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1.0

Introduction

Report ID: P8878-EME-00003

This report details the test setup, test equipment and test results of Maximum Permissible Exposure
(MPE) performed at Motorola Solutions’ outside test site for product model M37TXS9PW1AN
(HUW1001A).

2.0 FCC MPE Summary

Table 1
Trunk Mounted Antennas Roof Mounted Antennas
Equipment Frequency band Passenger Bystander Passenger Bystander
Class (MHz) Power Percentage Power Percentage Power Percentage Power Percentage
Density of Limit Density of Limit Density of Limit Density of Limit
(mW/cm?) (%) (mW/cm?) (%) (mW/cm?) (%) (mW/cm?) (%)
150.8 - 173.4 . .
(LMR VHF) NA NA NA NA 0.42 212.1 0.41 202.8
406.1 - 470
(LMR UHF1) NA NA NA NA 0.12 45.4 0.27 89.9
TNB 450 - 512
(LMR UHF2) NA NA NA NA 0.11 37.1 0.27 89.9
769-775; 799-824;
851-869 0.13 23.6 0.13 22.9 0.04 8.4 0.06 121
(LMR 7/800)
2412 — 2462
DTS (WLAN 2.4 GHz) 0.0301 3.01 0.0301 3.01 0.0301 3.01 0.0301 3.01
5180 - 5825
NIl (WLAN 5 GH2) 0.0120 1.20 0.0120 1.20 0.0120 1.20 0.0120 1.20
Simultaneous (Highest_ Cpmbined 26.61 25.91 *215.11 *205.81
Percentage of Limit)
Note: * Requires SAR Simulation.
3.0 Abbreviations / Definitions
CNR: Calibration Not Required
CW: Continuous Wave
DUT: Device Under Test
EME: Electromagnetic Energy
FM: Frequency Modulation
MPE: Maximum Permissible Exposure
LMR: Land Mobile Radio
SAR: Specific Absorption Rate
NA: Not Applicable
BS: Bystander
PB: Passenger Back seat
PF: Passenger Front seat
PTT: Push to Talk
WLAN: Wireless Local Area Network
TDMA: Time Division Multiple Access
Form-MPE Auto Vehicle rpt. Rev 8.0 Page 5 of 43
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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.

United States Federal Communications Commission, Code of Federal Regulations; Rule Part
47CFR § 1.1310, § 2.1091 (d) and § 2.1093 for RF Exposure, where applicable.

Federal Communications Commission, “Evaluating Compliance with FCC Guidelines for
Human Exposure to Radio frequency Electromagnetic Fields”, OET Bulletin 65 (Edition 97-
01), FCC, Washington, D.C.: August 1997.

American National Standards Institute (ANSI) / Institute of Electrical and Electronics
Engineers (IEEE) C95. 1-1999

American National Standards Institute (ANSI) / Institute of Electrical and Electronics
Engineers (IEEE) C95. 1-1992. Specific to FCC rules and regulations.

Institute of Electrical and Electronics Engineers (IEEE) C95.3-2002
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)

FCC KDB - 447498 D01 General RF Exposure Guidance v06
FCC KDB - 865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04
FCC KDB - 865664 D02 RF Exposure Reporting v01r02
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5.0 Power Density Limits
Table 2 — Occupational / Controlled Exposure Limits

Report ID: P8878-EME-00003

IEEE
FCC OET IEEE C95.1 C95.1 RSS-102
Frequency Bulletin 65 ICNIRP 1992/1999 2005 Issue 5 2015
Range (MHz) mW/cm”2 W/m~2 mW/cm”2 W/m”~2 W/m”n2
10 -20 10.0
20 — 48 4472119
30 - 300 1.0
48 — 100 6.455
10 — 400 10.0
100 — 300 1.0 10.0
100 — 6,000 0.6455 f %~
300 - 1,500 /300
300 - 3,000 /300 f/30
400 - 2,000 /40
1,500 — 15,000
1,500 — 100,000 5.0
2,000 — 300,000 50.0
3,000 — 300,000 10.0 100.0
6,000 — 15,000 50.0
15000 — 150,000 50.0
150000 —300,000 3.33x10™ f
Table 3 — General Population / Uncontrolled Exposure Limits
IEEE
FCC OET IEEE C95.1 C95.1 RSS-102
Frequency Bulletin 65 ICNIRP 1992/1999 2005 Issue 52015
Range (MHz) mW/cm”2 W/mn2 mW/cm”2 W/m”~2 W/m”n2
10-20 2.0
20 — 48 8.944 /%>
30 - 300 0.2
48 — 300 1.291
10 — 400 2.0
100 - 300 0.2
100 - 400 2.0
300 - 1,500 /1,500
300 — 6000 0.02619 f %0534
400 — 2,000 /200 /200
300 — 15,000 /1,500
1,500 — 15,000
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Table 3 Continued — General Population / Uncontrolled Exposure Limits

IEEE
FCC OET IEEE C95.1| C95.1 RSS-102
Frequency Bulletin 65 | ICNIRP | 1992/1999 2005 Issue 5 2015
Range (MHz) mW/cm”2 W/mn2 mW/cm”2 W/m”~2 W/m”n2
1,500 — 100,000 1.0
2,000 — 100,000 10.0
2,000 — 300,000 10.0
6,000 — 15,000 10.0
15,000 — 150,000 10.0
150,000 — 6.67x10 f
300,000

6.0 N Test Channels

The number of test channels is determined by using Equation 1 below. This equation is available
in FCC’s KDB 447498. The test channels are appropriately spaced across the antenna’s
frequency range.

Equation 1 — Number of test channels
N¢ = Round {[100(fhigh — fiow)/f-]>> X (f. / 100)**}

where Ncis the number of test channels, frigh and fiow are the highest and lowest frequencies within the
transmission band, fc is the mid-band frequency, and frequencies are in MHz.

7.0 Measurement Equipment

Table 4 — Equipment

Calibration Calibration
Equipment Type Model # SN Date Due Date
Automobile Volvo 240-1988 NA NA NA
Survey Meter ETS Model HI-2200 00086887
Probe — E-Field ETS Model E100 00224511 2/9/2018 2/9/2019
Probe — H-Field ETS Model H200 00224521
Survey Meter ETS Model HI-2200 00206805
Probe — E-Field ETS Model E100 00206767 8/15/2017 8/15/2018
Survey Meter ETS Model HI-2200 00086316
Probe — H-Field ETS Model H200 00206937 8/25/2017 8/25/2018
E-field measurements are in mwW/cm?.
H field measurements are in A/m.
Form-MPE Auto Vehicle rpt. Rev 8.0 Page 8 of 43
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8.0 Measurement System Uncertainty Levels

Table 5 — Uncertainty Budget for Near Field Probe Measurements

Measurement System

Probe Calibration 7.1 N 1.00 7.1 50.4 )
Survey Meter Calibration 0.0 N 1.00 0.0 0.0 ¥
Hemispherical Isotropy 8.0 R 1.73 4.6 21.33 o0
Linearity 5.0 R 1.73 2.9 8.33 0
Pulse Response 1.0 R 1.73 0.6 0.33 0
RF Ambient Noise 3.0 R 1.73 1.7 3.00 0
RF Reflections 8.0 R 1.73 4.6 21.33 o0
Probe Positioning 10.0 R 1.73 5.8 33.333 0
Test sample Related 0.00

Antenna Positioning 3.0 N 1.00 3.0 9.0 o0
Power drift 5.0 R 1.73 2.9 8.33 0
Bystander measurement uncertainty 4.8 N 1.00 4.8 23.04 0
Passenger measurement uncertainty 8.1 N 1.00 8.1 65.61 )
Combined Standard Uncertainty RSS 15.6 15.6 0
Expanded Uncertainty

(95% CONFIDENCE LEVEL) k=2 31 31

9.0 Product and System Description

This mobile device operates in the LMR bands using either frequency modulation (FM) with 100%
transmit duty cycle or TDMA signals with maximum of 50% transmit duty cycle. For conservative
assessment, FM signal was tested. A duty factor of 50% applies for PTT operation mode.

This device also contains WLAN technology for data capabilities over 802.11b/g/n 2.4 GHz and
802.11 a/n/ac 5 GHz wireless networks.

Table 6 below summarizes the technologies, bands, maximum duty cycles and maximum output
powers. Maximum output powers are defined as upper limit of the production line final test station.
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Table 6

Technologies Bands (MHz) Duty Cycle (%) Max power (W)

136-174 (VHF band) 50% (PTT) 120

380-484 50% (PTT) 120

380- 470 (UHF1)
450- 520 (UHF2) 485-512 50% (PTT) 48
LMR
512-520 50% (PTT) 30
764-805 50% (PTT) 36
764-805 ; 806-870 (7/800 band)

806-870 50% (PTT) 42
0.0631 (802.11 b)
2400 — 2483.5 (802.11b/g/n) 100% 0.025 (802.11 g)
0.025 (802.11 n)

WLAN
5180-5825 (802.11 a/n/ac) 100% 0.0316

This device will be marketed to and used by employees solely for work-related operations, such as
public safety agencies, e.g. police, fire and emergency medical. User training is the responsibility of
these agencies which can be expected to employ the usage instructions, safety information and
operational cautions set forth in the user's manual, instructional sessions or other means.

Accordingly this product is classified as Occupational/Controlled Exposure. However, in
accordance with FCC requirements, the passengers inside the vehicle and the bystanders external to
the vehicle are evaluated to the General Population/Uncontrolled Exposure Limits.

(Note that “Bystanders” as used herein are people other than operator)

10.0 Additional Options and Accessories

Not available.

11.0 Test Set-Up Description

Assessments were performed with mobile radio installed in the test vehicle, at the specified
distances and test locations indicated in sections 12.0, 13.0 and Appendix A.

All antennas described in Table 7 were considered in order to develop the test plan for this product.
Antennas were installed and tested per their appropriate mount locations (Roof / Trunk) and defined
test channels.

The system was tested using a low-loss 16” Teflon RG58A/U cable attaching the radio to the
transmit antenna. This cable is shorter and lower attenuation than the 17° RG58A/U cables supplied
in the customer Kits for connecting the radio to the transmit antenna. The cable used in the test setup
also has lower attenuation over the test frequency range than the cable provided in the customer kits.
The use of a shorter cable with lower attenuation in the test setup ensures that the test data is more
conservative with regards to the actual installation. Cable losses are reported in Appendix A.
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12.0 Method of Measurement with trunk mounted antenna(s)
12.1 External/Bystander vehicle MPE measurements

Initially the antenna is located at the center of the trunk. Refer to Appendix A for antenna
location and distance.

MPE measurements for bystander (BS) conditions are determined by taking the average of
(10) measurements in a 2 m vertical line for each of the (3) bystander test locations
indicated in Appendix A with 20 cm height increments, with the distance between the
antenna and the geometric center of the probe sensor equal to 60 cm (for 7/800 band). The
measurement probe is positioned orthogonal to antenna (typically parallel to ground with
a vertically mounted antenna) and aimed directly at the antenna’s axis. These
measurements are representative of persons other than the operator standing next to the
vehicle.

Each of the offered antennas mounted at the center of the trunk were assessed at the rear
of the vehicle while maintaining a minimum of twenty (20) centimeter separation distance
between the probe sensor and vehicle body. The worst case antenna was then tested at a
45° radial at the corner of the trunk, and 90° radial at the side of the trunk.

Tests for the 90° radial direction where conducted with the antenna displaced towards the
“bystander on the side of the trunk” test location in order to attain 60 cm (42 cm antenna
displacement) distances from that test location. In this way, the antenna is closer to the test
location, and the MPE is higher, than it would be if the antenna was left at the center of
the trunk.

12.2 Internal/Passenger vehicle MPE measurements

Antenna is located toward the center of the trunk at a minimum 85 cm from backseat
passenger. Users are instructed, per installation manual, to mount antennas on the roof
only if a minimum 85cm cannot be achieved. Refer to Appendix A for antenna location
and distance.

MPE measurements for passenger front seat (PF) and backseat (PB) conditions are
determined by taking the average of the (3) measurements (Head, Chest, and Lower
Trunk) inside the vehicle for both the front and back seats.

The backseat is a bench seat and therefore each position (Head, Chest & Lower
Trunk) were scanned across (horizontally) the seat starting from the middle of the
seat to the edge of the seat stopping 20 cm from the vehicle door. Similar process
was used in the front bucket seat.

The probe handle is oriented parallel (horizontal) to the ground and pointed towards
the back of the vehicle. The probe handle is not oriented normal to the seat surface.
The probe head (incorporating the field sensors) is scanned continuously (using the

max-hold function available in the meter) along three test axes which are parallel to
the seat angle (intended as the line determined by the intersection of the plane of the
seat and the plane of the backrest) and are 20 cm from the seat surface. One test axis
is at the Head height, another is at the Chest height, and another is at the Lower
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Trunk height. The maximum field level value recorded for each test axis is logged.
The MPE is determined by averaging these three maximum values regardless of the
geometrical location where they were observed. For instance, the locations of the
three maxima may lie on different vertical (relative to ground) lines.

This approach leads to results that are representative of the exposure of vehicle
occupants since it is based on an average across the body portions closest to the
antenna for both trunk and roof mount positions, and is conservatively biased
because the highest results for each test axis are combined, e.g. the highest head
exposure could be in the middle of the seat while the highest lower trunk exposure
could be closer to the door.

13.0 Method of Measurement with roof mounted antenna(s)

Introduction

The installation requirements for this radio indicate that in multiple single-band antenna
configurations the antennas should be installed along a transverse line bisecting the roof, with one of
the antennas in the center and the remaining two at 8” (20 cm) on each side. We tested all the
antennas at one of the lateral positions (8” from the center along the mentioned bisecting line) in
order to be closer to the edge of the roof. Additional measurements with antennas placed in the
center of the roof are not needed because that placement would increase the distance to bystanders.
Notice that in the Safety Manual (and the associated leaflet) we define minimum bystander distances
from the vehicle although we test at corresponding distances, as attainable, from the antennas.
Therefore, the exposures occurring at the recommended distance from the vehicle per the Safety
manual will be lower than those occurring in the MPE test set-ups described in the following.

13.1 External/Bystander vehicle MPE measurements

Antenna is located at the side of the roof (20 cm from the center of the roof, along the
width of the vehicle, driver side). Refer to Appendix A for antenna location and distance.

MPE measurements for bystander (BS) conditions are determined by taking the average of
(10) measurements in a 2m vertical line for the test location indicated in Appendix A with
20 cm height increments, with the distance between the antenna and the geometric center
of the probe sensor equal to 90 cm (for VHF, UHF bands) and 60 cm (for 7/800 band).
The measurement probe is positioned orthogonal to antenna (typically parallel to ground
with a vertically mounted antenna) and aimed directly at the antenna’s axis. These
measurements are representative of persons other than the operator standing next to the
vehicle.

Note: Actual test distance for 7/800 band was approximately 85cm from roof mounted antenna to the
measurement probe. This is the closet distance that can be achieved to maintain minimum 20cm
separation between probe sensor and vehicle body used for MPE compliance assessment herein.
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13.2 Internal/Passenger vehicle MPE measurements

Antenna is located at the side of the roof (20 cm from the center of the roof, along the
width of the vehicle, driver side). Refer to Appendix A for antenna location and distance.
MPE measurements for passenger front seat (PF) and backseat (PB) conditions are
determined by taking the average of the (3) measurements (Head, Chest, and Lower
Trunk) inside the vehicle for both the front and back seats.

The backseat is a bench seat and therefore each position (Head, Chest & Lower Trunk)
were scanned across (horizontally) the seat starting from the middle of the seat to the edge
of the seat stopping 20 cm from the vehicle door. Similar process was used in the front
bucket seat.

The probe handle is oriented parallel (horizontal) to the ground and pointed towards the
back of the vehicle. The probe handle is not oriented normal to the seat surface. The
probe head (incorporating the field sensors) is scanned continuously (using the max-hold
function available in the meter) along three test axes which are parallel to the seat angle
(intended as the line determined by the intersection of the plane of the seat and the plane
of the backrest) and are 20 cm from the seat surface. One test axis is at the Head height,
another is at the Chest height, and another is at the Lower Trunk height. The maximum
field level value recorded for each test axis is logged. The MPE is determined by
averaging these three maximum values regardless of the geometrical location where they
were observed. For instance, the locations of the three maxima may lie on different
vertical (relative to ground) lines.

This approach leads to results that are representative of the exposure of vehicle occupants
since it is based on an average across the body portions closest to the antenna for both
trunk and roof mount positions, and is conservatively biased because the highest results
for each test axis are combined, e.g. the highest head exposure could be in the middle of
the seat while the highest lower trunk exposure could be closer to the door.

14.0 MPE Variability Requirement for External/Bystander vehicle MPE measurement

If all the MPE bystander measurements for a particular antenna are below 50% of the MPE limit,
no variability testing for that antenna is required.

If one or more MPE bystander measurements for a particular is between 50-80% of the MPE
limit, with no results > 80%, variability testing shall be done on the single worst case for that
antenna.

For any MPE bystander measurement above 80% of the MPE limit, variability testing shall be
done for all of such configuration. When SAR simulation is performed for a particular antenna
configuration to determine compliance, variability measurements are not required for that antenna
configuration.
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15.0 MPE Calculations

The final MPE results for this mobile radio are presented in section 16.0. These results are based
on 50% duty cycle for PTT for LMR bands.

Below is an explanation of how the MPE results are calculated. Refer to Appendix H, I, J and K
for MPE measurement results and calculations for LMR bands VHF, UHF1, UHF2 and 7/800.

External to vehicle (Bystander) - 10 measurements are averaged over the body (Avg_over_body).
Internal to vehicle (Passengers) - 3 measurements are averaged over the body (Avg_over_body).

The Average over Body test methodology is consistent with IEEE/ANSI C95.3-2002 guidelines.

Therefore;

Equation 2 — Power Density Calculation (Calc._P.D.)
Calc._P.D.=(Avg _over _body)*(probe _ frequency cal _factor)*(duty _cycle)

Note 1: The highest “average™ cal factors from the calibration certificates were selected for the applicable
frequency range. Linear interpretation was used to determine ““probe_frequency cal_factor™ for the specific test
frequencies.

Note 2: The E-field probe calibration certificate’s frequency cal factors were determined by measuring V/m. The
survey meter’s results were measured in power density (mW/cm?) and therefore the “probe_frequency cal_factor”
was squared in equation 2 to account for these results.

Note 3: The H-field probe calibration certificate’s frequency cal factors were determined by measuring A/m. The
survey meter’s results were measured in A/m and therefore the ““Avg_over_body”” A/m results were converted to

power density (mW/cm?) using the equation 3. H-field measurements are only applicable to frequencies below
300MHz.

Equation 3 — Converting A/m to mW/cm”2
mwW /cm”2 = (A/m)"2*37.699

Equation 4 — Power Density Maximum Calculation

max_output _ power
initial _output _ power

Max _Calc._P.D.=P.D._calc*

Note 4: For initial output power> max_output_power; max_output_power / initial output power =1
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Table below summarizes the tested or evaluated antennas and their descriptions, mount location
(roof/trunk), overlap of FCC bands, number of test channels per FCC KDB 447498 (FCC N¢) and
actual number of tested channels (Actual N¢). This information was used to determine the test
configurations presented in this report.

The gain antennas marked with an asterisk are trimmed (meaning their wire is physically cut) to the
optimal length for each operating test frequency so that the measured MPE is representative of the
optimal performing antenna at that frequency.

Table 7
el Overlap
Antenna Frequency . Gain Location FCC | Actual
No. Antenna Model Range (MHz) Physical Length (cm) (dBi) Remarks (Roof/ FCC Bands Ne Ne
(MHz)
Trunk)
VHF (136- 174 MHz)
1 HAD4016A 136-162 51.3 215 1/4 wave Roof 150.8-162 3 5
2 HAD4017A 146-174 46.2 215 1/4 wave Roof 150.8-173.4 4 5
3 HADA4021A 136-174 51.7 215 1/4 wave Roof 150.8-173.4 4 6
4 HAD4006A 136-144 52.0 215 1/4 wave Roof NA 0 3
5 HAD4007A 144-150.8 49.0 2.15 1/4 wave Roof 150.8 1 2
6 HAD4008A 150.8-162 455 2.15 1/4 wave Roof 150.8-162 3 3
7 HADA4009A 162-174 43.0 215 1/4 wave Roof 162-173.4 3 3
130.0 (136 MHz)
118.5 (144 MHz)
. i 114 (150.8 MHz) i
8 HADA4022A 132-174 102.7 (158.0125 MHz) 5.15 5/8 wave Roof 150.8-173.4 4 6
96.5 (165.0125 MHz)
89.9 (173.0125 MHz)
143.5 (136 MHz)
130.5 (146 MHz)
126.8 (150.8 MHz)
* - -
9 RAD4010ARB 136-174 116.5 (158.0125 MHz) 5.15 1/2 wave Roof 150.8-173.4 4 6
112.5 (165.0125 MHz)
103.7 (173.0125 MHz)
UHF1 (380-470 MHz)
10 HAE6010A 380-433 63.5 5.65 1/2 wave Roof 406.1-433 3 5
11 HAE6011A 380-433 91.0 7.15 5/8 wave Roof 406.1-433 3 5
12 HAEB012A 380-433 18.2 215 1/4 wave Roof 406.1-433 3 5
13 HAE6013AY 380-470 29 415 1/2 wave Roof 406.1 -470 6 8
14 HAE6031AY 380-520 28 415 1/2 wave Roof 406.1-470 5 7
15 HAE4003A® 450-470 16 2.15 1/4 wave Roof 450-470 3 3
16 HAE4011A® 450-470 73.2 5.65 1/2 wave Roof 450-470 3 3
17 HAE6015AY 450-520 26.2 415 1/2 wave Roof 450-470 3 3
18 HAE6016AY 450-512 8.3 215 1/4 wave Roof 450-470 3 3
92.7 (450.0125 MHz)
19 *RAE4014ARBY 445-470 90.5 (460 MHz) 7.15 5/8 wave Roof 450-470 3 3
89.0 (469.9875 MHz)
Notes:

(1): Antennas support UHF1 & UHF2 frequency range.
* Antenna length trimmed to frequency.

Form-MPE Auto Vehicle rpt. Rev 8.0
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Table 7 (Continued)

Mount

Frequency . - Overlap
AL Antenna Model Range Physical Length (cm) Gal_n Remarks HOE el FCC Bands peC G
No. (dBi) (Roof/ Ne¢ N,
(MHz2) (MHz2)
Trunk)
UHF2 (450-520 MH2z)

13 HAE6013A® 380-470 29 415 | 1/2 wave Roof 450-470 3 3
14 HAE6031A® 380-520 28 415 | 1/2 wave Roof 450-512 5 6
15 HAE4003A® 450-470 16 215 | 1/4wave Roof 450-470 3 3
16 HAEA4011A® 450-470 732 565 | 1/2wave Roof 450-470 3 3
17 HAEG015A® 450-520 26.2 415 | 1/2 wave Roof 450-512 6 7
18 HAE6016A® 450-512 8.3 215 | 1/4wave Roof 450-512 6 6

92.7 (450.0125 MHz)
19 *RAE4014ARB® 445-470 90.5 (460 MHz) 715 | 5/8wave Roof 450-470 3 3

89.0 (469.9875 MHz)
20 HAEA4004A 470-512 15 215 | 1/4wave Roof 470-512 4 4
21 HAE4012A 470-495 68.5 565 | 1/2wave Roof 470-495 3 3
22 HAE4013A 494-512 64.3 565 | 1/2wave Roof 494-512 3 3

89.0 (470.0125 MHz)
23 *RAE4015ARM 470-494 86.4 (482.5 MHz) 715 | 5/8wave Roof 470-494 3 3

85.0 (493.9875 MHz)

85.7 (494.9875 MHz)
24 *RAE40416ARB 494-512 83.6 (503 MHz) 715 | 5/8wave Roof 494-512 3 3
83.3 (511.9875 MHz)

7/800 (764-870 MHz)

Roof/ 769-775;
25 HAF4013A 764-870 6.1 515 | Uawave | o 799-824; 8 9
851-869
Roof/ 769-775;
26 HAF4014A 764-870 57.7 515 | 1/4wave 799-824; 8 9
Trunk
851-869
Roof! 769-775;
27 HAF4016A 764-870 9 215 | vawave | oM 799-824; 8 9
851-869
Roof! 769-775;
28 HAF4017A 764-870 345 515 | Ldwave | o 799-824; 8 9
851-869
All bands (136-870 MHz)
150.8-173.4
Roof (VHF) 4 6
406.1- 470
Roof (UHF1) 5 7
” ANO000131A01 136-870 55.7 215 | 1/4 wave Roof 450-512 5 R
(UHF2)
769-775;
Roof/ 799-824; 8 9
Trunk 851-869
(7/800)
WLAN
30 PMAN5100A 2400-2500 5.7 (L) x 1.9 (W) 6 ﬁ(')isrft 2412-2462 3 3
2400-2500 / Glass | 2412-2462;
31 PMANS5101A 4900-5000 5.4 (L) x 1.32 (W) 6/3.2 it £180.5825 3 3
2400-2500 / 2412-2462 ;
32 ANO000163A01 4900-5900 7 5.15 Monopole Trunk 5180-5825 3 3
2400-2500 / Roof/ | 2412-2462;
33 ANO000163A05 4900-5900 7 5.15 Monopole Trunk 5180-5825 3 3

Notes:
(1): Antennas support UHF1 & UHF2 frequency range.
* Antenna length trimmed to frequency.
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17.0 Test Results Summary

17.1 MPE Test Results Summary for LMR

Refer to the following appendices for MPE test results summary for each test configuration:
antenna location, test positions (BS-Bystander, PB-Passenger Backseat, PF-Passenger Front seat),
E/H field measurements, angle, antenna model & freq. range, maximum output power, initial
power, TX frequency, max calculated power density results, applicable FCC specification limits
and % of the applicable specification limits.

- Appendix D for VHF

- Appendix E for UHF1
- Appendix F for UHF2
- Appendix G for 7/800

17.2 MPE Test Results for WLAN

Antenna PMANS5100A support WLAN 2.4 GHz only, was intended for mounting on the
windshield of the vehicle. This antenna should be installed close to the top, and on the front
windshield only. Antennas AN000163A01 and AN000163A05 support WLAN 2.4 GHz /5 GHz
should be installed at roof or trunk of the vehicle. WLAN 2.4 GHz and 5 GHz will not transmit
simultaneously.

MPE calculation was use to determine power density for these transmitters due to lower power.
According to FCC’s OET Bulletin 65 Edition 97-01 Section 2, calculations can be made to
predict RF field strength and power density levels around typical RF sources. Equation (5) is
generally accurate in far-field of an antenna.

Equation 5 — Power Density Calculation

_RC ¢
AT1d

Equation (5) accounts for the maximum duty cycle of the signal, and the factor, F, to provide a
worst-case prediction of power density per FCC OET Bulletin 65, Edition 97-01 1997.

Where: S = power density
P¢ = maximum output power scaled by the maximum duty cycle of the signal
G = power gain of the antenna in the direction of interest relative to an isotropic
radiator
d = distance from antenna
F = Enhancement factor [1 or 2.56 for predicting ground-level field strength]
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Table 8 summarized the MPE calculation for WLAN.

Table 8
. . Max Calc. _
Antenna# Max Power | Duty Cycle | Tx Frequency | Antenna Gain|Cable Loss,| Dist., d Enhance MPE FCC Limit| %ToFCC
w) (%) (MH2) (dBi) L (dB) (cm) Factor, F 5 (mW/cm2) | Spec Limit
(mW/cm?)

WLAN 2.4 GHz

PMANS5100A 0.0631 100.00% 2412.0 6.00 2.20 20 1.00 0.0301 1.00 3.01
PMANS5100A 0.0631 100.00% 2437.0 6.00 2.20 20 1.00 0.0301 1.00 3.01
PMAN5100A 0.0631 100.00% 2462.0 6.00 2.20 20 1.00 0.0301 1.00 3.01
PMAN5101A 0.0631 100.00% 2412.0 6.00 3.00 20 1.00 0.0250 1.00 2.50
PMAN5101A 0.0631 100.00% 2437.0 6.00 3.00 20 1.00 0.0250 1.00 2.50
PMAN5101A 0.0631 100.00% 2462.0 6.00 3.00 20 1.00 0.0250 1.00 2.50
AN000163A01 / AN000163A05 0.0631 100.00% 2412.0 5.15 2.20 20 1.00 0.0248 1.00 2.48
AN000163A01 / AN000163A06 0.0631 100.00% 2437.0 5.15 2.20 20 1.00 0.0248 1.00 2.48
AN000163A01 / AN000163A07 0.0631 100.00% 2462.0 5.15 2.20 20 1.00 0.0248 1.00 2.48
WLAN 5 GHz

AN000163A01 / AN000163A05 0.0316 100.00% 5180.0 5.15 3.47 20 1.00 0.009 1.00 0.93
AN000163A01 / AN000163A06 0.0316 100.00% 5502.5 5.15 3.47 20 1.00 0.009 1.00 0.93
AN000163A01 / AN000163A07 0.0316 100.00% 5825.0 5.15 3.47 20 1.00 0.009 1.00 0.93
PMAN5101A 0.0316 100.00% 5180.0 3.20 4.00 20 1.00 0.0052 1.00 0.52
PMAN5101A 0.0316 100.00% 5502.5 3.20 4.00 20 1.00 0.0052 1.00 0.52
PMAN5101A 0.0316 100.00% 5825.0 3.20 4.00 20 1.00 0.0052 1.00 0.52

Notes:
1) Distance from antenna (d), 20cm for more conservative estimation.

2) Cable loss (L),
e 2.20dB with 17’ PFP240 cable for 2.4 GHz WLAN (Antenna PMAN5100A, AN000163A0, ANOO0163A05)
e 3.00dB with 1" RG316 and 16" PFP195 cable for 2.4 GHz WLAN (Antenna PMAN5101A)
e 3.47 dBwith 17’ PFP240 cable for 5.0 GHz WLAN (Antenna ANO00163A0, AN000163A05)
e 4.00dB with 1" RG316 and 16" PFP195 cable for 5.0 GHz WLAN (Antenna PMANS101A)
3) Numeric gain (G), factor in the cable loss with conversion 10°((dBi-L)/10)

4) Enhancement Factor (F), 1 (Ground reflection already factor in during antenna characterization)

17.3 Simultaneous Transmission

LMR bands can transmit simultaneously with WLAN 2.4 GHz or WLAN 5 GHz. WLAN 2.4
GHz and WLAN 5 GHz cannot transmit at the same time.

The highest percentage of limit for each standalone transmitters indicated in Table 10.

Table 9
Highest Percentage of Limit (%0)
n Passenger, Passenger,
Transmitters Frequency Band (MHz) Front Sgeat Back S%at By—(Séz:lSr)]der
(PF) (PB)
LMR VHF 150.8-173.4 88.0 % *212.1 % *202.8 %
LMR UHF1 406.1 - 470 22.7% 454 % 89.9 %
LMR UHF2 450 - 512 22.6 % 37.1% 89.9 %
LMR 7/800 769-775; 799-824; 851-869 20.9 % 23.6 % 22.9%
WLAN 2.4 GHz 2412 - 2462 3.01% 3.01% 3.01 %
WLAN 5 GHz 5180 - 5825 0.93% 0.93 % 0.93 %

* Requires SAR Simulation.
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Per KDB 447498 D01, simultaneous transmission MPE test exclusion applies when the sum of
MPE ratios for all simultaneous transmitting antennas incorporated in a host device is < 1.0,
according to calculated/estimated, numerically modeled, or measured field strengths or power
density.

Calculated Maximum Power density for WLAN 2.4 GHz greater than WLAN 5 GHz and both
transmitters cannot transmit at the same time. Thus, WLAN 2.4 GHz will be used to evaluate
simultaneous transmission test exclusion. The highest combined power density percentage for
simultaneous transmission indicated in Table 10.

Table 10
. . Highest Combined Percentage of Limit (%)
Simultaneous Transmission Passenger Passenger, Back
Scenario Front Seat (PF) Seat (PB) Bystander (BS)

LMR VHF and WLAN 91.01 % *215.11 % *205.81 %
LMR UHF1 and WLAN 2571 % 48.41 % 92.91 %
LMR UHF2 and WLAN 25.61 % 40.11 % 92.91 %
LMR 7/800 and WLAN 2391 % 26.61 % 25.91 %

* Requires SAR Simulations.

18.0 Conclusion

Form-MPE Auto Vehicle rpt. Rev 8.0

The assessments for this device were performed as indicated in section 17.1 (for LMR) and 17.2
(for WLAN) with an output power range listed in Table 6. The maximum allowable output power
is equal to the upper limit of the final test factory transmit power specification listed in Table 6.
The highest power density results for LMR and WLAN transmitters scaled to maximum
allowable power output are indicated in Table 11 for internal/passenger to the vehicle, and
external/bystander to the vehicle.

FCC rules require compliance for Passengers and Bystanders to the FCC General

Population/Uncontrolled limits. The configurations in Appendix D, E, F and G results with “*’
exceed the General Population / Uncontrolled MPE limits.
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Table 11: Maximum MPE RF Exposure Summary

Trunk Mounted Antennas Roof Mounted Antennas
Equipment Frequency band Passenger Bystander Passenger Bystander
Class (MHz) Power Percentage Power Percentage Power Percentage Power Percentage
Density of Limit Density of Limit Density of Limit Density of Limit
(mWicm?) (%) (mWicm?) (%) (mW/cm?) (%) (mW/cm?) (%)
150.8-173.4 * *
(LMR VHF) NA NA NA NA 0.42 212.1 0.41 202.8
406.1 - 470
(LMR UHE1) NA NA NA NA 0.12 454 0.27 89.9
TNB 450 — 512
(LMR UHF?) NA NA NA NA 0.11 37.1 0.27 89.9
769-775; 799-824;
851-869 0.13 23.6 0.13 229 0.04 8.4 0.06 12.1
(LMR 7/800)
2412 — 2462
DTS (WLAN 2.4 GHz) 0.0301 3.01 0.0301 3.01 0.0301 3.01 0.0301 3.01
5180 - 5825
NI (WLAN 5 GHz) 0.009 0.93 0.009 0.93 0.009 0.93 0.009 0.93
Simultaneous (nghest_ Cpmblned 26.61 25.91 *215.11 *205.81
Percentage of Limit)

Notes:

* Requires SAR Simulations to demonstrate compliance to the basic requirements.
NA - VHF, UHF1 and UHF2 antennas restricted for trunk mount installation.

Although MPE is a convenient method of demonstrating RF Exposure requirements, SAR is

recognized as the “basic restriction”. For those configurations in Appendix D, E, F and G results

with “*’, compliance to the General Population / Uncontrolled SAR 1g limit of 1.6 W/kg is

demonstrated through SAR computational analysis.

The computational results show that this device, when used with the offered antennas in
accordance with the user manual instructions, exhibits the maximum peak average SAR values
indicated in the Table below for the configurations requiring SAR analysis.

Table 12

Exposure Conditions

Maximum peak average

SAR (1g)
Passenger 0.57 Wikg
Bystander 1.03 W/kg

19.0 User Instructions Considerations

In order to facilitate the requirements for occupational exposure limits, the Safety Manual for this

radio requires the radio operator to maintain 90 cm in all directions between the vehicle and

external persons while transmitting.

Form-MPE Auto Vehicle rpt. Rev 8.0
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Appendix A - Antenna Locations, Test Distances, and Cable Losses
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Antenna locations

1. Roof (20cm from center)
2. Trunk (85cm from back of the back seat)
3. Trunk (center)
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Passenger Antenna mounting
(LMR VHF, UHF R1, UHF R2 and 7/800 band)

Report ID: P8878-EME-00003

\ L j\l F{oofl

85cm

(3

Trunk y_

Nominal dimension for RoofPlate (W x L): 122cm x 157cm

MNominal dimension for Trunk Plate (W x L): 138cmx 72cm

Notes:

> ~

6cm, Back Bumper

1.) Antenna location Al: APX mobile radio roof antenna mounting locations for passenger back and front testing

(for LMR VHF, UHF R1, UHF R2 and 7/800 bands)

2.) Antenna location A2: APX mobile trunk antenna mounting locations for passenger back and front testing

(for LMR 7/800 band only).

3.) Total distance between trunk mount antenna and rear passenger is 85cm

Form-MPE Auto Vehicle rpt. Rev 8.0
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Bystander Antenna mounting and test locations for distance 90cm
(LMR VHF, UHF Rland UHF R2 bands)

6cm, Back Bumper

—_—| |—

e o o)

20cm

\_ - -
Bystander (BS) Test Locations:

. Roof Mount

Notes:

1.) Antenna location Al: LMR antennas roof mount for bystander testing (20cm offset from center)

2.) Antenna location W: Total 4 locations identified for WLAN antenna mounting. (If LMR antennas installed at
trunk, WLAN antenna should installed at roof and vice versa)
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Bystander Antenna mounting and test locations for distance 60cm

(LMR 7/800 band)
Refer Note (5)
“. I . Refer Note (4)
20cm 85cm 20cm

91cm

/ /@:: [ I\ /—(@\‘ 20cm

@
0 (a3 65.5cm.

« <

20cm

1
-—I1

\ @ Roofl r I_/ Trunk G“Dj—

—_—

Mominal dimension for Roof Plate (W x L): 122cm x 157cm

Mominal dimension for Trunk Plate (W x L): 138cm x 72cm

6cm, Back Bumper

By-Stander (BS) Test Locations:
Roof Mount

Trunk Mount

Notes:

1.) Antenna location Al: LMR antennas roof mount for bystander testing (20cm offset from center)

2.) Antenna location A3: LMR antennas trunk mount for bystander testing

3.) Antenna location W: Total 4 locations identified for WLAN antenna mounting. (If LMR antennas installed at
trunk, WLAN antenna should installed at roof and vice versa)

4.) Total distance between Bystanders from the centered-trunk mount antenna is 60cm and 65.5cm at bumper to
maintain a minimum 20cm separation between probe sensor to the vehicle body.

5.) Total distance between Bystander 45 degree angle from the centered-trunk mount antenna is 91cm to maintain a
minimum 20cm separation between probe sensor to the vehicle body.

6.) Total distance between Bystander 90 degree angle from the centered-trunk mount antenna is 60cm (by moving
antenna location A3 42cm from center of the trunk)
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Seat scan areas
(Applicable to both front and back seats)

Meter- Probe

Il - Probe diameteris 5.5cm

20cm

Head Area

Chest Area
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Test Cable
Teflon RG58A/U Loss Per 100 Feet
160 MHz -5dB
450 MHz -9 dB
1GHz-13.8dB

Form-MPE Auto Vehicle rpt. Rev 8.0

Report ID: P8878-EME-00003

Cable Losses

Customer Cable
RG-58A/U Loss Per 100 Feet
136 MHz-5.5dB
450 MHz-9.6 dB
900 MHz-13.9dB

PFP 240 Loss Per 100 Feet (For WLAN)
2500 MHz - 12.9dB
5800 MHz -20.4 dB
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Appendix B - Probe Calibration Certificates
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it SNETS+LINDGREN s uoorsy

Report 1D 123337 An ESCO Technologies Company Tracking & SOCOM1107
13071 Arrowe Paint Drive Equipment Check
Cedar Park, Texas 78613 | Amemed by O Ot 0g-Fac-18
{512) 531-6400 i e A

Certificate of Test Conformance
Page 1of 1

Reference: S 000041107

Customer: Motorola Solutions Malaysia Sdn. Bhd. - 2A, Medan Bayan Lepas, Baymen Lepas
Technoplex, 11900 Bayan Lupas, Pulau Pinang, Malaysia

The instrument listed below has been tested and verified to Intermnal Quality Standards. Test data is
Affached. Equipment used during instrument testing is controlied by laboratory compliance with
ISCHIEC 17025-2008 and AMSIFNCSL £540-1-1994 using ETS-Lindgren Guallt}r Management
Syatemn internal proceduras.

Manufacturer ETS-Lindgren Status In
In Tolerance
Instrument Type RF Survey Meter Date Completed
o 09-Feb-18
Madel HI-Z200 s Out
Serial Number/ID 00035887 Comgliant with Internal Quality Standards
Remarks

Functional test performed with customer's new probes E100 s/n 00224511 and HZ00 sin 00224521,

| 'would like to take this oppartunity to express our appreciation for using ETS-Lindgren for your EMI tast
aquipment services and | am looking forward to continued business with your organization. Pleasze feel
free to contact our offices at (512) 531-8400, if you have any questions regarding this repaort

Sl.qéerel;.r ?’::J?

j-.

L
G%gg W Date Attested: 09-Feb-18

{.‘.allbranan Su penvisar
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oy P

A e, .
sk NETS-LINDGREN
VN T An ESCO Technologles Compzny o BT
w 1301 Arrow Paint Drive T Dme geFeb-1n

- - CEdﬂ‘r Far}{. TE](EETEETE e e _m.g:rfrzlu;ﬂugm - 1
Gt |0 12aa4n e {542} 5315400 —

Certificate of Calibration Conformance

Page T of 3

The instrument identified below has been individually calibrated in compliance with the following standard(z):
IEEE 1309 - 2073, Instilute: of Electrical and Electronics Engineers, Standand for Calibration of Electromagnetic Field Sensors and
Probes, Excluding Antennas from 9 kHz to 40 GHz

Environment: Laboratory MTE (s maintainad in & temparature controlled ensironment with amixient condiflans fram 18 1o 28 G, relative hurmidity
less than 0%, The irsbrurnent under lest has been calibrated in a suitable ervironment wsing an EMCO TEM Cell 5101C, GTEM 53065402
and an RF Shialded EMC Chambaer which s conducive to maintaining accurste and reliable messurament quality.

Manufacturer: ETS-Lindgren Operating Range: 100kHz - GGHz

Model Mumber: E100 Inatrument Type: Isotropic Frobe > 1 GHx
Serial Number ! 1D 0OE24511

Date Complated: Oe-Feb-18

Test Type: Standard Fleld, Field Strength

Calibration Uncertainty:  Sid Field Meihod 100kHE - § GHz, +-0.84 dB, Linearity +/- 0.95 dB, Isotropicity +/- 0.65

k=2, (85% Confidence Lavel)

Test Remarks: Callbration performed with HI-2200 a/n 00088887,

Calibration Tracesbility: All Measuring and Test Equiprment (MTE) identifiad balow are tracaable to the 51 unita through the Metional Instibute
for Standerds and Technokogy (MIST) or other recognzed National Metrology Instilute. Callbration Leboratory and Quality System controls
ane carmpliant with 1SQVIEC 17025-2005 and ANSVMGSL Z540-1-1994,

Standards and Equipment Used: Make [ Maodel | Narme / 3N / Recall Date Condition of Ingtrument On Releass:
HP 86480 Slgnal Generator 3836U02256  28-Mar-18 In Telerance Lo Intemal Quality Standards
Kaysight ES3040, Powar Sansor MYEE100038  10-May-18
Hewlett Packard E4422B Signal Generator Us40050581 28-Mar-18
Agllert E4410B Power Meter MY45104171 27-Jan-18
Raohde & Schwarz  SWE 1004 Signal Generator 101658 13-8ap-18
Agilent EQ3044, Ponver Sensor 41498013 15Mar-18
Agilent EQE0A, Poviar Sensor My41480012  15-Mar-18
Rohde & Schwarz NRP-Z61 Fowar Sansor 100733 25-Jan-19
Aggilent E44198 Poswer Neter My40610883  27-Jan-19
Flarconi 2024 Signal Generalar 112343043 DE-Apr-16
Rohde & Schwarz MRVD Power Maber 100451 E-Bep-18
Henwiett Packard  B2850L Syntheszed Sweoep Gen 144800422 H0-Dac-18
Hewlel! Packard E4419B Power Matar US38250M7 10-Aug-18
Keysight ES304A Power Senant MY EE1 00005 15-hiar-18
Rohoe & Schemrz MRV-Z55 Thanmal Powsar Sensor 1352 12=dumn=18
Rohde & Schwarz MRV-Z55 Thenmal Power Sensor 100037 0G-Sep-18
Rohde & Schwarz  MRV-255 Thenmai Fowar Senaor 100362 H-Jun-18
Rohde & Schwarz MRP-291 Power Sensar 100734 J’TE 6-Sep-18 ;—ﬂ
Rohde & Schwarz MRP-Z91 Mr Sansar 100246 ; ﬂE-EEPda}; =
# £
A A / s
Galibration Completed By # atiEted antl lssyed on  09-Feb-13
Shawn Schmitt, Calibration Technician George Cisneres, Callbration Supenisor
Thiss ciocumeni provides lraceab iy of a v Nt slirriais s ol el procoicss gt 0 ETS-Lindgeen Calbred on Loteralorny. Uresmaindies | s

der vad drom e mairods dasorted by HIST Tiech kot 1207 This cerlcs dod negedt gy nol Be reprodosed, excepl in 1, withoul $a wridan approval of ETE-Lindgrom Caliznsdion
Lasariiedy o pitasidans with |BOMES 1T025-2085 and ANEIKCSL ZE&0-1-1854. The resilis in Shle dooumen] redafe only o #e bemesls] listed and should mob be conscensd
rapracondabva of @ populodan enless olherwise noled. CAF 1127 J0311)
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CALIBRATION REPORT

 Electric Field Sensor

Model SN Date: 08 Feb 2018
E100 002245711
HI-2200 OO0BEEAT
! e |nstrumant
_ Other
_ Out of Tolerancs
Frequency Response _ Within Toltrance
Fraguency Mominal
Response Flaid Cal Factar* Desvigtian
fiHz Wim (EspoiedEingicated) o5
1 1 20 1.49 -3.48
2 0.5 20 1.12 =1.00
3 1 20 1.08 -0.41
4 3 20 1.01 -0.11
5 15 20 1.1 -0.10
& 2712 20 1.0 -0.12
7 100 20 1.03 -0.23
8 200 20 1.02 -0.15
] 1000 20 0.53 0.08
10 1400 20 1.03 -0.24
11 1800 20 1.08 -0.68
12 2000 20 1.10 -0.81
13 2400 20 1.11 -0.82
14 2800 20 1.08 -0.68
15 o000 20 1.06 .52
16 3400 20 .08 0.46
17 3800 20 1.04 -0.32
18 4000 20 1.07 -0.57
19 5000 20 1.40 -2.594

* Comeclad alectric field values (Wm) can be obtained by multiplying the Cal Factor with the indicated
E feld readings,

Limearity
meximum linearity deviation i §.89 d&
(rmeasurements taken from 0.3 Wim to B30 \Vim at 27.12 MHz)

Test Conditions
Calibration performed al ambient room lemperslure, 23 £3°C

Page 2 of 3
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FCC ID: AZ492FT7118 Report ID: P8878-EME-00003

NETS -

PROBE ROTATIONAL RESPONSE

Model E100

S5/IN 00224511

Date Date of Calibration 08 February 2018
Time (9:26: 18 AM

Isotropy * +0.275 4B/ -0.275 dB

Figure 1: Probe Isotropic Besponse Chart,

Isotrople response is mossured in s 31V /m field at 40 MH=
*l=otropy 15 the maximum deviation from the gemetric mean 48 defined by IEEE 1300-2013,

Page 3 of 3
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FCC ID: AZ492FT7118

Report ID: P8878-EME-00003

ST al gy

E i o ) J : "
ﬁ;ﬁf S Loty An ESCO Technologies Company - L ]
Fr T 1301 Arrow Point Drive R T ¥ X
Cadar Park, Texas 78613 Bl

wuua-lhqg,m_ i T a

LETTOT T8RS

Certificate of Calibration Conformance

Page 1af 2

The instrument identified below has been individually calibrated in compliance with the following standard(s):
IEEE 1308 - 2013, Instifute of Electrical and Electronics Enginears, Standard for Calibration of Elecremagnetic Field Sensors and

Probes, Excluding Arlennas from O kHz to 40 GHz

Envirenment: Lebaratory MTE is maintained in a temparature controlied snvirenment with amblent condltbons from 18 te 28 C, relative: humidity
less than 20%. The instrument under test has been calibrated in 2 sultable environment using an EMCD TEM Cell 51016, GTEM 5305/5402
and an RF Shislded EMC Chamber which is conducive 1o maintaining accurate and relizble measurament guality

Manufacturer: ETS-Lindgran Operating Range: 5-300MHz § 30madm-104m
Model Number: H200 Instrumant Type: Izatropic Magnetic Field Probe (2)
Serlal Number / 10: 224521

Date Completed: 09-Feb-18

Teat Type: Standard Finld, Field Strength

Calibration Uncertaindy:  Direct Field Method

k=2, [95% Confidenca Leval

Test Remarks:

1.15dE

Calibration parfarmed with H-2200 sin 0086287,

Galibration Traceabilty. Al Measuring and Test Equipment (MTE) identified balow are traceable to the 51 units theough the Mational institube
for Stendards and Techrology (MIST) or other recognrized Mational Metrology Instiute, Calibration Laboratory and Quality Systern contrals
ara compliant with [50IEC 170252005 and ANSIMNCSL 2540-1-1 904,

Standards and Equipment Usad: Make | Model f Mame ! S/IN | Recall Data

HF SE480G Signal Generator
Kaysight Ega04A Power Sensor
Hawlatt Packard E44228 Sianal Ganeralor
Apgllent E44158 Power Meter
Rohde & Schwarz  SME 1004 Signal Ganerstor
Agibent EQ(4n Pravar Sangor
Pgilent ER3048 Power Sansor
Rohde & Schwarz  NRP-Z§1 Pawer Sensar
Agilent E441498 Powar hetar
Calibration Completed By

Shawn Schmitt, Calibration Technician

Candition of Instrument On Releasa:

3RS0 2E-Mar-18 In Tolerance to Intemal Quaity Standands
KIYEE100039 10-May-18
LS40050591 28018
MY45104171 27-Jan-19
101558 13-Sep-18
B A1438013 15-Ntar-18
MY41489092  15-Mar-18
100733 26-Jan-19
MYA0510683  27-Jan-19

P/
__-"J; IFM H{— f;wguf

< attastod md;éau "N 09-Fab-18
Gegrge Clanerps, Calibration Supervisor

Thae documerd priwei s Fisiat ity oF Fisien s |6 masgn 2o mafonal standands using conirlsd processes. o the ETE-Linfgren Calbralion Laboemtony. Lincsriaming Behad aie
dhiimwimad Fram tha bt dEsenibad by MEST Teah Mots 1257 This coiioals and rapont maoy mict be rapesduced, mecepd in Al without the written spproval of ETS-Lindgren Calbraton
Laberatony In socordance wih ISOMEG 17028-2003 sral AMSINCSL Z500-1-1900 The resille i o st n bis on by o e ilsmela) Gad dnd ghau el nol B consislenad

reprasetistve of 8 populshon yriees ofnenetes nogsd, OAF 1127 W0811)

Form-MPE Auto Vehicle rpt. Rev 8.0
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CALIBRAHON-REPORF—— ——n—

Magnetic Fiald Sensar
Moda! =

Date: 08 Feb 2018
H200 00224521
HI=2200 0008E58Y
H Mendt Insbauieat
_ DOither
- Dut of Taleranss
Frequency Response _ Wilhin Tebaranca
Fragquency Mormiral
Response Fiald Cal Faclor" Deviation
MHz Adm {EspriiedEindicated) o8
1 13.56 0.08 1.04 -0.38
2 2712 .02 1.02 -0.20
3 100 0.08 0.96 032
4 150 Q.08 0.87 118
] 175 0.08 0.83 1.80

* Camecied magnetic ek walues (Am) can ke oblained by multiplying the Cal Feslor with (he indicated
H flald resdings.

Linearity

mdaxiitiEm linaanty dewiatian (s 0.54 dB

{measurements taken from 20 mim to 9 &m at 2712 MHz)

Test Conditions

Calpration pertformed at ambient room lempearaune; 23 £3°C

The abaws sersor was callbrated lo faclory spaciBoations, This calibratior & performed per IEEE 1308

standard. Al equpment used are tracesnle to US Mational instilute of Stardands and Technalogy
(NISTL

Page 2 of 2
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FCC ID: AZ492FT7118 Report ID: P8878-EME-00003

it SVETSLINDGREN e unoseer

Report |D; 120864 An ESCO Technelogies Company Treckeg# Bo00aG26D
i PP 1301 Arrow Paint Drive Equipment Check
Lab ID:1207.01-Calibration Cedar Park, Texas 78813 Adried by GG Db 15-Aug17
(512) 531-6400 s s——n

Certificate of Test Conformance
Page 1of 1

Reference: S 000039350

Customer: Motorola Solutions Malaysia Sdn. Bhd. - Plot 24, Medan Bayan Lepas, Mukim 12,
S0, - Bayan Lepas - Penang 11900 - Malaysia

The instrument listed below has been tested ane verified to Infemal Quality Stancards. Test data is
Mot Applicale. Equipment used during instrument testing is controlled by laboratory compliance with
ISOVIEC 170252005 and AMNSUNCSL £540-1-1984 using ETS-Lindgren Quakty Management
Systen intemal procedurss.

Manufacturer ETS-Lindgren Status In
In Tolerance
Instrument Type RF Survey Meter D c Iated
T5-Aug-17
Madet Hk2200 Status Out
Serial NumberID 00208805 Compliant with Inbernal Quality Standards
mark

Funchanal iest performed with custormar's proba SN QD2087TET,

Iwould like to take this opporiunity to express our appreciation for using ETS-Lindgren for your EMI test
equipment services and | am looking forward to continuad business with your organization. Please feal
free to contact our offices at (512) 831-6400, If you have any questons regarding this report.

Date Aftested: 15-Aug-17

LCallbration Supervisor

Form-MPE Auto Vehicle rpt. Rev 8.0 Page 35 of 43



FCC ID: AZ492FT7118

Report ID: P8878-EME-00003

SVETS- LINDGREN

An ESCO Technologies Company

Dear ETS-Lindgren Customer,

The Certificate of Calibration accompanying this product states the date this unit
was calibrated according to ETS-Lindgren procedures. According to 150 17025,
para 5.10.4.4 we are advised not to indentify an instrument recommended
calibration interval, in complying with this requirement we have not included a cal
due/recal date on the certificate or the calibration label. Therefore, the
recalibration recall date of this unit should be based on when the product is
placed in service by the user, plus the user internal calibration interval as defined
by the customer’s quality system. We have determined that the calibration of this
product is not adversely affected by storage prior to its initial receipt by the

customer.

ANSI Cb3series recommends a calibration interval of 12 months. To determine the
date for recalibration, the customer should use the appropriate start date and
apply either the industry recommended calibration interval on the calibration
label, or an interval that satisfies their organizations quality system requirements,
This label should then be applied to the instrument.

The recalibration due date should be annotated on the calibration label provided.

For information regarding the establishment of calibration intervals, please

contact us via our web page at www.ets-lindgren.com . You may also call your
local ETS-Lindgren Sales Representative or our home office in Cedar Park, TX at

{512) 531-6400 far more information.

Ronald W. Bethel
Quality Assurance Mgr

Recal Recommendation Notice (6-10)

1301 Arrowy Poink Drive + Cedar Park, Texas 7E613 = Phome 512,531 8400 = Fax 512.531.6500
infodDetsdindgren.com = www.atsJindgren.com

Page 36 of 43
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MNETS 'QNDGR EN SNETS-LINDGREN

ESCO Technologies Compamy
1301 Arrove Point Drive | Tracih SO0 Lod cul [
Cedar Park, Texas T8613 | By MR Dat ifmugiT |
Cert 1.D.; 120863 (512) 531-8400 LR e
Certificate of Calibration Conformance
Page 1of 3

Thie instrument identified below has been individually calibrated in compliance with the following standard (5);

IEEE 1304 - 2013, Insifute of Electrical and Electronice Enginears, Standard for Callbration of Elsclramagnetic Field Sensors and
Frobes, Excluding Anlennas from 9 kHe o 40 GHz

Emvironment: Labaratory MTE is maintained in a tomperature controlted ervirenment with ambient conditions from 18 to 28 ©, relative humidity
tess than 90%. The instrumeant under tast hes been celibrzled i a sutabls envinonment using an EMCO TEM Cell 51010, GTEM 5308/5402 gnd
an RF Sheeided EMC Chamber which le conducive to mainlaining accurate and relisbie maasuremeant oeality

Manufacturer: ETS-Lindgren Qperating Range: 100kHz - 5GHz

Maodal Mumbar: E100 inatrement Type: Iseiropic Probe = 1 GHz

Serfal Mumber! ID: 00208767 Date Code:

Tracking Mumber: 5 00DO2A3S53 Alternate 1D:

Date Completed: FhfLg-17 Customer: Motorola Solutions Malaysia Sdn

Bhd. - Plot 2A, Medan Bayan Lepas,

Test Type: Standard Fiaid, Field Strength Mukim 12, 5 W.D. - Bayan Lepas -
Penang 11800 - Malaysia

Calibration Uncertainty:  Std Field Mathod 10kHz - § GHz, +-0.64 g8, Linearily +/- 0.95 dB, lsotropicity +0- 008

s [BS% Confidencs Laval

Test Remarks: FProbe recelved in toderance thus before and after dala are e same, Probe calmabed wilh HEZ200 S0 00206805,

Calibration Traceab@ity. A Measuring and Test Equipmant (MTE) identified below are iraceatde ta the 51 units throwgh the Mational
Institute for Standards and Technology (MIST) or ather recognizad Netonal Metrobagy Institule, Callbration Latosmatory and Quality Syatam
condrots are complient with ISONEC 1T025-2006 and ANSINCSL Z540-1-19594,

Standards and Equipmeant Used:

Maka { Modl # Name ! S/ { Recall Date o o rument

HP BE4EC Signal Generatar SB3EUNZ235 2B-Mar-18 In Tolerance to Infermal Quality Standards
Keysight E9504A Power Sansar MYS6100039  10-May-18 on :

Mlarcani 2024 Signal Ganerator 1123430043 (5-Apr-18

Agilant N5181E MXQ Signal Generster  MYS1350051  05.Daeq7 1 Tolerancetointemal Quallty Standards
Agilent Ef304h Powar Sensor MY41499013  15-Mar18

Agilent EB3048 Powist Sensor MY41499012  15-Mar-18

Agilent METE1A WXG Analog Simal Gene MYSNM40851  08-Mar-1B

Agilent E4418B Powsar Matar MY40510603 27-Jan-1B

Agllent [Fii B USE Power Sensor WYSO000ZED  06-Dec-17

Hawlatt Packard  83G50L Synihesized Sweep Gon 3044800422 22-Sep-17

Rohde & Schwarz 857 8008.02 Power Mater  NRVD B2B11M01D 28-Hon-17

Rohde & Schwarz  WRV-ZES Themmal Power Seraor 100363 03-Mow-17

Rohde & Schwarz  NRP-Z51 Power Sensor 100733 D3N 7

Rohde & Schwarz NRP-Z21 Powier Sensor 100732 Mo-17

Rohde & Schwarz  NRV-Z55 - Thammnal Power Sensor 100358

LA i LE"}' FrI T it
Calibration Completed By i
Maynard Rech, Calibratien Technician Gaorge C

S-Mug-17
, Calibration Supandaar

This documaent prowvides imosoblihy of mess gemenis fo recognized retiorsl stendan s u sl ool ied processss 31 the ETS-Lrdgren ©sibeation Lebomtory, Uncerisinties isied om
dertvnd from tha mathoca cesombed by MIST Tach bote 1257 This certificile snd repot roy nel be fegroducid wasaal in 1, wiiheid b witter agproval of TS Lindgeen Calibvation
Laboraimey In accordancs with | B0MEC T735-2005 sevd ANSUROEL ZE40-1-108. Trea resdis i this document ralala on by 0B Hem{g) abind e shaid rol b consizened

repress bl of @ poslabon uriess otherwise nobed AF 1127 (08M 1]

Form-MPE Auto Vehicle rpt. Rev 8.0 Page 37 of 43



FCC ID: AZ492FT7118 Report ID: P8878-EME-00003

CALIBRATION REPORT

Electric Flald Sensor

Mode! S Date: 14 Aug 2017
E100 Q0206767
HI-2200 0206805
MNew Insinement
. Caher
_ Ot af Toleran e
Fregquency Response X Wilhin Toherance
Frequency Narinal
Response Figld Cal Factar® Draviation
MHz Wim {E8pgiiedE nizabid) db
1 1 20 1.07 -0.58
2 15 20 1.00 0.03
3 30 20 1.00 .01
4 75 20 1.00 -0.02
5 100 20 1.00 0.00
<] 150 0 1.1 -0.07
7 200 20 0.98 0.18
a 250 20 1.00 .04
] 300 20 1.00 0.0z
10 400 20 1.00 0.00
11 500 20 1.04 -0.35
12 500 20 1.08 -0.42
13 700 20 1.07 =0.60
T4 00 20 1.08 -0, FE
15 a00 20 1.04 4033
18 1000 20 0.96 0.06
17 2000 Z0 1.01 -0.05
18 2450 20 1.08 -0.64
14 3000 20 1.10 -0.83
20 3500 20 1.04 -0.37
2 4000 20 1.06 -0.45
22 5000 20 1.28 =217
23 5500 20 1.489 345
24 G000 20 1.43 -3.12

* Corecled slectric field values [Vim] can be ohiained by multiphing the Cal Factor with the indicated
E fiald readings.

Linearity

miximum Trearity deviation i 0,34 68

(measursmants taken from 0.3 Vim fo B03 Wim at 27.12 MHz)

Test Conditions
Callbration periormed at amblant room termpersture; 23 $3°C

Page 2of 3
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FCC ID: AZ492FT7118 Report ID: P8878-EME-00003

Sﬁ*m -LINDGREN

An ESCO Teﬂﬂﬁm Company

PROBE ROTATIONAL RESPONSE

Model E1(H)

S/N 0206767

Report SO00039359

Date Date of Calibration 15 August 2017
Time 12:04-21 PM

Isatropy * + 0.200 4B/ -0.200 4B

Figure 1: Probe lsotropic Response Chart.

Iotropic response is measured in a 20V /'m field at 200 MHz
*laotropy is the maximum deviation from the peometric mean a5 defined by IEEE 1300-2013.

Page 3of 3
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FCC ID: AZ492FT7118
Service Test Report
DAF 1126, 0317
Report ID: 121058

Reference: 5 0000303258

Report ID: P8878-EME-00003

SNETSLINDGREN  =#uoster

A ESCO Technologies Company Trading ¥ E0CO209065

1301 Arrgw Paint Driva Equipment Check

Cedar Park, Texas T8613 i "‘“““"‘“"—i Piate: ‘258517
(512) 531-9400 T ———

Certificate of Test Conformance
Page f1of 1

Customer: Molorcla Soutions Melaysia Sdn. Bhd. - Plot 24, Medan Bayan Lepas, Mukim 12,
S.W.D. - Bayan Lepas - Penang 11900 - Malaysia

The instrument Estad balow has been tasted and verfied to Iatermal Quality Standards Test data s
Attachad. Equipment used during instrument testing is controlled by kaboratary compliance with
ISONEC 170252005 and ANSIMCSL Z540-1-1994 using ETS-Lindgran Quality Managerment

System internal procedures,

Manufacturer ETS-Lindgren Statys In
In Tolerance
Instrument Type RF Suney Meter Date Completed
28-Aug-17
Model HI-2200 Status Qut

Serlal NumberilD 00085316

Fémn_arkﬂ

Compliant with |ntemal Quality Standards

Functional test performed with customer's probe

I'weuld like o take this opportunity to express our aporeciation for using ETS-Lindgren for your EMI test
equipment services and | am looking forward to continued business with your organization. Plezss feel
free to contact our offices at (512) 531-8400, if you have any questons regarding this raport,

Calibration Supervisor

Form-MPE Auto Vehicle rpt. Rev 8.0

Date Attested: 25-Aug-17
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FCC ID: AZ492FT7118 Report ID: P8878-EME-00003

ia'."l"l’i._,_

s &R NETS*LINDGREN ssersuocren

£ ESCO Technologies Comparny "
1301 Arrow Point Drive Tracke S000030358 Lud el [ |

Cedar Park, Texas 78613 By P Dot afaugdr |
CertlD. 121058 (512) 531-6400 pecnes

Certificate of Calibration Conformance '
Page 1of 2

The instrument identified balow has bean individually calibrated in compliance with the following standard(s):

|EEE 1308 - 2013, Instiiute of Elecircal and Eleciranica Empinears, Standard for Calibrabon of Elctrormagnetic Field Sengors and
Profes, Exciuding Antennas from § kHE to 40 GHz

Erviranmant: Laboratory MTE is malntained in @ temperature confralled environment with embient conditions from 18 to 28 C, relslive humidity
less ihan S0%. The Instrument under g5t has been calibratad in & suitsbls environment using an EMCO TEM Cell 5101C, GTEM 5305/58402 and
an RF Shiglded EMC Chamiber which is conducive fo maintaining acsurate and relisbds measurerment guality

Marnufachurer: ETS-Lindgren Operating Range: §-300MHz / 30mAdm-104m
Model Humbar: H200 Inatrument Type: lsatrapic Magnetic Field Probe (2)
Serial Mumber 1D: 206837 Date Code:

Tracking Mumbear: S 000038355 Alternate |D: MSI0208

Diate Completed: 25-AugiT Custiomer: Matoreta Solutions Malaysia Sdn.

Bhd. - Plot 24, Medan Bayan Lepas,

Test Type: Standard Fiald, Field Strergth Mukim 12, 8W.D. - Bayan Lepas -
Penang 11900 - Malaysia

Galibration Uncertainty;  Direct Fisld Method 11543

k=2, (5% Confidence Level)

Tast Remarks:  Frobe calbrated with HI-2200 S/M 00086318

Calincation Traceablity, Al Measuring and Test Equipment (MITE) idenlified below are trecaable to the 51 units through the National
Institute for Standards and Techknalegy (MIST) or ather nacegnized Malionsl Melrology Instibute. Calibration Lasoratey and Quality System
conlrals are comphant with ISONEC 17025-2005 and AMSINCSL Z540-1-1884,

Standards and Equipment Used: Condition of Instrument
Make | Maodel / Namea /| S/N | Recall Date Upon Recaipt:

HP HB4EC Signal Gensrator JES6U0223E  268-Mar-18 In Tolerance to Internal Cuality Standards
Keysight E930dA Power Sensor MYS510003%  10-May-12 On Release:

harean| 2024 Signal Genarator 112343043 05-Apr-18 I Tolerance to Intermal Cuality Standads
Agibant KE1818 MG Signal Genarator  WMYH1360051 05-Dec-17

Agilant E930dA Power Sensor M41499013 15Mar-18

Agibant EQZ0dA Fower Sensor MY41499012  15Mar-18

Agilent METB1A MXG Analeg Siqnal Gepe MY 50140851 0&-Mar-18

Agident E44158 Fower Mater MY40510683  27-Jan-18

Agilent 0044 USE Power Sensar MYSO00028D  06-Dec-17

R T
" Calibration Completad By
=7 Prangisco D Makdonada, Calibration Technictan

Tris dacumont provides Faeabi By of massuramenls 1o recagnized nalknal standands usng conirclad proosases gl e ETEALindgren Calbration Laborwiony. U nceisinGis s an
i from e mathode descrid by MIST Tech Mot 1287, Tris certiicate and mport may not Ge nep roduced, dseegl in LI, wihou” the wiitien spproval of ETE-Linckyran Akl
Labcralney in acmrdnc wih BONEC 170252008 and ANSINCEL Z040-1-1554, The resuts in this documanl refole anly o the Lom(s] leosd ard shcadd ned be coreidened
repressntsiviof @ pogulation unless olharwies rokd, QAF 1127 G311)
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FCC ID: AZ492FT7118

Report ID: P8878-EME-00003

-~ CALIBRATIONREPORT —

Magnatic Fleld Sensor
Maddel SN

Date: 25 Aug 2017
H200 00208937
HI-2200 Q0086316
MNews Instrument
_ {Mhar
Ot of Tolerance
Frequency Response X Within Tolerancs
Freguancy Norrnal
Response Fiald Cal Factor~ Deviation
NHz Afm (EapmleaE ndlcaled) dg
1 10 30 1.08 .78
2 16 30 1.08 -0.54
3 kKl 30 1.04 -0.30
4 0 30 1M 012
5 75 30 .98 021
] 100 30 0.90 0.89
T 180 a0 (.88 1.08
B 175 30 0.584 1.53
g 200 30 07e 24907
10 250 30 067 343
11 300 30 .68 4,87

* Corrected magnesc field values (m) can be abtained by mulliplying the Cal Factor with the: indicated

H finld readings.
Linearity

masimum Enearity deviation is 0,24 dB

{measuremants {aken frorm 30 maAm o & A at 27,12 MHz)
Test Conditions

Callarafion performed at amblant mom femperaiure: 23 £3°C

The above sensor was calirated (o factory specificatiens. This calibration is performead par [EEE 1308
siendard, Al equipment wsed are traceable fn UE Netionsl Insttute of Standards and Technology

{MISTH,

Form-MPE Auto Vehicle rpt. Rev 8.0

Page 2of 2
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Appendix C - Photos of Assessed Antennas
(Refer to Exhibit 7B)
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