TEST REPORT

Report Number: 101503607DEN-001A
Project Number: G101503607

Report Issue Date: 2/26/2014

Product Designation: Model: W5800-01 with RadioWaves SPD4-5.2S (4’ Parabolic “Dish”
Antenna)

Standards: FCC Part 15 Subpart C (15.247)
Operation within the bands 902-928 MHz, 2400-2483.5 MHz,
and 5725-5850 MHz
IC RSS-210, Issue 8: 2010
IC RSS-GEN, Issue 3: 2010

Tested by: Client:
Intertek Testing Services NA, Inc. FreeWave Technologies, Inc.
1795 Dogwood St. Suite 200 5395 Pearl Parkway, Suite 100
Louisville, CO 80027 Boulder, CO 80301
Report prepared by Report reviewed by
Randy Thompson Michael Spataro
Senior EMC Project Engineer Engineering Team Leader

This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek
and its Client. Intertek's responsibility and liability are limited to the terms and conditions of the agreement. Intertek
assumes no liability to any party, other than to the Client in accordance with the agreement, for any loss, expense or
damage occasioned by the use of this report. Only the Client is authorized to permit copying or distribution of this
report and then only in its entirety. Any use of the Intertek name or one of its marks for the sale or advertisement of
the tested material, product or service must first be approved in writing by Intertek. The observations and test results
in this report are relevant only to the sample tested. This report by itself does not imply that the material, product, or
service is or has ever been under an Intertek certification program.

EMC Report for FreeWave on the Model: W5800-01 with SPD4-5.2S Page 1 of 68
(4’ Parabolic Antenna)



Intertek

Report Number: 101503607DEN-001A | Issued: 2/26/2014

TABLE OF CONTENTS

1 Introduction and CONCIUSION ....eeiiiiiiiii ittt e s n e sre e nnnees 3
2 TEST SUIMIMAIY .iiiiiiiiiiie ettt e e e ettt e e et et r s e e e e e e et eb it e e et e e e te bt e e e e e e ee et r e e e e e e e ee bbb e neaeneeeeeeeanban s eeas 4
3 Description Of ProdUCt UNGEr TEST. .. ..o ittt e e e e et e e e e e e e e sreaeeas 6
4  System setup including cable interconnection details, support equipment and simplified block
[0 1= Vo - o 2 SRS 9
5 AC Voltage Variation/ Battery REQUIrEMENT .......ccooiiiiii i 14
6 ANTENNA REQUITEIMENT ... .. ittt e e e e e e sttt e e e e e e e s e abbbeeeeaaeeesannnbaeaeeeaannes 14
AR O SR 2 T TUTTE=T00T=T0 L SO P TP P T OT PP PP PP 14
8 DTS Bandwidth (6dB BandWidth) ........ccccoiiiiiiioiii e 14
9 RF ConducCted OULPUL POWET . ..o 14
10 RF Conducted Spurious Emissions (-20dBc) — Including Band EAge .........ccoooiuiiieieeeiiiiiiineen. 14
11 Transmitter Radiated Spurious Emissions — Restricted Band/ Band Edge .........cccccovveeeennee. 15
12 Power Spectral DENSITY — PSD ...uiiiiiiiiiiciiieiiie ettt e e s e s e e e e e s s s s e e e e e e s s san e e e e e e e e e annees 65
13 Radiated Emissions (Digital Part of ReCeIVEer).......ccccooiiiiii 65
14 AC Mains Conducted EmMisSSions - TraNSMITIET ......cooiiiiiiiiiiiieieee e 65
15 RF EXPOSUIe REGUITEIMENT ...ttt sttt e et e e st e e e e nnnnee s 65
16 Duty Cycle/ Duty Cycle COrreCtion FACOr ......cciiiiciiiieieee e e e e s e e e 65
17 Appendix A: Antenna SpecificationS.........ccooo i 66
18 MeasuremMeNnt UNCEITAINTY ...ttt e e e e et e e e e e e e e e e snbbee e e e e e e e e e annneeas 67
19 REVISTON HISTOIY ittt ettt e e e s st e e ea bt e e snbb et e e sabe e e e annneee s 68
EMC Report for FreeWave on the Model: W5800-01 with SPD4-5.2S Page 2 of 68

(4’ Parabolic Antenna)




Intertek

Report Number: 101503607DEN-001A | Issued: 2/26/2014

1 Introduction and Conclusion

The tests indicated in section 2.0 were performed on the product constructed as described in section 3.0.
The remaining test sections are the verbatim text from the actual data sheets used during the
investigation. These test sections include the test name, the specified test Method, a list of the actual Test
Equipment Used, documentation Photos, Results and raw Data. No additions, deviations, or exclusions
have been made from the standard(s) unless specifically noted.

Based on the results of our investigation, we have concluded the product tested complies with the
requirements of the standard(s) indicated. The results obtained in this test report pertain only to the
item(s) tested.

1.1 Test Report Scope
FCCI/IC Class Il Permissive Change

The scope of this report was to qualify the existing approved radio module Model: W5800-01 with new
antennas. This specific report covers the following antenna:

= Model: SPD4-5.2S (4’ Parabolic “Dish” antenna)
This radio operates in the following 802.11 a/n Tx Band: 5725 — 5850 MHz.

The Model: W5800-01 has previously been fully qualified and documented in the following SPORTON
LAB test report:

= FCC Test Report Number: FR362203A1

Below is a summary of Intertek Test Reports associated with the Class Il Permissive Change:
= 4’ Parabolic “Dish” Antenna (5.8 GHz): 101503607DEN-001A (This Report)
= Directional Panel Antenna (5.8 GHz): 101503607DEN-001B

1.2 Test Methodology
All measurements were performed according to the procedures in the following documents:

= ANSI C63.10: 2013 — ANSI Standard for Testing Unlicensed Wireless Devices

= FCC Publication 558074, April 9, 2013 (Guidelines for Compliance Measurements on DTS
Operating Under 15.247)

Radiated emissions tests were formed at an antenna-to-product distance of 3-meters.

1.3 Test Facility

Intertek Denver’s testing facilities are located at 1795 Dogwood St. Suite 200 Louisville, CO 80027. The
testing facility is 1ISO17025:2005 accredited by A2LA, our lab code is 2506.02, our VCCI registration
numbers are. R-1643, C-1752 and T-1558, our FCC designation no. US1121 and our IC lab no. 2042N.

Testing contained in this test report may not be covered under the laboratories scope of accreditation.
A note will be placed in the specific test section for testing not coved under the laboratories scope.
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2 Test Summary

TEST TESTS FCCI/IC TEST RESULT
SECTION REFERENCE DATE
5 AC Voltage Variation FCC1531(e¢) |  ---- N/A
6 Antenna Requirement FCC15203 [ = ----- N/A
. FCC 15.247(a) N/A
7 DTS Requirement RSS-210A82 | T
. FCC15.247(@)(2) | N/A
8 6dB Bandwidth RSS-210 A8.2(a)
RF Conducted Output Power FCC 15.247(b)(3)(4) N/A
9 (includes requirements for antenna gain FCC 15.247(c)(1) |  -----
> 6dBi) RSS-210 A8.4(4)
10 RF Conducted Spurious Emissions (-20dBc) | FCC 15.247(d) | N/A
Includes Band Edge RSS-210 A8.5
FCC 15.247(d)
11 Transmitter Radiated Spurious Emissions FCC 15.209/ 15.205 02/1%(/)2014 Complies
(Restricted Bands — Band Edge) RSS-210 A8.5 02/13/2014 P
RSS-Gen 7.2.5
. FCC 15.247(¢) | N/A
12 Power Spectral Density (PSD) RSS-210 A8.2(b)
. o .- . FCC 15.109 N/A
13 Radiated Emissions — Digital Receiver RSS-Gen6.1 | T
. o FCC 15.207 N/A
14 Tx AC Line Conducted Emissions RSS-Gen724 | T
FCC 15.247(i) N/A
15 RF Exposure Requirement FCC 15.1.1307(b)(2) |  -—---
RSS 102
. FCC 15.35(c) N/A
16 Duty Cycle/ Duty Cycle Correction Factor RSS-Gends | T
Notes:

1) All Tx Radiated Emission measurements in this report utilized the transmit channels and worst-
case 802.11 a/n band(s), modulation and data rates reported in the FCC test report listed on
page 3 of this report. Note HT20/HT40 and both SISO and MIMO Tx operating modes were
tested.

2) Only selected testing required for the specific Class Il Permissive change was performed.
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General Radio Test Notes:

= ANSI C63.10, Section 4.2.3.2/ FCC 15.35: Measurement detector functions and bandwidths
utilized in this testing were per the preceding guidelines.

= ANSI C63.10, Section 4.2.3.2.2/ FCC 15.35(b): When an average limit is specified, the peak
emission must also be measured to ensure the emissions is less than 20dB above the average
limit and/or below the peak limit specified. This report includes both average and peak test data.

= ANSI C63.10, Section 5.3/ FCC 15.31: All radiated field strength measurements taken at an
antenna-to-product test distance of 3-meters.

= ANSI C63.10, Section 6.3/ FCC 15.31(m): Measurements were taken at the lowest, near the
middle and highest channels of the product tested.
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3

Description of Product Under Test

Related Submittal(s) Grants:

W5800-01 (5.8 GHz)

Company:

dbusch@freewave.com

Test Standards:

|Z| 47 CFR, Part 15C:815.247 DTS
X] RSS-210, Issue 8, 2010

X] RSS-Gen, Issue 3, 2010

|:| 47 CFR, Part 15C:815.207

[] Other

Type of radio:

[] Stand -alone [X] Module [] Hybrid

Date Sample Submitted: 02/10/2014
Test Work Started: 02/12/2014
Test Work Completed: 02/13/2014
Test Sample Conditions: || []Damaged [JPoor (Usable) X Good |
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Product Description:

Operating Frequency
Range(s):

Modulation:

Wireless router utilized in M2M industrial applications

IEEE 802.11a/n HT20 (5-Channels)
802.11n HT40 (2-Channels)

802.11 a/n: OFDM-BPSK, QPSK, 16QAM, 64QAM

Antenna(s) Info:

Antenna Installation:

Antenna: Type: 5.8GHz Parabolic “Dish”
Gain: +34.9 dBi Connector Type: “N”

802.11 a/n HT20: EIRP 26.79 dBm (478 mW)
802.11 n/HT40 EIRP 26.10 dBm (407 mW)

[0 User X Professional [ ] Factory

Transmitter power
configuration:

[ Internal battery X] External power source

Special Test Arrangement:

Mounted on antenna tripod

Test Facility Accreditation:

A2LA (Certificate No. 2506.02)

Test Methodology:

Measurements performed according to the procedures in ANSI
C63.10-2013 and FCC Guidance Publication 558074

3.1 Channel Configurations

CHANNELS IN THE TX 5725 — 5850 MHZ BAND

Channel Frequency 802.11a/n HT20 802.11n HT40 SISO MIMO
Number (MHz) Ntx=1 | Ntx=3
149 5745 xt tested tested
153 5765 X xt tested tested
157 5785 xt xt tested tested
161 5805 X --- X X
165 5825 xt tested tested
Note: x = available channels xt = tested channels
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3.2 Product Description - Detailed

Description of Equipment Under Test (provided by client)

The system tested is the Model: W5800-01 (5.8 GHz) radio module configured with:
= Model: SPD4-5.2S (4’ Parabolic “Dish” antenna)

The product is a wireless router utilized in M2M industrial applications

Signal & I/O Cables: Ethernet

The product is powered from an external power source.

For the testing of this specific test report, the product supports the following data rates in the
5745 — 5825 MHz band:

= |EEE 802.11a/n HT20: 6-54 Mbps/ MCS0-MCS23
= |EEE 802.11n HT40: MSCO-MCS23

In 802.11 a/n HT20 mode, the nominal bandwidth is 20MHz.
In 802.11n HT40 mode, the nominal bandwidth is 40MHz.

The product operates in both SISO (1-transmit chain) and MIMO (3-transmit chains) modes.

Equipment Under Test Power Configuration

Rated Voltage Rated Current Rated Frequency Number of Phases
AC Adapter Input: 100-240VAC 09A 50/60 1
AC Adapter Output: 12VDC 3.0A --- ---

Descriptions of EUT Exercising

[ ] Standby/Idle Mode

[ ] Continuous transmission, un-modulated carrier (CW)

X Continuous transmission, modulated carrier (CW) utilizing worst-case data rate
[ ] Continuous Receive Made

Note: The chosen mode of operation described above is dependent upon the specific test to be
performed.
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4  System setup including cable interconnection details, support equipment and
simplified block diagram

41 Method:

Record the details of EUT cabling, document the support equipment, and show the interconnections in a
block diagram.

4.2 EUT Block Diagram: 4’ Parabolic “Dish” Antenna (3-port)

Model
SPD4-5.2S

120VAC [1]
60Hz
v RF Cable [3]
Model
AOIAc: > W5800-01
apter 12VDC (3-port) RF Cable [4]

A

: : Ethernet [2]
TassmmmsssEEEEEEEEREEn Cable

RF Cable [5]

Note: Dashed lines indicate auxiliary/support equipment outside the test area. Ethernet cable was routed
partially outside the test chamber with ~ 1-meter inside the test chamber — connected to the Model
W5800-01 Ethernet port.
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4.3 Antenna Specifications:

2.4 GHz
Model Type Gain (dBi) | Beamwidth (degrees) | Polarization | Datasheet
SPD4-5.25 4' parabolic dish, 60 Ibs | 34.9 3 Dual Appendix A
of this report

4.4 Determination of RF Power supplied to antenna input for testing

Per FCC 15.247(c)(1)(ii): Systems operating in the 5725-5850 MHz band that are used exclusively for
fixed, point-to-point operations may employ transmitting antennas with directional gain greater than 6 dBi
without any corresponding reduction in transmitter conducted output power.

Antenna tested:

= Model: RadioWaves SPD4-5.2S (4’ Parabolic “Dish” Antenna) Gain: 34.9dBi

Maximum Peak Conducted Output Power: If antenna fixed, point-to-point and > 6dBi, then Pg,;= 30dBm
(power reduction not required)

Where:

Pout = maximum peak conducted output power (dBm)

All Radiated measurements taken with the Model: W5800-01 transmitting at 27dBm. This represents the
absolute worst-case since the actual rated maximum output power is less than the test output power.

= Actual Rated Output Power: 26.79dBm (478 mW)
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4.5 Support Data:
_ : Shield : i
ID Description/ Function Type Length Connector Connection Ferrites
VDC — Model
1| PeCeblelecadapten | none | Osmeter|] PC | W5800-01 | | o
RJ-45 — Model
e ShemetCale L rene | e | RMS W580001 | e
3-5 RF Cable(s) Braid 3-meter | SMA-to-N | Model W5800-01 none
e | _toAntenna | 7
Support Equipment
Description Manufacturer Model Number Serial Number
Laptop HP -
Switching Power Supply Sceptre Power S036CQ1200300

Notes:
1) The laptop was utilized only to configure the product during testing (i.e. set channel, modulation, data

rates, etc.).
2) The product has RF ports and Ethernet Cable ports.
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4.6 Photograph: Product Tested - Model W5800-01 with 4’ Parabolic “Dish” Antenna

Model W5800-01 Radio Module (3-port maximum)

4’ Parabolic “Dish” Antenna (Single Antenna shown — 2-port)
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4.7 Photograph: Product Tested - Model: W5800-01 with 4’ Parabolic “Dish” Antenna

4’ Parabolic “Dish” Antenna (Single Antenna shown — 2-port)
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5 AC Voltage Variation/ Battery Requirement
5.1 Results:

Test not required for Class Il Permissive Change.
6 Antenna Requirement

6.1 Results:

Test not required for Class Il Permissive Change.
7 DTS Requirement

7.1 Results:

Test not required for Class Il Permissive Change.
8 DTS Bandwidth (6dB Bandwidth)

8.1 Test Results:

Test not required for Class Il Permissive Change.
9 RF Conducted Output Power

9.1 Results:

Not required for Class Il permissive change. However, the software utility utilized to configure the radio
output power supplied to the antenna(s) during testing was verified to provide at least the minimum output

power selected for testing.
10 RF Conducted Spurious Emissions (-20dBc) — Including Band Edge
10.1 Test Results:

Test not required for Class Il Permissive Change.

EMC Report for FreeWave on the Model: W5800-01 with SPD4-5.2S
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11 Transmitter Radiated Spurious Emissions — Restricted Band/ Band Edge
11.1 Method
Unless otherwise stated no deviations were made from FCC Part 15.209/205.

This testing was performed at Intertek Denver, located at 1795 Dogwood St. Suite 200, Louisville, CO
80027.

11.2 Test Requirement/ Specification:

Radiated emissions which fall in the restricted bands, as defined in FCC Part 15.205(a), must also comply
with the radiated emission limits specified in Part 15.209(a) and Part 15.205(c). Measurements in the
restricted bands include both peak detector and average detector measurements.

Measurements in non-restricted bands include peak detector measurements.

Unwanted emissions below 1GHz must comply with the general field strength limits defined in FCC Part
15.209, when measured with a quasi-peak detector.

11.3 Test Equipment Used:

| Asset ID | Description | Manufacturer Model Serial Cal Date Cal Due
EMI Receiver RHODE &

DEN-073 (10Hz — 26.5GHz) SCHWARZ ESU 26 100265 01/29/2014  01/29/2015
18912 9 kHz- 1.3GHz Pre Amp Hewlett-Packard 8447F 3113A05545 06/07/2013 06/07/2014
18906 RF Pre-Amp (1-4GHz) Mini-Circuits Lab ZHL-42 N052792-2  06/10/2013 06/10/2014

DEN-032 4-18GHz Preamp (LNA) Narda DBL- 031 03/07/2013 03/07/2014

P 0618N615
19937 Bilog Antenna 30MHz — 6GHz Sunol Sciences JB6 A050707-2  03/20/2013 03/20/2014
18887 Horn Antenna 1-18GHz EMCO 3115 9205-3886 03/19/2013 03/19/2014

Software for Radiated and

SW-6 Conducted emissions.

Intertek OATS vba V. 3.0 VBU VBU

11.4 Test Procedure:

The Resolution Bandwidth is 120 kHz or greater for frequencies 30 MHz -1000 MHz and 1 MHz for
frequencies above 1000 MHz. The Video Bandwidth was at least 3x the RBW. All measurements taken in
a trace “max hold” mode.

The EUT is placed on a plastic turntable that is 80 cm in height. If the EUT attaches to peripherals,

they are connected and operational (as typical as possible). During testing, all cables are manipulated to
produce worst-case emissions. The signal is maximized by rotating the turntable through a 360° rotation.
The antenna height is varied from 1-4 meters. Both vertical and horizontal antenna configurations are
utilized in the testing.

Radiated emissions 30MHz to 18GHz are taken at 3-meter antenna-to-product test distance.

Radiated emissions above 18GHz are taken using a harmonic mixer antenna/pre-amp setup at 1-meter
antenna-to-product test distance.

Data is included for the worst-case configuration - the configuration which resulted in the highest emission
levels.
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The following procedures described in FCC Publication 558074 (Guidelines for Compliance
Measurements on DTS Operating Under 15.247), were used:

= 558074, Section 12.1 & 13.1
= ANSI C63.10: 2013 — General Guidance

11.5 Test Results:

The sample tested was found to Comply.
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11.6 Test Summary — Worst-Case Measurements

Test Data Summary: Tx Radiated Spurious Emissions in Restricted Band

SISO Mode of Operation: 802.11a/n HT20/HT40

Freg Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal Delta2 RBW
Qp FCC FCC
Av 15.209 | 15.35(b)
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (V/H) | (m) | (DEG) | Average Peak (MHz)
Measurements: 1GHz to 18GHz, Average/Peak, RBW 1MHz, VBW 3MHz, max hold
11570.0000 | 51.33 | Av 8.49 38.96 47.26 0.00 51.52 Vv 1.53 8.0 -2.46 NA 1.000
11570.0000 | 61.05 | Pk 8.49 38.96 47.26 0.00 61.24 \Y 1.53 8.0 N/A -12.76 | 1.000
Test Data Summary: Tx Spurious Emissions — Band Edge/Restricted Band
SISO Mode of Operation: 802.11a/n HT20/HT40
Freq Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal Delta2 RBW
Qp FCC FCC
Av 15.209 | 15.35(b)
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (V/H) | (m) | (DEG) | Average Peak (MHz2)
Measurements: Lower Band Edge, Average/Peak, RBW 1MHz, VBW 3MHz, max hold
5725.0000 | 55.29 | Av 5.64 34.09 44.10 0.00 50.92 \% 1.44 5.0 - 3.06 NA 0.100
5725.0000 | 63.21 | Pk 5.64 34.09 44.10 0.00 58.84 \Y, 1.44 5.0 N/A -15.16 | 0.100
Test Data Summary: Tx Radiated Spurious Emissions in Restricted Band
MIMO Mode of Operation: 802.11a/n HT20/HT40
Freg Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal | Delta2 | RBW
Qp FCC
Av 15.209 N/A
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (V/H) | (m) | (DEG) | Average (MHz)
Measurements: 30MHz to 1000MHz, Quasi-peak, RBW 120kHz, VBW 300kHz, max hold
500.0004 | 53.78 | Qp 1.53 17.80 28.60 0.00 44,51 H 1.00 | 167.0 -1.51 NA 0.120
Test Data Summary: Tx Spurious Emissions — Band Edge/Restricted Band
MIMO Mode of Operation: 802.11a/n HT20/HT40
Freg Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal Delta2 RBW
Qp FCC FCC
Av 15.209 | 15.35(b)
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (V/H) | (m) | (DEG) | Average Peak (MHz2)
Measurements: Upper Band Edge, Average/Peak, RBW 1MHz, VBW 3MHz, max hold
5850.0000 | 54.25 | Av 5.70 34.15 44.41 0.00 49.69 \Y 1.53 5.0 -4.29 NA 1.000
5850.0000 | 63.15 | Pk 5.70 34.15 44.41 0.00 58.59 \% 1.53 5.0 N/A -15.41 1.000

Note: The above represents the worst-case measurements.
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11.7 Setup Photographs: SISO Mode of Operation

Transmitter Spurious Radiated Emissions - Test Setup (Front View)

Model W5800-01
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11.8 Setup Photographs: SISO Mode of Operation

Transmitter Spurious Radiated Emissions - Test Setup (Rear View)
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11.9 Setup Photographs: MIMO Mode of Operation

Transmitter Spurious Radiated Emissions - Test Setup (Front View)
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11.10Setup Photographs: MIMO Mode of Operation

Transmitter Spurious Radiated Emissions - Test Setup (Rear View)

3-RF Port
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11.11 Antenna Setups:

Bilog Antenna (30MHz to 1GHz)
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11.12 Plots: SISO Mode of Operation — HT20 Low Channel: 5745 MHz

30MHz to 1000MHz
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11.13Plots: SISO Mode of Operation — HT20 Mid Channel: 5785 MHz
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11.14Plots: SISO Mode of Operation — HT20 High Channel: 5825 MHz
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11.15Plots: SISO Mode of Operation — HT40 Channel: 5765 MHz
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11.16Plots: SISO Mode of Operation — HT20 Low Channel: 5745 MHz

1GHz to 18GHz
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11.17Plots: SISO Mode of Operation — HT20 Mid Channel: 5785 MHz
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11.18Plots: SISO Mode of Operation — HT20 High Channel: 5825 MHz
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11.19Plots: SISO Mode of Operation — HT40 Low Channel: 5765 MHz
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11.20Plots: SISO Mode of Operation — HT40High Channel: 5785 MHz
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11.21Test Data: SISO Mode of Operation

Tx Spurious Radiated Electromagnetic Emissions

Test Report#:  G101503607 Test Area: CC1 Radiated Temperature: 535 °C
Test Method: FCC 15.209/ 15.205/ 15.35(b)  Test Date: 02/12/2014 Relative Humidity: %
02/13/2014 37.2
EUT Model #:  Radio Module: W5800-01 EUT Air Pressure: kP
Parabolic “Dish” Antenna: Power: a
SPDA4-5.2S 120VAC/60Hz 83.1
EUT Serial #: Radio Module: DEN1402111313
Parabolic Dish Antenna(s): 1018763
Manufacturer:  FreeWave Technologies, Inc. Level Key
EUT PCle Radio Module Pk — Peak
Description:
Notes  Product tested in SISO mode: single transmit chain/port — single antenna Qp — Quasi Peak
Product continuously transmitting during all testing — worst-case Av - Average
modulation/data
SISO mode of Operation, MCSO0 Data Rate, 27dBm power (worst-case)
Freq Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal | Delta2 RBW
Qp FCC FCC
Av 15.209 | 15.35(b)
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (V/H) | (m) | (DEG) Avg Pk (MHz)
Radio System: Model W5800-01 Radio Module with 4’ Parabolic “Dish” Antenna — SISO Mode of Operation
Measurements: 1GHz to 18GHz — 802.11a/n HT20/HT40
1000.0100 | 72.99 | Pk 2.21 23.82 37.13 0.00 61.89 \Y, 1.24 | 162.0 N/A -12.11 1.000
1000.0100 | 52.53 | Av 2.21 23.82 37.13 0.00 41.43 \% 1.24 | 162.0 | -12.55 NA 1.000
11249732 | 63.23 | Pk 2.36 24.63 37.26 0.00 52.96 \% 1.97 | 134.0 N/A -21.04 1.000
1124.9732 | 53.35 | Av 2.36 24.63 37.26 0.00 43.08 \% 1.97 | 134.0 | -10.90 NA 1.000
1199.9598 | 55.63 | Pk 2.44 25.07 37.18 0.00 45.95 \% 1.74 | 82.0 N/A -28.05 1.000
1199.9598 | 47.42 | Av 2.44 25.07 37.18 0.00 37.74 \% 1.74 | 82.0 | -16.24 NA 1.000
1200.0134 | 54.48 | Pk 2.44 25.07 37.18 0.00 44.80 \% 1.78 | 83.0 N/A -29.20 1.000
1200.0134 | 47.42 | Av 2.44 25.07 37.18 0.00 37.74 \% 1.78 | 83.0 | -16.24 NA 1.000
13749732 | 56.51 | Pk 2.61 25.13 36.76 0.00 47.49 \% 1.95 | 69.0 N/A -26.51 1.000
1374.9732 | 50.58 | Av 2.61 25.13 36.76 0.00 41.56 \% 195 | 69.0 | -12.42 NA 1.000
1400.0112 | 54.28 | Pk 2.63 25.09 36.71 0.00 45.29 \% 1.78 | 57.0 N/A -28.71 1.000
1400.0112 | 49.88 | Av 2.63 25.09 36.71 0.00 40.89 \% 1.78 | 57.0 | -13.09 NA 1.000
1400.0112 | 54.42 | Pk 2.63 25.09 36.71 0.00 45.43 H 1.64 | 163.0 N/A - 28.57 1.000
1400.0112 | 49.85 | Av 2.63 25.09 36.71 0.00 40.86 H 1.64 | 163.0 | -13.12 NA 1.000
5314.8080 | 53.85 | Av 5.43 34.04 42.87 0.00 50.44 \% 1.49 5.0 -3.54 NA 1.000
5314.8080 | 59.29 | Pk 5.43 34.04 42.87 0.00 55.88 \% 1.49 5.0 N/A -18.12 1.000
11570.0000 | 51.33 | Av 8.49 38.96 47.26 0.00 51.52 \% 1.53 8.0 -2.46 NA 1.000
11570.0000 | 61.05 | Pk 8.49 38.96 47.26 0.00 61.24 \% 1.53 8.0 N/A -12.76 1.000
17355.0000 | 40.43 | Av | 10.72 43.14 46.02 0.00 48.27 \Y 1.44 7.0 -5.71 NA 1.000
17355.0000 | 49.81 | Pk | 10.72 43.14 46.02 0.00 57.65 \% 1.44 7.0 N/A -16.35 1.000
5235.6970 | 46.95 | Av 5.38 33.93 42.37 0.00 43.89 H 1.43 6.0 -10.09 NA 1.000
5235.6970 | 54.19 | Pk 5.38 33.93 42.37 0.00 51.13 H 141 0.0 N/A -22.87 1.000
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Note: Signals in yellow highlight — harmonics in restricted band

Example calculation:

Final L Final
Specificatio Delta
Measure Cable Antenna Pre- Correcte Correcte .
Atten n Specificatio
d Level Loss Factor Amp d o d
+ + = X Limit i = n
Reading Reading
(dBuv) (dB) (dB) (dB) (dB) (dBuV/m) (dBuV/m) (dBuV/m)
20.0 3.0 5.0 10.0 0.0 18.0 40.0 18.0 -22.0
Notes:

1) The highest signals — as determined from pre-scan plots — were fully-maximized and measured.

2) For the general pre-scan plots, a notch filter was utilized. Note the notch filter was not used during
band edge plots/measurements.

3) 802.11 a/n HT20/HT4O0 included in measurements as well as both SISO/MIMO modes of Tx

operation.

4) No significant emissions found >18GHz.

Deviations, Additions, or Exclusions: None
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11.22Band Edge Plots: SISO Mode of Operation — HT20 Low Channel 5745 MHz

Vertical Antenna — Lower Band Edge — Peak Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Dashed-Lines (Restricted Band start/stop)
Blue Trace (Peak trace line)
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11.23Band Edge Plots: SISO Mode of Operation — HT20 Low Channel 5745 MHz

Vertical Antenna — Lower Band Edge — Average Measurements
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Horizontal Antenna — Lower Band Edge — Average Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Dashed-Lines (Restricted Band)
Blue Trace (Average trace line)
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11.24Band Edge Plots: SISO Mode of Operation — HT20 High Channel 5825 MHz

Vertical Antenna — Upper Band Edge — Peak Measurements
1 3clBL fdiv

selButick SISO_Dish_HT20_High BandEdge_Vert Pk_
120.0 4
105.0 l'n”*
1 Tx Stant Band [ \ ['x Stop Ban
90.0 |

{ FCC 15.36(h) Pk fv \k
75.0 ] ' - '

FCC Restridted Bang

FCTTE 208 =1GHT Av

R R T g v WAU'J *Mwmmw
1 |
;

Amplitude, dBuY
2
=

s Jp N I I N IR D U I R I i U
5350.00 541500 548000 554500 561000 567500  5740.00 580500 567000 593500  GO000.00
Frequency, MHzZ

| EStiHz

Horizontal Antenna — Upper Band Edge — Peak Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Peak trace line)
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11.25Band Edge Plots: SISO Mode of Operation — HT20 High Channel 5825 MHz

Vertical Antenna — Upper Band Edge — Average Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Average trace line)
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11.26Band Edge Plots: SISO Mode of Operation — HT40 Low Channel 5765 MHz

Vertical Antenna — Lower Band Edge — Peak Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Peak trace line)
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11.27Band Edge Plots: SISO Mode of Operation — HT40 Low Channel 5765 MHz

Vertical Antenna — Lower Band Edge — Average Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Average trace line)
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11.28Band Edge Plots: SISO Mode of Operation — HT40 High Channel 5785 MHz

Vertical Antenna — Upper Band Edge — Peak Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Peak trace line)
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11.29Band Edge Plots: SISO Mode of Operation — HT40 High Channel 5785 MHz

Vertical Antenna — Upper Band Edge — Average Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Average trace line)
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11.30 Test Data: SISO Band Edge — FCC Restricted Band

Tx Spurious Radiated Emissions — Band Edge

Test Report#:  G101503607 Test Area: CC1 Radiated Temperature: 237 °C
Test Method: FCC 15.209/ 15.205/ 15.35(b)  Test Date: 02/12/2014 Relative Humidity: %
02/13/2014 27.2
EUT Model #:  Radio Module: W5800-01 EUT Air Pressure: kP
4’ Parabolic “Dish” Antenna: Power: a
SPDA4-5-2S 120VAC/60Hz 83.5
EUT Serial # Radio Module: DEN1402111313
4’ Parabolic “Dish” Antenna(s): 1018763
Manufacturer:  FreeWave Technologies, Inc. Level Key
EUT PCle Radio Module Pk — Peak
Description:
Notes  Product tested in SISO mode: single transmit chain/port — single antenna Qp — Quasi Peak
Product continuously transmitting during all testing — worst-case Av - Average
modulation/data
SISO mode of Operation, MCS0 Data Rate, 27dBm power (worst-case)
Freq Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal Delta2 RBW
Qp FCC FCC
Av 15.209 | 15.35(b)
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (V/H) | (m) | (DEG) Avg Pk (MHz)
Radio System: Model W5800-01 Radio Module with 4’ Parabolic “Dish” Antenna — SISO Mode of Operation
Measurements: 802.11a/n HT20 Lower Band Edge — FCC Restricted Band
5725.0000 | 55.29 | Av 5.64 34.09 44.10 0.00 50.92 \% 1.44 5.0 - 3.06 NA 0.100
5725.0000 | 63.21 | Pk 5.64 34.09 44.10 0.00 58.84 \% 1.44 5.0 N/A -15.16 0.100
5725.0000 | 51.47 | Av 5.64 34.09 44.10 0.00 47.10 H 1.38 7.0 -6.88 NA 0.100
5725.0000 | 56.66 | Pk 5.64 34.09 44.10 0.00 52.29 H 1.38 7.0 N/A -21.71 0.100
Measurements: 802.11a/n HT20 Upper Band Edge — FCC Restricted Band
5850.0000 | 55.20 | Av 5.70 34.15 44.41 0.00 50.64 \% 1.30 6.0 -3.34 NA 0.100
5850.0000 | 68.01 | Pk 5.70 34.15 44.41 0.00 63.45 \% 1.30 6.0 N/A -10.55 0.100
5850.0000 | 37.64 | Av 5.70 34.15 44.41 0.00 33.08 H 1.52 0.0 -20.90 NA 0.100
5850.0000 | 42.77 | Pk 5.70 34.15 44.41 0.00 38.21 H 1.52 0.0 N/A -35.79 0.100
Measurements: 802.11n HT40 Lower Band Edge — FCC Restricted Band
5850.0000 | 39.44 | Av 5.70 34.15 44.41 0.00 34.88 \% 1.36 6.0 -19.10 NA 0.100
5850.0000 | 41.54 | Pk 5.70 34.15 44.41 0.00 36.98 \% 1.36 6.0 N/A -37.02 0.100
5850.0000 | 36.46 | Av 5.70 34.15 44.41 0.00 31.90 H 149 | 150 | -22.08 NA 0.100
5850.0000 | 41.28 | Pk 5.70 34.15 44.41 0.00 36.72 H 149 | 150 N/A -37.28 0.100
Measurements: 802.11n HT40 Upper Band Edge — FCC Restricted Band
5850.0000 | 41.18 | Av 5.70 34.15 44.41 0.00 36.62 \% 1.28 5.0 -17.36 NA 0.100
5850.0000 | 46.89 | Pk 5.70 34.15 44.41 0.00 42.33 \% 1.28 5.0 N/A -31.67 0.100
5850.0000 | 37.59 | Av 5.70 34.15 44.41 0.00 33.03 H 1.45 7.0 -20.95 NA 0.100
5850.0000 | 42.17 | Pk 5.70 34.15 44.41 0.00 37.61 H 1.45 7.0 N/A -36.39 0.100
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Example calculation:

Final . Final
Specificatio Delta
Measure Cable Antenna Pre- Correcte Correcte .
Atten n Specificatio
d Level Loss Factor Amp d o d
+ + = i Limit i = n
Reading Reading
(dBpv) (dB) (dB) (dB) (dB) (dBpV/m) (dBpV/m) (dBpV/m)
20.0 3.0 5.0 10.0 0.0 18.0 40.0 18.0 -22.0
Notes:

1) The highest signals — as determined from pre-scan plots — were fully-maximized and measured.
2) A notch filter was not used during band edge plots/measurements.

3) 802.11 a/n HT20/HT40 included in measurements as well as both SISO/MIMO modes of Tx

operation.

Deviations, Additions, or Exclusions: None

EMC Report for FreeWave on the Model: W5800-01 with SPD4-5.2S
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11.31Plots: MIMO Mode of Operation — HT20 Low Channel: 5745MHz
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Reference only — max hold peak detector measurements referenced to quasi-peak limit
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11.32MIMO Mode of Operation — HT20 Mid Channel: 5785MHz

30MHz to 1000MHz
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Reference only — max hold peak detector measurements referenced to quasi-peak limit
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11.33MIMO Mode of Operation — HT20 High Channel: 5825MHz
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Reference only — max hold peak detector measurements referenced to quasi-peak limit
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11.34MIMO Mode of Operation — HT40 Channel: 5765MHz

Vertical Antenna

30MHz to 1000MHz

&7 ScBuY foliv
1.7 5cBuy tick

MIMO_Dish_HT40_MCSO0_Vert_30-1000MHz

1FCC 15209 < 1GHz Qp

43.6 1

35.03 H

Amplitude, dBuY

%3]

17.5

IWM

BE

0.0 ]

S7hHzId
19 4MHz tick

30.00 127.00 224.00

321.00 415.00 515.00 g12.00 709.00
Frequency, MHz

505.00 903.00 1000.00

100KHz Howe

Horizontal Antenna

&7 ScBuY foliv
1.7 5cBuy tick

MIMO_Dish_HT40_MCSO0_Horz_30-1000MHz

1FCC 15209 < 1GHz

AL

]

Amplitude, dBuy
&
=

WM

8.6

0.0

S7MHzZ i
19.4MHz tick

30.00 127.00 224.00

Frequency, MHz

321.00 418.00 515.00 §12.00 709.00 806.00 903.00 1000.00

100KHZ rhwe

Reference only — max hold peak detector measurements referenced to quasi-peak limit
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11.35Plots: MIMO Mode of Operation — HT20 Low Channel: 5745 MHz
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Reference only — max hold peak detector measurements referenced to average & peak limits
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11.36 Plots: MIMO Mode of Operation — HT20 Mid Channel: 5785 MHz
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Reference only — max hold peak detector measurements referenced to average & peak limits

EMC Report for FreeWave on the Model: W5800-01 with SPD4-5.2S

Page 49 of 68
(4’ Parabolic Antenna)




Intertek

Report Number: 101503607DEN-001A | Issued: 2/26/2014

11.37Plots: MIMO Mode of Operation — HT20 High Channel: 5825 MHz
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Reference only — max hold peak detector measurements referenced to average & peak limits
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11.38Plots: MIMO Mode of Operation — HT40 Low Channel: 5765 MHz
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Reference only — max hold peak detector measurements referenced to average & peak limits
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11.39Plots: MIMO Mode of Operation — HT40 High Channel: 5785 MHz
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11.40Test Data: MIMO Mode of Operation

Tx Spurious Radiated Electromagnetic Emissions

Test Report#: G101503607 Test Area: CC1 Radiated Temperature: 555 °C
Test Method: FCC 15.209/ 15.205/ 15.35(b)  Test Date: 02/12/2014 Relative Humidity: %
02/13/2014 28.2
EUT Model #: Radio Module: W5800-01 EUT Air Pressure: kP
Parabolic “Dish” Antenna: Power: a
SPD4-5.2S 120VAC/60Hz 83.5

EUT Serial #: Radio Module: DEN1402111313
Parabolic Dish Antennas: 1018763/ 1018764

Manufacturer:  FreeWave Technologies Level Key
EUT PCle Radio Module Pk — Peak
Description:
Notes  Product tested in MIMO mode: 3 transmit chains/ports — dual antennas Qp — Quasi Peak
Product continuously transmitting during all testing — worst-case Av - Average
modulation/data

MIMO mode of Operation, MCSO0 Data Rate, 27dBm power, 22.23 dBm/port
(worst-case power)

Freq Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal Delta2 RBW
Qp FCC
Av 15.209
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (V/H) | (m) | (DEG) Qp N/A (MHz)
Radio System: Model W5800-01 Radio Module with 4’ Parabolic “Dish” Antenna — MIMO Mode of Operation
Measurements: 30MHz to 1000MHz — 802.11a/n HT20/HT40
31.2000 46.33 | Qp 0.40 20.18 28.30 0.00 38.61 \Y, 1.00 | 40.0 -1.59 NA 0.120
50.0000 50.15 | Qp 0.77 8.20 28.24 0.00 30.88 \ 1.00 | 116.0 | -9.12 NA 0.120
50.0000 51.27 | Qp 0.77 8.20 28.24 0.00 32.00 \Y 1.00 | 82.0 - 8.00 NA 0.120
66.6627 57.16 | Qp 0.77 8.03 28.19 0.00 37.77 \Y 1.14 | 187.0 | -2.23 NA 0.120
226.8219 | 49.12 | Qp 1.01 11.11 27.46 0.00 33.78 \Y 166 | 136.0 | -12.24 NA 0.120
466.6873 | 53.16 | Qp 1.48 17.03 28.36 0.00 43.31 \ 143 | 27.0 -271 NA 0.120
500.0004 | 52.60 | Qp 1.53 17.80 28.60 0.00 43.33 \Y 162 | 112.0 | -2.69 NA 0.120
599.9996 | 48.35 | Qp 1.70 18.80 28.70 0.00 40.14 \Y 112 | 21.0 -5.88 NA 0.120
999.9600 | 49.45 | Qp 2.21 22.80 27.59 0.00 46.88 \Y 128 | 167.0 | -7.10 NA 0.120
500.0004 | 53.78 | Qp 1.53 17.80 28.60 0.00 4451 H 1.00 | 167.0 | -1.51 NA 0.120
999.9800 | 48.82 | Qp 221 22.80 27.59 0.00 46.25 H 143 | 1120 | -7.73 NA 0.120
Freq Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal Delta2 RBW
Qp FCC FCC
Av 15.209 | 15.35(b)
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (VIH) | (m) | (DEG) Avg Pk (MHz)
Measurements: 1GHz to 18GHz — 802.11a/n HT20/ HT40
1000.0100 | 58.74 | Pk 221 23.82 37.13 0.00 47.64 \ 217 84.0 N/A - 26.36 1.000
1000.0100 | 51.58 | Av 221 23.82 37.13 0.00 40.48 \ 2.17 84.0 -13.50 NA 1.000
1125.0000 | 57.06 | Pk 2.36 24.63 37.26 0.00 46.79 \ 199 | 177.0 N/A -27.21 1.000
1125.0000 | 47.39 | Av 2.36 24.63 37.26 0.00 37.12 \Y 199 | 177.0 | -16.86 NA 1.000
1375.0000 | 55.06 | Pk 2.61 25.13 36.76 0.00 46.04 \ 2.02 58.0 N/A - 27.96 1.000
1375.0000 | 49.60 | Av 2.61 25.13 36.76 0.00 40.58 \ 2.02 58.0 -13.40 NA 1.000
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1125.0000 | 54.27 | Pk | 2.36 | 2463 | 37.26 | 0.00 4400 | H | 21| 1180 | wa | 73000 1.000
1125.0000 | 48.13 | Av | 2.36 24.63 37.26 0.00 37.86 H 1211 1180 | -1612 NA 1.000
1375.0000 | 56.01 | Pk | 261 | 2513 | 36.76 | 0.00 4699 | H | 52| 1880 | wna | "2701 | 1000
1375.0000 | 46.78 | Av | 261 25.13 36.76 0.00 37.76 H 152 1880 | ~16:22 NA 1.000
5288.2210 | 57.29 | Pk | 5.41 33.99 42.71 0.00 53.98 \% 1.25 | 24.0 N/A -20.02 | 1.000
5288.2210 | 53.34 | Av | 5.41 33.99 42.71 0.00 50.03 \Y; 1.25 | 24.0 -3.95 NA 1.000
5851.4420 | 5391 | Pk | 5.70 34.15 44.41 0.00 49.35 \% 1.44 | 10.0 N/A -24.65 | 1.000
5851.4420 | 4358 | Av | 5.70 34.15 44.41 0.00 39.02 \% 144 | 100 | -14.96 NA 1.000
11510.0000 | 58.80 | Pk | 8.47 38.85 47.26 0.00 58.85 \Y 1.70 | 17.0 N/A -15.15 | 1.000
11510.0000 | 49.58 | Av | 8.47 38.85 47.26 0.00 49.63 \Y, 1.70 | 17.0 -4.35 NA 1.000
11570.0000 | 62.27 | Pk | 8.49 38.96 47.26 0.00 62.46 \Y 1.76 | 16.0 N/A -11.54 | 1.000
11570.0000 | 49.47 | Av | 8.49 38.96 47.26 0.00 49.66 \Y 1.76 | 16.0 -4.32 NA 1.000
11650.0000 | 64.12 | Pk | 853 39.11 47.26 0.00 64.49 \Y 1.36 | 16.0 N/A -9.51 1.000
11650.0000 | 48.71 | Av | 853 39.11 47.26 0.00 49.08 \Y, 1.36 | 16.0 -4.90 NA 1.000
17475.0000 | 56.66 | Pk | 10.77 | 43.76 46.01 0.00 65.18 \% 1.70 | 35.0 N/A -8.82 1.000
17475.0000 | 41.88 | Av | 10.77 | 43.76 46.01 0.00 50.40 \Y 1.70 | 35.0 -3.58 NA 1.000
11510.0000 | 50.32 | Pk | 8.47 38.85 47.26 0.00 50.37 H 1.76 | 17.0 N/A -23.63 | 1.000
11510.0000 | 44.54 | Av | 8.47 38.85 47.26 0.00 44.59 H 1.76 | 17.0 -9.39 NA 1.000
Note: Signals in yellow highlight — harmonics in restricted band
Example calculation:
Final L Final
Specificatio Delta
Measure Cable Antenna Pre- Correcte Correcte L
Atten n Specificatio
d Level Loss Factor Amp d o d
+ + - + = . Limit - . = n
Reading Reading
(dBuv) (dB) (dB) (dB) (dB) (dBuVv/m) (dBuVv/m) (dBuVv/m)
20.0 3.0 5.0 10.0 0.0 18.0 40.0 18.0 -22.0
Notes:

1) The highest signals — as determined from pre-scan plots — were fully-maximized and measured.

2) For the general pre-scan plots, a notch filter was utilized. Note the notch filter was not used during
band edge plots/measurements.

3) 802.11 a/n HT20/HT40 included in measurements as well as both SISO/MIMO modes of Tx

operation.

4) No significant emissions found >18GHz.

Deviations, Additions, or Exclusions: None
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11.41Band Edge Plots: MIMO Mode of Operation — HT20 Low Channel 5745 MHz

Vertical Antenna — Lower Band Edge — Peak Measurements
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Horizontal Antenna — Lower Band Edge — Peak Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Dashed-Lines (Restricted Band start/stop)
Blue Trace (Peak trace line)
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11.42Band Edge Plots: MIMO Mode of Operation — HT20 Low Channel 5745 MHz

Vertical Antenna — Lower Band Edge — Average Measurements
1 SciBuY idiv
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Dashed-Lines (Restricted Band)
Blue Trace (Average trace line)
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11.43Band Edge Plots: MIMO Mode of Operation — HT20 High Channel 5825 MHz

Vertical Antenna — Upper Band Edge — Peak Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Peak trace line)
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11.44Band Edge Plots: MIMO Mode of Operation — HT20 High Channel 5825 MHz

Vertical Antenna — Upper Band Edge — Average Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Average trace line)
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11.45Band Edge Plots: MIMO Mode of Operation — HT40 Low Channel 5765 MHz

Vertical Antenna — Lower Band Edge — Peak Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Peak trace line)
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11.46Band Edge Plots: MIMO Mode of Operation — HT40 Low Channel 5765 MHz

Vertical Antenna — Lower Band Edge — Average Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Average trace line)
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11.47Band Edge Plots: MIMO Mode of Operation — HT40 High Channel 5785 MHz

Vertical Antenna — Upper Band Edge — Peak Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Peak trace line)
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11.48Band Edge Plots: MIMO Mode of Operation — HT40 High Channel 5785 MHz

Vertical Antenna — Upper Band Edge — Average Measurements
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Reference only — max hold peak detector measurements referenced to average & peak limits

Legend: Green Vertical Lines (Tx allowable start/stop band)
Red Vertical Lines (Restricted Band)
Blue Trace (Average trace line)
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11.49Test Data: MIMO Band Edge — FCC Restricted Band

Tx Spurious Radiated Emissions — Band Edge

Test Report #  G101503607 Test Area: CC1 Radiated Temperature: 237 °C
Test Method: FCC 15.209/ 15.205/ 15.35(b)  Test Date: 02/12/2014 Relative Humidity: %
02/13/2014 27.2
EUT Model #: Radio Module: W5800-01 EUT Air Pressure: kP
4’ Parabolic “Dish” Antenna: Power: a
SPD4-5-2S 120VAC/60Hz 83.5
EUT Serial # Radio Module: DEN1402111313
4’ Parabolic “Dish” Antenna(s): 1018763/ 1018764
Manufacturer:  FreeWave Technologies Level Key
EUT Description:  PCle Radio Module Pk — Peak
Notes:  Product tested in MIMO mode: 3 transmit chains/ports — dual antennas Qp — Quasi Peak
Product continuously transmitting during all testing — worst-case Av - Average
modulation/data
MIMO mode of Operation, MCSO Data Rate, 27dBm power, 22.23 dBm/port
(worst-case power)
Freq Level | Det | Cable Ant Preamp | Atten Final Pol Hgt Az Deltal Delta2 RBW
Qp FCC FCC
Av 15.209 | 15.35(b)
MHz dBuV | Pk | +[dB] | +[dB/m] - [dB] +[dB] | =[dBuV] | (VIH) | (m) | (DEG) Avg Pk (MHz)
Measurements: 802.11a/n HT20 Lower Band Edge — FCC Restricted Band
5725.0000 | 49.48 | Av 5.64 34.09 44.10 0.00 45.11 \Y 1.47 3.0 -8.87 NA 1.000
5725.0000 | 64.93 | Pk 5.64 34.09 44.10 0.00 60.56 \ 1.47 3.0 N/A -13.44 1.000
5725.0000 | 32.29 | Av 5.64 34.09 44.10 0.00 27.92 H 154 | 11.0 | -26.06 NA 1.000
5725.0000 | 35.50 | Pk 5.64 34.09 44.10 0.00 31.13 H 154 | 11.0 N/A -42.87 1.000
Measurements: 802.11a/n HT20 Upper Band Edge — FCC Restricted Band
5850.0000 | 54.25 | Av 5.70 34.15 44.41 0.00 49.69 \Y 1.53 5.0 -4.29 NA 1.000
5850.0000 | 63.15 | Pk 5.70 34.15 44.41 0.00 58.59 \ 1.53 5.0 N/A -15.41 1.000
5850.0000 | 38.23 | Av 5.70 34.15 44.41 0.00 33.67 H 155 | 36.0 | -20.31 NA 1.000
5850.0000 | 46.33 | Pk 5.70 34.15 44.41 0.00 41.77 H 155 | 36.0 N/A -32.23 1.000
Measurements: 802.11n HT40 Lower Band Edge — FCC Restricted Band
5725.0000 | 65.49 | Pk 5.64 34.09 44.10 0.00 61.12 \Y 1.52 5.0 N/A -12.88 1.000
5725.0000 | 35.82 | Av 5.64 34.09 44.10 0.00 31.45 \ 1.52 5.0 -2253 NA 1.000
5725.0000 | 48.43 | Pk 5.64 34.09 44.10 0.00 44.06 H 151 | 12.0 N/A -29.94 1.000
5725.0000 | 35.63 | Av 5.64 34.09 44.10 0.00 31.26 H 151 | 12.0 | -22.72 NA 1.000
Measurements: 802.11n HT40 Upper Band Edge — FCC Restricted Band
5850.0000 | 51.28 | Pk 5.70 34.15 44.41 0.00 46.72 \ 1.58 4.0 N/A -27.28 1.000
5850.0000 | 35.71 | Av 5.70 34.15 44.41 0.00 31.15 \Y 1.58 4.0 -22.83 NA 1.000
5850.0000 | 47.99 | Pk 5.70 34.15 44.41 0.00 43.43 H 1.65 | 12.0 N/A - 30.57 1.000
5850.0000 | 35.69 | Av 5.70 34.15 44.41 0.00 31.13 H 165 | 12.0 | -22.85 NA 1.000
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Example calculation:

Final L Final
Specificatio Delta
Measure Cable Antenna Pre- Correcte Correcte .
Atten n Specificatio
d Level Loss Factor Amp d o d
+ + + = . Limit . = n
Reading Reading
(dBpv) (dB) (dB) (dB) (dB) (dBpV/m) (dBpV/m) (dBpV/m)
20.0 3.0 5.0 10.0 0.0 18.0 40.0 18.0 -22.0
Notes:

1) The highest signals — as determined from pre-scan plots — were fully-maximized and measured.
2) The notch filter was not used during band edge plots/measurements.

3) 802.11 a/n HT20/HT40 included in measurements as well as both SISO/MIMO modes of Tx

operation.

Deviations, Additions, or Exclusions: None
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12 Power Spectral Density — PSD

12.1 Test Results:

Test not required for Class Il Permissive Change.

13 Radiated Emissions (Digital Part of Receiver)
13.1 Test Results:

Test not required for Class Il Permissive Change.

14 AC Mains Conducted Emissions - Transmitter

14.1 Test Results:

Test not required for Class Il Permissive Change.

15 RF Exposure Requirement
15.1 Test Results:

To be supplied by the customer.

16 Duty Cycle/ Duty Cycle Correction Factor

16.1 Results:

Test not required for Class Il Permissive Change.
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17 Appendix A: Antenna Specifications

FADIO WWAVES
5.250 - 5.850 GHz

PARABOLIC SUBSCRIBER. ANTENNAS

FEATURES

n  Anteana diamesers:
= 17 {30 om)
= 1.5 (4% o)
Y (ol om)
=3 (M o)
4" {120 o)
= & (150 om)
m  Anteana weiphis:
=17 15 k= (6.Bkgl
= 15718 Bs (B kg
=1 ks l:EI.EIl:E_I
=3 35kEs (15.8kg
= 4" el ks (27 0kg)
= " Ol Es (40.5kg)
Ligheweiphe and rugped desipn
Easily installed
RF Consector laterface Type "N femalz
Standand color white: ocher coloss available
0N Ut

n  Radome standard on 17 and 1.5" models, optional
fr all other models

n Dl polaricy meodels abeo available

EvecTRICAL SPECIFICATIONS (fypical performance]”

Modal Frna:lazncy.. Polarization (G Baamwidth © K Pal FE Batic VWA Max
Fasmbser dBi ominal) 3B Rejection.dB dB {RLL., dB}
SPH-52  B2AD- 5850 Single 220 12.0 17 30 1.5 (14.0
S5 te G.ooo - Gesd Sk ] BA 20 = 1.5 (140
SPR52  G.oo0 - BASD Singl Z8.0 .2 28 28 1.5 (1400
SPa52  B.o80 - BSS0 Single ] 42 0 38 1.5 (140
SPste  G.ono - Gesd ﬂ;!E N 34 30 4z 1.5 (14
SPO-52 G260 - BASD Single 378 22 30 44 1.5 (1400

* Al specifioations sebject to ohanga without notbiog,

Redo Waves, Inc.
P Oveaa. IOCWaVE SN Oom
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18 Measurement Uncertainty

The measured value related to the corresponding limit will be used to decide whether the equipment

meets the requirements.

The measurement uncertainty figures were calculated and correspond to a coverage factor of k = 2,
providing a confidence level of respectively 95.45 % in the case where the distributions characterizing the

actual measurement uncertainties are normal (Gaussian).

Measurement uncertainty Table

Parameter Uncertainty + Notes
Radiated emissions, 10kHz to 30 MHz 3.4dB
Radiated emissions, 30 to 200 MHz HP 2.2dB
Radiated emissions, 30 to 200 MHz VP 3.8dB
Radiated emissions, 200 to 1000 MHz HP 2.8dB
Radiated emissions, 200 to 1000 MHz VP 2.7 dB
Radiated emissions, 1 to 18 GHz 5.2 dB
Conducted port emissions 10kHz to 1000 MHz 1.0dB
Conducted port emissions 1 — 26.5 GHz 1.6 dB
AC mains Conducted emissions, 9kHz to 30 3.14dB
MHz

EMC Report for FreeWave on the Model: W5800-01 with SPD4-5.2S
(4’ Parabolic Antenna)

Page 67 of 68




Intertek

Report Number: 101503607DEN-001A | Issued: 2/26/2014

19 Revision History

Revision Date Report Number Notes
Level
_______ O .| .226/2014 |101503607DEN-001A( ~_ Orignallssue
EMC Report for FreeWave on the Model: W5800-01 with SPD4-5.2S Page 68 of 68

(4’ Parabolic Antenna)




