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FCC ID: OOX-NCL1100

All results of this report relate only to the items that were tested.
This report may not be reproduced, except in full, without written approval of L. S. Compliance, Inc.
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FCC ID: OOX-NCL1100

DESCRIPTION OF MEASUREMENT FACILITIES

Site on File with the FCC
ID Number: 31040/SIT
1300F2

Site on file with Industry Canada:
ID Number: IC 3088

“ The site referenced above has been found to comply with the test site criteria found in

ANSI C63.4-1992 and 47CFR Section 2.948.”
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SIGNATURE PAGE
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Kenneth L. Boston, EMC Lab Manager Date
PE #31926
Registered Professional Engineer
(State of Wisconsin)
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FCC ID: OOX-NCL1100

2.3 SUMMARY OF TEST REPORT

MANUFACTURER: Waverider

MODEL: NCL 1100

SERIAL: pre-production

DESCRIPTION: SPREAD SPECTRUM BRIDGE MODULE
FREQUENCY RANGE: 2400-2483.5

The Waverider NCL-1100 was found to “meet” the radiated emission specification of Title
47 CFR FCC, Part 15, subpart C. for an intentional radiator. The NCL 1100 was also evaluated to
pat 15 for emissions as a class A digital product.

The NCL-1100 is a wireless data link, or bridge, that is intended for high speed data transfer
via a 2.4 GHz spread spectrum transceiver. It is intended only for commercial and industrial
users.
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FCC ID: OOX-NCL1100
24 INTRODUCTION

During August, September and October of 1999, a series of Radiated and Conducted
Emissions tests were performed on two sample models of the Waverider model NCL 1100, a
spread spectrum transceiver module, designed for moderate distance data transmission. These
tests were performed using the test procedures outlined in ANSI C63.4-1992 for intentional
radiators, and in accordance with the requirements set forth in FCC Part 15.247 for a direct
sequence spread spectrum transmitter. Tests were also performed as outlined in ANSI C63.4-1992
for non-intentional radiators, in order to verify compliance with the limits set forth in part 15.109
for and to allow verification of emissions for the digital section of the product. These tests were
performed by Kenneth L. Boston, PE, of L. S. Compliance, Inc.

2.5 PURPOSE

The above mentioned tests were performed in order to determine the compliance of the
Waverider model NCL-1100 with limits contained in various provisions of Title 47 CFR, FCC Part
15, including:

15.207 15.247b 15.247e
15.205 15.247c 15.109
15.247a2 15.247d

All radiated emissions tests were performed to measure the emissions in the frequency bands
described by the above sections, and to determine whether said emissions are below the limits
established by the above sections. These tests were performed in accordance with the procedure
described in the American National Standard for methods of measurement of Radio-Noise
Emissions from Low-Voltage Electrical and Electronic EqQuipment in the Range of 9 kHz to 40 GHz
(ANSI C63.4-1992). Another document used as reference for the EMI receiver specification was the
International Special Committee on Radio Interference (CISPR) number 16-1 (1993). Measurement
technique guidelines found in Appendix C to FCC 97-114 were also consulted.

2.6  Power Output Test Performed

For the 15.247b measurement, the output of the Waverider model NCL 1100 module,
including bandpass filter and lightning arrestor, was connected via a short jumper cable created
only for this measurement, into the input of the HP E4407B Spectrum Analyzer. The unit was
configured to run in a continuous transmit mode, with a pseudo-random test code supplied by
software to provide modulation. The HP receiver was set to a 5 MHz Bandwidth, and the
transmitted signal was then stored, with the peak signal level stored. This power level was
collected for the lowest, highest and middle channels and can be seen in the chart presented below.
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FCC ID: OOX-NCL1100

CHANNEL CENTER LIMIT MEASURED MARGIN
FREQ (dBm) POWER (dB)
(MHz) (dBm)
1 2412 30 dBm 15.17 14.83
3 2432 30 dBm 15.66 14.34
6 2462 30 dBm 17.00 13.00
9 of 46
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FCC ID: OOX-NCL1100

2.7 Conducted RF Test Setup and measurements

FCC part 15.247 (c) requires an antenna conducted measurement of conducted harmonic
and spurious levels, as reference to the carrier frequency in a 100 kHz bandwidth. For this test, the
video transmitter module was directly connected to the HP E4407B spectrum analyzer, through a
very short coaxial cable and a 10 DB attenuator. Plots were then taken, with any noticeable
spurious or harmonic signals identified. No significant levels at any spurious products could be
found within -20 dBc of the fundamental of the transmitter. Signals that were observed were
greater than 50 dB down. (in the 100 kHz bandwidth)

2.8  Occupied Bandwidth Measurements

The 6 dB bandwidth requirement found in 15.247.a.2 is a minimum of 500 kHz. Direct
measurement of the transmitted signal, via a direct cabled connection to the HP E4407B analyzer,
was then used to determine the signal bandwidth. For each of the representative channels, refer to
the graphs found in Appendix C. From this data, the bandwidth of channel 6, which is the closest
data to the specification limit, is 7.45 MHz, which is above the minimum of 500 kHz.

CHANNE | CENTERFREQ | MEASURED 6 dB MINIMUM
L (MHz) BW LIMIT
(kHz) (kHz)
1 2412 8200 500
3 2432 7700 500
6 2462 7450 500

2.9 Power Spectral Density

In accordance with FCC part 15.247(d), the peak power spectral density should not exceed
+8 dBm in any 3 kHz band. This measurement was performed along with the conducted power
output readings performed as described in section 2.6. The peak output frequency for each
representative frequency was scanned, with a 3 kHz bandwidth; until the peak signal level in the
transmitted spectrum could be located. Since individual modulation products were identifiable,
the highest level was measured and compared to the limit, and can be determined by inspection of
the graphs found in Appendix C. The highest density was found to be no greater than 1.5 dBm,
which is under the allowable limit by 6.5 dB.

CHANNE CENTER MEASURED P SPEC MARGIN
L FREQ
1 2411.99 1.5dBm +8.0dBm 6.5dB
LSC-Waverider 90222 page 10 of 46
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3 2431.99 0.0dBm +8.0dBm 8.0dB
6 2461.99 0.0dbm +8.0dBm 8.0dB
LSC-Waverider 90222 page 11 of 46
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2.10 Processing Gain

A report detailing the results of a jamming margin test performed upon a typical system
containing the Harris Prism chipset is attached to this report, wherein the processing gain of the
system was determined by using the CW jamming margin method. Because this product contains
the same base-band processing chipset, reference is made to this report as fulfilling the processing
gain requirement. The justification for this means of showing compliance is contained in an E-mail
from the FCC engineering staff, a copy of which is found in appendix D. This test was performed
within a screened room located on the L.S. Compliance facility, by Brian Petted, of L.S. Research,
which is co-located with L. S. Compliance in Cedarburg.

2.11 RADIATED EMISSIONS TEST SETUP

The test sample was operated within the 3 meter Semi-Anechoic, FCC listed chamber
located at L.S. Compliance in Cedarburg, WI. The sample was set up on a small fixture and placed
on a wooden pedestal, which was centered on the flush-mounted 2m diameter metal turntable.
The test sample was operated on its own [new] internal power supply. The test sample was
configured to run in a continuous transmit mode during the 15.247 and 15.205 measurements. One
test sample was set to operate on either channel 1 (2412Mhz), channel 3 (2432 MHz), or channel 6
(2462 MHZz) while being tested as an intentional radiator, in order to determine compliance within
the frequency band of 2400-2483.5 MHz, as dictated by FCC part 15.31m

Please refer to Section 2.15 for pictures of the test setup.
2.12 RADIATED EMISSION TEST PROCEDURE

The fundamental and spurious (harmonic) emissions of the transmitter were tested for
compliance to Title 47 CFR, FCC Part 15.247c limits for Direct Sequence Spread Spectrum systems,
and the 15.205 general limits, within the restricted bands. For the calculations used to determine
the 1 meter limits, see Appendix A. The test sample was tested from the lowest frequency
generated by the transmitter to the 10th harmonic of the fundamental frequency generated by the
device. The appropriate limits were also observed where any spurious signals were located within
any of the restricted bands as described in Part 15.205a. These frequencies, and their associated
limits, are referenced in Section 2.14. The sample was positioned on an 80 CM high pedestal and
placed in the 3 Meter chamber and the antenna mast was placed such that the antenna was either 1
meter or 3 meters from the test object. A biconical antenna was used to measure emissions from 30
to 200 MHz, a log periodic was used to measure emissions from 200 to 1000 MHz, and a double
ridged waveguide horn was used to measure emissions above 1 GHz. The test object was set to
operate in continuous transmit, and the resultant signals were maximized by rotating the turntable
360 degrees, and by raising and lowering the antenna between 1 and 4 meters. The test object was
also given several different orientations to determine the maximum signal levels, using both
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horizontal and vertical antenna polarities. Emissions above 5 GHz were also measured at a 1
meter separation, using the HP 8563E analyzer and 8348A preamplifier.

No significant emissions were found aside from the transmitter fundamental and some
spurious signals. The unit was scanned for emissions, over the range 30 to 25000 MHz to establish
compliance with Part 15.247c and 15.205 for the system. The results of the system measurements
are found in Appendix B, with graphs of the signature scans found in Appendix
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2.13 TEST EQUIPMENT UTILIZED FOR RADIATED EMISSIONS TEST

A list of the test equipment and antennas used for the tests can be found in Section 2.17,
which includes the calibration information as well as the equipment description. All equipment is
calibrated and used according to the user manuals supplied by the manufacturer. All antenna
calibrations were performed at a N.1.S.T traceable site, and the resultant correction factors were
entered into the Hewlett Packard 8546 A EMI receiver software database. The connecting cables
used were also measured for loss using a calibrated signal generator and the HP 8546 A EMI
receiver. The resulting loss factors were entered into the HP 8546A database. This allowed for
automatic changes in the antenna correction factor, as well as cable loss or other corrections, to be
added to the EMI receiver display while taking measurements. Thus, the resulting data taken
from the HP 8546A is an actual reading and can be entered into the database as a corrected meter
reading. The HP 8546A EMI receiver was operated with a bandwidth of 120 kHz when receiving
signals below 1 GHz, and with a bandwidth of 1 MHz when receiving signals above 1 GHz, in
accordance with CISPR 16. Both the peak and Quasi-peak detector functions were used.

For measurements in the upper microwave region, a HP E4407B Spectrum analyzer was
utilized. Being that this instrument is an integrated system, all antenna factors, cable factors, and
preamplifier gain factors are stored and recalled when initially calibrated and configured for use.
Data appearing on the screen and measured during emissions testing is then presented as
corrected readings. During emissions testing, signals where significant levels were noted were
measured using the 1 MHz IF bandwidth, and a 10 or 100 Hz video bandwidth, resulting in an
average measurement mode of the analyzer. During Tx/Rx switching modes, the video
bandwidth was raised to 1 MHz, and peaks were compared to the Average limits, plus 20 dB.
Signal levels were also inspected using the 100 kHz bandwidth during conducted emission testing,
and compared to the maximum radiated signal in a 100 kHz bandwidth of the fundamental
modulated carrier for the three channels tested.
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2.14 - Restricted Bands affecting this product

3 Meter limits
Frequency (MHz) Limit (uV) Limit (dB/pV/m)
2310-2390 500 54.0
2483.5-2500 500 54.0
2655-2900 500 54.0
3260-3267 500 54.0
3332-3339 500 54.0
3345.8-3358 500 54.0
3600-4400 500 54.0
4500-5150 500 54.0
5350-5460 500 54.0
7250-7750 500 54.0
8025-8500 500 54.0
9000-9200 500 54.0
9300-9500 500 54.0
10600-12700 500 54.0
13250-13400 500 54.0
14470-14500 500 54.0
15350-16200 500 54.0
17700-21400 500 54.0
22010-23120 500 54.0
23600-24000 500 54.0

1 Meter limits; 54.0 dB plus 20log(3/1)=54.0+9.54 = 63.54

3 Meter peak limits; 54.0 dB plus 20 dB=54.0+20.0 = 74.0

1 Meter peak limits; 63.54 dB plus 20 dB= 63.54+20.0 = 83.54

LSC-Waverider 90222
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2.15 — Photos taken during testing

View of the Waverider NCL 1000 module during the Radiated Emissions tests. This view shows

the orientation of the product during tests of the emission from the system.
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View of the Waverider NCL 1000 module during the Radiated Emissions tests.
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View of the Waverider NCL 1000 module during conducted emission testing.
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2.16 SUMMARY OF RESULTS AND CONCLUSIONS

Based on the procedures outlined in this report, and the test results included in appendices
B and C, it can be determined that the Waverider NCL 1000 module does “meet” the emission
requirements of Title 47 CFR, FCC Part 15 Subpart C for an intentional radiator. Some of the
emissions in the restricted bands immediately adjacent to the 2.4 GHz ISM are within 4 dB of the
limits respectively, and could be found to be over the limits if these samples, or others were to be
tested by another agency.

During the testing, it was determined that an additional 2 pole filter for the ISM band
would be required in the RF output path, in addition to the existing 2 pole filter. Therefore a
Murata 2447F BPF was installed in the output cable, and will be required to be integrated along
with the present band-pass filter in the cast aluminum box that contains the filter, resulting in a
four pole band-pass filter.

The enclosed test results pertain to the samples of the test item listed, and only for the tests
performed on the data sheets. Any subsequent modification or changes to the test items could
invalidate the data contained herein, and could therefore invalidate the findings of this report.
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2.17 - Test EQuipment

Asset# | Manufacture | Model # Serial# Description Due Date
r
AA960004 EMCO 3146 9512-4276 Log Periodic Antenna 3aug2000
AA960005 EMCO 3110B 9601/2280 Biconical Antenna 3aug2000
AA960007 EMCO 3115 99111-4198 Double Ridge Horn Antenna 1aug2000
EE960004 EMCO 2090 9607-1164 Mast/Ttable controller 1.0.
EE960014 HP 85460 3617A00320 EMI receiver Display section 23aug2000
EE960013 HP 85462 3205A00103 EMI receiver Preselector section 23aug2000
CC000221 HP E4407b Us39160256 26.5 GHz Spectrum Analyzer 16june2000
LSC Cable 0011 3 meter heliax 23 feb2000
LSC Cable 0038 1 meter RG214 30dec1999
LSC cable 0050 10 meter RG214 30dec2000
LSC-Waverider 90222 page 20 of 46
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APPENDIX A:

SAMPLE CALCULATIONS
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Manufacturer: Waverider
Model: NCL 1000
Serial Number(s): preproduction

Calculation of Radiated Emissions limits for
FCC Part 15.205 (above 1 GHz)

The following table depicts the limits for spurious products for an intentional radiator:
Limits are included which are established at a measurement distance of 3 meters and also limits
corrected for a 1 meter measurement distance, which are extrapolated from the 3 meter limit.

Frequency 3m limit 1m limit
(MH2z) (dB pVv/m) (dB pVv/m)
960 MHz up 54 63.54

» The 1 meter limits were calculated by adding a factor of 9.54 dB, derived from:
20log10(3/1) =9.54 dB uvV/m
Im limit = 3m limit + factor
=54 dB pv/m + 9.54 dB pv/m
=63.54 dB pV/m
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APPENDIX B:

DATA CHARTS
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Measurement of Electromagnetic Radiated Emission within 3 Meter FCC Listed
Chamber
Frequency Range inspected: 30 to 1000 MHz

Date of Test: 1 October and 22 October, 1999 Manufacturer: Waverider

Location: L. S. Compliance, Inc. Model No.: NCL 1000

W66 N220 Commerce Court
Cedarburg, WI 53012

Specification

s 47CFR FCC Part 15.109, class A Serial No.: Pre-production

Rx/idle on channel 1,3 or

Distance: 3 meters Configuration:
6 worst case observed

Detector(s)

Equipment: HP 8546A EMI Receiver Used:

Quasi-peak

EMCO 3146A Log Periodic
EMCO 3110B Biconical

The following table depicts the level of significant spurious emissions found:

Frequency Anter!na Height | Azimuth Ri';/lolli'r\l/lgeEZrB 15.109 Limit | Margin
(MH2z) Polarity | (meters) | (0° - 360°) W/m) (dB pv/m) (dB)
60.1 V 1.0 170 33.6 49.5 15.9
66.8 V 1.0 133 40.8 49.5 8.7
120.0 V 1.0 340 41.5 54.0 12.5
200.5 V 1.0 140 43.0 54.0 11.0
200.5 H 1.7 250 39.7 54.0 14.3
233.9 V 1.0 75 49.3 56.9 7.6
233.9 H 1.5 125 49.6 56.9 7.3
267.3 V 1.0 55 47.4 56.9 9.5
267.3 H 1.25 220 53.5 56.9 3.4
280.0 V 1.0 65 41.2 56.9 15.7
292.3 V 1.0 170 37.0 56.9 19.9
334.0 V 1.0 290 47.6 56.9 9.3
334.0 H 1.0 275 51.1 56.9 5.8
360.0 V 1.0 290 44.6 56.9 12.3
399.9/401 V 1.0 310 53.9 56.9 3.0
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401.0 H 1.0 100 56.1 56.9 0.8
420.0 \Y 1.0 330 46.9 56.9 10.0
420.0 H 1.0 90 51.0 56.9 5.9
467.7 \% 1.0 140 47.2 56.9 9.7
467.7 H 1.0 280 48.6 56.9 8.3
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Measurement of Electromagnetic Radiated Emission within 3 Meter FCC Listed
Chamber
Frequency Range inspected: to 25 GHz

Date of Test: 1 September, 1999 Manufacturer: Waverider

Location: L.S. Compliance, Inc. Model No.: NCL 1000

W66 N220 Commerce Court
Cedarburg, WI 53012

Specification

s 47CFR, FCC Part 15.247(c), 15.205 Serial No.: Pre-production

Distance: 1 meter Configuration: TxonCh1l,3,6
i . HP 8546A EMI Receiver Detector(s)

Equipment: Average

HP 84125C microwave EMI system Used:

EMCO 3115 Double Ridged
Waveguide

The following table depicts the level of significant spurious and harmonic emissions found:

EMI .
Frequenc |Antenna| Height | Azimuth | Reading | Channel Limit M(ng)m
y (GHz) | Polarity [(meters) | (0° - 360°) |(dBuV/m (dB pv/m)
)
1691.0 H 1.0 0 60.7 3 63.54 2.84
2352.0 H 1.0 0 53.5 1 63.54 10.04
2372.5 H 1.0 0 56.0 1 63.54 7.54
2372.5 H 1.0 0 54.9 3 63.54 8.64
2382.5 H 1.0 0 54.5 1 63.54 9.04
2382.5 H 1.0 0 53.5 6 63.54 10.04
2384.0 H 1.0 0 54.0 3 63.54 9.54
2385.5 H 1.0 0 56.5 1 63.54 7.04
2385.5 H 1.0 0 54.0 3 63.54 9.54
2390.0 H 1.0 0 57.4 1 63.54 6.14
2483.5 H 1.0 0 60.1 6 63.54 3.44
2484.0 H 1.0 0 56.4 1 63.54 7.14
2486.3 H 1.0 0 61.5 3 63.54 2.04
2864.5 H 1.0 0 54.8 1 63.54 8.74
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Measurement of Conducted Emissions with direct connection to the antenna port.

Date of Test:
Location:

Specifications:
Distance:

Equipment:

Lab
Conditions:

August 30, Septemberl, 1999

L. S. Compliance, Inc.

W66 N220 Commerce Court

Cedarburg, WI 53012

Title 47CFR, FCC Part 15.247

N/A

HP 85460A, 85462A EMI Receiver

HP-E4407B

Temp.: 72° F Humidity:50%

Manufacturer: Waverider
Model No.: NCL 1000

Serial No.: Pre-production
Configuration: Channel 1, 3,6 Tx
Detector(s)

Used: Peak

The following table depicts the level of significant spurious emissions found:

Output power
Frequenc Channel EFI\Q/LLZ/:?\? Meis llj\;ﬁ—?zm ) di?fc::\gce
y (MHz) @dBm) | bandwidth | (-dBc)
(dBm)
2183 6 -46.1 51 51.2
2402 6 -48.3 51 53.4
2487 6 -43.6 51 48.7
2492 6 -45.5 51 50.6
2513 6 -48.5 51 53.6
2517 6 -44.4 51 49.5
2486 3 -46.3 6.1 52.4
2530 3 -44.1 6.1 50.2
2530 1 -44.9 6.0 50.9
7250 1 -49.6 6.0 55.6
LSC-Waverider 90222 28 of 46
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Measurement of Conducted Emissions within 8’ X 10’ FCC Listed Shielded Room.

Date of Test:
Location:

Specifications:

Distance:

Equipment:

Lab

Conditions:

October 28, 1999

L. S. Compliance, Inc.

W66 N220 Commerce Court

Cedarburg, WI 53012

Title 47CFR, FCC Part 15 Subpart C

40 cm to vert. G.P.

HP 85460A, 85462A EMI Receiver

EMCO 3810/2NM LISN

HP 11947A Limiter

Temp.: 72° F

Humidity:50%

Manufacturer:

Model No.:

Serial No.:

Configuration:

Detector(s)
Used:

Waverider

NCL-1100

preproduction

Channel 3, RX (worst
case)

Quasi-Peak

The following table depicts the level of significant spurious emissions found:

EMI

FCC i

Frequenc . Meter ... | Margin
y(?\/le) Line | ceading 15.;087 L\l/mlt (dg)

(dB V) (dB pv)
0.46 L1 38.0 60.0 22.0
0.615 L1 35.3 60.0 24.7
0.96 L1 34.3 60.0 25.7
20.3 L1 37.3 69.5 32.2
0.882 L2 37.0 60.0 23.0
0.968 L2 37.9 60.0 22.1
1.04 L2 37.9 60.0 22.1
1.118 L2 39.9 60.0 20.1
1.124 L2 40.1 60.0 19.9
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APPENDIX C:

GRAPHS
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TX channel 2, 30-300 MHz, horizontal polarity
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Last Hrd

Key Henu
SPAN

HARKER

HORRAL

HAARKER

A
HARKEFR
ANPTO

EELECT
12134

MARKER 1
DM OFF

NHore

1 of ¢
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Tx channel 2, 300-1000 MHz, Horizontal polarity

(@3] 11:76:26 2e 0T 1399 i
HRRKER ACTU DET: PEAK key fenu
UH1.5 HHz MERS DET: PERAK OP AUG o
54,92 Bl MER YEI.5 NHz

HEan 54,03 dBulsm

LOG AEF 7@ @ dEpWsm FEREAHP 0ON :EEEE?

1@

dB s

ARTH . I HAARKER

ade | a

N ﬂ Jﬂ ' HARKEFR
ﬂ\_ | .L.Mu. bl AR
L LY TR O, LA S M0 EL =l

R SB SELECT

a0 FC RN

ALORR

MARKER 1

DN OFF

START 88,8 MHz S10P 1.BPHE GHz Nore
A IF EW 128 kHz AUG EW JBA kHz SUP ESE meec 1 of @
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Tx channel 1, 2.31-2.39 GHz, vertical polarity, 1 meter separation

(@] 17:39:47 @1 SEP 1999 —
HRRKER ALTU DET: PERK Key Nenu
3 30988 GHz MEAS OET: PERK OF AWG cpan
57.95 dBulsn MER 2. ZH9BE GHz
57.35 dBulsm |
EXTHAHF -1E.8 dE
LOG AEF 7O @ dEpYsm FREAHF ON :EEEE?
1A
dB s ¥
T — HARKER
EI:'B - - - - e . a - - - - - - - . e - a :'LT_- ---ﬂ-.-_-m—-;*- - A
HARKER
ANFTDO
VA 5B BELEDT
a6 FC R
ALORR
MARKER 1
DN OFF
START 2.31880 GH: 5T0P 2. 39988 GHz Nore
R 41F BW 1.8 NHz  #AUG EW 188 Hz SWP 2 UB see 1 of @
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Tx channel 3, 2.31-2.39 GHz, vertical polarity, 1 meter separation

(B3] 17:28:50 @1 SEP 1939 —
HARKER ALTU DET: PERK Key Nenu
3. 3734R [He MERS DET: PEAK OF AVE cpan
SY.B9 dBu b, MKR 327248 GHz
o 54 BE dBulsm
EXTANE -15.8 dE
LOG AEF 70 @ dEpW:/n FREAHAP 0OH :EEﬁEﬁ
i@
dB s
RN HARKER
A dE - 2 T . a
NARKER
AHFTO
A SB BELECT
a0 FC 127y
ALORR
MARKER 1
N OFF
START 2.31888 GHs STOP 2. 39988 GHz Nore
FE #IF BW 1.8 HHz  #AUG BW 188 Hz SWP PUR sec 1 of @
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Tx channel 6, 2.31-2.39 GHz, vertical polarity, 1 meter separation

[@F] 16:99:31 @1 SEP 1939
HARKEFR ACTU OET: PERK
3 302UE CHz NEAS DET: PEAK 0P AUG
57.40 dEuly NER 2.38348 GH
uan 534G dBulisn
EXTAHMF -1E.H dE
LOG REF 70 @ dEplsn FREARMP ON
1@
ey .
HtHTH
@ db B EERES EE
A SE
a0 FC
ALORR
START 2.3100F GH: S10F 2.39889 GH:
AL #1F BW 1.8 NHz  #AUC BW 18 H: SUP DULE  sec

Las1l Hrd

Key Menu
SPAM

CLERAR

MRITE A

MAx
HOLDO A

VIEW A

ELAMNE A

Trace
h B LC

More

1 af 3

LSC- Waverider 90222

page

35

of 46




L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Tx channel 1, 2.483-2.5 GHz, vertical polarity, 1 meter separation

[@F] 17:41:13 B1 SEF 1939 P
HARKER ACTU DET: PERAK Key Nenu
3 4EURY [Hz HERS DET: PEAK OP AUG cpak
55.97 dBuls MER 3. 4HYAY GHz
uren 56,37 dBulim |
EXTAHF -16.80 dE
LOG AEF 7B @ dEpW:/n FEEAHF ON :EEEEE
i@
dBs
HAARKER
1HTH
EdE —":l}._\_‘l'\-\_m_._._,_,—-—\.._---- - - - . ey i IR - - - - - - - - C e - - .
HARKER
ANETD
A 5B SELECT
0 FC FEN
ALORR
MARKER 1
DN OFF
STRRET 2.48358 GHs STOF 3.SEPAE GHz Nore
F o #IF BW 1.8 HHr  #AUG BW 18 He SWP 5.08 see 1 of @
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Tx channel 3, 2.483-2.5 GHz, vertical polarity, 1 meter separation

[h#] 17:34:05 @1 SEP 1333

Last Hrd

EXT PREANE GATH BLTU DET: PEAK Key Menu
-16.60 dE MEAS OET: PEAK OGP AUG cPaN
MKkR 2. YBE2E [Hz
B1.4@ dBylsm [
EXTAHF -16.8 dE FRESEL
EEE AEF 7“0 @ dEpWsn FREAHF ON DEFAULT
dB s
S HRX HER
ATH DA

1E|:|B---- [, = LUL
Anpid
Unitis
UA 5B EXTEAKAL
S0 FC PREAHPG

ALCORR
INFUT ¢
S0 750
START 2.42358 (GHz CTOP 2.5HAAA GHz Hore
RL #1F BW 1.8 HH: #AUG EW 18 H: SHP 5.8 sec ¢ of 1
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Tx channel 6, 2.483-2.5 GHz, vertical polarity, 1 meter separation

LOG
il
dB s
1ATH
d dB

WA 5B
al FC
ALORR

STRRT
RL

[BF] 16:55:41 @1 SEF 1999

START ACTL OET: PEAK
¢ . Y8358 CH= HEAS OET: PEAK QP AUG
HER 2.48354 GH=
EA.BY dBplsn

EXTAMF -16.8 dE

FEF 7B @ dEplsnm FREAMP OH
I I e S N

¢. 43350 CH» =10F 2.58BHA GH:z

+1F BW 1.8 HH: #AUG BW 18 H: SUP 5.BH sec

Las1 Hrd

Key Menu
SPAN
LLEAR
MRITE A
MA X

HOLDO A

VIEW A

ELAMK A

Trace
h B C

More

1 af 3
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Tx channel 4, 2.5-5 GHz, vertical Polarity

[B3] 17:47:89 @1 SEP 1999 e i
HRRKER ALTU DET: PEAK key Menu
3 BEYS CH: MEAS DET: PEAK OP AVG cpan
54.72 dBul HKF 2.BE4S GHz
uran 4.7 dBulsm
EXTANP -16.9 dE
LOG AEF 7B O dEplsn FEEAHF ON HAR KL
T~ NORHAL
iy :
AATN HAARKER
A dE RETREE e -
HARKE R
AAPTO
VA 5B CELECT
a0 FL 121U
ALORR
MARKER 1
ON OFF
START 2.E558 GHz S10P 2.998A GHz Nare
RL #1F BW 1.8 NHz  #AUG BW 1B Hz SWP 7.35 see 1 of 3
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L. S. COMPLIANCE, Inc. m

Tx channel 4; 1.0-2.31 GHz, vertical Polarity

FCC ID : OOX-NCL1100

[A#] 17:06:08 @1 SEP 1333
AVERAGE BAMOWIDTH ACTL OET: PLAEK
1@ H: HEAS OET: PEAK QAP AUG
MEKR 1.E91 GH:z
EA.ES dBpUsn
EXTAMP -1E6.B dE
LOG REF 0 @ dEpWsnm FRERAMP 0N
18
dB s - "
AN I S S——
1@':'9;0—- - - - pr——— - . . - - = = - - = =
WA SB
S0 FC
ACORR
CTART 1.HAH GHz ETOFP 2.318 GH:
RL +1F BW 1.8 HH: #ALG BW 1HA H: SHP 39.3 sec

Las1 Hrd

Key Menu
SPAM
LLEAR
HRITE A
MAX

HOLD A

VIEW A

ELAME A

Trace
h B LC

More

1 af 3
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

5-25 ghz, vertical polarity, tx on channel 3

[2) 18:34:23 Sep 1, 1999

#Htten @ dB

Huto

Sweep

Sweep Time|
278 5
Man|

Cont

Sweed
Single

Swp Coupling
SR SH

On

Gatel
Off

Gate Setup»

GHz
#WEW SBB Hz
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L. S. COMPLIANCE, Inc. m

AC LINE CONDUCTED EMISSIONS, CHANNEL3RX, L1

FCC ID : OOX-NCL1100

[p] 19:03:33 cB OCT 1333
HRARKER ACTY DET: PERK
dl.29 HHz MEAS DET: PLAK OP ALG
/.49 dBEpl MER 2B.29 HH:
g 27,00 dE )
LOG AEF 75 @ dEpWk
1A
dBs
A1H FASS L]H]
10 4B
Ililr.lli"l. z&\
U SR ﬁ| I WI"'I ﬂﬁ"""-.lgim"‘bq"'. e, JI|..-|'I¢..".'J.I
i T—m | LW T
a0 FL J M,
ALORR |
START YS5H kH: “TOP 2H.HHA HHz
FL #1F BW 9.8 kHz AUG BW AR kHz SHE 2. UE sec

Lasi Hrd

Key Henu

SPAN

HARELR

HORAAL

HRRKER

.
HARKLFR
ARFTO

EELECT
1214y

MARKEFR 1
DN DFF

Nore

1 of ¢
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

AC LINE CONDUCTED EMISSIONS, CHANNEL3 RX, L2

LSC- Waverider 90222 page 43 of 46



L. S. COMPLIANCE, Inc.

FCC ID : OOX-NCL1100

[BF] 19:34:52 2B OCT 1933 et A
HREKEFR BLTU DET: PERK Key fenu
dH.29 HHz MEAS DET: PLEAK OGP AUG ZFaN
16.82 dEpl MER 2B.29 HHz

36,82 dEpl

LOG REF 75 @ dEpl nggﬁgﬁ

1A

dB s

a1N I| PASS L1H] HAARKER

18 dE “

HARKLFR
“\NWM ANPTD
3

Ua oE [ | iy r,f'ﬁ"'l” lenmmﬁ"'""..ﬂ b'\wfﬁfﬂ"'ﬁ—" LELEDT

st Fo ] |1 Wo| 123

ALORR S

MARKEER 3
DN OFF
START 4YS5H LHz STOF 2H.HAB HHz Hore
R #]F BW 9.0 LkHz ALG BW 3B kHz SHP 2 .UE sec 1 of O
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Channel 1 TX, 6dB occupied bandwidth
[/7) 15:36:00 Aug 31, 1999 |

Marker

¥ It.h||| -. . -
||J|_||I l||||||1||I H{“l' "Iﬁll'r"‘lnII l'u'n,l

Normal
M:nrl(nqr A Lzt
8.200000 MHz o
mﬁ?a dB Start  Stop
Span Pair
Span Center
'l off
Cente - l— More
| VBH 108 kHz 0 5 ms L 0f ¢
Channel 3 TX, 6dB occupied bandwidth
lﬁﬁl 16:26:13 Aug 31, 1999 | Marker
a Mkrl 7.7
Atten 18 dB Ext PG -1@ dB . Select Marker
|| | |||n|1 Il 1 2 3 4
| fl 1' | L|
Ii ' HI' L |"|"u‘||"* ||m.
L g Normal
i
Hh"ﬂ L
M:urln:r|J \ DAL
7
700000 MHz o
Start Stop
Span Pair
Span Center

Off
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Channel 6 TX, 6dB occupied bandwidth

[52) 17:22:14 Aug 31, 1999

Atten 18 dB Ext PG -18 B

Select Marker

Marker

h Seloot Harker
| —
iy |||r‘ﬁh r
/) |"Ji"ll|'l | l"-'Jh lﬁh;lll"*""l L W lMII-wII'Jhuf'-w'l lrlll
: 1 r1||1 _
Marketﬂ! Delta
7. 450000 MHz
Band Pair
8.p2 dB s
||||1| =
I.| » =
|
off
i/
! L H ore
. an 20 MHz
.l FUBH 1 Mz 1 of 2

LSC- Waverider 90222 page a7 of 46



L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

3 Kilohertz Spectral Density: channel 1
[/7) 155101 Aug 31, 1999

|Harker Search

Mkrl 2.411
1.4

Meas Tools»

Next Peak

Next Pk Right

> 111939300 GH-
r\’l 496 dBm . ' Next Pk Left

.Jhl [, | ] ,-.-rﬂ' ! |J|’ N rJ|I.| 'h. ) I \,H" "‘ "'4” Al |'lll & ||. i

¥

Min Search

Pk-Pk Search

More
1 of 2

3 Kilohertz Spectral Density: channel 3

[52) 16:4m:84 Aug 31, 1939

Atten 15 dB Ext PG =16 dB
Meas Tools»

Next Peak

Marker Next Pk Right

a 431998500 GH? . |'
WV ﬁ-"'ﬁﬂﬂ d.Bm WAV AT ARV NPT AN TG Next Pk Left

Min Search

Pk-Pk Search

More
1 of 2
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

3 Kilohertz Spectral Density:; channel 6

[i2) 17:32:56 Aug 31, 1999 Marker

Mkrl 2

1 2 3 4

Normal

Delta

Marker

ahtlﬁlg‘JBSBIB pHz

| .
L o iy — Band Pair
'ﬁ”EIZl, ,Eth ! e '“I'F JH e M Start Stap

Span Pair
Span Center

Off

More

#UBH i
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Conducted RF emissions from the antenna port, channel 1

2] 15:56:28 Aug 31, 1999

Atten 18 dE Ext PG -18 dBE

-15.8

Display Line
-15.88@ dBm
On 0ff

DI Display Line

dBm _15 . @@ dBm
Limits»

i
I h ! lh_. e
b '._"'I"""JIL'H - e L'J'.h-'_'“"""'"'"""-"-‘f""~"-“"ﬂ-'-—-.—.=.-1|'L.-h1I'-.\-'n.,-’-..‘.—-._.-.--.-...- o

Titler

Display

Full Screens

Preferences»
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

[72) 17:14:58 Aug 31, 1999

Atten 5§ dB Ext PG -10 dB

Meas Tools»

Next Peak

Marl ar Next Pk Right
7 .250000001 GH:z

-55,.42 dBm Next Pk Left

Min Search

Pk-Pk Search

More
1 of 2
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Conducted RF emissions from the antenna port; channel 3

[52) 17:08:16 Aug 31, 1999

Marker Search

Meas Tools»
Next Peak
Marl ar Mext Pk Right
2 .4300000018 GH:z
6.119 dBm Next Pk Left
|
S TSP L .r-.'J [ l-.___‘.-lu II-a‘-.-'-.r-""
- Min Search

Pk-Pk Search

More
1of 2

Trace

Trace
i 3

Clear Hrite

Max Hold

Dl Marker
~15.6

an | 24.500000000 GHz
-58.31 dBm Min Hold

View

Blank

More
1 of 2
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

Conducted RF emissions from the antenna port, channel 6

2] 175283 Aug 31, 19939

e [1arKer Search

Atten 5 dB Ext P -18 dB
Meas Tools»

Next Peak

D] Marlor Mext Pk Right
2% 2455000000 GHz
5.975 dBm /

|

_._.._,\__.__,_..-..__.,.‘.-.-}.1'-.] [

Mext Pk Left

WA H |I
P
ST J\ !
B S L N | N P PP

Min Search

Pk-Pk Search

More
1 of 2

Trace

Trace
2 3

Clear Write

O | Marker Max Hold
2% 7100000000 GHz

-56,78 dBn Min Hold

’ View

Blank

More

1 of 2
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L. S. COMPLIANCE, Inc. m

FCC ID : OOX-NCL1100

LSC- Waverider 90222 page o4 of 46



L.S. RESEARCH |nc.'ﬁ"1 FCC ID: OOX-

NCL1100
HIGH TECHNOLOGY ELECTRONIC CONSULTANTS Jamming Margin Test
L.S. Research, Inc. CONFIDENTIAL
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L.S. RESEARCH Inc. "vl FCC ID: OOX-
NCL1100

HIGH TECHNOLOGY ELECTRONIC CONSULTANTS Jamming Margin Test

Abrahams, Richard

From: Greg Czumak [GCZUMAK@fcc.gov]

Sent: Tuesday, December 29, 1998 8:51 AM

To: Abrahams, Richard

Cc: Willingham, J B Bartow; Andren, Carl; Fakatselis, John; Ciaccia, Larry; Rood,
Robert

Subject: Processing Gain Measurements -Reply

This is in response to your e-nail dated Decenber 4, 1998. Wth respect
to your proposed "Reference Design," after discussing the issue here,

we have decided that Harris should obtain an authorization (FCC ID) for
the reference design (even if you never actually market this product). In
this way, your custoners may submt a copy of the processing gain
(jamm ng margin) data fromthe granted application with their own
applications, assumng they are using the exact sane design. They

woul d sinply have to submit a statenent verifying that the design is
identical, along with the copied data. The advantage of this approach is
that they will be referencing an authorized product, and not sone
unapproved desi gn, thus avoi di ng any appearance of inpropriety.

| hope this has been responsive to your inquiry. Please contact me with
any additional questions.

L.S. Research, Inc. CONFIDENTIAL
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L.S. RESEARCH Inc.m FCC ID: OOX-

NCL1100

HIGH TECHNOLOGY ELECTRONIC CONSULTANTS Jamming Margin Test
FCC 15.247(e) Jamming Margin Test
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