
10236 | CAF | LTE-TDD (SC-FOMA, 1 RB, 10 MHz, 64-QAM) LTE-TDD 1025 | +96%
10237 | CAF | LTE-TDD (SC-FDMA, 1 RE, 10 MHz, QPSK) LTE-TDD 921 | 296%
10238 | CAF | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, 16-QAM) LTE-TDD 048 | £96%
10238 | CAF | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, 64-QAM) LTE-TDD 10.25 | +96%
10240 | CAF | LTE-TDD (SC-FDMA, 1 RB, 15 MHz, QPSK) LTE-TDD 921 | +96%
10241 | CAA | LTE-TDD (SC-FDMA, 50% RB, 1.4 MHz, 16-QAM) LTE-TOD 982 | +96%
10242 | CAA | LTE-TDD (SC-FDMA. 50% RBE, 1.4 MHz, 64-QAM) LTE-TDD 986 | +96%
10243 | CAA | LTE-TDD (SC-FDMA, 50% RB, 1.4 MHz, QPSK) LTE-TDD 946 | +96%
10244 | CAC | LTE-TDD (SC-FDMA, 50% RB, 3 MHz, 16-QAM) LTE-TOD 1006 | +96%
10245 CAC LTE-TDD (SC FDMA, 50% RE, 3 MHz, 54-QAM) LTE-TDD 10.06 * 9.6 %
10246 | CAC | LTE-TDD (SC-FDMA, 50% RB, 3 MHz, QPSK) LTE-TDD 930 | +96%
10247 | CAF | LTE-TDD (SC-FDMA, 50% RB, 5 MHz, 16-QAM) LTE-TOD 991 | #96%
10248 | CAF | LTE-TDD (SC-FDMA, 50% RB, 5 MHz, 64-QAM) LTE-TDD 1009 | +96%
10249 | CAF | LTE-TDD (SC-FDMA, 50% RB. 5 MHz, QPSK) LTE-TOD 928 | 196%
10250 | CAF | LTE-TDD (SC-FDMA, 50% RB, 10 MHz, 16-QAM) LTE-TDD 981 | +96%
10251 | CAF | LTE-TDD (SC-FDMA, 50% RB, 10 MHz, 64-QAM) LTE-TDD 10.17 | 9.6 %
10252 | CAF | LTE-TOD (SC-FDMA, 50% RB. 10 MHz, QPSK) LTE-TOD 924 | +98%
10253 | CAF | LTE-TDD (SC-FOMA. 50% RB, 15 MHz, 16-QAM) LTE-TDD 980 | +96%
10254 | CAF | LTE-TDD (SC-FOMA, 50% RB, 15 MHz, 64-QAM) LTE-TDD 10.14 [ 9.6 %
10255 | CAF_| LTE-TDD (SC-FDMA. 50% RB, 15 MHz, QPSK) LTE-TDD 920 | +96%
10256 | CAA | LTE-TOD (SC-FDMA, 100% RB. 1.4 MHz, 16-QAM) LTE-TDD 996 | *96%
10257 | CAA | LTE-TDD (SC-FDMA, 100% RE, 1.4 MHz, 64-QAM) LTE-TOD 1008 | £96%
10258 | CAA | LTE-TDD (SC-FDMA. 100% RB, 1.4 MHz, QPSK) LTE-TDD 934 | +96%
10259 | CAC | LTE-TDD (SC-FDMA._100% RB, 3 MHz, 16-QAM) LTE-TDD 998 [ +96%
10260 | CAC | LTE-TDD (SC-FDMA, 100% RB. 3 MHz. 64-QAM) LTE-TDD 9.97 | t96%
10261 | CAC | LTE-TDD (SC-FDMA, 100% RB, 3 MHz, QPSK) LTE-TDD 924 | +96%
10262 | CAF | LTE-TDD (SC-FDMA, 100% RB, 5 MHz, 16-QAM]) LTE-TDD 983 | +96%
10263 | CAF | LTE-TDD (SC-FDMA, 100% RB. 5 MHz, 64-QAM) LTE-TDD 10.16 | +96 %
10264 | CAF | LTE-TDD (SC-FDMA, 100% RB, 5 MHz, QPSK) LTE-TDD 923 | +96%
10265 | CAF | LTE-TDD (SC-FOMA, 100% RB, 10 MHz. 16-QAM}) LTE-TDD 992 | +96%
10266 | CAF | LTE-TDD {SC-FOMA, 100% RB, 10 MHz, 54-QAM) LTE-TDD 10.07 | +96%
10267 | CAF | LTE-TDD {SC-FDMA, 100% RB, 10 MHz, QPSK) LTE-TDD 930 | +96%
10268 | CAF | LTE-TDD (SC-FDMA, 100% RB, 15 MHz. 16-QAM) LTE-TDD 10.06 | +9.6 %
10269 | CAF | LTE-TDD (SC-FDMA, 100% RB, 15 MHz, 64-QAM) LTE-TDD 10.13 | +96%
10270 | CAF | LTE-TDD (SC-FDMA, 100% REB, 15 MHz, QPSK) LTE-TDD 958 | £96%
10274 | CAB | UMTS-FDD (HSUPA, Subtest 5, 3GPP Rel8.10) WCDMA 487 | x96%
10275 | CAB | UMTS-FDD (HSUPA. Subtest 5, 3GPP Rel8.4) WCDMA 396 | £96%
10277 __| CAA | PHS (QPSK) PHS 11.81 | +9.6%
10278 | CAA_| PHS (QPSK, BW 884MHz, Rolloff 0.5) PHS 1181 | +96%
10279 | CAA | PHS (QPSK, BW 884MHz, Rolloff 0.38) PHS 1218 | +96%
10290 | AAB | CDMA2000, RC1, SOS5, Full Rate CDMA2000 | 391 | +9.6%
10291 | AAB | CDMAZ2000, RC3, S055, Full Rate CDOMA2000 | 3.46 | +95%
10292 | AAB | CDMA2000, RC3, SO32Z, Full Rate COMA2000 | 339 | 96 %
10293 | AAB | COMAZ000, RC3, 503, Full Rate CDMA2000 | 350 | +96%
10295 [ AAB | CDMAZ000, RC1, SO3, 1/8th Rate 25 fr. CDMAZ2000 | 1249 | +96%
10297 | AAD | LTE-FDD (SC-FDMA, 50% RB, 20 MHz, QPSK) LTE-FDD 561 | +96%
10298 | AAD | LTE-FDD (SC-FDMA, 50% RB, 3 MHz, QPSK) LTE-FDD 572 | 29.6%
10299 | AAD | LTE-FDD (SC-FDMA, 50% RB. 3 MHz, 16-GAM) LTE-FDD 639 | 296%
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10300 AAD | LTE-FDD (SC-FDMA, 50% RB, 3 MHz, 64-QAM) LTE-FOD | 6.60 +9.6 %

10301 AAA | IEEE 802.16e WIMAX (29:18, 5ms, 10MHz, QPSK, PUSC) WiIMAX 12.03 +96 %

10302 AAA | |EEE 802.16e WiMAX (29:18, 5ms, 10MHz, QPSK, PUSC, 3 CTRL WiMAX 12.57 9.6 %
symbols

10303 AAA | IEEE 802.16e WIMAX (31:15, 5ms, 10MHz, 64QAM, PUSC) WIMAX 12.52 +9.6 %

10304 AAA | IEEE B02.16e WIMAX (29:18, 5ms, 10MHz, 640QAM, PUSC) WIMAX 11.86 +96%

10305 AAA | IEEE 802.16e WIMAX (31:15, 10ms, 10MHz, 84QAM, PUSC, 15 WiMAX 1524 | £96%
symbols)

10306 AAA | |EEE 802.16e WIiMAX (29:18, 10ms, 10MHz, 64QAM, PUSC, 18 WiMAX 14.67 + 9.6 %
symbols)

10307 AAA |IEEE 802.16e WiMAX (29:18, 10ms, 10MHz, QFSK, PUSC, 18 WiMAX 14.49 +9.6 %
symbols)
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10451 AAA | W-CDMA (BS Tes! Model 1, 64 DPCH, Clipping 44%) WCDMA 7.59 +9.6 %
10456 | AAB | IEEE 802.11ac WiFi (160MHz, 64-QAM, 99pc duty cycle) WLAN 8.63 + 9.6 %
10457 AAA | UMTS-FDD (DC-HSDPA) WCDMA 6.62 +9.6 %
10458 AAA | CDMA2000 (1xEV-DO, Rev. B, 2 carriers) CDMA2000 6.55 +9.6%
10459 AAA | CDMA2000 (1xEV-DO, Rev. B, 3 carriers) CDMA2000 8.25 +86%
10460 AAA | UMTS-FDD (WCDMA, AMR) WCDMA 2.39 +9.6 %
10461 AAA | LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, QPSK, UL LTE-TDD 7.82 +9.6 %
Subframe=2,3,4,7,8.9)

10462 AMA LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, 16-QAM, UL LTE-TDD 8.30 +9.6%
Subframe=2,3,4,7,8,9)

104863 AAA LTE-TDD (SC-FDMA, 1 RB, 1.4 MHz, 64-QAM, UL LTE-TDD 8.56 +96%
Subframe=2,3.4.7.8.9) |

10464 AAB LTE-TDD (SC-FDMA, 1 RB, 3 MHz, QPSK, UL | LTE-TDD 7.82 +9.6 %
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10492 AAE LTE-TDD (SC-FDMA, 50% RB, 15 MHz, 16-QAM, UL LTE-TDD 841 +9.6 %
Subframe=2,3,4,7.8.9)

10493 AAE LTE-TDD (SC-FDMA, 50% RB, 15 MHz, 64-QAM, UL LTE-TDD 8.55 +96%
Subframe=2,34,7.8,9)

10494 AAF | LTE-TDD (SC-FDMA, 50% RB, 20 MHz, QPSK, UL LTE-TDD 7.74 +9.6%
Subframe=2,3.4.7.8.9)

10495 AAF LTE-TDD (SC-FDMA, 50% RB, 20 MHz, 16-QAM, UL LTE-TDD B.3T +9.6%
Subframe=2,3,4.7.8.9)

10496 AAF LTE-TDD (SC-FDMA, 50% RB, 20 MHz, 64-QAM, UL LTE-TDD 8.54 +96 %
Subframe=2,3,4,7.8.9)

10497 AAA | LTE-TDD (SC-FDMA, 100% RB, 1.4 MHz, QPSK, UL LTE-TDD 7.67 +9.6%
Subframe=2,3,4.7,8,9)
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10535 AAB | IEEE 802.11ac WiFi (40MHz, MCS1, 89pc duty cycle) WLAN 8.45 +9.6%
10536 AAB_ | IEEE 802.11ac WiFi (40MHz, MCS2, 99pc duty cycle) WLAN 8.32 +8.6%
10537 AAB | IEEE 802.11ac WiFi (40MHz, MCS3, 99pc duty cycle) WLAN 8.44 9.6 %
10538 AAB |EEE 802.11ac WIFi (40MHz, MCS4, 99pc duty cycle) WLAN 8.54 +9.6 %
10540 AAB IEEE 802.11ac WiFi (40MHz, MCS6, 99pc duty cycle) WLAN 8.39 +9.6%
10541 AAB IEEE 802.11ac WiFi (40MHz, MCS7, 99pc duty cycle) WLAN 8.46 £89.6 %
10542 AAB | IEEE 802.11ac WiFi (40MHz, MCS8, 99pc duty cycle) WLAN 8.65 +9.6%
10543 AAB | |EEE 802.11ac WIiFi (40MHz, MCS9, 99pc duty cycle) WLAN .65 +96 %
10544 AAB | IEEE 802.11ac WiFi (BOMHz, MCS0, 98pc duty cycle) WLAN 47 96 %
10545 AAB | IEEE 802.11ac WiFi (80MHz, MCS1, 99pc duty cycle) WLAN .55 £8.6%
10548 AAB | |EEE 802.11ac WiFi (BOMHz, MCS2, 99pc duty cycle) WLAN 8.35 +96%
10547 AAB | IEEE 802 11ac WIFi (B0MHz, MCS3, 99pc duty cycle) WLAN 8.49 +9.6%
10548 AAB | IEEE BD2.11ac WiFi (BOMHz. MCS4. 98oc duty cvcle) WLAN R.37 +9.6 %
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10588 | AAB_ | IEEE 802.11a/h WiFi 5 GHz (OFDM, 36 Mbps, 90pc duly cycle) WLAN 876 | +96%
10589 | AAB_| IEEE 802.11a/h WiFi 5 GHz (OFDM, 48 Mbps, 90pc duty cycle) WLAN 835 | +9.60

10590 | AAB | IEEE 802.11a/h WiFi 5 GHz (OFDM, 54 Mbps. 90pc duty cycle) WLAN B67 | +9.6Y%
10591 | AAB | IEEE 802.11n (HT Mixed, 20MHz, MCS0, 90pc duty cycle) WLAN 863 | +9.6Y%
10592 | AAB | IEEE B02.11n (HT Mixed, 20MHz, MCS1, 90pc duty cycle) WLAN 879 | +96%
10593 | AAB | IEEE 802.11n (HT Mixed, 20MHz, MCS2, 90pc duty cycle) WLAN 864 | +96%
10594 | AAB | IEEE B02.11n (HT Mixed, 20MHz, MCS3, 90pc duly cycle) WLAN 874 | +96%
10595 | AAB | IEEE 802.11n (HT Mixed, 20MHz, MCS4, 80pc duty cycle) WLAN 874 | +96%
10596 | AAB | IEEE 802.11n (HT Mixed, 20MHz, MCSS, 90p¢ duty cycle) WLAN 871 | +96%
10597 | AAB_| IEEE 802.11n (HT Mixed, 20MHz, MCS6, 90pc duty cycle) WLAN 872 | +96%
10598 | AAB | IEEE B02.11n (HT Mixed, 20MHz, MCS7, 80pc duly cycle) WLAN 850 | +96%
10599 | AAB | IEEE B02.11n (HT Mixed, 40MHz, MCSO0, 80pc duty cycle) WLAN 879 | +96%
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10655 AAE | LTE-TDD (OFDMA, 20 MHz, E-TM 3.1, Clipping 44%) LTE-TDD 7.21 +9.6 %
10658 AAA | Pulse Waveform (200Hz, 10%) Test 1000 | #9.6 %
10659 | AAA | Pulse Waveform (200Hz, 20%) Test 6.99 +9.6 %
10660 AAA | Pulse Wavefomm (200Hz, 40%) Test 3.98 +9.6 %
10661 AAA | Pulse Waveform (200Hz, 60%) Test 2.22 9.6 %
10662 | AAA | Pulse Waveform (200Hz, 80%) Test 0.97 +96%
10670 AfA | Bluetooth Low Energy Bluetooth 2,19 +96%
10671 AAA | IEEE 802 11ax (20MHz, MCS0, 90pc duty cycle) WLAN 8.08 +9.6 %
10672 | AAA | IEEE 802.11ax (20MHz, MCS1, 90pc duty cycle) WLAN 57 £9.6 %
10673 AAA | IEEE 802.11ax (20MHz, MCS2, 90pc duly cycle) WLAN 8.78 +9.6 %
10674 ANA IEEE 802.11ax (20MHz, MCS3, 90p¢ duty cycle) WLAN 8.74 +9.6 %
10675 AMA IEEE 802.11ax (20MHz, MCS4, 90pc duty cycle) WLAN 8.90 +9.6 %
10676 AAA | IEEE B02.11ax (20MHz. MCS5. 90nc dutv cvelel W1 AN ATT +0R %
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EX3DV4- SN:3832 February 27, 2018
10728 AAA | IEEE 802.11ax (80MHz, MCS9, 90pc duty cycle) | WLAN 8.65 +06%
10729 AAA IEEE 802.11ax (80MHz, MCS10, 90pc duty cycle) | WLAN &8.64 +96%
10730 AAA IEEE B02.11ax (BOMHz, MCS11, 80pc duty cycle) | WLAN 8.67 9.6 %
10731 AAA IEEE B02.11ax (B0MHz, MCS0, 99pc duty cycle) WLAN 8.42 +9.6 %
10732 AAA | IEEE 802.11ax (BOMHz, MCS1, 99pc duty cycle) WLAN B8.46 +96%
10733 | AAA | IEEE B02.11ax (BOMHz, MCS2, 99pc duly cycle) WLAN 8.40 +9.6 %
10734 AAA IEEE B02.11ax (BOMHz, MCS3, 99pc duty cycle) WLAN 8.25 +9.6 %
10735 AAA IEEE B02.11ax (B0MHz, MCS4, 98pc duly cycle) WLAN 8.33 +9.6 %
10736 | AAA | IEEE 802.11ax (B0MHz, MCS5, 99pc duty cycle) WLAN 8.27 +96%
10737 AAA | |EEE 802.11ax (80MHz, MCS6, 99pc duty cycle) WLAN 8.36 + 0.6 %
10738 AAA IEEE 802.11ax (80MHz, MCS7, 99pc duly cycle) WLAN 8.42 +9.6 %
10739 AAA IEEE 802.11ax (80MHz. MCS8, 89pc duly cycle) WLAN 8.29 + 9.6 %
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Calibration Equipment used (M&TE critical for calibration)

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

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

This calibration cerliticate shall nof be reproduced axcepd in full without witien approval of the (abaratary.

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 03-Apr-18 (No. 217-02892/02893) Apr-20
Power sensor NRP-Z91 SN: 103244 03-Apr-19 (No. 217-02892) Apr-20
Power sensor NRP-Z291 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20
Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20
Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-19 (No. 217-02895) Apr-20
Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Dec18) Dec-19
DAE4 SN: 601 04-Oct-18 (No. DAE4-601_0Oct18) Oct-19

lssued: Apeil 26, 2019

Cartificate No: D300V2-1d068_Apr19
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TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.5 0.97 mho/m
Measured Head TSL parameters (22.0x0.2)°C 41.6+6% 0.94 mho/m £ 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.68 Wikg
SAR for nominal Head TSL parameters normalized to 1W 11.0 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.72 W/kg
SAR for nominal Head TSL parameters normalized to TW 7.01 W/kg £ 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.0 1.05 mho/m
Measured Body TSL parameters (22.0+0.2) °C 53.6+6% 1.04 mho/m £ 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.76 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

11.1 W/kg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.79 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

7.17 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 509Q-31jQ

Return Loss -30.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4710-50jQ

Return Loss -245dB

General Antenna Parameters and Design

| Electrical Delay (one direction) 1.411 ns

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

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

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

Additional EUT Data

Manufactured by SPEAG
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DASY5 Validation Report for Head TSL

Date: 25.04.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN:1d069

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: f = 900 MHz; ¢ = 0.94 S/m; &, = 41.6: p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.61, 9.61, 9.61) @ 900 MHz; Calibrated: 31.12.2018
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 04.10.2018
o Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
e DASY5252.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 65.71 V/m; Power Drift =0.01 dB

Peak SAR (extrapolated) = 4.10 W/kg

SAR(1 g) = 2.68 W/kg; SAR(10 g) = 1.72 W/kg

Maximum value of SAR (measured) = 3.61 W/ke

-4.80

-1.20
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 25.04.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: D900V2 - SN:1d069

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: f = 900 MHz; ¢ = 1.04 S/m; &, = 53.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(9.78, 9.78, 9.78) @ 900 MHz; Calibrated: 31.12.2018
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 04.10.2018
e Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005
« DASY5252.10.2(1495); SEMCAD X 14.6.12(7450)

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

Reference Value = 60.75 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 4.08 W/kg

SAR(1 g) = 2.76 W/kg; SAR(10 g) = 1.79 W/kg

Maximum value of SAR (measured) = 3.67 W/ke

-4.40

-6.60
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Impedance Measurement Plot for Body TSL
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APPENDIX D: SAR TISSUE SPECIFICATIONS

Measurement Procedure for Tissue verification:

1) The network analyzer and probe system were configured and calibrated.

2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.

Trapped air bubbles beneath the flange were minimized by placing the probe at a slight angle.

3) The complex admittance with respect to the probe aperture was measured.

4) The complex relative permittivity € can be calculated from the below equation (Pournaropoulos and Misra):

Table D-1 Composition of the Tissue Equivalent Matter

Frequency (MHz) 900
Tissue Head
Ingredients (% by weight)
Bactericide 0.1
DGBE
HEC 1
NaCl 1.45
Sucrose 57
Tween 20
Water 40.45

Table D-2 Recommended Tissue Dielectric Parameters (IEC 62209-1)

Fréguansy Rolative parmbiiivity Canduttivity (o)
MHz L Sim
300 453 AT
430 43,5 o.87
750 dt.0 o089
835 a5 090
B0 41,5 097
1450 40,5 1.20
T 00 4.4 {5 |
T 640 4.2 1.3t
1 750 40.1 1,37
1 80O 40,0 1,40
1 900 40,0 140
2000 40,0 1,40
2 150 EEN 1,49
2 300 9.5 1.67

2450 19,2 1,80
2 B0 350 1,86
3000 385 240
3 500 17 8 2.8t
4 000 7.4 143
FET 6.8 194
5000 36 2 445
5 200 360 4 88
& 400 5.8 £,88
4 800 155 507
§ &0 35.3 527
4 000 i%. 1 548
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Figure D-1 Liquid Height for Head & Body Position (SAM Twin Phantom)

Figure D-2 Liquid Height for Body Position (ELI Phantom)
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Appendix D.1 DAKS3.5 Dielectric Probe Calibration
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The probe is connected with a phase and amplitude stable cable to a VNA which is then calibrated with
Open, Short and a Liquid with well-known parameters.

All parts in the setup influencing the amplitude and phase of the signal are important and shall remain
stable.

Handling of the item

Before usage, the active probe area has to be cleaned from any material residuals potentially
contaminating the reference standards. The metal and dielectric surface must be protected to keep the
precision of the critical mechanical dimensions. The connector and cable quality are critical; any
movements between calibration and measurement shall be avoided.

The temperature must be stable and must not differ from the material temperature.

Methods Applied and Interpretation of Parameters

The calibration of the dielectric probe system is done in the steps described below for the desired
frequency range and calibration package (SAR/MRI liquids, Semi-solid/solid material). Because the
standard calibration in step 3 is critical for the results in steps 4 to 8, the sequence 3 to 8 is repeated 3
times. As a result, the result from these 3 sets is represented.
1. Configuration and mechanical / optical status.
2. Measurement resolution is 5 MHz from 10 to 300 MHz, 50 MHz from 300 to 6000 MHz and 250 MHz
from 6 to 20 GHz.
3. Standard calibration uses Air / Short / Liquid. 1 liter liquid quantity is used to reduce the influence the
reflections. The liquid type is selected depending on the lowest frequency and probe diameter:
DAK-1.2, DAK-3.5, Agilent OCP: de-ionized water (approx. 22 °C)
DAK-12: saline solution with static conductivity 1 S/m (approx. 22 °C)
NPL OCP: pure ethanol (approx. 22 °C)
4. The cable used in the setup stays in a fixed position, i.e. the probe is fixed and measuring from the
top in an angle of typ. 20° from the vertical axis. For DAK and Agilent probes, the refresh function

fair etandardl ie nicad nravinie ta tha individisl sass irmmssmbe i ardas ba ancacamnabe foo oot
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The measurement on semi-solid / solid materials is sensitive to the quality and planarity of the probe
contact area, such as air gaps due to imperfect probes (resulting lower permittivity values).

9. Table for the probe uncertainty: The uncertainty of the probe depending on probe type, size, material
parameter range and frequency is given in a table. It represents the best measurement capability of
the specific probe but does not include the material (deviation from the target values).

10. Appendix with detailed results of all measurements with the uncertainties for the specific
measurement. In addition to the probe uncertainty (see above), it includes the uncertainty of the
reference material used for the measurement. A set of results from independent calibrations
represents the capability of the setup and the lossy materials used, including the precision of the
measured material and the influence of temperature deviations. Temperature and operator influence
was minimized and gives a good indication of the achievable repeatability of a measurement.

11. Summary assessment of the measured deviations and detailed comments if not typical for the probe
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Probe Uncertainty

The following tables provide material and frequency specific uncertainties (k=2) for the dielectric probe. The
values in the tables represent the measurement capability for the probe when measuring a material in the
indicated parameter range. They include all uncertainties of

* probe system

e possible systematic errors due to the design

= calibration

= temperature differences during the calibration and measurements, as described,

* VNA noise
Apart from the material used for the calibration (de-ionized water), material uncertainties of the reference
materials used during the measurement in Appendix A are not included in these tables.
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Calibration Results

Uncertainty limits (k=2) for the material measurements in the figures of Appendix A are represented with
red dashed lines. These uncertainties contain - in addition to probe uncertainty - the uncertainty of the
material target parameter determination.

The measurements show the results obtained from independent calibrations for the same material. The
differences between the individual measurement curves give therefore an indication for the obtainable
repeatability and shall lie within the uncertainties stated in the tables.

Materials for DAK-3.5 calibration:
Appendix A with curves for Methanol, HBBL, and 0.05 mol/L NaCl solution (200 MHz - 6 GHz, optional 20
GHz), HS gel and low loss solid substrate are optional.
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Appendix A: Detailed Results (additional assessments outside the scope of SCS0108)
A.1  Probe appearance and calibration sequence

A.1.1 Appearance

The OCP appearance is fully according to the expectations:

= the flange surface is intact

A.1.2 Calibration sequence
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APPENDIX E: SAR SYSTEM VALIDATION

Per FCC KDB Publication 865664 D02v01r02, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software versions)
used for this device were validated against its performance specifications prior to the SAR measurements.
Reference dipoles were used with the required tissue-equivalent media for system validation, according to the
procedures outlined in FCC KDB Publication 865664 DO01v01r04 and IEEE 1528-2013. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the valid
frequency range of the probe calibration point, using the system that normally operates with the probe for routine
SAR measurements and according to the required tissue-equivalent media.

A tabulated summary of the system validation status including the validation date(s), measurement frequencies,
SAR probes and tissue dielectric parameters has been included.

Table E-1 SAR System Validation Summary — 1g

CW VALIDATION MOD. VALIDATION
SAR Freq. R Probe Probe Cal Cond. Perm. PROBE PROBE VIOD. DUTY
System | (MHz) SN Point (@) (er) SENSITIVITY FACTO | PAR
LINEARITY ISOTROPY TYPE -
4 750 2019.03.04 3832 750 Head 0.898 42.449 Pass Pass Pass N/A N/A N/A
4 900 2019.03.09 3832 900 Head 0.972 42.118 Pass Pass Pass GMSK PASS N/A
4 1750 2019.03.06 3832 1750 Head 1.342 39.217 Pass Pass Pass N/A N/A N/A
4 1950 2019.03.07 3832 1950 Head 1.430 39.014 Pass Pass Pass GMSK Pass N/A
4 2450 2019.03.08 3832 2450 Head 1.825 38.782 Pass Pass Pass OFDM/TDD Pass N/A

Note: Wile the probes have been calibrated for both CW and modulated signals, all measurements were performed
using communication systems calibrated for CW signals only. Modulations in the table above represent test
configurations for which the measurement system has been validated per FCC KDB Publication 865664
D01v01r04 for scenarios when CW probe calibrations are used with other signal types. SAR systems were
validated for modulated signals with a periodic duty cycle, such as GMSK, or with a high peak to average ratio (> 5
dB), such as OFDM according to FCC KDB Publication 865664 D01v01r04.
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