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1.0 Introduction

This report details the utilization, test setups, test equipments, and test results of the Specific
Absorption Rate (SAR) measurements performed at the Motorola Solutions Inc. EME Test
Laboratory for handheld portable model number CLU1060BBLBA (PMUE3605D). This
device is classified as Occupational/Controlled.

2.0 FCC SAR Summary

Table 1
Max Calc at
Equipment Frequency band (MHz) Body (W/kg)
Class
1g-SAR
TNT 450-470 2.91
*DSS 2402-2480 NA

*Results not required per KDB (refer to section 13.3 and 14.0)

3.0 Abbreviations / Definitions

CNR: Calibration Not Required

CW: Continuous Wave

DSS: Spread Spectrum Transmitter

FHSS: Frequency Hopping Spread Spectrum
DUT: Device Under Test

EME: Electromagnetic Energy

Li-lon: Lithium-lon

LMR: Land Mobile Radio

TNT: Licensed Non-Broadcast Transmitter Worn on Body
NA: Not Applicable

PTT: Push to Talk

RF: Radio Frequency

SAR: Specific Absorption Rate

Audio accessories: These accessories allow communication while the DUT is worn
on the body.

Body worn accessories: These accessories allow the DUT to be worn on the body of
the user.

Maximum Power: Defined as the upper limit of the production line final test station.

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.21 Page 4 of 51
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4.0

Referenced Standards and Guidelines

This product is designed to comply with the following applicable national and international
standards and guidelines.

IEC62209-1 (2005) Procedure to determine the specific absorption rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)

Federal Communications Commission, “Evaluating Compliance with FCC Guidelines for
Human Exposure to Radio frequency Electromagnetic Fields”, OET Bulletin 65, FCC,
Washington, D.C.: 1997.

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

American National Standards Institute (ANSI) / Institute of Electrical and Electronics
Engineers (IEEE) C95. 1-1992

Institute of Electrical and Electronics Engineers (IEEE) C95.1-2005

International Commission on Non-lonizing Radiation Protection (ICNIRP) 1998

Ministry of Health (Canada) Safety Code 6 (2015), Limits of Human Exposure to Radio
frequency Electromagnetic Fields in the Frequency Range from 3 kHz to 300 GHz

RSS-102 (Issue 5) — Radio Frequency (RF) Exposure Compliance of Radio communication
Apparatus (All Frequency Bands)

Australian Communications Authority Radio communications (Electromagnetic Radiation -
Human Exposure) Standard (2014)

ANATEL, Brazil Regulatory Authority, Resolution No. 303 of July 2, 2002 "Regulation of
the limitation of exposure to electrical, magnetic, and electromagnetic fields in the radio
frequency range between 9 kHz and 300 GHz." and “Attachment to resolution # 303 from
July 2, 2002”

IEC62209-2 Edition 1.0 2010-03, Human exposure to radio frequency fields from hand-held
and body-mounted wireless communication devices — Human models, instrumentation, and
procedures — Part 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).

FCC KDB - 643646 D01 SAR Test for PTT Radios v01r03

FCC KDB - 865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04
FCC KDB - 865664 D02 RF Exposure Reporting v01r02

FCC KDB - 447498 D01 General RF Exposure Guidance v06
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SAR Limits
Table 2
SAR (W/kg)
(General Population / (Occupational /
EXPOSURE LIMITS Uncontrolled Exposure Controlled Exposure
Environment) Environment)

Spatial Average - ANSI -
(averaged over the whole body) 0.08 0.4
Spatial Peak - ANSI -
(averaged over any 1-g of tissue) 1.6 8.0
Spatial Peak — ICNIRP/ANSI -
(hands/wrists/feet/ankles averaged over 10-g) 4.0 20.0
Spatial Peak - ICNIRP -
(Head and Trunk 10-g) 2.0 10.0

Description of Devices under Test (DUT)

This portable device operates in the LMR band using Frequency Modulation (FM) and also
contains Bluetooth technology for short range wireless devices.

The LMR band in this device operates in a half duplex system. A half duplex system only
allows the user to transmit or receive. This device cannot transmit and receive
simultaneously. The user must stop transmitting in order to receive a signal or listen for a
response, regardless of PTT button or use of voice activated audio accessories. This type of
operation, along with the RF safety booklet, which instructs the user to transmit no more
than 50% of the time, justifies the use of 50% duty factor for this device.

This device also incorporate Class 2 Bluetooth device which is a Frequency Hopping
Spread Spectrum (FHSS) technology. The Bluetooth radio modem is used to wireless link
audio accessories. The maximum actual transmission duty cycle is imposing by Bluetooth
standard. Packet types varying duty cycles: 1-slot, 3-slots and 5-slots packets. A 5-slot
packet type receives on 1-slot and transmits on 5-slots, and thus maximum duty cycle =
76.1%.

Table 3 below summarizes the bands and maximum output powers. Maximum output
powers are defined as upper limit of the production line final test station.

Table 3
Technologies | Band (MHz) | Transmission | Duty Cycle (%) | Max Power (W)
LMR 450-470 FM *50 1.2
BT 2402-2480 FHSS 76.1 0.027

Note - * includes 50% PTT operation

The intended operating position is “at the body” by means of the offered body worn
accessories. Body worn audio and PTT operation is accomplished by means of optional
remote accessories that are connected to the radio. Operation at the body without an audio
accessory attached is possible by means of BT accessories.
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7.0 Optional Accessories and Test Criteria

This device is offered with optional accessories. All accessories were individually
evaluated during the test plan creation to determine if testing was required per the
guidelines outlined in section 4.0 to assess compliance of this device. The following
sections identify the test criteria and details for each accessory category.

7.1 Antennas

There are two internal antennas for this product. The table below lists their
descriptions.

Table 4
Antenna Selected for
Models Description test Tested
Internal UHF Helical antenna, 450-470MHz , ¥ wave, -2.0 dBi Yes Yes
*Internal
(BT model only) Monopole, 2.402-2.48GHz, ¥4 wave, -2.0 dBi Yes No

*Refer to sections 13.3 and 14.0 for BT low power exclusion and simultaneous TX

7.2 Batteries

There are two batteries offered for this product. The Table below lists their
descriptions.

Table 5
Battery Models Description sHRgee Tested Comments
for test
HKNN4013A BT90 1800mAh Li-lon Battery Yes Yes
Default battery for
HKNN4014B BT60 1130mAh Li-lon Battery Yes Yes body

7.3 Body worn Accessories

There are optional body worn offered for this product. The Table below lists their
descriptions.

Table 6
Body worn . Selected
Models Description for test Tested Comments
HKLN4438B Swivel Belt Clip holster Yes Yes | Applicable for both batteries
Only applicable for Slim
HKLN4433A CLP Series magnetic case Yes Yes battery HKNN4014B
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7.4  Audio Accessories
All audio accessories were considered. The Table below lists the offered audio
accessories and their descriptions. Exhibit 7B illustrates photos of the tested audio
accessories.
Table 7
Audio Acc. Selected for
Models Description test Tested Comments
HKLN4529A CLP single pin short cord earpiece Yes Yes Default Audio
HKLN4602A | CLP single pin non-adjustable PTT earpiece Yes No Inter)d_ed for test. Per K.DB
provisions test not required
HKLN4603A CLP single pin surveillance earpiece No No |By similarity to HKLN4602A
HKLN4437A CLP single pin short cord earpiece No No By similarity to HKLN4529A
HKLN4455A | CLP single pin non-adjustable PTT earpiece No No By similarity to HKLN4602A
HKLN4487A CLP single pin surveillance earpiece No No By similarity to HKLN4602A

8.0

8.1

Description of Test System

Descriptions of Robotics/Probes/Readout Electronics

Table 8
Dosimetric System type System version DAE type | Probe Type
Schmid & Partner
Engineering AG 52.8.8.1222 DAE4 FES?:?e\I/ds;
SPEAG DASY 5

The DASY5™ system is operated per the instructions in the DASY5™

Manual. The complete manual is available directly from SPEAG™. All

Users

measurement equipment used to assess SAR compliance was calibrated according to
ISO/IEC 17025 A2LA guidelines. Section 9.0 presents additional test equipment
information. Appendices B and C present the applicable calibration certificates. The
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E-field probe first scans a coarse grid over a large area inside the phantom in order
to locate the interpolated maximum SAR distribution. After the coarse scan
measurement, the probe is automatically moved to a position at the interpolated
maximum. The subsequent scan can directly use this position as reference for the

cube evaluations.

8.2  Description of Phantom(s)
Table 9
Phantom
Dimensions Material Support Loss
Material LxWxD Thickness Structure | Tangent
Phantom Type Phantom(s) Used Parameters (mm) (mm) Material (wood)
200MHz -6GHz;
Triple Flat NA Er =35, 280x175x175
Loss Tangent =
<0.05
300MHz -6GHz;
Er =<5, 2mm
SAM NA Loss Tangent = Human Model /- 0.2mm Wood <0.05
<0.05
300MHz -6GHz;
Oval Flat N Er=4+-1, 1 ¢00x400x190
Loss Tangent =
<0.05
8.3  Description of Simulated Tissue

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.21

The sugar based simulate tissue is produced by placing the correct measured
amount of De-ionized water into a large container. Each of the dried
ingredients are weighed and added to the water carefully to avoid clumping. If
the solution has a high sugar concentration the water is pre-heated to aid in
dissolving the ingredients. For Diacetin and similar type simulates, sugar and
HEC ingredients are not needed. The solution is mixed thoroughly, covered,
and allowed to sit overnight prior to use.

The simulated tissue mixture was mixed based on the Simulated Tissue
Composition indicated in Table 10. During the daily testing of this product,
the applicable mixture was used to measure the Di-electric parameters at each
of the tested frequencies to verify that the Di-electric parameters were within
the tolerance of the tissue specifications.
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Simulated Tissue Composition (percent by mass)

Table 10
450 MHz
Ingredients Body
Sugar 46.50
Diacetin 0
De ionized —Water 50.53
Salt 1.87
HEC 1.00
Bact. 0.10

9.0  Additional Test Equipment

The Table below lists additional test equipment used during the SAR assessment.

Table 11
Model Calibration Due
Equipment Type Number Serial Number Calibration Date Date
Speag Probe ES3DV3 3196 5/17/2017 5/17/2018
Speag DAE DAE4 684 5/12/2017 5/12/2018
Amplifier 10W1000C 312859 CNR CNR
Power Sensor E9301B MY50280001 6/23/2017 6/23/2018
Power Sensor E9301B MY 41495594 7/20/2017 7/20/2018
Power Meter E4419B MY45103725 5/22/2017 5/22/2019
Bl-Directional coupler 3020A 40295 9/4/2017 9/4/2018
Signal ggg%rﬂﬂrsz\éiczT)OR ESG E4435C MY42081753 41812017 41812018
Dickson Temperature Recorder TM320 06153216 8/11/2017 8/11/2018
Temperature Probe 80PK-22 6032017 3/24/2017 3/24/2018
Thermometer HH202A 18812 10/13/2017 10/13/2018
Dielectric Assessment Kit DAK-3.5 1120 3/16/2017 3/16/2018
Network Analyzer E5071B MY42403218 8/24/2017 8/24/2018
Speag Dipole D450V3 1054 10/25/2017 10/25/2019

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.21
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10.0 SAR Measurement System Validation and Verification

DASY output files of the probe/dipole calibration certificates and system verification test
results are included in appendices B, C & D respectively.

10.1 System Validation

The SAR measurement system was validated according to procedures in KDB
865664. The validation status summary Table is below.

Table 12
. . Measured Tissue Rl
Dates Probe FC):;Irl]lgratlon PgoNbe Parameters Validation
s | « Sensitivity | Linearity [ Isotropy
Cw
05/31/2017 | Body | 450 | 3196 | 092 | 54.6 | Pass |  Pass | Pass

10.2  System Verification

System verification checks were conducted each day during the SAR assessment.
The results are normalized to 1W. Appendix D includes DASY plots for each day
during the SAR assessment. The Table below summarizes the daily system check
results used for the SAR assessment.

Table 13
System Check |System Check Test
Probe . . . . Ref SAR @ 1W Results Results when Tested
Serial # VSR ES | DITPElts (<o el (Wikg) Measured normalized to 1W Date
(W/kg) (W/kg)
3196 | FCC Body SPEA(iO%fOVS’ 457 +- 10% 121 4.84 *12/29/2017

Note: * System performance check cover next testing day (within 24 hrs)

10.3 Equivalent Tissue Test Results

Simulated tissue prepared for SAR measurements is measured daily and within 24
hours prior to actual SAR testing to verify that the tissue is within +/- 5% of target
parameters at the center of the transmit band. This measurement is done using the
applicable equipment indicated in section 9.0. The Table below summarizes the
measured tissue parameters used for the SAR assessment.
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Table 14
AR Dielectric .. Dielectric
Frequency Tissue Type Conductivity Constant Conductivity P R —
(MHz) Target (S/m) Meas. (S/m)
Target Meas.
0.94 56.7 "
450 (0.89-0.99) | (53.9-59.5) 0.96 55.7 12/29/2017
0.94 56.7 "
ol (0.89-0.99) | (53.9-59.5) 0.96 55.7 12/29/2017
FCC Body 0.9 6.7
' : *
ot (0.89-0.99) | (53.8-59.5) 0.97 55.5 12/29/2017
0.94 56.6 .
470 (0.89-0.99) | (53.8-59.5) 0.98 55.4 12/29/2017

Note: * Tissue sheet date cover next testing day (within 24 hrs)

11.0 Environmental Test Conditions

The EME Laboratory’s ambient environment is well controlled resulting in very stable
simulated tissue temperature and therefore stable dielectric properties. Simulated tissue
temperature is measured prior to each scan to insure it is within +/ - 2°C of the temperature
at which the dielectric properties were determined. The liquid depth within the phantom
used for measurements was at least 15cm. Additional precautions are routinely taken to
ensure the stability of the simulated tissue such as covering the phantoms when scans are
not actively in process in order to minimize evaporation. The lab environment is
continuously monitored. The Table below presents the range and average environmental
conditions during the SAR tests reported herein:

Table 15
Target Measured
. Range: 19.6 - 23.9°C
Ambient Temperature 18-25°C Avg. 21.1°C
NA Range: 19.7 -20.4°C
Tissue Temperature Avg. 20.1°C

The EME Lab RF environment uses a Spectrum Analyzer to monitor for extraneous large
signal RF contaminants that could possibly affect the test results. 1f such unwanted signals
are discovered the SAR scans are repeated.

12.0 DUT Test Setup and Methodology

12.1 Measurements

SAR measurements were performed using the DASY system described in section
8.0 using zoom scans. Oval flat phantoms filled with applicable simulated tissue
were used for body testing.

The Table below includes the step sizes and resolution of area and zoom scans per
KDB 865664 requirements.
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normal at the measurement location

Table 16
Description <3 GHz >3 GHz
{Goometic coner of probe sensos) t phantor srface 541 mm /4810(2) £ 05 mm
Maximum probe angle from probe axis to phantom surface 30° + 1° 20° + 1°

Maximum area scan spatial resolution: AxArea, AyArea

<2GHz: <15mm
2-3 GHz: <12 mm

3-4GHz: <12 mm
4 -6 GHz: <10 mm

When the x or y dimension of the test device, in
the measurement plane orientation, is smaller
than the above, the measurement resolution must
be < the corresponding x or y dimension of the
test device with at least one measurement point

on the test device.

Maximum zoom scan spatial resolution: AxZoom, AyZoom

<2 GHz: <8 mm
2 -3 GHz: <5 mm*

3 -4 GHz: <5 mm*
4 -6 GHz: <4 mm*

Maximum zoom scan spatial
resolution, normal to

uniform grid: AzZoom(n)

<5 mm

3 -4 GHz: <4 mm
4-5GHz: <3mm

phantom surface 5-6 GHz: <2 mm
Note: 6 is the penetration depth of a plane-wave at normal incidence to the tissue medium; see draft standard
IEEE P1528-2011 for details.

* When zoom scan is required and the reported SAR from the area scan based 1-g SAR estimation procedures
of KDB 447498 is < 1.4 W/kg, <8 mm, < 7 mm and < 5 mm zoom scan resolution may be applied,
respectively, for 2 GHz to 3 GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.

12.2 DUT Configuration(s)
The DUT is a portable device operational at the body as described in section 6.0
while using the applicable accessories listed in section 7.0. All accessories listed in
section 7.0 of this report were considered.

12.3 DUT Positioning Procedures

The positioning of the device for each body location is described below and
illustrated in Appendix G.

12.3.1 Body

The DUT was positioned in normal use configuration against the phantom
with the offered body worn accessory, battery, and with and without the
offered audio accessories as applicable.

12.3.2 Head
Not applicable.

12.3.3 Face
Not applicable.
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12.4 DUT Test Channels

The number of test channels was determined by using the following IEEE 1528
equation. The use of this equation produces the same or more test channels
compared to the FCC KDB 447498 number of test channels formula.

N, =2*roundup[10* (f;;, — fio,)/ f 141

Where

N¢ = Number of channels
Fnigh = Upper channel
Fiow = Lower channel

F¢ = Center channel

125 SAR Result Scaling Methodology

The calculated 1-gram averaged SAR results indicated as “Max Calc. 1g-SAR” in
the data Tables is determined by scaling the measured SAR to account for power
leveling variations and drift. Appendix F includes a shortened scan to justify SAR
scaling for drift. For this device the “Max Calc. 1g-SAR” is scaled using the
following formula:

—Drift

Max _Calc =SAR_meas-10 ° .

P_max'
P_int

DC

P_max = Maximum Power (W)

P_int = Initial Power (W)

Drift = DASY drift results (dB)

SAR_meas = Measured 1-g or 10-g Avg. SAR (W/kg)

DC = Transmission mode duty cycle in % where applicable
50% duty cycle is applied for PTT operation

Note: for conservative results, the following are applied:
If P_int > P_max, then P_max/P_int = 1.
Drift =1 for positive drift

Additional SAR scaling was applied using the methodologies outlined in FCC KDB
865664 using tissue sensitivity values. SAR was scaled for conditions where the
tissue permittivity was measured above the nominal target and for tissue
conductivity that was measured below the nominal target. Negative or reduced SAR
scaling is not permitted.

12.6 DUT Test Plan

The guidelines and requirements outlined in section 4.0 were used to assess
compliance of this device. All modes of operation identified in section 6.0 were
considered during the development of the test plan. All tests were performed in CW
and 50% duty cycle was applied to PTT configurations in the final results.
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13.0 DUT Test Data

13.1 Assessments at the Body
Battery HKNN4014B was selected as default battery for assessment at the Body
because it is the thinnest battery (refer to Exhibit 7b for battery illustration). The
default battery was used during conducted power measurement for all test channels
within FCC allocated frequency range (450-470 MHz) which are listed in Table 17.
The channel with highest conducted power will be identified as default channel per
KDB 643646 (SAR Test for PTT Radios).
Table 17
HKNN4014B
Test Freq (MHz)
Power (W)
451.1875 117
461.0375 1.16
469.5625 112
Assessments at the Body with Body worn HKLN4438B
Assessment of the Internal antenna with offered batteries, body worn and audio
accessory were performed. Testing of additional channels was not required per KDB
447498. SAR plots of the highest results per Table 18 (bolded) are presented in
Appendix E.
Table 18
. Meas. | Max
Init | SAR
Carry Cable Test Freq - 1g- Calc.
(LI =2ide] Accessory Accessory (MHz) va\v/r Ddréﬁ SAR |1g-SAR ROz
W) | (©@B) | wikgy| (wikg)
AZ(FAZ)-AB-
451.1875 | 1.17 |-081| 128 | 0.79 171229.02
Internal HKNN4014B | HKLN4438B | HKLN4529A [ 461 0375
469.5625
Assessment for Additional Battery
AZ(FAZ)-AB-
451.1875 | 1.19 |-0.70 | 1.40 | 0.83 171229.03
Internal HKNN4013A | HKLN4438B | HKLN4529A [ 461 0375
469.5625

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.21
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Assessments at the Body with Body worn HKLN4433A
Assessment of the Internal antenna with offered battery, body worn and audio
accessory were performed. This body worn only compatible for the battery
HKNN4014B. Testing of additional channels was not required per KDB 447498.
SAR plots of the highest result per Table 19 (bolded) are presented in Appendix E.

Table 19
. Meas. | Max
Init | SAR
Carry Cable Test Freq - 1g- Calc.
Antenna Battery Accessory Accessory (MHz) I(DVV\\;)r I(Ddréf)t SAR |[1g-SAR Run
(W/kg) | (Wikg)
] AZ(FAZ)-AB-
451.1875 | 1.17 | -0.70 | 4.02 | 2.42 17129904
Internal HKNN4014B | HKLN4433A | HKLN4529A [ 461 0375
469.5625
Assessment of wireless BT configuration
Assessment using the overall highest SAR configuration at the body from above
without an audio accessory attached. SAR plots of the highest results per Table
(bolded) are presented in Appendix E.
Table 20
. Meas. | Max
Init | SAR
Carry Cable Test Freq - 1g- Calc.
Al EEGER Accessory Accessory (MHz) ’(DVV\V/; I(Ddrg; SAR [1g-SAR RU
(W/kg) | (W/kg)
AZ(FAZ)-AB-
451.1875 | 1.17 | -0.70 | 4.46 | 2.69 171230-01
Internal HKNN4014B | HKLN4433A None 461.0375
469.5625

13.2 Assessment for ISED, Canada

Based on the assessment results for body per KDB643646, additional tests were not
required for ISED Canada frequency range (450-470 MHz) as testing performed is

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.21

in compliance with ISED Canada frequency range.

As per ISED Notice 2016-DRS001, additional tests were required for the low, mid
and high frequency channels for the configuration with the highest SAR value. The
SAR results are in Table 21 below. SAR plot of the highest results per Table

(bolded) are presented in Appendix E.
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Table 21
. Meas. | Max
Init | SAR
Carry Cable Test Freq - 1g- Calc.
Antenna Battery Accessory Accessory (MHz) I(va\\;)r ? dréf)t SAR |1g-SAR Run
(Wikg) | (W/kg)
] AZ(FAZ)-AB-

451.1875 | 1.17 | -0.70 | 4.46 2.69 171230-01
Internal HKNN4014B | HKLN4433A None 461.0375 | 1.16 | -0.93 | 2.26 1.45 KKL-AB-
) ' ' ) ' 171230-07
KKL-AB-
469.5625 | 1.12 | -1.10| 1.11 0.77 171230-09

13.3 Assessment at the Bluetooth band

13.3.1 FCC Requirement

Per guidelines in KDB 447498, the following formula was used to determine the test
exclusion for standalone Bluetooth transmitter;

[(max. power of channel, including tune-up tolerance, mW)/(min. test separation
distance, mm)] *[\FgHy] = 0.6 W/kg, which is < 3.0 W/kg (19)

Where:

Max. Power = 2.05mW (2.7mW*76.1% duty cycle)
Min. test separation distance = 5mm for actual test separation < 5mm
F(GHz) = 2.48 GHz

Per the result from the calculation above, the standalone SAR assessment was not
required for Bluetooth band. Therefore, SAR results for Bluetooth are not
reported herein

13.3.1 ISED Canada Requirement

Based on RSS-102 Issue 5, exemption limits for SAR evaluation for controlled
devices at Bluetooth frequency band with separation distance < 5mm was 20 mW.

Output power level shall be the higher of maximum conducted or equivalent
isotropically radiated power (e.i.r.p):

Maximum conducted power:
=2.7mW *76.1%
=2.05mW or 3.1 dBm

Equivalent isotropically radiated power (EIRP):

= Maximum conducted power, dBm + Antenna gain, dBi
=3.1dBm-2dBi

=1.1dBmor 1.29 mW
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Higher output power level, maximum conducted power was below the threshold
power level 20 mW. Hence SAR test was not required for Bluetooth band.

13.4 Shortened Scan Assessment

A “shortened” scan using the highest SAR configuration overall from above was
performed to validate the SAR drift of the full DASY5™ coarse and zoom scans.
Note that the shortened scan represents the zoom scan performance result; this is
obtained by first running a coarse scan to find the peak area and then, using a newly
charged battery, a zoom scan only was performed. The results of the shortened cube
scan presented in Appendix D demonstrate that the scaling methodology used to
determine the calculated SAR results presented herein are valid. The SAR result
from the Table below is provided in Appendix F.

Table 22
Meas Mg
Cable Test | Init |[SAR 1 — | Calc.
Antenna Battery  [Carry Accessory ACCessor Freq |Pwr |Drift SAgR 19- Run#
Y| (MH2) | (W) |(dB) wikg| SAR
(W/kg)
Internal HKNN4014B | HKLN4433A None 451.1875|1.17 |-0.64| 4.90 | 2.91 Afgi’;‘?)zg(')&f

14.0 Simultaneous Transmission Exclusion for BT

Per guidelines in KDB 447498, the following formula was used to determine the test
exclusion to an antenna that transmits simultaneously with other antennas for test distances
< 50mm:

[(max. power of channel, including tune-up tolerance, mW)/(min. test separation distance,
mm)] *[VF(GHz)/X] = 0.09 W/kg, which is < 0.40 W/kg (19)

Where:
X =17.5for 1g-SAR; 18.75 for 10g
Max. Power = 2.05mW (2.7mW=*76.1% duty cycle)
Min. test separation distance = 5mm for actual test separation < 5mm
F(GHz) = 2.48 GHz

Per the result from the calculation above, simultaneous exclusion is applied and therefore
SAR results are not reported herein.
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15.0

16.0

17.0

Results Summary

Based on the test guidelines from section 4.0 and satisfying frequencies within FCC, US
band and ISED, Canada Frequency band, the highest Operational Maximum Calculated 1-
gram average SAR values found for this filing:

Table 23
Max Calc at
Designator Frequency band (MHz) Body (W/kg)
1g-SAR
FCC, US 450-470 201
ISED, Canada 450-470 591

The test results clearly demonstrate compliance with FCC Occupational /Controlled RF
Exposure limits of 8.0 W/kg averaged over 1 gram per the requirements of FCC 47 CFR §
2.1093.

Variability Assessment

Per the guidelines in KDB 865664 SAR variability assessment is not required because SAR
results are below 4.0W/kg (Occupational).

System Uncertainty

A system uncertainty analysis is not required for this report per KDB 865664 because the
highest report SAR value Occupational exposure is less than 7.5W/kg.

Per the guidelines of ISO/IEC 17025 a reported system uncertainty is required and therefore
measurement uncertainty budget is included in Appendix A.
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Appendix A
Measurement Uncertainty Budget
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Table A.1: Uncertainty Budget for Device Under Test for 450 MHz

Measurement System

Probe Calibration E.2.1 6.7 N 1.00 1 1 6.7 6.7 o0
Axial Isotropy E.2.2 4.7 R 1.73 0.707 | 0.707 1.9 1.9 o0
Hemispherical Isotropy E.2.2 9.6 R 1.73 0.707 | 0.707 3.9 3.9 o0
Boundary Effect E.2.3 1.0 R 1.73 1 1 0.6 0.6 o0
Linearity E.2.4 4.7 R 1.73 1 1 2.7 2.7 o0
System Detection Limits E.2.5 1.0 R 1.73 1 1 0.6 0.6 o0
Readout Electronics E.2.6 0.3 N 1.00 1 1 0.3 0.3 o0
Response Time E.2.7 1.1 R 1.73 1 1 0.6 0.6 o0
Integration Time E.2.8 1.1 R 1.73 1 1 0.6 0.6 o0
RF Ambient Conditions - Noise E.6.1 3.0 R 1.73 1 1 1.7 1.7 o0
RF Ambient Conditions -

Reflections E.6.1 0.0 R 1.73 1 1 0.0 0.0 o0
Probe Positioner Mech. Tolerance E.6.2 0.4 R 1.73 1 1 0.2 0.2 o0
Probe Positioning w.r.t Phantom E.6.3 1.4 R 1.73 1 1 0.8 0.8 o0
Max. SAR Evaluation (ext., int.,

avg.) E.5 3.4 R 1.73 1 1 2.0 2.0 0
Test sample Related

Test Sample Positioning E.4.2 3.2 N 1.00 1 1 3.2 3.2 29
Device Holder Uncertainty E.4.1 4.0 N 1.00 1 1 4.0 4.0 8
SAR drift 6.6.2 5.0 R 1.73 1 1 2.9 2.9
Phantom and Tissue Parameters

Phantom Uncertainty E.3.1 4.0 R 1.73 1 1 2.3 2.3 o0
Liquid Conductivity (target) E.3.2 5.0 R 1.73 0.64 0.43 1.8 1.2 o0
Liquid Conductivity

(measurement) E.3.3 3.3 N 1.00 0.64 0.43 2.1 1.4 )
Liquid Permittivity (target) E.3.2 5.0 R 1.73 0.6 0.49 1.7 1.4 )
Liquid Permittivity (measurement) | E.3.3 1.9 N 1.00 0.6 0.49 1.1 0.9 0
Combined Standard Uncertainty RSS 12 11 482
Expanded Uncertainty

(95% CONFIDENCE LEVEL) k=2 23 23

FCD-0558 Uncertainty Budget Rev.8

Notes for uncertainty budget Tables:

a) Column headings a-k are given for reference.

b) Tol. - tolerance in influence quantity.

c) Prob. Dist. — Probability distribution

d) N, R - normal, rectangular probability distributions

e) Div. - divisor used to translate tolerance into normally distributed standard
uncertainty

f) ci - sensitivity coefficient that should be applied to convert the variability of the
uncertainty component into a variability of SAR.

g) ui — SAR uncertainty

h) vi - degrees of freedom for standard uncertainty and effective degrees of freedom
for the expanded uncertainty
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Table A.2: Uncertainty Budget for System Validation (dipole & flat phantom) for 450 MHz

Measurement System

Probe Calibration E.2.1 6.7 N 1.00 1 1 6.7 6.7 ©
Axial Isotropy E.2.2 4.7 R 1.73 1 1 2.7 2.7 0
Spherical Isotropy E.2.2 9.6 R 1.73 0 0 0.0 0.0 0
Boundary Effect E.2.3 1.0 R 1.73 1 1 0.6 0.6 0
Linearity E.2.4 4.7 R 1.73 1 1 2.7 2.7 0
System Detection Limits E.2.5 1.0 R 1.73 1 1 0.6 0.6 o
Readout Electronics E.2.6 0.3 N 1.00 1 1 0.3 0.3 ©
Response Time E.2.7 1.1 R 1.73 1 1 0.6 0.6 0
Integration Time E.2.8 0.0 R 1.73 1 1 0.0 0.0 0
RF Ambient Conditions - Noise E.6.1 3.0 R 1.73 1 1 1.7 1.7 ©
RF Ambient Conditions - Reflections E.6.1 0.0 R 1.73 1 1 0.0 0.0 ©
Probe Positioner Mechanical Tolerance E.6.2 0.4 R 1.73 1 1 0.2 0.2 ©
Probe Positioning w.r.t. Phantom E.6.3 1.4 R 1.73 1 1 0.8 0.8 0
Max. SAR Evaluation (ext., int., avg.) E.5 3.4 R 1.73 1 1 2.0 2.0 o
Dipole

Dipole Axis to Liguid Distance 8,E4.2 2.0 R 1.73 1 1 1.2 1.2 ©
Input Power and SAR Drift Measurement 8,6.6.2 5.0 R 1.73 1 1 2.9 2.9 ©
Phantom and Tissue Parameters

Phantom Uncertainty E.3.1 4.0 R 1.73 1 1 2.3 2.3 o
Liquid Conductivity (target) E.3.2 5.0 R 1.73 0.64 | 043 | 1.8 1.2 0
Liquid Conductivity (measurement) E.3.3 3.3 R 1.73 0.64 | 043 | 1.2 0.8 0
Liquid Permittivity (target) E.3.2 5.0 R 1.73 06 | 049 | 17 1.4 o
Liquid Permittivity (measurement) E.3.3 1.9 R 1.73 06 | 049 | 0.6 0.5 o
Combined Standard Uncertainty RSS 10 9 99999
Expanded Uncertainty

(95% CONFIDENCE LEVEL) k=2 19 18

FCD-0558 Uncertainty Budget Rev.8

Notes for uncertainty budget Tables:

a) Column headings a-k are given for reference.

b) Tol. - tolerance in influence quantity.

¢) Prob. Dist. — Probability distribution

d) N, R - normal, rectangular probability distributions

e) Div. - divisor used to translate tolerance into normally distributed standard
uncertainty

f) ci - sensitivity coefficient that should be applied to convert the variability of the
uncertainty component into a variability of SAR.

g) ui — SAR uncertainty

h) vi - degrees of freedom for standard uncertainty and effective degrees of freedom
for the expanded uncertainty
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Appendix B
Probe Calibration Certificate
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Schwelzenischer Kalibrierdienst
Sarvice sulsse d'dalonnage
Sarvizio svizzero di tarmtura
Ewiss Callbration Searvice

Calibration Laboratory of 1"'"**; 5 ,.r.,.,,‘_
Schmid & Pariner 2 ’*
Enginearing AG

Zaughausstrasse 43, 8004 Zurich, Switzerland

maw

"\-I'.m.h

Accrediad by the Swiss Accredilation Senvice (SA5)
The Swiss Accredilation Service is one of the signataries to the EA
Muttilateral Agresment for the recegnition of calibration certificates

Clisst Motorola MY

Accreditation Ho.: SCS 0108

certificate Ne: ES3-3196_May17

|CALIBRATION CERTIFICATE
Cject ES3DWV3 - SN:3186
Calfaration procedurais) QA CAL-D1.v9, QA CAL-12.v9, QA CAL-Z3.v5, QA CAL-Z5.vG
Calibration procedure for dosimetric E-field probes
Catfibrariion date: May 17, 2017

This caibration canificale documents the fracesbllty to national slandards, which realize the physical unils of measurements [S1).
Thiz maasursments and e uncenainties with confidence probabifty are given on the fallowing pages and are part of the cerificabe.

il calibratiors have Bean condu cted in the dosad laboratony faclity; anvironment bem pesature (22 = 3)°C and humidity < T0%.

Calibration Equipment used [MATE crtical for calbration]

Primary Standerds I Cal Date |G edificass Mo Scheduled Calibration
Power metar NRF SM: 104778 Od-Aps-17 (Mo, 217-02521/03522) Apr-1B

Power sansar NEP-Z01 Sh: 105244 O4-Agr-17 (Ma. 297-.03521) Apr-1B

Power sansor NAP-Z51 Sh: 106345 D-Agr-17 (Mg, 217-03528) Aps-18

Referanca 20 dE Allamusliar GM; SESTT [20w) OT-Ap-17 (Mo 21702528} Apr-18

Raference Probe ESS0WE SH:- 013 31-0eo- 16 (Mo, EG3-3013_Dec1E) Dac-17

CaE4 S BE0 T-Dec-18 (Mo, DAES-GE0_Dec1 &) Dac-17

Sacondary Standards 5] Chack Dlabe (in housa) Scheduled Cheack
Pavesr meter E44198 BN GEA12GI0TY DB-Apr-18 [ house chack Jun-16) In housa check: Jun-18
Power sansar Ed4 124 BM: MY4 1406087 DB-Agr-16 { in howse check Jun-16) I hasge check: hin-18
Power sansor E44724 Sh; 000110210 0E-Aor-146 { in howsa chack Jun-16) In house check- Jun-18
RF generator HP BE48C SM: USIEEAIN TOD (H-fug-29 Kin housa check Jun-1E6) In house check Jun-18
Matwerk Analyzar HE BTE3E Eh: EITIB05ES AB-0ct-01 | in house chack Oct-16) In howse chech: Ocl-17

Hama Furistian &gnmum
Galibratad by Jaion Kasirat Laborstory Techmician %

l.
Approwed by Hatia Fokovic Techinical Manager

Issuad: May 18, 2017

This caliartion cedificabe shall nol be reproguced escept in il without witien approval of the laborerdony.

Cartificats No: ES3-3190_kay17 Page 1 of 18
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Calibration Laboratory of S, § Sohwet [—
Schmid & Partner %M@E ¢ Service suisse diatalonnage
Engineering AG L g Servizio evizzero di taratura
Zeughausstrasse 43, 3004 Zurich, Switzaniand £ aﬂ.‘p“' Swiss Callbration Service
Acoredited by the Swiss Accredialion Service (SAS) Accreditation Mo.: SCS 0108
The s-nu- Accreditation Service is one of the signatores to the EA
all Agr for the =l of calibration certificates
Glossary:
TSL tissue simulating kquid
NORMx.yz sensitivity in free spacs
ConvF sensitivity in TSL/ NORMy.y.z
oce diode compression poinl
CF crast factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters
Polarizalion ¢ o rotation around probe axis
Polarization 8 % rotation around an axis that is in tha plans normal o probe axis (at measurement center),
L., 8 =0 is normal to probe axis
Connecior Angle infarmation used in DASY system te align probe sensor X o the robot cocrdinate system

Calibration is Performed According to the Following Standards:

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

b} IEC 6220%-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in closs
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

c) |IEC 62209-2, "Procadure to determine the Specific Absorption Rate (SAR) for wirelass communication devices
used in close proximity to the human body (frequancy ramge of 30 MHz to 6 GHz)", March 2040

d) KDB BE5064, “SAR Measurement Reguirements for 100 MHz to & GHz"

Iﬂathu-ds Applied and Interpretation of Parameters:
NORMy,.z: Assessed for E-field polarization 8 = 0 {f = 800 MHz in TEM-cell; { > 1800 MHz: R22 wwegt.lvde)
NORMx,y,z are only intermediate values, L.e., the uncertainties of NORMz,y,z does nat affact the E™-fisld
uncertainty inside TSL (sea balow ComvF).

v NORM{fIx.y.2 = NORMx, .2 * frequency_response (see Freguency 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.

»  DCPyx,y,z DCP are numerical linearization paramaters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend an fraquency nor media.

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

o Ay Bxp.z; Cxyz Oxy.z VRExy.2: A B, C D are numerical ingarization parameters assessed based on
the data of power sweep for specific modulation signal, The parametars do not depend on fraqueancy mar
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

«  ConvF end Beundary Effect Parameters. Assessed in flat phaniom using E-field {or Temperaturs Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 00 MHz. The same setups are used for assessmant of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASYS software to improve probe accuracy close to the boundary. The sensilivity in TSL comesponds
to NORMz,y.z * Convl whereby the uncertainty corresponds to that given for ComeF. A fraquency dapandent
ConvF is used in DASY version 4.4 and higher which allews extending the validity from = 50 MHz to £ 100
MHz.

«  Spherfeal isciropy (30 devation from isotropy). in a fiekd of low gradients realized using a flat phantom
exposed by a patch antenna.

=+ Sensor Offset; The sensor offset corresponds Lo the offset of vinual measurement centler from the probe tip
{on probe axis). No tolerance required.

«  Conneclor Angke: The angle s assessed using the information gained by determining the NORMx (no
uncertainty requirad).

Cariicate No: ES33165_May17 Pege 2of 18
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ES3DV3E — SN-3190 May 17, 217

Probe ES3DV3

SN:3196

Manufactured:  June 16, 2008
Calibrated: May 17, 2017

Calibrated for DASY/EASY Systems

(Mate: non-compatible with DASY2 system!)

Report ID: P8252-EME-00013

Crlificale Mo ES3-3186_kMay17 Page 3of 18
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ES30V3- SM.3196 May 17, 2017

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3196

Basic Calibration Parameters

P Senser X | Sensor Y ] Sensor Z [ Unc k=2) |
Narm (Evivim 125 126 [ 1.30 2100 % |
OGP (mV)® 101.5 | 10058 [ 598 ] |

Modulation Calibration Parameters

[uio | Communication System Name A B t | b | W unct 1
: I _dB dw,.v| dB my [k=2)
[ CW X 0.0 00 1.0 000 | 1815 | +35%
| T v | o0 | oo o 2038
Z | 00 0.0 1.0 2048

Mate: For details on UID parameters see Appendix.

| The reported uncertainty of measuremant 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 956%. |

* The urosrniaintes of Morm )Y.2 o not affect fhe ELfald uncentainly inside TSL (sea Pages § and B).

* Mumeiical lineanzation parsenaler; unoeizingy ol reduited

& Uricertainty i detanmined using the max davialion from linear respanas applying rectenguiar distibuton and is axpressed for the square of the
fihd value

Centificate No: ES3-3198_Wayi7 Page 4 of 18
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ES3DV3- 5N:3196 May 17, 2017

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3196

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz)° P-?:;::f cw{‘sd:nuﬁm ConvFX | GonvFY | ConvFZ mpi:-::;l“ 1?'-;}
150 52.3 0.76 748 746 746 0.03 1.25 | +13.3%
300 45,3 0.87 736 7.36 7.36 012 160 | +133%
450 435 087 7.1 7.1 711 0.20 180 | £133%
750 419 0.8 682 .82 6.82 0.7 187 | #£120%
535 1.5 0.80 663 .63 B.63 0.53 140 | #120%
800 41.5 0.97 845 845 645 0.74 120 | £120%
1450 40.5 1.20 5.78 5.78 5.78 0.74 115 | £120%
1810 40.0 1.40 558 5.58 5.58 D42 | 182 | £120%
1900 40,0 1.40 5.42 5.42 5.2 0.71 126 | £120%
2100 39.8 1.48 5.44 5.44 544 0.78 122 | +120%
2300 395 167 5.00 5.00 5.00 074 127 | +120%
2450 39.2 1.80 4.74 4.74 4.74 0.65 138 | #120%
2600 39.0 186 450 4.60 4.60 0.75 125 | £120%

% Fraguentcy walicity abave 300 MHz of + 100 MHz anly appies for DASY v4.4 and higher (556 Pege 2), el it is restricted to + 50 MHz. The
uncestainty & the RSS of the Carn uncanainty st calibration frequency and the uncertainty for the Indcated frequancy band. Fregquency validity
Do 300 MHz & + 10, 25, 40, 50 and 70 MHz for ComvF sssessments at 30, 64, 128, 150 and 220 MHz respectivaly. Abave § GHz Feguercy
walidily can be estended bo £ 110 MHz.

© At fraguenies below 3 GHE, the validity of fesus parameters (2 and o} can be relaxed fo + 1% if iguid compensabon Sanmaia is anpied lo
massurnd SAR walies. Al Feguencias ahova 3 GHr, the waidiy of tissue perametens (s and o) & mstncied to o+ 5%, The uncerainly @ he RES o
tha ConvF uncertanty far indicated langel lssue paramelens.

S piphe/Dapsh ane delécmined durng callaton. SPEAG warrans thar te remaining devialion due ta the bowundary eflect afier compensalion is
ahvays laaa tan + 1% for frequencies Below 3 GHz and beiaw + 2% for frequencies betwsen 3-6 GHE & any dstancs lasgar than half the probe tip
dizmeLar fram tha boundary.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3196

Calibration Parameter Determined in Body Tissue Simulating Media

Relative _ | Gonductivity Depth® Une

f{MHz)® | Permittivity" 15im)” ConvE X_| ConvF ¥ | ConvFZ | Alpha® | (mm) (=2}
150 619 .80 T.06 .06 7.06 0.08 125 | £13.3%
300 58.2 0.92 8.02 8.92 692 DAD_| 180 | +133%
450 56.7 084 7.00 .00 7.00 0.13 160 | 133 %
750 55.5 0.95 6.44 B4 6.44 0.80 193 +120%
835 55.2 087 6.31 6.31 6.31 060 | 147 | £120%
900 55.0 1.05 6.27 6.27 6.27 052 | 147 | £120%
1450 54.0 130 540 5.40 540 0.7 119 | 2120%
1810 53.3 152 5.1 5.41 511 0.40 183 | +120%
1900 53.3 1.52 4.1 4.1 4.91 050 147 | £120%
2100 53.2 1.62 5.24 5.24 5.24 0ED | 149 | £120%
2300 52.9 1.81 4.72 472 4.72 0.80 127 | +120%
2450 52.7 1.85 4.58 458 4.58 0.80 113 | £120%
2600 £25 218 440 4,40 4.40 0.80 120 | #120%

© Froquarmy validity abeve 330 Mz of + 100 MHz only applies for DASY w44 and highar (300 Page 2}, else f is restricied to = 50 MHZ. The
uncestainty is tie BSS of the ConuF uncenainty al cabirmtion freguenicy erd the uncanainty for the ndicabed fraquency band. Freguency validity
belgw 300 MHz 5 + 10, 28, 40, 53 and 70 MHz for CorwF assessments at 50, 64, 128, 150 and 220 MHz respecavaty, Above 5 GHz frequancy
walidity cam ba exsandad to £ 110 MHz

" A froquencies bataw 3 GHz, the vakdiy of issus parameters (= and o can be relaxed b0+ 10% if liqud compersation farmua iz spplied 1o
maasured SAR values, B Fequancies Bbove 3 GHE, th ualidity of izaue paramebars (@ and o) s resiricted o + 5%. The uncetanty & the RSS of
1ha CorwF uncerininty for indicated 1argat fesus parmmeters,

S piphal Daptn are detenmined @uring cabbration, SPEAG warmants that the remalning deviston dua to the bawwdany affect alter compansstion &
abways hass than £ 1% for frequences balow 3 GHE and below + 2% for frequencies betwsan 3-8 GHz st any distance larger than ball the probe tip
i imveles from e boundary,
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Freguency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

15 —

=
[x]
|

i

Frequency response (normalized)
—D" ¥
T |+| T+

0.9
0.8+
0.7 = .
n_ﬁFIIIIIIIIIIIII|lIillllllli|
1] 500 1000 1500 2000 2500 000
fMHZ] B
el >
Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
0 o
- X
: ’
. "1; .} ||'! 2 ] e h:__l.?l‘ s '.“I! g L]
; i
2 33 5
oo
- L] L] . - L]
Tat x ¥ Z Tat X ¥ Z
E i | |
g ] i i ; i i
E R o T e o i e
k T e el g CE PRI I T i S W e g
15 1ha A0 o 00 o
' ; Proll 17 =
[ - [ ] L]
n;h"ml-cz sth‘i'l!u |a<!!'Dle nm‘iﬂu
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cerlificate Mo ES3-3196_May17 Page B ol 16

Motorola Solutions Inc. EME Form-SAR-Rpt-Rev. 13.21 Page 31 of 51



FCC ID: AZ489FT7110/ 1C: 109U-89FT7110 Report ID: P8252-EME-00013

ESI0VI- SN:3196 bay 17, 2017

Dynamic Range f(SARhead)
(TEM cell , fow= 1900 MHz)

Input Signal [uv]

SAR [mWhem3]

ot compensated cormpensalad

Ermor [dB]

108
SAR [mWWiema]

nat compensated COMparsEled

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

= B35S MHz WGLS RS (H_convF) = 1900 MHz WGELS R22 [H_comF)

SAR [eRugfi
" w om
B

SAR W)y

0 % ¥ o ¥ 3 " " x n = o
=l zlme]

(3] . .
e by

Deviation from Isotropy in Liquid
Error (&, &), f = 200 MHz

rwawed

rbion

-0 08 085 L4 HZ 00 02 04 08 08 10
Uncertainty of Spherical lsotropy Assessment: * 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3196

QOther Probe Parameters

Sensor Arrangernent - | ) Triangular |

Cennector .hnglé 1 67 |

| Mechanical Surface Detection Mode } anabied
) disabled |

| Optical Surface Detection Made

Probe Dverall Length ) ) 337 mm |
Prabe Body Diametar A0 mm |
|Tip Length 0mm |
Tip Diameler 4 mm
Probe Tip o Sensor X Calibralion Point T Zmm |
[Probe Tip to Sensor ¥ Calibration Point ) Zmm |
"Probe Tip to Sensor Z Calibration Paint é”ﬁl

Recommended Measurement Distance from Surface 3Imm |

Certificate Mo: ES3-3186_May17 Pagae 11 of 18
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Appendix: Modulation Calibration Parameters
uio Communicatien System Name A B C ] VR Unc"
dB dBy v dB mv {k=2)
[i] W kS 0.0 0.0 10 .00 19159 *3.5 %
i 0.9 0.0 1.0 2033
Z 0 0.0 1.0 204.9
10011+ UNMTS-FOD (WEDMA] ® EXE) 6.2 18.1 291 1513 | 107 %
CAB
A 3.5 66.4 i7.4 1438
Fi 3.34 673 189 1444
10067- UMTS-FDD HSDPA) X 457 6.5 18.5 3.98 1410 | 208 %
CAB
b 4,44 5.6 178 1292
Zz 457 B86.5 18.7 131.2
10088~ UMTS-FDD (HSUPA, Subtest 2) x 4,63 6.8 18.7 398 1412 18 %
CAB
¥ o 448 658 180 1206
Z 458 6.4 18.7 1305
10100~ LTE-FOD {SC-FOMA, 100% RE, 20 X B.64 GA.4 20.3 567 148.8 14 %
CAC MHz, QPSIK)
A 6.3 5.8 183 1347
Z 547 677 20.0 1374
10101- | LTE-FDD (SC-FOMA, 100% RE, 20 ® 7.1 675 20.1 6.42 1322 | 8%
CAC Mz, 16-0AM)
¥ 7.45 (2] 19.8 44,4
z T.62 B2 206 147.4
G108 LTE-FOD {SC-FDMA, 100% RE, 10 X G50 679 202 580 1449 14 %
CAD MHz, QPSK]
¥ | B2 6.5 15.1 1327
Z | @A 67.4 200 1345
10108 LTE-FDD (SCFOMA. 100% RB. 10 ¥ T8 G673 200 G.43 1288 1.7 %
CAD MHz, 16-QAM]
hi T.22 T8 18.7 141.7
Zz 7.38 67.8 20.5 1431
10110- LTE-FDD (SC-FOMA, 100% RB, SMHz, | X 6.14 671 198 575 1408 1.4 %
CAD QPEK)
Y 5.93 B6.1 19.0 1286
z | &o0s [ 19,7 1312
10111- LTE-FOD (SC-FOMA, 100% RE, 5 MHz, ¥ 7™M 630 205 G 148 8 #1.7 %
cab 16-C2AM)
Y .96 6.6 18.6 137 4
Z T.09 &5 203 138
10117- IEEE 802 11n (HT Mixad, 13.5 Mbps, A 1047 B2 2.8 B0 1367 227 %
GhE BPSK)
i 10.30 0.0 215 145 6
z 10,27 691 216 124.4
10140 LTE-FOD (SC-FOAA, 100% RE, 15 x 766 678 205 6.4% 1334 .7 %
CAC WiHE, 16-AN)
Y 7 i 67.6 20,0 145.3
2 783 8.4 207 1488
10142- LTE-F0D (SC-FDMA, 100% RB, 3 MHz, | X 597 &7.0 104 5.73 1374 | 2T %
CAD QPSK)
¥ 5.99 6.8 19.4 1404
F 5.87 BE.5 196 1283
10143- | LTE-FDD [SC-FOMA, 100% RB, 3MHz, | X .96 BT.8 204 635 | t450 | 214%
CAD 16-0AM)
A 667 BA.5 19.4 1306
H 5.87 674 20.3 135.1
Certificate No: ES3-3196_May17 Pape 12 of 18
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10145~ LTE-FDD (SC-FOMA, 100% RB, 1.4 x 5.GE BE.4 195 5.76 1322 A%
CaD MHz, QPSK)

¥ 572 6 4 19,3 1455
Zz 583 671 20.0 146 9
10146- LTE-FDD (SC-FOMA, 10:0% RE, 1.4 x 650 673 0.2 641 1343 1.7 %
CAD MHz, 16-QAM}
¥ G710 67.5 201 1487
2z 8.57 673 202 128.0
10149- LTE-FDD (SC-FOMA, 50% RE, 20 MHz, | X T2 8.1 205 642 1489 | =17 %
Al 16-0AM)
Y 796 6.8 197 137.5
z 7.32 618 0.4 139.89
10154 LTE-FDD (SC-FOMA, 50% RE, 10 MHz, | x G.08 BED 19.7 575 135.0 +14%
caAD QPSK)
591 66.0 19.0 128.3
6.02 6.6 19.7 1281

10155~ LTE-FDD (SC-FOMA, 5% RE, 10 MHz,
CALD 16-CHAM}

.10 G676 203 EXE] 144.0 1.7 W

B03 [5 19.8 135.0

7.08 674 20.3 1361
10156- | LTE-FOD {SC-FOMA, 50% RE, 5 MHz, 586 [T 198 578 | 1326 | #14%
CAD OFSK)

504 656 19.4 1480

6.04 67.9 201 149.4
10157- | LTE-FOD (SC-FOMA, 50% RE. 5 MHz, 688 675 ) 643 | 1381 | #a%
CAD T6-0AM)

670 [E 196 130.0

683 £73 20,2 1318
10160- | LTE-FOD (SC-FDMA, 50% RE. 15 MHz, 652 [] 18.8 582 | 1388 | 4%
CAC DPSH)

[ 6.4 18.2 1318

647 g7.2 19.8 1343

A6~ LTE-FDD (SC-FDMA, 50% RB, 15 MHz,

T4 6.0 0.5 643 1478 .7 %
CAC 16-CHAM)

EA LIRS H M L e A LIRS = | EALS R

T2 7.2 19.8 139.9
F.a0 Gre 20.4 1413
10H66- LTE-FOD {SC-FDMA, 50% RB. 1.4 MHz, 5.2 E7.0 19.8 5,46 1482 12 %
CAD QFSK)
5.4 5.9 8.8 13T.5
.20 6.6 187 140.5
10187- LTE-FDD {SC-FDMA, 50% RB, 1.4 MHz, B.21 66T 0.5 621 1MTe | 4%
CAD 18- LAY
¥ 611 | 673 198 141.5
i .20 B9 206 146.1
107168- LTE-FDD (SC-FDMA, 1 RE, 20 MHz, *® 511 ET.1 200 573 1371 3%
cAC QPFSk)
¥ 487 Ffi 1 182 1287
Fd 5.08 BE.9 204 134 8
10170- LTE-FDO (SC-FOMA, 1 RE, 20 MHz, X 601 6.6 2.2 B.52 140.8 +1.7%
cag AG-CWAMY
¥ 576 a7.1 200 1286
Z 5.00 BE.O 21.0 1353
10175 LTE-FOD [SC-FOMA, 1 RE, 10 MHz, X 5.08 BT.0 LET] 87z 1381 1.7 %
LaD OPSK}
Ad 5.19 671 148 148.2
z .00 B6.9 20.1 1368
10176~ LTE-FDD (SC-FOMA, 1 RE, 10 MHz, * 595 8.5 211 652 | 1385 | #17%
CAD TE-ChAM)
Y 6872 670 20.0 1278
Zz 5.92 66,1 21.0 1361
Cerlificate No: ES3-3196_May17 Page 13 of 16
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W177- LTE-FOD (SC-FOMA 1 RB. 3 MHz, X 5.09 670 20.0 6.73 1378 | #17 %
CAF QPRSI

¥ 515 K] 19.7 1457

z 5.08 (] 204 135.5
10178~ LTE-FDD (SC-FOMA, 1 RE, 5 MHz, 16 | x 5.00 68 4 1.0 652 | 1394 | #1a%
CAD AN}

Y a74 7.0 20.0 126.0

z 503 8.2 21.1 1357
10181. | LTE-FDD (SC-FDMA, 1 RE, 15 MHz, % | 602 67.0 00 | 572 | 1373 | 4%
CAC QPSK)

¥ 518 i 3 19.7 1488

z 5.08 FiE.9 200 136.0
T0i82- LTE-FDD (SC-FOMA, 1 KB, 15 MHz, X 590 8.5 214 6.52 1402 | 214%
GAC 1E-CHANT)

W 5.75 BT 201 1283

z 5.92 £8.1 210 136.0
10184- | LTE-FOD (SC-FDMA, 1 RB, 3 MHz, X 5.08 67.0 2000 673 | 1375 | #14%
CAD QPSK)

¥ 5.13 B6.8 19.6 1487

2 5.08 [il:F] 200 135.5
10165- LTE-FDDO [SC-FD8A, 1 RE, 3 #MHz, 16- ¥ 5,00 635 211 §.51 1404 14 %
CHD QM)

R 577 672 20,1 1287

z 5.05 [TE] .1 1359
10187~ LTE-FDD (SC-FDMA. 1 RB, 1.4 MHz, % 510 67.0 00 BF3 | 1307 | #12%
CAD QPSK)

¥ 404 659 191 12ra

F 511 6.9 201 135.0
10188 LTE-FOUO {SC-FOMA, 1 BB, 1.4 M-z, x 540 a5 211 H.52 1413 .7 %
CAD G

¥ 575 671 20.1 128.1

z 584 6.2 21.40 1360
101%6- IEEE AD2. 110 (HT Mixed, 6.5 Mups, ® 10,32 9.9 22.1 B0 | 1483 | 225%
ChE BPSK)

¥ 9.93 GB.6 21.2 156.9

Z | 1025 69,7 24 1448
g‘z;& UMTS-FDD (HSPA+) X 606 668 18.5 BOT | 1260 | 14 %

W 7.08 &7.0 19.4 142.8

z 710 67.5 19.9 144.5
10274- UMTS-FOD (HSUPA, Sublast 5, 3IGPP [ B05 &7.2 192 487 | 469 | =12%
CAB Reld. 10)

¥ e | GEa 18.5 136.3

Z | 6oz 7.0 19.2 1404
10275~ UMTS-FOD (HSLPA, Subtest 5, 3GPP X 436 6.5 18.7 396 | 1286 | 08%
CAB Reld.4)

Y 445 f6.7 186 1415

2z | as3 7.1 1982 146.6
10287- LTE-FDD (SC-FOMA, 50% RB, 20 MHz, | x 6,39 674 2000 5.81 1346 | £14%
AMB QPSK)

¥ 6,16 653 10.1 12656

Z 6234 671 199 130.2
102B8- | LTE-FDD (SC-FOMA, 50% RE, 3 MHz, X 6.70 BEA 125 8,72 1288 | #1.4%
AMC QPSK)

¥ 5.79 B6.5 19.4 1442

Z 5.69 672 A 146.5
10294 LTE-FOD (SC-FOMA, 50% RA. 3 kHz, x 871 B7.5 202 5.30 15355 +14 %
AN 1E-CAM)

ki 6.54 6.6 18.5 127 4

z 664 67.2 202 129.0
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10311- LTE-FDO {SC-FOMA, 100% RB, 15 x Tm G 2 2n.4 6.06 1416 AT %
ANB MHz, QPSK)

Y 676 571 19.6 1357

Z 6.92 L] 203 136,32
10415- IEEE 802,11k WiFI 2.4 GHz [DSSS, 1 X 2.50 i) 186 150 | 14B4 | 0T %
AR Mibps, $5pe duty Gy

hi 2.50 i 6 17.5 1413

z 262 8.0 18.0 1427
104 18- |IEEE ROZ 119 WiFi 2.4 GHz (DSEE- ){ 1026 BG.5 22.1 a1d 147.2 =25 %
AR, OFDM, & Mbps, 98pc duty cycls, Long

preambule)

b L.a7 [N 214 1381

Z | 108 6.6 22.1 1.7
10430 LTE-FDD (OFDRAA, 5 MMz, E-TM 3.1) ® 057 50,2 220 624 1332 +19%
Ad

N 9.19 6E.0 1.1 1247

Fa G456 G0 i) 1274
10431~ LTE-FDO [OFDMA, 10 MHz, E-TM 3.1) X 1013 69.7 223 EEL 1416 £2.5%
A

b 904 537 1.5 1323

Z 1008 H6 223 1361
10432~ LTE-FDD (DFDKA, 15 MHz, E-TM 3.1} K| 1035 63.9 223 B.34 1453 | #25%
AR

Y| 10406 668 215 1572

Z | 028 6a.7 223 139 B
10433~ LTE-FDD (OFDMA, 20 MHz E-TM 21} | % | 1059 TO1 22,4 834 | 1407 | 265 %
AbA

b 1026 &0 215 138.9

Z | 1053 .9 224 144.9
10434 W-CDMA (BS Test Modsl 164 DPCH) X 981 9.7 225 B0 | 1323 | 222%
AN

A 2451 GB.5 218 125.0

Z 376 9.6 22.5 128.2
10435 | LTE-TDD (SC-FDMA. 1 RB, 20 MHz, X 7.19 729 24,2 TE2Z | 1276 | £22%
ABE QPSK, UL Subframe=2,3 4.78.9}

i .59 738 24.4 147.3

z 7.07 723 24.1 1247
1M57- | UMTS-FOD {DC-HSDPA} ® B35 (] 201 BA2 | 13T | 4%
AR

¥ H.12 6.5 134 12583

z 832 B7.2 201 135.4
10460 UMTS-FDD (WEDMA, ARR) 1 200 6a.0 181 235 | 1438 | D%
Ay

i .85 674 8.5 1325

Z 2.99 1] 18.7 138 4
104B1- LTE-TO0 {SC-FOME, 1 RE, 1.4 MHz, [ T.38 736 248 782 13256 | #30%
Ay (FSK, UL Subframe=23.4.7 8.9)

¥ 7.55 736 24.3 145.4

Z T2 28 24.4 126.5
10462 LTE-TOD (SC-FDMA, 1 RE, 1.4 MHz, X Tz Tag 2449 B30 128.2 127 %
A 16-QAM, UL Subframe=2,3,47,8.9)

¥ 8.15 747 251 1406

Z 845 6.2 264 1441
10464 LTE-TDD {SC-FOMA, 1 RE, 3 MHz, * T T3z 24.4 782 127.8 2.6 %
AR QFEK, UL Subframe=23 4.7 8.5)

Y 746 734 24.2 140.3

F 779 75.0 256 1484
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10486 LTE-TOD (SC-FDMA, 50% RB, 5 MHz, 860 Tig 239 .36 1304 T

AAB 16-2AM, UL Subdframe=2,3.4,7 8.9)

ESA0W3- SM:3196 May 17, 2017
0465~ LTE-TDD (SC-FOMA, 1 RE, 3 MHz, 18- x 7.64 T34 24.7 8,32 124.5 3.0 %
A, QAM. UL Sublrame=2.3.4.7.8.9)

¥ 816 74T 26,1 140.5

2z 538 5.8 283 147.0
10467~ LTE-TOD (SC-FOMA, 1 RE, § MHz, X ERR| T2E 24.1 T8z 126.3 25 %
AME QPSK, UL Subframe=214 7 89)

¥ 724 T3 24.2 139.5

z 7.82 752 256 148.0
T045E- LTE-TOD (SC-FOMA, 1 RE, 5 M, 16- bt B.57 768 264 B3z 1486 =
AAB QAM, UL Subframe=2,3,4,7.8.9)

hd 8,14 4.8 25.1 140,89

Z 8.46 T6.3 26,4 149.0
10470 LTE-TOD (SC-FDMA, 1 RE, 10 Mz, X TED 5.4 56 T.82 148.3 T %
AAE QFSK, UL Subframe=23.4.7.8.9)

N 751 36 24.3 1406

Z 7 5.1 258 1481
1047 1- LTE-TDDH (SC-FDMA, 1RE, 10 MHz, 16- | % 8.51 TE.d 26.3 832 1490 £3.0 %
ABE CAM, UL Subframes2,3,4,7,8.9)

W B.A4 4.8 254 1411

£ B4 Th.2 264 1464
10473~ LTE-TDD {SC-FOMA, 4 RE, 15 MHz, ® 7.88 TE3 255 raz 148.1 2T %
FutilE] QPSK, UL Sublrame=2.3,4.7.8.9)

W | 748 73.5 243 1211

z T8 T48 285 1476
10474- LTE-TDD [SC-FDBA, 1 KRB, 15 MHz, 16- | 51 TH.4 26.3 432 144.1 3.0 %
ANE QAM, LIL Siblvame=2.3.4.7,8.49)

b a13 746 25.1 417

Z 8B40 760 26.3 1478
10477- LTE-TDD (BC-FOME, 1 BB, 20 MHz, 16- | X BST TET 26 5 Ba2 148 4 250 %
AAR QAM. UL Sublrame=2,3.4,7.89)

i &7 T4T 252 142.2

Z 8.9 TE0 25.3 1481
10475 LTE-TDD (SC-FDMA, 50% RB, 1.4 MHz, | x T4 T2 Ny 774 130.8 127 %
LY QPSK, UL Subframe=2,3.4.7.8.9)

v .1 TS 206 126.0

F T T 239 130.3
T046D- LTE-TDD (SC-FOMA, 50% RE, 1.4 MHz, | % a.z0 a1 44 a18 136.4 +3.0%
AbA 16-0AM, UL Subframe=2.3,4 7,0 9)

Y T80 716 233 130.3

z £19 T30 4.5 134.3
04a2- LTE-TOD (SC-FOMA, 50% RE, 3 MHz, ® 816 730 241 77 1427 £33 %
Ly GPSK, UL Subframe=2.24.7,8.9)

i 779 71.3 22.9 1369

Zz 607 T2E 24.1 140.2
A0 B3- LTE-TCD {SC-FOMA, 50% RB, 2 Mide, * B.58 7.7 23.7 839 127.2 2.7 %
AAR 1 B-CHAM, UL Subframe=2,3.4.7.8.9)

¥ 401 T2y 240 1460

Fd 913 T35 24.8 1482
10485~ LTE-TDD (SC-FOMA, B0% RE, & MHz, X B2 733 4.2 759 148.2 +21.5 %
ALB OFEK, UL Subframe=23.4 7 85

hi 7. .7 23.0 1403

z .08 T8 2.0 141.9

X

b

Z

X

N

Z

.04 122 23.7 1492
£.62 71.3 236 125.3
10488- | LTE-TOO (5C-FDMA, 50% RE, 10 MHz, 812 76 2aa | TF0 | 1389 | 2TH
AAB QPSK, UL Subframa=2.3,4.7,8.9)
B2 72 233 147.2
B85 733 244 1476
Cartificats No: ES3-3196_May 17 Page 16 of 18
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ES20W3- SM:-3196 Pary 17, 2017
10489 LTE-TDD {SC-FDMA, B0% RB, 10 MHz, ¥ @11 720 239 &A1 1374 227 %
AE 16-CIAM, UL Subframa=234,7,8,9)

¥ 558 70,0 224 1279

Z B85 715 2316 130.3
10451~ LTE-TDD [SC-FOMA, 50% RB, 15 MHz, ¥ BE7 F2.4 235 774 1352 + 5%
ARB APSK, UL Sublrame=2,34,7.6.9}

v E.08 70,0 22,1 1252

z B.45 T8 233 1287
10452 LTE-TOD (SC-FDMA, 50% RB, 15 MHz, X .70 726 241 B.41 144.0 2.7 %
AAE Je-AM, UL Sublrame=2 3.4 7.8.9)

W 9.18 FOE 228 1352

z 0.54 T20 39 138.6
10454~ LTE-TDD {3C-FOMA, 50 RE, 20 MHz, o B6E 725 7 T4 13348 25 %
AME QPSK, UL Subframe=2 347 8.9)

A d.08 Tz s 124.5

F .51 T2 235 127.7
10485 LTE-TDD {SC-FOBAA, 50% BB, 20 MHz, b e &0 Tan 241 a.ar 1429 27 %
AAB 1604, UL Sublrame=2.3 4.7 3.9}

W R L TO8 229 1356

Z 948 721 238 1379
10487- LTE-TOD (SC-FDMA, 100% BB, 1.4 # s.00 &8 24.1 76T 144.0 =30 %
AR MHz, QFSK, UL Sublrames2 3.4 7,4.0)

b 760 710 2.7 136.2

£ 7.9 T2 240 1302
0488- LTE-TDD (SC-FDOMA, 100% RE, 1.4 k4 B.34 T4 2368 B.40 1244 3.0 %
LrEY Mz, 16-0ad, UL

Sublrame=2.3 4 7.8.8)

bl B.78 2.3 238 1dd 6

Fd 8.0 733 4.8 145.4
A0S00- LTE-TOD {SC-FDMA, 100% KB, 3 MHz, | x 7.79 14 31 TET 125.5 +26 %
A QPSK, UL Subframe=234 7.8 9)

hi ani 715 P 1407

i Hdd 733 24.4 1461
10501 LTE-TOD (SC-FDMA, 100% RE, 3 MHz, | X B Of T4 240 244 1339 +2.7 %
ARA 16-0AM, UL Subframe=2.3.4.78.9)

Al 860 T0.0 228 125.3

F4 8,84 71.5 25,8 1285
10503 LTE-TOD (SC-FOMA_100% RE, 5 MHz, | x B11 76 233 172 128.9 225 %
ANB QPSE, UL Subframe=2.3.4.7 8.5)

Y .46 T2a 23.4 147 4

i Bi7 73,7 246 1485
10504 LTE-TDD (SC-FDMA, 100°: RB, 5 MHz. | X .12 TIA 2340 &N 1379 3.0 %
AAR 16-CIAM, UL Subframe=2,3.4,7 8.9) .

A B.56 [ 224 1273

F 834 T1.6 23.7 1325
10506 LTE-TDD {SC-FOMA, 100% RE, 10 ® B.6G TRE 237 T.74 1336 27 %
AAB BAHz, QPSK, UL Subframe=2,3.4,7 B 4}

¥ H3.00 ] 221 1228

Z .54 T 236 1283
10507- LTE-TDD (SC-FOMA, 100% RE, 10 A 955 Faa 24.0 B.36 1424 +3.0%
AAE MHz, 16-CAM, UL

Sablrames? 34,7 E 3)

¥ .00 O3 ) 152.3

Zz 9.54 Tal 2.1 1308
10608 LTE-TDD (SC-FDMA, 100% RB, 15 X AT 732 241 789 139.9 £.7 %
] Mz, OPSK, UL Subframe=2,3 47,8 9)

¥ | a7s 70.8 228 128.7

Z2 G54 ] 24.1 135.8

Cerlificate No: ESS-3108_May17 Pasge: 17 of 18
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ES3DV3- SMN:3198 May 17, 2017
10510- LTE-TDD (SC-FOMA, 100% RE, 15 * 9.51 0 732 8.49 1223 | £27%
AAB MIHz, 16-C1AM, LIL

Subframe=2347 8.9)

Al a4 .2 231 140.2

Z 1019 729 4.4 1473
10512- LTE-TOO (SC-FDMA, 100% RB, 20 X .02 TR A7 7.04 1350 | =25%
AAE MHz, QPSK. UL Subframe=234.7 8.5

Al a4 fo.y 223 1265

2 2m 72E 238 133.0
10513- LTE-TDDO [SC-FOMA, 100% RE, 20 x 10.08 7340 243 Bz 1471 227 %
ARE MMHz, 16-0AM, UL

Subframe=2 3.4,7 8 &)

v .44 F0.6 22.8 136.6

2 | ooz 728 243 144.2
10615~ IEEE 802110 WiFi 2.4 GHz (D888, 2 X 2,69 6B.5 188 158 | 1455 | 07 %
AR Mbps, 99pe duly eyche)

Nl 262 BT 5 18.1 138.0

Z 2.7 GB.7 18.3 143.8
10564- |EEE B02.11g WiFi 2.4 GHz (D855~ X 1041 8.9 223 025 1466 | £22%
AhA OFDOR, 3 Mbps, 83pc duty cycle)

\i 1014 a8 215 138.8

Z | 1038 3.8 2.3 1426
10571- IEEE B02.11b WiFi 2.4 GHz (DSS5, 1 x 347 1.3 201 190 145.7 H.T %
A Mbps, 90pa duty cycla)

¥ 322 G4.4 18.0 1378

Z 347 7.3 0.4 1427
10572- IEEE 802,11 'WiFi 2.4 GHz (DSSE, 2 X 356 TG 204 198 1£4.9 7%
BB Mops, oy}

¥ 3.38 705 19.4 1387

4 3.52 717 20,6 1421
1D675- |EEE 802,11g WiFi 2 4 GHz [DS55- | 1083 06 2249 859 1480 | 27 %
AAA OFDM, B Mbps, 90pc duty cydle)

i 10.51 B0.5 2290 140.4

z 10.78 T04 2249 1424
10576- VEEE R02.71g WiFi 2.4 GHz [DS55- x| 1068 ™7 228 B.60 1472 | 27 %
o OF DN, 9 Mbos, 90pc duty cycle)

¥ 10.55 BUE 221 130.9

7z 1079 TS 2248 1416
10681 IEEE 802.11n {HT Mixed, 20MHz, X | 1086 0.7 228 =) 14EE | 127 %
ARA MCSD, Slpc duty cyde)

Y| 1084 [EE 220 1427

Z | 1w 70.5 29 1441
0582 1EEE 802.11n {HT Mixad, 20MHz, F 1114 |- 709 234 B.79 1477 227 %
AAS MCS1, S0pc duly cyie)

¥ | 1084 688 23 143.1

Z | 1t e 231 1443
10599 |EEE £02.11n (HT Mixed, 40MHz, x M.15 701 25 arg 1266 6%
AAA MCS0, B0pc duly cycle)

Y | 107E 62.0 1.7 121

2| 12 701 296 124 8
10600 1EEE 602140 (HT Mixad, 40hHz, x| 11.zz Tz 228 A BR 1267 | 22w
AAA MCE1, B0pe duly eyele)

Y | 10,85 62,1 2138 1224

2| 124 T2 227 124.7

F Unoestainty & debrmned using thi max, daviation from linear maponse applying restanguiar distibuton and 3 expressed for the atquare of the
fiedd walue
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Appendix C
Dipole Calibration Certificate
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Calibration Laboratory of S,

Schmid & Partner =
Engineering AG %

Zeughausstrasse 43, 8004 Zurich, Switzertand N

%,
Tl daile

Accredited by the Swiss Accraditation Service (SAS)
The Swiss Accreditation Service is one of the signalories to the EA
Mubtitateral Agreement far the recognition of calibration certificates

cient  Motorola Solutions MY

Report ID: P8252-EME-00013

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

Accreditation No.: SCS 0108

Certificate Mo: D450V3-1054_Oct17

CALIBRATION CERTIFICATE

Object D450V3 - SN:1054

Calibration procedured(s) QA CGAL-15.v8

Calibration dato: October 25, 2017

Calibration procedure for dipole validation kits below 700 MHz

Calibralion Equigenent usad (MATE critical lor ealibration)

Thiz calibration carificate documents 1he racesbility to national standards, which realiza the physical units of measurements (S1).
The measuremeants and e uncefainties with confidence probabdity sre ghvan an he follcwing pages and ara par of the cartiflcate.

Al calibrations hewe been conductad in the closed laboratory facilibe emdronmant lemgerature (22 + 3)°C and tismidity = 70%.

Cal Dals (Caniicate No.)

AF ganarator HP BE4E0
Metwork Anslyzer HP BTEIE

Calibrated by:

Appraved by:

SN IS 3842001700

She USayagosas

Name
Jaton Kastrati

Kafja Pokovic

Primary Standards 1D # Soheduled Calltration
Power meter AP SN: 104778 04-Apr-17 (Mo, 217-02621/02522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 (Mo, 217-02521) Apr-18

Fower sensor WRP-Z51 SN 105245 a-Apr-17 (Mo, 217-02523) Apr-18

Reference 20 dB Atenuator SN 5277 (20u) OF=-Apra17 (Mo, 217-02528) Apr-18

Type-H mismateh combination SM: 5047.2 ) DBIDT O7-Apr-17 (Na. 217-02524) Apr-18

Refersnce Probe EX3DVY Sh: 387T A-Dac-16 (No. EX3-3877_Dac18) Dec-17

DAaE4 SN: 654 24=Jul=17 (No. DAES-654_Jul17) Jui-18

Secondary Standards o & Check Date {in house) Scheduled Check
Power metar E44198 SN: GB41293874 D6-Apr-16 (Mo, 217-02285/02284) In house check: Jun-18
Powar sensor E44124 Sh: MY 41488087 Db-Apr-16 (Mo, 217-02288) | In housa check: Jun-18
Powar sansor E44124 SN 000110210 E-Apr-16 {No. 217-02284 In housa check: Jun-18

04-Ayg-99 (in house check Jun-16)
18-0c8-01 {in howsa chock Oct-17)

Function
Labaratory Technician

Technical Managar

This calibration certdicate shell nod be reproduced excapt in full withaut wiittan approval of the kaboratory,

In housa check: Jun-18
In house check: Oct-18

e
/é7 éf@

kssued: Ccsober 26, 2017

Cartficats Mo: D450V3-1054_0ct1 7
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Calibration Laboratory of S,

; [y Schweizerischer Kalibrierdienst
Schmid & Partner % £ 5 g Service sulsse d'étalonnage
Engineering AG = Servizia svizzero di larstura
Zeughaussirasse 43, 8004 Zurich, Switzerland "’af.-,ﬁ,\ . \oY/ S swiss Cakibration Servics
Accretilod by the Swiss Accredialion Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
MN/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 wirsless
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 criented
parallel to the body axis.

* Feed Point Impedance and Refurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflacted 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 nomalized: 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 05%.

Cerfificate Mo: D450V3-1084_Octi 7 Paga 2 of 8
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Measurement Conditions

DASY systam configuration, as far as not given an page 1.
DASY Version DASYS V52,100
Extrapolation Advanced Extrapolation
Phantom ELI4 Flat Phantom Shell thickness: 2 £ 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 450 MHz = 1 MHz
Head TSL parameters
The following paramelers and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters. 22.0°C 435 0.87 mho/m
Measured Head TSL parametars {(22.0£0.2)°C 435 8% O.87 mbiodm = & %
Head TSL temperature change during test =0.5°C - e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 1.12 Wikg
SAR for nominal Head TSL parameters normalized to 1W 4.48 Wikg =18.1 % (k=2)
SAR averaged over 10 cm”® (10 g) of Head TSL condition
SAR measured 250 mW input power 0.750 Wikg
SAR for nominal Head TSL parameters nomalized o 1W 3.00 Wikg +17.6 % (k=2)
Body TSL parameters
The following parameters and caleulations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 56.7 0.94 mho/m
Measured Body TSL parameters (22.0=02)°C 552+8% 0.93 mhao'm £ 8 %
Body TSL temperature change during test <0.5°C — -
SAR result with Body TSL
SAR averaged over 1em” (1 g) of Body TSL Gondition
S5AR moasured 250 mW input powaer 114 Wikg
SAR for nominal Body TSL parameters normalized to 1W 457 Wikg =18.1 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 0,759 Wikg
SAR for nominal Body TSL parameters normalized to 1W 3.05 Wika = 17.6 % (k=2)
Centificate No: D450W3-10584_0Oci 7 Page 3 of 8
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Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformead to feed point 5700410
Retum Loss -21.6dB

Antenna Parameters with Body TSL

Impedance, transtormed to feed poirt 54.4 0 - 8.9 |0
Return Loss -204 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.349 ng

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connacted 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 fo the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The averall dipole langth is stin
according to the Standard,

Mo excessive force must be applied to the dipole amms, bacause they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on Deacarmber 18, 2005
Cerificate MNo; D450W3-1054_0ct17 Page 4ol 8
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DASYS Validation Report for Head TSL

Date: 25.10.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz D450V 3; Type: D450V3; Serial; D450V3 - SN:1054

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: f =450 MHz; o = 0.87 S/m; &, = 43.5; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
= Probe: EX3DV4 - SN3877; ConvE(10.5, 10.5, 10.5); Calibrated; 31.12.2016;
# Sensor-Surface: 1.4mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn654; Calibrated: 24.07 2017
+  Phantom: ELI v4.0; Type: QDOVAO0IBB; Serial: TP:1003
«  DASY5252.10.0¢1446); SEMCAD X 14.6.10{7417)

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

Reference Value = 43.28 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 1.74 Wikg

SAR(1 g) = 1.12 W/kg; SAR(10 g) = 0.750 W/kg

Maximum value of SAR (measured) = 1.52 Wikg

0 dB = 1.52 W/kg = 1.82 dBW/ke

Certificate Mo: D450VI-1054_0Det1 7 Page Sof 8
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Impedance Measurement Plot for Head TSL

25 Qet 2847 4@:589s3%

811 1 U F§ B57.935 0 44412 BE.BIS pF 45E.088 BP0 HH=z
T —
* F i el ‘
O=1 4 .
/
Cap |l [
|
!
\
e LY
freg 3 .
r L)
- o Ty
Hld "
o
CHZ 511 108 5 dBAREF =20 ]a; __13-23.644 4B {?a.aae 558 HHz
[ | | ==
o e Eo. | o l
R rpa ! "—4‘
cor j—,f""
o / )
e |
Es L v I : = S
b |
|
Hld - = :
ETART 250,090 BAD MMz T SToP S50 380 Hilz
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DASYS Validation Report for Body TSL

Date: 25,10.2017
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz D450V 3; Type: D450V3; Serial: D450V3 - SN:1054

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: f = 450 MHz; 6 = 0.93 S/m; 5, = 55.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEIECIANSI C63.19-201 1)

DASY52 Configuration;
+ Probe: EX3DV4 - SN3877; ConvE(10.7, 10.7, 10.7); Calibrated: 31.12.2016;
+  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
s  Electronics: DAE4 Sn654; Calibrated: 24.07 2017
«  Phantom: ELI v4.0; Type: QDOVACOO1BB; Serial: TP:1003
= DASYS2 52,10.0(1446); SEMCAD X 14.6.10(7417)

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

Reference Value = 42.19 Vi/m; Power Drift = -0.05dB

Peak SAR (extrapolated) = 1.76 Wikg

SAR(I g) = 1.14 Wikg; SAR(I0 g) = 0.759 Wrkg

Maximom value of SAR (measured) = 1.53 Wkg

-4.00
-6.00
-8.00
-10.00
0dB =1.53 Wikg = 1.85 dBW/kg
Certificate No: D450V3-1054_Oct 7 Page 7ol 8
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Impedance Measurement Plot for Body TSL

25 Oet 2847 d4:dm: 21

LAl s4 41U Fs L 844430 -DI444 0 3RIT5pF 450,088 208 NHz
c""d ; --‘--\"‘
* i e = N
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Cor |": !
1
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16°
Hid T
e S A B

CH2 814 LDE_ _5 dB/REF 29 dB 1i-29.419 dB

-3.4B R . 430,008 008 HHz

| e

o | | ]
tr S i 1 —
Hld | — ~ l 1 e S
| | |- . | | |
START 252,000 28 NHz STOP E50.880 086 MHz
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Dipole Data

As stated in KDB 865664, only dipoles used for longer calibration intervals required to provide
supporting information and measurement to qualify for extended calibration interval.
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