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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

MEASUREMENT REPORT

Scope - Measurement and determination of electromagnetic emissions —ril
-@“ . (EME) of radio frequency devices including intentional and/or  ——- il

- =—L  unintentional radiators for compliance with the technical rules and

regulations of the Federal Communications Commission.

§2.983(a) General Information

Applicant Name: CREWAVE Co., Ltd.

Address: F7, Pureun Bldg. 28-1 Jamwon-dong, Seocho-gu
Seoul, KOREA 137-030

Attention: Charlie Park

FCC ID: PFTCW-1100
Class: Spread Spectrum Transceiver (DSS)
Type: Wireless LAN Network Adapter Card (PCMCIA)
Freq. Range: 2412 — 2472 MHz
Method/System: Direct Sequence System (DSS)
Model No(s): Cw-1100
Max. RF Output Power: 0.086 W
Power Supply: 3.3vDC from PC
Rule Part(s): § 15.247
Dates of Tests: January 3-4, 2001
Place of Tests: PCTEST Lab, Columbia, MD U.S.A.
Test Report S/N: 15.201218649.
[L =
VLA
© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 1
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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

INTRODUCTION

The measurement procedure described in American National Standard for Methods of Measurement of Radio-
Noise Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9kHz to 40GHz (ANSI
C63.4-1992) and FCC Public Notice dated July 12, 1995 entitled “Guidance on Measurement for Direct
Sequence Spread Spectrum Systems” were used in the measurement of CREWAVE Spread Spectrum wireless
LAN network adapter card.

These measurement tests were conducted at PCTEST Engineering Laboratory, Inc. facility in New Concept
Business Park, Guilford Industrial Park, Columbia, Maryland. The site address is 6660-B Dobbin Road,
Columbia, MD 21045. The test site is one of the highest points in the Columbia area with an elevation of 390
feet above mean sea level. The site coordinates are 39° 11'15" N latitude and 76° 49'38" W longitude. The
facility is 1.5 miles North of the FCC laboratory, and the ambient signal and ambient signal strength are
approximately equal to those of the FCC laboratory. There are no FM or TV transmitters within 15 miles of
the site. The detailed description of the measurement facility was found to be in compliance with the
requirements of § 2.948 according to ANSI C63.4 on October 19, 1992.

PCTEST Location

The map at right shows —

the location of the S e :_:" '_J_._,\
PCTEST Lab, its = ; B
proximity to the FCC Lab,

the Columbia vicinity
area, the Baltimore- ]
Washington International B b
(BWI) airport, and the city
of Baltimore, and the
Washington, D.C. area.
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-'Flgure 1. Map of the Greater Baltimore and Metropolitan
Washington, D.C. area.
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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

PRODUCT INFORMATION

Equipment Description:

The Equipment under test (EUT) is the Crewave CW-1100 wireless LAN PCMCIA Card using spread spectrum
direct sequence and time division duplex techniques.

Frequency Range: 2412 — 2472 MHz
Channels: 3
Channel Separation: 30.0 MHz
Spread Spectrum Method: Direct Sequence (DBPSK modulation)
Max RF Output Power: 0.086 Watts
Antenna: Omni-directional
Power Consumption: 3.3vDC from PC

CH RX/Tx

Freq. (MHz)

01 2412

06 2442

11 2472
© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 3
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Test Report S/N: 15.201218649.
Dates of Tests: January 3-4, 2001
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Figure 4. Shielded Enclosure
Line-Conducted Test Facility

Figure 2. Line Conducted
Emission Test Set-Up

Figure 3. Wooden Table &
Bonded LISNs
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Figure 5. LISN Schematic
Diagram
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Description of Tests

Conducted Emissions

The line-conducted facility is located inside a 16'x20'x10" shielded
enclosure. It is manufactured by Ray Proof Series 81 (see Figure 2).
The shielding effectiveness of the shielded room is in accordance
with MIL-Std-285 or NSA 65-6. A 1m. x 1.5m. wooden table 80cm.
high is placed 40cm. away from the vertical wall and 1.5m away
from the side wall of the shielded room (see Figure 3).  Solar
Electronics and EMCO Model 3725/2 (10kHz-30MHz) 50W50nmH
Line-Impedance Stabilization Networks (LISNs) are bonded to the
shielded room (see Figure 4). The EUT is powered from the Solar
LISN and the support equipment is powered from the EMCO LISN.
Power to the LISNs are filtered by a high-current high-insertion loss
Ray Proof power line filters (100dB 14kHz-10GHz). The purpose of
the filter is to attenuate ambient signal interference and this filter is
also bonded to the shielded enclosure. All electrical cables are
shielded by braided tinned copper zipper tubing with inner diameter
of 1/2". If the EUT is a DC-powered device, power will be derived
from the source power supply it normally will be powered from and
this supply lines will be connected to the Solar LISN. LISN
schematic diagram is shown in Figure 5. All interconnecting cables
more than 1 meter were shortened by non-inductive bundling
(serpentine fashion) to a 1-meter length. Sufficient time for the EUT,
support equipment, and test equipment was allowed in order for
them to warm up to their normal operating condition. The RF
output of the LISN was connected to the spectrum analyzer to
determine the frequency producing the maximum EME from the
EUT. The spectrum was scanned from 450kHz to 30MHz with 20
msec. sweep time. The frequency producing the maximum level
was reexamined using EMI/ Field Intensity Meter and Quasi-Peak
adapter. The detector function was set to CISPR quasi-peak mode.
The bandwidth of the receiver was set to 10 kHz. The EUT, support
equipment, and interconnecting cables were arranged and
manipulated to maximize each EME emission. Each emission was
maximized by: switching power lines; varying the mode of
operation or resolution; clock or data exchange speed; scrolling H
pattern to the EUT and/or support equipment, and powering the
monitor from the floor mounted outlet box and the computer aux
AC outlet, if applicable; whichever determined the worst-case
emission. Photographs of the worst-case emission can be seen in
Appendix C. Each EME reported was calibrated using the HP8640B
signal generator.

CREWAVE FCC ID: PFTCW-1100 4
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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

Description of tests (Continued)

Radiated Emissions

Preliminary measurements were made indoors at 1 meter using
broadband antennas, broadband amplifier, and spectrum analyzer to
determine the frequency producing the maximum EME. Appropriate
precaution was taken to ensure that all EME from the EUT were
maximized and investigated. The system configuration, clock speed,
mode of operation or video resolution, turntable azimuth with respect
to the antenna were noted for each frequency found. The spectrum

was scanned from 30 to 200 MHz using biconical antenna and from
lsfm 200 to 1000 MHz using log-spiral antenna. Above 1 GHz, linearly
e polarized double ridge horn antennas were used.

- Al m

Figure 6. 3-Meter Test Site

TELT
EQLIFHENT
AREA

— 3 m—

Final measurements were made outdoors at 3-meter test range using
OUTICOR 3 METER [EST S(TE RobertsO Dipole antennas or horn antenna (see Figure 6). The test

o equipment was placed on a wooden and plastic bench situated on a
1.5 x 2 meter area adjacent to the measurement area (see Figure 7).
Sufficient time for the EUT, support equipment, and test equipment was
allowed in order for them to warm up to their normal operating
condition. Each frequency found during pre-scan measurements was
re-examined and investigated using EMI/Field Intensity Meter and
Quasi-Peak Adapter. The detector function was set to CISPR quasi-
peak mode and the bandwidth of the receiver was set to 100kHz or 1
MHz depending on the frequency or type of signal.

Figure 7. Dimensions of
Outdoor Test Site

The half-wave dipole antenna was tuned to the frequency found during
preliminary radiated measurements. The EUT, support equipment and
Ty g interconnecting cables were re-configured to the set-up producing the
maximum emission for the frequency and were placed on top of a 0.8-

Figure 8. Turntable and meter high non-metallic 1 x 1.5 meter table (see Figure 8). The EUT,
System Setup support equipment, and interconnecting cables were re-arranged and
manipulated to maximize each EME emission. The turntable

el containing the system was rotated; the antenna height was varied 1 to 4
o meters and stopped at the azimuth or height producing the maximum
i’.zf\ emission. Each emission was maximized by: varying the mode of
e operation or resolution; clock or data exchange speed; scrolling H
™~ pattern to the EUT and/or support equipment, and powering the
i I::b monitor from the floor mounted outlet box and the computer aux AC
T B e sememe  outlet, if applicable; and changing the polarity of the antenna,
St SR whichever determined the worst-case emission. Photographs of the

Figure 9. Normalized Site worst-case emission can be seen in Appendix C. Each EME reported
Attenuation Curves (H&V) was calibrated using the HP8640B signal generator. The Theoretical
Normalized Site Attenuation Curves for both horizontal and vertical

polarization are shown in Figure 9.

T
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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

8 15.205 Restricted Bands

Special attention is made for the EUT’s harmonic and spurious radiated emission in the restricted
bands of operation. The EUT was tested from 9kHz and up to the tenth harmonic of the fundamental
frequency of the transmitter using CISPR quasi peak detector below 1GHz. Above 1 GHz, average
measurements was used using RBW 1 MHz — VBW 10Hz and linearly polarized horn antennas. In
addition, peak measurements were taken to ensure that the peak levels are not more than 20dB above
the average limit. All out of band emissions, other than those created by the spreading sequency,
data sequence, and the carrier modulation must not exceed the limits show int Table 2 per 15.209.

Frequency F/S Meas. Dist.
(MHz) (UV/m) (Meters)

0.009-0.490 2400/F (kHz) 300
0.490-1.705 24000/F (kHz) 30
1.705-30.00 30 30

30.0-88.0 100 3
88.0-216.0 150 3
216.0-960.0 200 3
Above 960 500 3

Tab. 2. Radiated Emission Limits Per 15.209

Test Equipment

HP 8566B Spectrum Analyzer 100Hz-22GHz
HP83017A Microwave Analyzer 40dB Gain (0.5 — 26.5 GHz)
HP 3784A Digital Transmission Analyzer
Gigatronics POWER METER MODEL 8651A
EMCO 3115 Horn Antenna (1 — 18GHz)
HP 8495A 20dB Attenuator (DC-40GHz) 0-70dB
HP 8493B 10dB Attenuator
MicroCoax Cables Low Loss Microwave Cables (1-26.5 GHz)
CDI Dipoles Dipole Antennas (30 — 1000 MHz)
© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 6
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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

§ 15.203 Antenna Requirement

An intentional radiator antenna shall be designed to ensure that no antenna other that that
furnished by the applicant can 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 this requirement.

CONCLUSION

The Crewave CW-1100 complies with the requirement of §15.203. The antenna is a permanently
attached omni-directional antenna.

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 7
Wireless LAN Network Adapter Card (PCMCIA)



Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

815.247(a)(2) — Direct Sequence Bandwidth

Minimum Standard — 6dB bandwidth for direct sequence systems must be at least 500Hz (0.5 MHz).

Res. Bandwidth = 100 kHz (5dB/div)
Vid. BW = 100 kHz

Span = 20 MHz

Ref. Level 7 dBm

Sweep 10.0ms

Attenuator 6.0 dB ext. pad

6dB Bandwidth — Mkr Delta (6dB down from peak)

(see attached spectrum plots)

FREQUENCY Channel 6dB Bandwidth
(MH2z) (MH2z)
2412 01 10.52
2442 07 12.00
2472 13 11.32

Table 3. 6dB Bandwidth measurements

REMARKS:
PASS

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 8
Wireless LAN Network Adapter Card (PCMCIA)



Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

815.247(b) Maximum Peak Output Power

Minimum Standard — The maximum peak output power of the transmitter shall not exceed 1 watt.

POWER METER Bandwidth = 10 MHz (Peak mode)
Attenuator 6.0 dB ext. pad

Max. Power Peak + Atten = dBm b Watts

Power Output | Power Output
FREQUENCY Channel Conducted Radiated
(MHz) (dBm) (dBm)
2412 01 20.00 19.09
2442 07 20.10 19.33
2472 13 17.00 16.38

Table 4. Output Power Measurements

Notes:

The Power Output measurements were taken with a Peak reading Power Meter.

REMARKS:
PASS

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 9
Wireless LAN Network Adapter Card (PCMCIA)
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Test Report S/N: 15.201218649.
Dates of Tests: January 3-4, 2001

815.247(c) Power Density

Minimum Standard — The transmitted power density averaged over any 1 second interval shall not
be greater than 8dBm in any 3kHz bandwidth within these bands.

Res. Bandwidth = 3 kHz (5dB/div)

Vid. BW = 3 kHz

Span = 10 kHz

Ref. Level -5.0 dBm
Sweep 1000 sec
Attenuator 6dB Ext Pad

Peak + Atten = dBm b (Limit < 8dBm)

FREQ Channel Power Density
(MHz) (dBm)
2412 01 -5.22
2442 07 -6.58
2472 13 -8.04

Table 5. Output Power Density Data.

REMARKS:
PASS

CREWAVE FCC ID: PFTCW-1100 10
Wireless LAN Network Adapter Card (PCMCIA)
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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

RADIATED Measurements (Fundamental & Harmonics)

Operating Frequency: 2412 MHz
Distance of Measurements: 3 meters
Channel: 01
FREQ. Level* AFCL POL DET F/S F/S Margin
(MHz) (dBm) (dB) (H/V) QP/AVG (mv/m) (dBrmV/m) (dB)
2412 -29.1 36.4 H Peak 519996.0 114.3 n/a
4824 -104.7 444 H Peak 216.8 46.7 7.3
7236 - 1125 50.4 H Peak 176.2 44.9 69.4
9648 -115.6 54.8 H Peak 204.2 46.2 68.1
12060 - 130.0 57.5 H Peak 53.1 34.5 19.5
2 S0
=
E <00 NOTES:
E 1. All harmonics in the restricted bands specified in §15.205 are
gem below the limit shown in table 2. (note: * Restricted Band)
ﬁ 1 2. All harmonics/spurs are at least 20 dB below the highest
= = PR e wm wes e e €MISSiON in the authorized band using RBW = 100kHz
= FPRECUENCY  cMH=) 3. Average Measurements > 1GHz using RBW = 1 MHz VBW = 10
Hz

Figure 10. Restricted band harmonics and

. A 4. The peak emissions above 1 GHz are not more than 20 dB
spurious limits.

above the average limit.

5. The antenna is manipulated through typical positions, polarity
Above 1 GHz limit is 500 uV/m (54dBu/m)  and length during the tests.

6. The EUT is supplied with nominal AC voltage or/and a
new/fully recharged battery.

7. The spectrum is measured from 9kHz to the 10™ harmonic and
the worst-case emissions are reported.

8. < - 132 are below the analyzer floor level.

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 11
Wireless LAN Network Adapter Card (PCMCIA)



Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

RADIATED Measurements (Fundamental & Harmonics) (Cont.)

Operating Frequency: 2442 MHz
Distance of Measurements: 3 meters
Channel: (074
FREQ. Level* AFCL POL DET F/S F/S Margin
(MHz) (dBm) (dB) (H/V) QP/AVG (mv/m) (dBnV/m) (dB)
2442 -29.0 36.6 H Peak 534564.4 114.6 n/a
4884 -104.5 44.6 H Peak 225.7 47.1 6.9
7326 - 1129 50.5 H Peak 169.2 44.6 9.4
9768 -114.8 54.9 H Peak 226.5 47.1 67.5
12210 - 130.0 57.6 H Peak 53.8 34.6 194
2 S0
=
E <00 NOTES:
E 1. All harmonics in the restricted bands specified in §15.205 are
gem below the limit shown in table 2. (note: * Restricted Band)
ﬁ 1 2. All harmonics/spurs are at least 20 dB below the highest
= = PR e wm wes e e €MISSiON in the authorized band using RBW = 100kHz
= FPRECUENCY  cMH=) 3. Average Measurements > 1GHz using RBW = 1 MHz VBW = 10
Hz

Flgu_re 11_' ResmCted band harmonics and 4. The peak emissions above 1 GHz are not more than 20 dB
spurious limits. above the average limit.

5. The antenna is manipulated through typical positions, polarity

Above 1 GHz limit is 500 uV/m (54dBu/m)  and length during the tests.

6. The EUT is supplied with nominal AC voltage or/and a
new/fully recharged battery.

7. The spectrum is measured from 9kHz to the 10™ harmonic and
the worst-case emissions are reported.

8. < - 132 are below the analyzer floor level.

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 12
Wireless LAN Network Adapter Card (PCMCIA)



Test Report S/N: 15.201218649.
Dates of Tests: January 3-4, 2001
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RADIATED Measurements (Fundamental & Harmonics) (Cont.)

Operating Frequency: 2472 MHz

Distance of Measurements: 3 meters

Channel: 13
FREQ. Level* AFCL POL DET F/S F/S Margin
(MHz) (dBm) (dB) (H/V) QP/AVG (mv/m) (dBnV/m) (dB)
2472 -32.2 36.8 H Peak 380627.4 111.6 n/a
4944 -105.9 44.6 H Peak 193.0 45.7 8.3
7416 - 113.5 50.5 H Peak 158.5 44.0 10.0
9888 -116.9 55.0 H Peak 180.5 451 66.5
12360 - 130.0 57.7 H Peak 54.0 34.7 194

2 s NOTES:

=

5 =oo 1. All harmonics in the restricted bands specified in §15.205 are

== below the limit shown in table 2. (note: * Restricted Band)

T

E = 2. All harmonics/spurs are at least 20 dB below the highest

+ emission in the authorized band using RBW = 100kHz

z 2 =T o mR TR 3 Average Measurements > 1GHz using RBW = 1 MHz VBW = 10

— FREQUENCY <¢MH=Y

Figure 12. Restricted band harmonics and

spurious limits.

Above 1 GHz limit is 500 uV/m (54dBu/m)

© 2001 PCTEST Lab

Hz

4. The peak emissions above 1 GHz are not more than 20 dB
above the average limit.

5. The antenna is manipulated through typical positions, polarity
and length during the tests.

6. The EUT is supplied with nominal AC voltage or/and a
new/fully recharged battery.

7. The spectrum is measured from 9kHz to the 10 harmonic
and the worst-case emissions are reported.

8. < - 132 are below the analyzer floor level.

CREWAVE FCC ID: PFTCW-1100 13
Wireless LAN Network Adapter Card (PCMCIA)



Test Report S/N: 15.201218649.
Dates of Tests: January 3-4, 2001

RADIATED Measurements (Spurious)

FCC Part 15.247

Certification

Operating Frequency:

2412 — 2472 MHz

Distance of Measurements: 3 meters

Channel: 01, 07,13
FREQ. Level* AFCL** POL Height Azimuth F/S Margin***
(MHz) (dBm) (dB) (HV) (m) (° angle) (MV/m) (dB)
66.6 -76.4 5.8 \% 1.9 70 66.1 -3.6
233.3 -84.2 18.0 H 1.6 190 109.7 -5.2
248.2 -87.5 18.7 H 1.4 90 81.3 -7.8
316.9 -86.9 21.2 \% 1.4 180 116.2 -4.7
336.8 - 88.5 21.9 \% 1.3 200 104.8 -5.6
433.3 -90.9 24.5 \% 1.2 190 107.2 -54

= S00 NOTES:

th b/
g 2

n
=]
]

LT &a B

Field &treng

Figure 13. Restricted band harmonics and

spurious limits.

100

FREDQUEMNCY

00 soD

CMH=D

1.All emissions were investigated and the worst case emissions
are reported

2. For hand-held devices, the EUT is rotated through three
orthogonal axis to determine which configuration produces the
@ s MAximum emissions.

3. The EUT is supplied with the minimal AC voltage or/and a
new/fully recharged battery.

significant emission was found.

Above 1 GHz limit is 500 uV/m (54dBu/m)

© 2001 PCTEST Lab
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4. The EUT was tested up to the 10" harmonic (24 GHz) and no
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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

8§15.247(e) PROCESSING GAIN (from Crewave)

See attached Processing Gain data and test report from Crewave.

Results:
PASS
The test results of Section 15.247(e) were confirmed by PCTEST Engineering Lab.

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 15
Wireless LAN Network Adapter Card (PCMCIA)
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Test Report S/N: 15.201218649.
Certification

Dates of Tests: January 3-4, 2001

§15.247(e) PROCESSING GAIN (Cont.)

12.1 §15.247(E) PROCESSING GAIN

Product Name-

FCC RE'E[ uirements: The provessane g ol o duect seguence system whipll by o least
HOAE T he processimg gann shall be deweomemed oo the sne m ddd ol the seeal- to-noise rat
with the svsiom spreading code terned of U w the signal-wo-norse rano with the system spreadmg
cotle turred oa, as mcasured o the demodualated vutput ol the receives
hs docwment contams theorencal caleulaton and west setop, procedure, mcasurement data
andl repuwt
Test eqmipment:
MS2602A Spectrum analyzer
LIPS0 D4000A signal penerator
LIPS TH Power ineter
HPRAUA A atenuator 1dB steps
P49 anenuator 10A13 sieps
PD2SE-07725-5MA power spiltia
L aptop

Theoretical caleulation:

Hhe Processome e s related o be ey g as ol lows,

(:IITI |:."“:."Ir\-l.]uuulpnll1 fl.l'“‘)] boE s

Where BER weence 15 the reterence bit erron atio wath s correspondimg, theoretical output
sigial 10 nose muo per symbol, (SN oo, (1750 15 the jJamoung, margmQamming, signal
poseer relatve to destred signal poswer). and Laas the system losses

Fhe maximum allowed total system implementation loss s 2 di

For [HIMbps case: The HEA JBOIE dircet sequence spread spectrum baseband processor
use CCK modulation which 1s a lorm of M-ary Orthogonal Keying. The Probability of error

for generalized M-ary orthogonal signaling using coherent demodulation is given by:

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 16
Wireless LAN Network Adapter Card (PCMCIA)




Test Report S/N: 15.201218649.
Dates of Tests: January 3-4, 2001

815.247(e) Processing Gain (Cont.)

FCC Part 15.247
Certification

lelerency

[1]- tntersil processung gann test doewment{Attached file).

Test Block Diagram
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Test Report S/N: 15.201218649. FCC Part 15.247
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815.247(e) Processing Gain (Cont.)

1wl ko that the Fh/e ol IPSE s W13 or Te-3HE R co therelore the E':'H.“I'-Ig [IENE
ol COR over BPSK 15 2 2d13 We add this o the processing gan of 903 o per |1 2dls
wverall processing pain Tor the OW nmng st

Fakimg the calculation above. (1 the (W51 -2 4dB then e cginpment passes the OW

g fesi

Pest procedure:

Obtann the simplex ik shoswen Pectorm all mdependeon istramentatnn caltbration

prvor Lo s procedure. Sel G levels using Nxed amed varmble attenuaion T svsloen Lo

meet the following objecuves

I Signal P'ower at recerver s approximately -Olkdhin

2 Sagnal Power a1 power meter bevween 20 and 3000 m

o se spectrum anal yzer o maonitonr st

d Bnsure that CW jammer generator R outpon e disabled and measure the power o the
poswer meter port asiyg T ITI power meter. s s relan ve power, Sr.

Ihsabrle TX and set CW pammer ootput Tregqueney eoueal to e carmner freguency

=l

el emhle geperitar outpun S relercnce CW pammer poser level at power mete
el BoaAdld below Sefnunu 1S, or 100dH (A S ML LA eferenae level)

G Dhsable CW pammer and re-establish Lok FER st should De essentially error
I

7o Foable the CW ammer a0 the reference poveen levelannd veoty thn FER athe
rederene poswer level and measare [HER

B Bopear Step 7 or anlonms steps m Bregquenes owrenieals of 3K TE across the

receiver passhand watli the CW ammer I tus cose, the reegiver passhand s B3MIEL

Fest setup: as shovwirat acst e

Processing gain test resull summary:

Frequency | Frequency | Data rate(Mbps) | Waorst point of the 8% FER TResult ‘
channel (M Hz) (Limit is 20%)
e B T e e
K 2437 T i | T T !I":lss_cT___'_‘
UL | [ T o e T | X S
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815.247(e) Processing Gain (Cont.)
i |
! 3 J [ I, e !
P=l=f =)= I 21 -3z + f? b expy — — rdz
Vor g, LV ou 2
ks
Sovthe FER perlormance curve is geeen b | 1] e Bulow i
& 11 Mops OO on Thend bose
1 O o i
|
b |
|
i
PR e i
Fo , \\ |
'E Ijl! e :L o e ._\\ :
E i
| |
: |
8 , ‘
|-:_'|':. S— N i
D5 16 IG5
s (o)
Gigere | ROO0 by ke P ws Lsf Mo
I acrelore
Cip (ls/Nadot (IS) lsgys=Ih4e2 e 1)
Cop TR AR(IS) s -1 013
For the case of the HIFAIZGIB. the bt rtes are 1255 and 1 IMbps The cormesponding
‘i'}-'l'l'lhi.'ll rates are |1, 1.375 and i3T5 MSPS And | oand ||M|1'l|"i|5 are used within our
svsldn
I chip rate 5 always 11Meps, so0 the ratio ol chip e 1o symhbol rate 05 1121 for
the ! Mbps and 8:1 {or | |Mbps rate.
Since the symbol rate to bit rate 15 less than 10 for the higher rates, we supply the
theoretical processing gann and coding are utibized This 5 a reasonable in that they cannot
be separated in the demodulation process 11 a separable FIEC coding scheme were used, we
wirtdd not be comioriable makimg this asserion
As can be seen from the curve of Higure | the EsfMo s 16 4dld an the PER of 8%,
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FCC Part 15.247

Test Report S/N: 15.201218649.
Certification

Dates of Tests: January 3-4, 2001

815.247(e) Processing Gain (Cont.)

Testing for compliance with FCC rules 15-247¢

Scope

I'his report presents the test procedure, test configuration and test data associated with a
FOC Part 15 247 (¢) Jamming Margin test for the indireet measurement of processing

i

Applicable Reference Documents.

Lo Operation within the bands 902-928 MLz 2400- 2483 5 and 5725-5850 MIHz" Title
47 Part {5 section 247 (¢) Code of Federal Reguwlations. (47 CFR 15.247).

L “Report and Ocder: Amendment of Parts 2 and 15 of the Commission’s Rules
Regarding Spread Spectrum Transmitters. Appendix 0 " CGhndance on Measurcments
for Dircet Sequence Spread Spectrum Systems” FOC Y7-114. ET Docker No. 96-8,
RAT-8435. RM-8608, RM-8609.

iOTHEASERTA Threct Sequence Spreasd Spectiom Bascband - Processor™  Harriy
Corporation Semiconductor Sector Prefiminary Data Sheet. Mcelbourne FL., July
(R

4 7 Meary Orthogonal Keyving BER Curve™.

Test Background and Procedure.

According to FCC regulations |1, a dircct sequence spread spectrum sysiem must have a
processing gain, G, ol at least 10 dB. Compliance to this requirement can be shown by
demonstranng a relative  bit-error-ratio (BER)  performance  improvement  (and
corresponding signal o noase ratio per symbol improvement ol at feast 10 dB) between

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 20
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815.247(e) Processing Gain (Cont.)

intersil PRIUSM L e Jamimieng Margm Dest

the case where spreacd sprolrum pricesses 1;'4,”1"1;__", muodulaton} are ungagud relative 1o
the processes beimg bypassed. In some practical systems, the spread spectum processing
cannot simply be bypassed. In these cases. the processing pain can be indirectly measured
by a jamming margin test |2] o accordance with the new NPRM 99-231, il the vendor
fas a system with less than 10 clups per symbol. the CW jamming results must be
supported by a theoretical explanation of the system processing gain.

Theoretical calculations

Fhe processing gain 15 related o the mnnnge margim as tollows [2]:

{"rp = E ‘I.I[. -Wi I{'uxum
donaaint L

T .

Where BER sy 15 1he relerence i eron o with its corresponding, theoretical
output signal to noise ratio per svimbol. (S/N) L (FS) s the jamming margin (jamnung
signal power relative 1o desired sienal power), and [, are the system implementation
losses.

'he maximum allowed total system nplementaion loss s 2 dB

e HEA3IBOIA direct sequence spread spectium haschand  processor uses CCK
modulation which 15 a form ol M-ary Orthoponal Keying. The BER performance curve 15
viven by [2]:

* The probability ol error lor penerializcd M-ary Orthogonal signaling using coherem

demodulation is given by

M |
: e I 2
| B, = z
ff,z!—f{,zi—\}{—_j 2A1-0fz+ 2220 | expy-—-rdz
2-?1- HIJI I?
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815.247(e) Processing Gain (Cont.)

intersil FIISM I eatin Jamming Macgin Test

This integral cannot be solved m closed form. and numencal integratton must be used,
Ihere are error rate extensions Tor differential decoding and deserambling that are also to

he accounted for  This is done o MATHCAD enviconment and is displayed in

sraphical format below.

1.1 1000 byte PER vs. Es/No

11 Wps GO in Thamdl ko se

1000 byl Faonst Emor Fans

e reference PER is specified as 8% The correspunting Es/No (signal 1o noise ratio per
wmbal) is 16 4 B The EsMNo reguired o achieve the desired BER with maximum
system implementation losses 15 18 4 dib The mimmum processing gain s agamn, 10 dB,

therefore

E ) J /.
e (it -—J+L., S 16AdB 2 0B -,Jalﬂa’ﬁ
i ;"iu"’ J I%. BT -1;.

vaidpmnd

L

G, =184dB + [é]z!ﬂdﬂ

I'he minimum janmumer 1o signal ratio 15 as follows

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 22
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815.247(e) Processing Gain (Cont.)

patersil PPRIS™ LD raclies Domman vinge hS HER LT Text

| ,
[ h— J_, - E\qcﬂf

For the case of the HEAIRGIA. the bt sates are 1, 20 35 anmd 11 Mbps. The
correspanding symbol tates are 1101375 and 1373 MSps The clup rate is always ||
MCps. sothe vt of chip rate o svimbal mate s 11 tor the | and 2 Mbps rates and 8: |
for the 35 and 11 Mbps rates Simee the symbol rate fo it rate as Jess than 10 for the
higher rites. we supply the theoreneal processmg giin calculaton lor these cases where
spread  spectrum processig i with embedded codmg game s uhihized,  Thes s
reasonable m thal they cannot be separated 1 the demodulation process, 11 a separable
FEC coding scheme were used. we would not be comtortable making this assertion,

As can he scen Trom the curve of Tigure |, the EsNO s 16.4 dB at the PER ol B%. This
PER can be related tooa BER of Te-3 on 1000 byte packets. With 8 bits per symbol. the
EbNG 15 then 7.4 dld or 9 dI3 less than the Es/ND [t is well known that the Eb/NO of
BPSK 15 9.6 dB Jor 1¢-5 BER, so therefore the codimg gam ol COR over BPSK 15 2.2 i
We add this o the processig wain of 9 dB o get 112 dB3 overall processing gain for the
CWoanimer est

J
Faking the calculations abos e, i1 1he [ ':: Z=8AdB hen ihe cuuipiment passes the CW

et aennnL? best

Test Configuration: CW Jamming Margin (15.247) (e)
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815.247(e) Processing Gain (Cont.)

antersd PRSI cwdbica danmemomg: Margin 1 esi

Basic Test Block Diagram

Lo

LAPTOP
PLESOMNAL PLERSOMAL
COMPLITER COMPUTER

PRISM
RADIO (TN}

PRISM
| RADIO (RX)

: Varuihle o k""-_"[
LT,
E ARlEriator
‘ |

E .- - --ﬁw’nﬂ: * *
_.L__ —

fallh Besisier

Hevelerr 1Meckard
]H"H{}ﬁjﬂ 'H||I||I|_'J-\.

Sagenal Gaeterilon

Sl led Koman

Spectrim Avaly acr TSR .[ Al

Foegs Meler

3

Test Procedure

Sclltp the '-:ilupll.:\; Iirh slwrwmy Pedonm all indcp:ndcnl nstrumentalion
calibrations proor (o thes procedure. et operating power levels using fixed and
vartahle attenuators i sysicm o et the Tollowing objectives:

s Sipnal Power at recorver approsimaiely 60 di3m (above thermal sensinviy
such that thermal moase dows nal cause bt ¢rmors)

o Signal Power a posser mcter (using ligh sensitivily probe) between -20 amd -
A0 dBam foar optaal lincary

o Lse spectrum analyeer o momlor et

s bngwre that OW Boeer pencrator B output 15 desabled and measure the
power at the power meter port using, the power meter. This is the relative sigoal

prawer, &,
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FCC Part 15.247

Certification

mtersil PEESM T eactio Bsomming Margan Test

Disable |ransmitter, and set C W Jammer generator REF output frequency equal
to the carrier frequency and enable generiator oulput. et reference CW Jammer
power level at power meter port 8.4 dib below S, (ounimum VS, or 10 dB
processing gain relerence level) Mote the power level setting on the generator,

this 15 the reference CW Jammer power setiing. |,

Ihsable OW Jammier. re-cstablsh link, PER wes sl ld be operaling {.‘-Sﬁﬁﬂliﬂll}‘

vrror-lrie

-""LLliLI.‘i-l the CW Eunmer level to that which covses H9 PER and "-"El'i[}" that the
SE 1% less than Bod i

Repeat step 7 for umiform steps in lregquency mcrements of 50 kHz across the
receiver passhand with the CW Jammer In s case the receiver passband is
+8.3 Mllz

The number of points where the 871 fails o aclueve 8.4 dB3 (s higher than 8.4 dB)
is determined and i tiis s above 20% of the total. the test w filed otherwise it 1%

petssel

e numerical data associated with the followine radio channels 15 1abulated and

presented for

Channel 12412 MLz
Channoed G: 2437 Mz
Channcl 11 2462 Mz

PRISM Il Radio HWB3163-02 Rev A card _
Detailed Processing Gain Measurement Operating Instructions

1y Assemble equipment as shown in the block diagraun
3 This test procedure assumes that the Computers are cquipped with 3.3V POMCIA

slots and have the appropriate PCMCIA radio card Windows drivers mstailed. Also
that the Prism 802 11 Wireless LAN Configuration Unihty and CWI0CON Console
Command Line program 5 installed.

Use two IPrism 11 radio cards. This procedure 15 written for HWB3163-02 Rev A,
newer radio cards may require different soltware/lirmware. The HWB3163-02 rev A
uses the ARG A baseband processor These radio cards are loaded wilh [irmware.

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100
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815.247(e) Processing Gain (Cont.)

witerstl PIEESMLD cagdue S g Margan Tost

Friomware may be loaded i Genesis mode wang the progenm “Download ™ revision
37 a0 MO based unlity,
41 The lollowing programs and (iles are used o s est procedure
o lanevalManeval exe (rev 207 o ltery Windows LAN and PR ublny
U ManevalMlaneval i (autopenerated)  Must edit this Hle w set the tollowing:
Pkildelay = | Phtldurst = 6 (Sethings Tor Grmware 0708 rev (0.44)
Phi Siwe = 1000
PROFUL = <1 (Random dat or Optional data patten may be speaified with decimal
byre value 0w 233)
Mew lirmware rev O 4 wall allosw PRiDelay fess than 100

Chew Hcon\ew Hcon.exe (rev (0.4 ) 8/4/99) Windows Console command hne
Lnabity
ehew lDeonth 386 Lar baini {8/4/99) Contains updated Baseband

processor register values

31 Insert HWB3163-02 Rev A Prsm I radio into POMOUTA extender card 68 pin
connector socket Note: The PRISM 1 radio uses only 3.3V power, Cards with
coversels are “keyed” for low voltape slots and will not fit inte 5V slots. Cards
without coversets must be manuaily centered and imserted into the 68 pin extender
card socket

o1 Select desired lrequency channel and dags vae.
* Double Click the systen icon al the Tower ledt ol the seccen that Toeks hike a
“terminal with an antenna’ Plos activates the “Prosm 80211 Wireless LAN
Conliguration Litility
t Seleet the desired channel (1.6 o 1] recommended ) and “Fixed MBS Tor data
rate om both the TR and RX radios, he Conligeration Unhity modifies these setings
dynamically so that NCY Rehoot is necessary However, when the channel seting 15
modifed. Conlipuration Utdity reomtializes the o card reverting all regastes
seitimgs hack 1o the firmware detaulis 1 wall be necessary to perform step 7) alter
vach change ol clinnel setting
© An alternate method of cianging channels without reimiabizing the radio card
register values 1s available through the cw Ucon program, described in step 7) under
“Other useful commands™

1 Load correet Baschand processor (HEA RG] regaster values into both the X and RX
cards. Cards with Hirmware revision 0709 0 41 have correct register settings and do
nol need modilication except at wdcated in step Ta)
* lixecute program cwlOconexe (Later = ™ Tor a hst ol available commands)

(Bnter = 4 Tor guit)
Y lter Command = bBCh3EGLarl i {loads BB registers contained in hie)
* Other useful commands in the cwl Qeon prograim.
Fiter Command > ¢ 0838 a2 (dynamically changes radio frequency to channel |0

|"a" Hex ] without reinitializne the rada reposters, the channel held is a HEX number

froms | w e | we 14 decimal |

© 2001 PCTEST Lab CREWAVE FCC ID: PFTCW-1100 26
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815.247(e) Processing Gain (Cont.)

intersil PIRRISM T eadio Bamming Margin Test

Frnler L’nmm:;{u.l ; ¢ D3R 3335 (Contnuous transnit mode wath data pattern 0101)
Lnter Command = ¢ U138 {Turn of f ransmit mode, refer 1o step 14)).
Enter Command = ¢ 1338 {Run DO offset calibration on HFA3783)

7a) Cards with lirmware 0709 rev 0,44 ar later require the CCA function turned off
an the transmitier card durmg the Processing Gain test

¢ bxeeute program ow | Deonexe

* boter Command = bw 09 00 {(Change regster 090Dee) o value 00(Hex) original
value is 20(Hex ) user can verify change using the command br 09).

£ Sel the approximate power w the mput of the RX card o -60dBm by adjusting the
Variable Attenuator and step attenuators

o Pxecute “Laneval exe” on both TX and X compulers, Set lor “Broadeast” mode and
start transmission of the TX card. Set the RX card for “Broadceast” and start receiving
with the RX card. Verily that the two cands are communicating by observing the
“Total Packet Coum™ window of the X computer. This window should be increasing
m value as packets are received from the TX card. Also note the “Packet Lrror Rate™
window should reman 0.0, indicating no errors in this larpe signal condition. Allow
the radio cards. signal source and power meter o warm up for several hours.

un Click the Stop TX and Stop RX buttons m Laneval

tiy Calibrate Power Sensor/Meter

12y Click the CWI0CON window previously opened to bring lorward. Set the X card 1o

continuous transmt. boter Command = ¢ e38 3535 (Conunuous transmil data

pattern 0101}

Measure TX card output signal power and adjust Variable Attenuator for -30.0dBm at

the power meter. Uhis mneasurement should be 1aken guickly as the radio can change

its utput power about O 3d3 warmang up m continuous mode. Remember that the

RX card sees 30 dB less power than the power meter, so the )X card will see -

Oidiim,

1y Ehesible the TX cand vutpur. Lntes Command = ¢ 008 (Tum olfTX outpu)

131 Set up Jammer Source. Adjust the frequency of the HIPBGG5E (or equivalent) to center
ol e X channel and adjust to oupat amphitude w -8 OdBm Turn on the RE output
ol the Signal source,

16y Measare the Jammer power level at the power meter. Adjust Jammer signal amplitude

at the source until you measure <38 dedlim (-68 4dBm at the 18X card). This will give a

Signal o Jammer ratio of 8.4d13, the linat to pass the 10d13 processing gain test for a

PER O 8%. Record this Jnmer source output seiting as all measurements will be

recorded relative to this level.

Clhick the Laneval window at the TX computer and start transmitting in broadcast

il

Click the Laneval window at the RX computer and start the RX card receiving.

Measure the PER of the receaving v

BT

17

1%
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815.247(e) Processing Gain (Cont.)

aierst PRISM I padlio Janonang Marcgin Test

The tab and enter keys ean replace the mouse chick 1o start and stop the Laneval
receive mode for PER measurements. The tab key will eycle through program options
by lighlighting the option button m the program window. Highlight the desired
button with 1ab and then select the option with the Enter key

The FOCC speaifies that the Processimg Gan test will be measured with the CW
Jammer in 30K Hz steps across the bandwidth of the spread signal (4 -8.3M1z for
i"rism 1) or 340 test points per channel. 1S recommended to measure channels 1,6
and 11 Processing Gain is measured by adjusting the CW Jammer source (o find the
S/ ratio tor 8% PR at cach jammung frequency. Record the Jammer source putput
setting and calculate the Processig Gain at each Jammer frequency in the band. Care
should be taken 1o allow enough time for an accurate measurement. | minute is a
minimum. A maximum of 68 points, or 20%, may fall below 10dB Processing Gain
for the radio to sull pass the Processing Gain requirement.

oy 1 as recommended o power down the Prism [ PCMCIA card belore removing from
its slot. This can be done from the PCMCIA card system icon at the bottom of the
Windows screen. PPlace the mouse pointer over the icon and a text bar will appear

© naming the driver *Harris Prism 1EEE&02.11 PC Card Adapter/EVB™. Mouse click

this text bar. A dialog window will appear veritying that the PC card has been
powered down and that 1 is safe o remove 1t

My When reinserting the Prism I radio PC card. it 1s acceptable to “hot™ insert the card
when Windows is running. The driver application will automatically sense the new
hardware and apply the correet 3.3V bus power. On power up the Prism |l card will
execute 1ts own initinlizatnon program stored in on board ROM. This program
provides default values Tor the baseband processor and other radio setings. These
default settings need to be updated on each card msertion as described in sieps 6) and
7} above with the CWIOCON program.
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TEST EQUIPMENT
Type Model Cal. Due Date S/N
Microwave Spectrum Analyzer HP 85668 (l00Hz-22GHz) 12/05/01 3638A08713
Microwave Spectrum Analyzer HP 85668 (l00Hz-22GHz) 04/17/01 2542A11898
Spectrum Analyzer/Tracking Gen.  HP 859!1A (9kHz-18GHz) 06/02/01 3144A02458
Spectrum Analyzer HP 8591A (9kHz-L8GHz) 10/15/01 3108A02053
Spectrum Analyzer HP 8594A (9kHz-2.9GHz) 1/02/01 3051A00187
Signal Generator’ HP 8640B (500Hz-1GHz) 06/02/01 2232A19558
Signal Generator’ HP 8640B (500Hz-1GHz) 06/02/01 1851A09816
Signal Generator’ Rohde & Schwarz (0.1-1000MHz) 09/1/01 894215/012
Alltech/Eaton Receiver NM 37/57A-SL (30-1000MHz) 04/12/01 0792-03271
Ailtech/Eaton Receiver NM 37/57A (30-1000MHz) 03/1/01 0805-03334
Alltech/Eaton Receiver NM 17/27A (0.1-32MHz) 09/17/01 0608-03241
Quasi-Peak Adapter HP 85650A 08/09/01 2043A00301L
Alltech/Eaton Adapter CCA-7 CISPR/ANSI QP Adapter 03/11/01 0194-04082
RG58 Coax Test Cable No. 167 n/a
Harmonic/Flicker Test System HP 6841A (IEC 555-2/3) 3531A00115
Broadband Amplifier (2) HP 8447D 1145A00470, 1937A03348
Broadband Amplifier HP 8447F 2443A03784
Transient Limiter HP 11947A (9kHz-200MHz) 2820A00300
Horn Antenna EMCO Model 3115 (1-18GHz) 9704-5182
Horn Antenna EMCO Model 3115 (1-18GHz) 9205-3874
Horn Antenna EMCO Model 3116 (18-40GHz) 9203-2178
Biconical Antenna (4) Eaton 94455/Eaton 94455-1/Singer 94455-1/Compliance Design 1295, 1332, 0355
Log-Spiral Antenna (3) Alltech/Eaton 93490-1 0608, 1103, 104
Raberts Dipoles Compliance Design (1 set) A100 518
Alltech Dipoles DM-105A (1 set) 33448-11
EMCOLISN (2) 3816/2 1077,1079
EMCO LISN 3725/2 2009
Microwave Preamplifier 40dB Gain  HP 830L7A (0.5-26.5GHz) 3123A0018!
Microwave Cables MicroCoax (1.0-26.5GHz)
Ailtech/Eaton Receiver NM37/57A-SL 0792-03271
Spectrum Analyzer HP 8591A 3034A01395
Modulation Analyzer HP 8901A 2432A03467
NTSC Pattern Generator Leader 408 0377433
Noise Figure Meter HP 8970B 3106A02189
Noise Figure Meter Alitech 7510 TE31700
Noise Generator Ailtech 7010 1473
Microwave Survey Meter Holaday Model 1501 (2.450GHz) 80931
Digital Thermometer Extech Instruments 421305 426966
Attenuator HP 8495A (0-70dB) DC-4GHz
Bi-Directional Coax Coupler Narda 3020A (50-1000MHz)
Shielded Screen Room RF Lindgren Model 26-2/2-0 6710 (PCT270)
Shielded Semi-Anechoic Chamber  Ray Proof Model S8 R2437 (PCT278)
Environmental Chamber Associated Systems Model 1025 (Temperature/Humidity) ~ PCT285

* Calibration traceable to the National Institute of Standards and Technology (NIST).
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Test Report S/N: 15.201218649. FCC Part 15.247
Dates of Tests: January 3-4, 2001 Certification

CONCLUSION

The data collected shows that the Crewave FCC ID: PFTCW-1100 spread spectrum wireless LAN
network adapter card complies with Part 15.247 of the FCC Rules.
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