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Dusmantha Tennakoon, Project Engineer Jennifer Warnell
Electromagnetic Compatibility Lab Documentation Department

Engineering Statement: The measurements shown in this report were made in accordance with the procedures indicated, and the
emissions from this equipment were found to be within the limits applicable. 1 assume full responsibility for the accuracy and
completeness of these measurements, and for the qualifications of all persons taking them. It is further stated that upon the basis of the
measurements made, the equipment tested is capable of operation in accordance with the requirements of the FCC Rules Part 15.247 and
Industry Canada standard RSS-210, Issue 7, June 2007 under normal use and maintenance.
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Wireless Manager, Electromagnetic Compatibility Lab
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List of Terms and Abbreviations

AC Alternating Current

ACF Antenna Correction Factor

Cal Calibration

d Measurement Distance

dB Decibels

dBpA Decibels above one microamp

dBpvV Decibels above one microvolt
dBpA/m Decibels above one microamp per meter
dBuVv/m Decibels above one microvolt per meter
DC Direct Current

E Electric Field

DSL Digital Subscriber Line

ESD Electrostatic Discharge

EUT Equipment Under Test

f Frequency

FCC Federal Communications Commission
GRP Ground Reference Plane

H Magnetic Field

HCP Horizontal Coupling Plane

Hz Hertz

IEC International Electrotechnical Commission
kHz kilohertz

kPa kilopascal

kV kilovolt

LISN Line Impedance Stabilization Network
MHz Megahertz

puH microhenry

V] microfarad

us microseconds

NEBS Network Equipment-Building System
PRF Pulse Repetition Frequency

RF Radio Frequency

RMS Root-Mean-Square

TWT Traveling Wave Tube

Vim Volts per meter

VCP Vertical Coupling Plane
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.  Executive Summary

MET Report: EMC28036-FCC247 © 2010, MET Laboratories, Inc. Page 1 of 101
DOC-EMC702 6/18/2009



1 1
&é M E T@ Electromagnetic Compatibility
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Vehicle Mesh Point ES820 (M25 and M5 Radios) CFR Title 47 15.247; RSS-210, Issue 7, June 2007

A Purpose of Test

An EMC evaluation was performed to determine compliance of the Fortress Technologies Vehicle Mesh Point
ES820 (M25 and M5Radios), with the requirements of Part §15.247. All references are to the most current
version of Title 47 of the Code of Federal Regulations in effect. In accordance with §2.1033, the following data is
presented in support of the Certification of the Vehicle Mesh Point ES820 (M25 and M5 Radios). Fortress
Technologies should retain a copy of this document which should be kept on file for at least two years after the
manufacturing of the Vehicle Mesh Point ES820 (M25 and M5 Radios), has been permanently discontinued

B. Executive Summary
The following tests were conducted on a sample of the equipment for the purpose of demonstrating compliance

with Part §15.247, in accordance with Fortress Technologies, purchase order number 0002200. All tests were
conducted using measurement procedure ANSI C63.4-2003.

FCC Reference IC Reference Description Compliance
47 CFR Part 15.247:2005 RSS-210 Issue 7: 2007 Applicable Standard Compliant
Title 47 of the CFR, Part 15 . .
§15.203 N/A Antenna Requirement Compliant
Title 47 of the CFR, Part 15 . .
§15.207(a) RSS-GEN(7.2.2) Conducted Emission Voltage Compliant
Title 47 of the CFR, Part 15 . . .
§15.247(a)(1) RSS-210(A8.2a) Occupied Bandwidth Compliant
Title 47 of the CFR, Part 15 .
§15.247(h) RSS-210(A8.4) RF Output Power Compliant
Title 47 of the CFR, Part 15 . . . .
§15.209, §15.247(d) RSS-210(A8.5) Radiated Spurious Emissions Compliant
Title 47 ogtlrgez((j)I;R, Part 15 RSS-210(A8.5) Emissions at Restricted Band Compliant
Title 47 of the CFR, Part 15 . .. .
§15.209, §15.247(d) RSS-210(A8.5) Conducted Spurious Emissions Compliant
Title 47 of the CFR, Part 15; . .
§15.247(e) RSS-210(A8.2b) Power Spectral Density Compliant
Title 47 of the CF.R’ Part 15 RSS-Gen(5.5) Maximum Permissible Exposure Compliant
§15.247(i)
N/A RSS-Gen(6) Receiver Spurious Emissions Compliant

Table 1. Executive Summary of EMC Part 15.247 ComplianceTesting
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II. Equipment Configuration
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Vehicle Mesh Point ES820 (M25 and M5 Radios) CFR Title 47 15.247; RSS-210, Issue 7, June 2007
A Overview

MET Laboratories, Inc. was contracted by Fortress Technologies to perform testing on the Vehicle Mesh Point
ES820 (M25 Radio), under Fortress Technologies’ purchase order number 0002200.

This document describes the test setups, test methods, required test equipment, and the test limit criteria used to
perform compliance testing of the Fortress Technologies, Vehicle Mesh Point ES820 (M25 and M5 Radios).

The results obtained relate only to the item(s) tested.

Model(s) Tested: | Vehicle Mesh Point ES820 (M25 and M5 Radios)

Model(s) Covered: | Vehicle Mesh Point ES820 (M25 and M5 Radios)

Primary Power: 120 VAC, 60 Hz

FCC ID: WYK-ES820

Type of Modulations: OFDM

e !EUT Equipment Code: DTS
Specifications:

o5 |24 GHz: 23.17 dBm (0.207 W)
Peak RF Output Power: 5.8 GHz: 23.35 dBm (0.216 W)
M5 | 26.77 dBm (0.475 W)

M25 | 2412 - 2462 MHz and 5745 — 5825 MHz

EUT Frequency Ranges:

M5 5745 - 5825 MHz

Analysis: | The results obtained relate only to the item(s) tested.

Temperature: 15-35° C

Environmental

- AR
Test Conditions: Relative Humidity: 30-60%

Barometric Pressure: 860-1060 mbar

Evaluated by: | Dusmantha Tennakoon

Report Date(s): | January 21, 2010

Table 2. EUT Summary Table
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B. References

CFR 47, Part 15, Subpart C

Federal Communication Commission, Code of Federal Regulations, Title 47,
Part 15: General Rules and Regulations, Allocation, Assignment, and Use of
Radio Frequencies

RSS-210, Issue 7, June 2007

Low-power License-exempt Radiocommunications Devices (All Frequency
Bands): Category | Equipment

ANSI C63.4:2003

Methods and Measurements of Radio-Noise Emissions from Low-Voltage
Electrical And Electronic Equipment in the Range of 9 kHz to 40 GHz

ANSI/NCSL Z540-1-1994

Calibration Laboratories and Measuring and Test Equipment - General
Requirements

ANSI/ISO/IEC 17025:2000

General Requirements for the Competence of Testing and Calibration
Laboratories

Table 3. References

C. Test Site

All testing was performed at MET Laboratories, Inc., 914 W. Patapsco Ave., Baltimore, MD 21230. All
equipment used in making physical determinations is accurate and bears recent traceability to the National
Institute of Standards and Technology.

Radiated Emissions measurements were performed in a 3 meter semi-anechoic chamber (equivalent to an Open
Area Test Site). In accordance with §2.948(a)(3), a complete site description is contained at MET Laboratories.

D. Description of Test Sample

The Fortress Technologies Vehicle Mesh Point ES820, Equipment Under Test (EUT), is a dual radio access
point/bridge. 1t embeds two COTS high power radios (M25 and M5) and two Ethernet ports in a ruggedized
enclosure. The radio operates in accordance to the 802.11a and 802.11g standards.

The ES820 is intended to provided outdoor mobile connectivity in a secure manner both wired and wirelessly.
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P

——Power Stotus Enetl Enet2 Radiol Rodio2

Photograph 1. Front View of EUT

Photograph 2. Rear View of EUT
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E. Equipment Configuration

Ref. ID Name / Description Model Number Serial Number

1 Fortress Vehicle Mesh Point ES820 109260332

Table 4. Equipment Configuration

F. Support Equipment

Support equipment was not necessary for the operation and testing of the Vehicle Mesh Point ES820 (M25
Radio).

G. Ports and Cabling Information

Cable Description or reason Length | Shielded | Termination Box

Ref. ID | Portname on EUT for no cable Qty. (m) (Y/N) ID & Port Name
N/A Ant (1 &2) Antenna 2 N/A N/A Spectrum Analyzer
N/A AC Pwr Provides power 1 N/A N/A External AC

Charger

37-pin cable to provide
N/A N/A connections for Ethernet, 1 N/A N/A N/A
serial, LEDs, and push buttons

Table 5. Ports and Cabling Information

H. Mode of Operation
The ES820 can operate in 802.11a and 802.11g modes. These modes may be configured using the Ul of the
product. Additionally, these modes may be entered by using ART, the Atheros Radio Test tool. This is a

standard tool provide by Atheros for directly manipulating and configuring their chips during testing and
manufacturing.

l. Modifications
a) Modifications to EUT
No modifications were made to the EUT.
b) Modifications to Test Standard
No modifications were made to the test standard.
J. Disposition of EUT

The test sample including all support equipment submitted to the Electro-Magnetic Compatibility Lab for testing
was returned to Fortress Technologies upon completion of testing.

MET Report: EMC28036-FCC247 © 2010, MET Laboratories, Inc. Page 7 of 101
DOC-EMC702 6/18/2009



1 1
&é M E T@ Electromagnetic Compatibility

Fortress Technologies Intentional Radiators — M25 Radio
Vehicle Mesh Point ES820 (M25 and M5 Radios) CFR Title 47 15.247; RSS-210, Issue 7, June 2007

[11. Electromagnetic Compatibility Criteria
for Intentional Radiators — M25 Radio
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Intentional Radiators — M25 Radio
CFR Title 47 15.247; RSS-210, Issue 7, June 2007

Electromagnetic Compatibility Criteria for Intentional Radiators

§15.203

Test Requirement:

Results:

Test Engineer(s):

Test Date(s):

Antenna Requirement — M25

§ 15.203: An intentional radiator shall be designed to ensure that no antenna other than that
furnished by the responsible party shall be used with the device. The use of a permanently
attached antenna or of an antenna that uses a unique coupling to the intentional radiator shall be
considered sufficient to comply with the provisions of this section. The manufacturer may
design the unit so that a broken antenna can be replaced by the user, but the use of a standard
antenna jack or electrical connector is prohibited.

The structure and application of the EUT were analyzed to determine compliance with Section
15.203 of the Rules. Section 15.203 states that the subject device must meet at least one of the
following criteria:

a.) Antenna must be permanently attached to the unit.

b.) Antenna must use a unique type of connector to attach to the EUT.

c.) Unit must be professionally installed. Installer shall be responsible for verifying
that the correct antenna is employed with the unit.

The EUT as tested is compliant the criteria of §15.203 by virtue of being professionally
installed.

Dusmantha Tennakoon
12/01/09
Frequency Gain/Model Manufacturer
2.4 GHz 9 dBi / OD9-2400 Mobile Mark Communications

5.8 GHz

9 dBi/ECO9 - 5500

Mobile Mark Communications

MET Report: EMC28036-FCC247

DOC-EMC702 6/18/2009

© 2010, MET Laboratories, Inc.




mET,

Fortress Technologies

Electromagnetic Compatibility
Intentional Radiators — M25 Radio

Vehicle Mesh Point ES820 (M25 and M5 Radios) CFR Title 47 15.247; RSS-210, Issue 7, June 2007

Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.207

Test Requirement(s):

Test Procedure:

Test Results:

Test Engineer(s):

Test Date(s):

Conducted Emissions Limits — M25

§ 15.207 (a): For an intentional radiator that is designed to be connected to the public utility
(AC) power line, the radio frequency voltage that is conducted back onto the AC power line on
any frequency or frequencies, within the band 150 kHz to 30MHz, shall not exceed the limits in
the following table, as measured using a 50 uH/50 Q line impedance stabilization network
(LISN). Compliance with the provisions of this paragraph shall be based on the measurement of
the radio frequency voltage between each power line and ground at the power terminal. The
lower limit applies at the boundary between the frequency ranges.

Frequency range § 15.207(a), Conducted Limit (dBpV)
(MHz) Quasi-Peak Average
*0.15- 0.45 66 - 56 56 - 46
045-05 56 46
0.5-30 60 50

Table 6. Conducted Limits for Intentional Radiators from FCC Part 15 § 15.207(a)

The EUT was placed on a 0.8 m-high wooden table. The EUT was situated such that the back
of the EUT was 0.4 m from one wall of the vertical ground plane, and the remaining sides of the
EUT were no closer than 0.8 m from any other conductive surface. The EUT was powered
from a 50 ©/50 pH Line Impedance Stabilization Network (LISN). The EMC receiver scanned
the frequency range from 150 kHz to 30 MHz. Conducted Emissions measurements were made
in accordance with ANSI C63.4-2003 "Methods and Measurements of Radio-Noise Emissions
from Low-Voltage Electrical and Electronic Equipment in the Range of 9kHz to 40 GHz". The
measurements were performed over the frequency range of 0.15 MHz to 30 MHz using a 50
0/50 uH LISN as the input transducer to an EMC/field intensity meter. For the purpose of this
testing, the transmitter was turned on.

The EUT was compliant with this requirement.

Anderson Soungpanya

11/24/09
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. Freq QP QP Average | Average
Line | MHz) | Amplitude | Limit | P | P8 Anolitude | Limit | PR | Pass
Line 0.169 49.33 65.012 -15.68 Pass 41.07 55.01 -13.94 Pass
Line 0.204 46.70 63.453 -16.75 Pass 41.84 53.45 -11.61 Pass
Line 2.24 34.01 56 -21.99 Pass 20.92 46.00 -25.08 Pass
Neutral 0.17 50.32 64.963 -14.64 Pass 40.76 54.96 -14.20 Pass
Neutral 0.203 45.71 63.494 -17.78 Pass 39.15 53.49 -14.34 Pass
Neutral 2.24 35.50 56 -20.50 Pass 27.86 46.00 -18.14 Pass
Table 7. Conducted Emissions, 15.207, Test Results, M25 Radio
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Plot 1. Conducted Emissions, Phase Line, M25 Radio
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Plot 2. Conducted Emissions, Neutral Line, M25 Radio
Photograph 3. Conducted Emissions, Test Setup, M25 Radio
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Photograph 4. Conducted Emissions, Test Setup, Side View, M25 Radio
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Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.247(a)

Test Requirements:

Test Procedure:

Test Results

6 dB and 99% Bandwidth — M25

§ 15.247(a): Operation under the provisions of this section is limited to frequency hopping and
digitally modulated intentional radiators that comply with the following provisions:

For systems using digital modulation techniques, the EUT may operate in the 902-928 MHz,
2400-2483.5 MHz and 5725-5850 MHz bands. The minimum 6dB bandwidth shall be at least
500 kHz.

The transmitter was on and transmitting at the highest output power. The bandwidth of the
fundamental frequency was measured with the spectrum analyzer using a RBW = 100 kHz for
FCC and approximately 1% of the total emission bandwidth for IC. The 6 dB Bandwidth was
measured and recorded. The measurements were performed on the low, mid and high channels.
The EUT was compliant with § 15.247 (a).

The 6 dB and 99% Bandwidth was determined from the plots on the following pages.

Test Engineer(s): Dusmantha Tennakoon
Test Date(s): 12/04/09
Requirement Carrier Channel Frequency Measured 6 dB Bandwidth | Measured 99% Bandwidth
(MHz) (MHz) (MHz)
802.11a Low 5745 16.397
802.11a Mid 5785 16.334
FCC 802.11a High 5825 16.022
802.11g Low 2412 16.449
802.11g Mid 2437 16.382
802.11g High 2462 16.497
802.11a Low 5745 16.347 16.869
802.11a Mid 5785 15.820 16.529
IC 802.11a High 5825 16.324 16.582
802.11g Low 2412 16.129 16.828
802.11g Mid 2437 16.244 16.654
802.11g High 2462 16.211 16.483

Table 8. Occupied Bandwidth Test Results, M25 Radio
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Electromagnetic Compatibility Criteria for Intentional Radiators
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Plot 7. Occupied Bandwidth, Mid Channel (5785MHz), 802.11a, 99% BW, M25 Radio

Plot 8. Occupied Bandwidth, High Channel (5825MHz), 802.11a, 99% BW, M25 Radio
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Plot 9. Occupied Bandwidth, Low Channel (2412MHz), 802.11g, 6dB BW, M25 Radio
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Transmit Freq Errar 5.514 kHz
Dccupied Bandwidth 16.497 MHz*

Plot 11. Occupied Bandwidth, High Channel (2462MHz), 802.11g, 6dB BW, M25 Radio

- Agilent  0300:12 Jan9, 2010 E T
Ref 20 dBm Atten 30 dB
#Samp |
Log
) &
10 f”
dB/f | |
[ gl B
'ﬁl’ i
o ! f
Center 2.412 GHz Span 30 MHz
Res BW 300 kHz VBW 3 MHz Sweep 4 ms (401 pts)
Occupied Bandwidth e BW % Pwr 59.00 %
16.8277 MHz #dB B0
Transmit Freq Errar 103,372 kHz
Dccupied Bandwidth 16.129 MHz*

Plot 12. Occupied Bandwidth, Low Channel (2412 MHz), 802.11g, 99% BW, M25 Radio
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- Agilent  0300:53 Jan 9, 2010 E T

Ref20 dBm Atten 30 dB

#Samp

Log

10 ’ﬁﬂr’w :

dB/

II'Ilr [ L

Center 2.437 GHz Span 30 MHz
Res BW 300 kHz VBW 3 MHz Sweep 4 ms (401 pts)
Occupied Bandwidth Occ BW % Pwr 99.00 %
16.6536 MHz #dB B0
Transmit Freq Errar -10.521 kHz
Dccupied Bandwidth 16.244 MHz*

Plot 13. Occupied Bandwidth, Mid Channel (2437 MHz), 802.11g, 99% BW, M25 Radio

- Agilent  0301:40 Jan 9, 2010 E T
Ref 20 dBm Atten 30 dB
#Samp
Log > o <
10 }j !
dB/f | { i
| A 1|\1|J A
A
i1
T ! |
Center 2.462 GHz Span 30 MHz
Res BW 300 kHz VBW 3 MHz Sweep 4 ms (401 pts)
Occupied Bandwidth Occ BW % Pwr 99.00 %
16.4829 MHz #dB B0
Transmit Freq Errar S17.479 kHz
Dccupied Bandwidth 16.211 MHz*

Plot 14. Occupied Bandwidth, High Channel (2462 MHz), 802.11g, 99% BW, M25 Radio

MET Report: EMC28036-FCC247 © 2010, MET Laboratories, Inc. Page 20 of 101
DOC-EMC702 6/18/2009



&é 1 ] ! ]
MET:
Fortress Technologies
Vehicle Mesh Point ES820 (M25 and M5 Radios)

Electromagnetic Compatibility
Intentional Radiators — M25 Radio
CFR Title 47 15.247; RSS-210, Issue 7, June 2007

Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.247(b) Peak Power Output - M25

Test Requirements: 815.247(b): The maximum peak output power of the intentional radiator shall not exceed the
following:
Digital Transmission Systems Output Limit
(MHz) (Watts)
902-928 1.000
2400-2483.5 1.000
5725- 5850 1.000

Table 9. Output Power Requirements from 815.247

815.247(c): if transmitting antennas of directional gain greater than 6 dBi are used the peak
output power from the intentional radiator shall be reduced below the stated values in the Table
9, as appropriate, by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

Test Procedure: The transmitter was connected to a calibrated spectrum analyzer. The EUT was measured at the
low, mid and high channels of each band at the maximum power level.

Test Results: The EUT was compliant with the Peak Power Output limits of §15.247(b).
Test Engineer(s): Dusmantha Tennakoon
Test Date(s): 12/03/09

E UT Attenuator

Spectrum
Analyzer

Figure 1. Peak Power Output Test Setup
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Vehicle Mesh Point ES820 (M25 and M5 Radios) CFR Title 47 15.247; RSS-210, Issue 7, June 2007

Peak Conducted Output Power
Carrier Frequency Measured Peak Output Power
Channel (MHz) dBm
802.11a Low 5745 23.35
802.11a Mid 5785 22.68
802.11a High 5825 22.15
802.11g Low 2412 22.12
802.11g Mid 2437 22.87
802.11g High 2462 23.17

Table 10. Peak Conducted Output Power, Test Results, M25 Radio

4 Agilenf  05:38:47 Dec 1, 2009 R T
Ref 19 dBm Atten 25 dB
#Peak S i e L eiuin i o md Ponlie e e
Log [ i
10 W g
dB! WM Ja
Offst
7
dB
Center 5.745 GHz Span 30 MHz
#Res BW 1 MHz #VBW 3 MHz #Sweep 100 ms (401 pts)
Channel Power Power Spectral Density
23.35 dBm /20.0000 MHz -49.66 dBm/Hz

Plot 15. Peak Output Power, Low Channel (5745MHz), 802.11a, M25 Radio
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Electromagnetic Compatibility
Intentional Radiators — M25 Radio

CFR Title 47 15.247; RSS-210, Issue 7, June 2007

- Agilent  05:40:08 Dec 1, 2009 E T
Ref 19 dBm Atten 25 dB
#Peak
Lug L e e T e i ke Y bbbt %
10 = e
dB/ A7 o
Offst M
7
dB
Center 5.785 GHz Span 30 MHz
#Res BW 1 MHz #VBW 3 MHz #Sweep 100 ms (401 pts)
Channel Power Fower Spectral Density
22.68 dBm /20.0000 MHz -50.33 dBm/Hz

Plot 16. Peak Output Power, Mid Channel (5785MHz), 802.11a, M25 Radio

4t Agilent  05:38:14 Dec 1, 2009 R T
Ref 19 dBm Atten 25 dB
#Peak L)
Lug A, "
10
LT — L™ -
Offst
7
dB
Center 5.825 GHz Span 30 MHz
#Res BW 1 MHz #VBW 3 MHz #Sweep 100 ms (401 pts)
Channel Power Fower Spectral Density
22.15dBm /20.0000 MHz -50.86 dBm/Hz

Plot 17. Peak Output Power, High Channel (5825MHz), 802.11a, M25 Radio
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CFR Title 47 15.247; RSS-210, Issue 7, June 2007

4t Agilent  07:37:34 Nov 30, 2009 R T
Ref 17 dBm Atten 30 dB
#Peak |t A e g i et e
Log \%
10
dB/ .-«w"m ku\"‘“\'\
o T
Lt g
Center 2.412 GHz Span 40 MHz
#Res BW 1 MHz #VBW 3 MHz #Sweep 100 ms (401 pts)
Channel Power Power Spectral Density
22.12 dBm /20.0000 MHz -50.90 dBm/Hz

Plot 18. Peak Output Power, Low Channel (2412MHz), 802.11g, M25 Radio
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