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WIRELESS LAN CARD. Model RL2400
EXHIBIT 1 - SUMMARY OF TEST RESULTS & GENERAL STATEMENT OF CERTIFICATION

4

CID: NVE-RE2400

FCC PARAGRAPH. TEST REQUIREMENTS COMPLIANCLE
(YES/NO)
15.24%an2) Spectrum Bandwidth ofa Direet Sequence Spread Spectrum Yes
Svstem
15.247(b} Maximum Peak Power Yes
15.247(¢) RE Conducted Spurtous Emissions at the Transmitter Antenna Yos
Terminal
153.2470¢) 13209 & Trunsnutter Radiated Emissions Yus
[5.203
153.247(1d) Transmitted Power Density ol a Direet Sequence Spread Spectrum | Yes
Syslem
[5.247¢e) Provessing Guin of Direet Sequence Spyead Spectrum System Yus
13107, 15109 AC Power Conducted Emissions & Radiated Emissions tor Yes (Note 1)
Receiver and Drgital Crreuit Portions

Note 1: The digital circuits and receiver purtion of the ELT has been tested and veritied to comply with FCC Part
13, Subpart B. Class B Digital Devices und Radio Receivers (Class B Equivalent Limits). The engineering
test repert can be provided upon FUC requests.

UltraTech Engineering Labs Inc.

UltraTeel's File #: RLT-00LFTX

4181 Sladeview Cres., Unit 33

wed v FCC

refin contaried i fi

L Mississauga, Ontario. Canada LSE SR2

TI ok G

spectenit B & NVLAP 58 Acoredinton B
roxag, Industry Canada (CGoadi, Austel jaasialiag

Tel. #: 905-569-2550

s ovnnecdng test ropert are fraccable to Nationad fnstisie of Standurds andd Teelnwlugy {MST)

Fax, #: 905-509-2480
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WIRELESS LAN CARD. Model RL2400 FCCID: NVEF-RL2400

TESTIMONIAL AND STATEMENT OF CERTIFICATION

THIS IS 7O CERTIFY.
L) THAT the application was prepared cither by or wider the direct supervision of the widersigned.

20 THAT the meavirenent data supplicd sith the applicaion was retkon under niv direction and

SUpCrvision.
3) THAT the dara wus whidned on represcitaine production units, represeriaiive.

d) THAT 1o the best of my knowledie and belicf, the Jucis s et Jorth in the application and

accompanving feclnical data are true aid correct.

Cerrtified by: ;‘f. /' -

o r Lipue, P Eng'
i E nn;ﬂi’wmg

DATL: Mar, 250 199s

UltraTech Fngincering Labs fnc. UltraTeeh®s File #: RET-001FTX
Uel. #: 905-569-2550 Fax. #: 905-509-2480

TI81 Sladeview Cres., Lt 33, Mississauga, Onturio, O anada LS 3R2

- ITI ok Lnrapeten Tindy A NVLAP =4 Aceredinatun o
;. Industry Canada icond L Austel Acsiruliag
Setoned fnsritite of Staidards ared Technology (MST}

citecring Tost coport e frvrcends e Sl
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WIRELESS LAN CARD. Model RL24G0

EXHIBIT 2 - GENERAL INFORMATION

1.1. Applicant
RADIO-LINK TECHNOLOGY COMPANY. L'TD.
No. 19, Tien-Hsiang, sin-Ying Village
Miao-Li City. Tatwan, RO.C

Applicant's Representative: Mr. Tang Young ¢hao
1.2, Manufacturer

EADIO-LINK TECHNOLOGY COMPANY. LTD.

No. 19, Tien-Hsiang. Tsim-Ying Village

Miae-Li City, Talwan, ROC.

1.3. Description of Equipment under Test

PRODUCT NAME: WIRLLUSS LAN CARD
SERIAL NUMBER: Pre-production

TYPE OF EQUIPMENT: [YSSS Transmitters
OPERATING FREQ. 2412 2402 Ml

NUMBER OF CHANNEL: I

CHANNEL SPACING: S Mz

BANDWIDTH (0 dB OBW): 9 M1z nnnimum

POWER RATING: 46.8 nuhWatts max.

ANTENNA GATN 215 dBi nueaimum © 0 dBi typical

FCC ID: NVF-RL2400

{internal miegral part of the printed circuit board)
Manulacturer: Toko, PN [TAC2450CT], Type: Ultra Miniature Sive

Divleetric Antenna Flement.

EMISSION DESIGNATION: Direct Sequence Spread Spectrum, 2 Mbis data rate. DPSK
DUTY CYCLE: Contmuous
OSC. FREQUENCY(LES): 12,76 K1z, 22 Mllz, 40Mlz, S60 Mz {VC0), 2450 M1z (1F), 280

MITz (113 Tx Local Osc.: Tx freq. — 1F freq. (280 MHz)

INPUT SUPPLY: Using DC Power from a laptop computer
ASSOCIATED DEVICES: Not applicable
FCCID: NVEF-RL2400
INTERFACE PORTS: Notapplicable

UltraTech Engineering Labs Inc.

Ultra Teel's File #; RET-001F TN

18T Slndosion Cros. Lt 33, Mississauga, Ontario, Canada 131 5R2

Accredres e ITT ok, Cinnpetent Hudy NVLAP s acoseditstion Tody
Secngnized Listed b FCC s Industry Canada Wisnnlay, Austel sl

Tel. #: 905-569-2550 Fax. #: 903-509-2480

A te at peen e pon e o Then o ngiiad o Tost et e fran S o Sitionad Sesidiene of Standvvds and Teoliiobagn {MST)
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WIRELESS LAN CARD. Model RL2400 FCC ID: NVF-R1.2400

1.4,

1.5.

1.6.

1.7.

UltraTech Engineering Labs Ine.

Related Submittal{s)/Grant

Nat apphicable.

Test Methodology

These tests were conducted on a sample of the equipment tor the purpose of certification complianee with Code
of Federal Regulations (CFR47-1991). Part 15, Subpart O, Para. 15247, Direct Sequence Spread Spectrum
Transmitters operating in the Frequency Band 2412 - 2462 MHz.

Both conducted and radiated emissions measurements were conducted in accordance with American Nitional

Srandards lnstitute ANSICO62.4-1992 - American National Standard tor Methods of Measurement ol Radio-
Noise Frisstons from Low-Voltage Electical and Flectronie Equipment in the Range ol'9 KHz to 40 GHx.

Test Facifity
AC Powerline Conducted Emissions swere performed i UltraTech's shielded room. 167(L) by 12'(W) by 12'{H).

Radiated Tmissions were performed at the UlaTech’s 3-10-10 Meter Open Ficld Test Site {OFTS) situated in
the Town of Qakville. proviace ol Ontario.

The above sites have been calibrated i accordunce with ANSIC03 .4, and found to be in compliance with the
requurements of Sec. 2948 of the FOC Rules. The descriptions and site measurement data of the Oakville Open
Field Test Site has been tiled with FCC office (FCC File No: 2T0405T 1300133) and Industry Canada olfice
(Industry Canada Pile Now 102049, Last Date o Site Calibraton: July 16, 1997,

The abuve fost site 15 wlso tiled with Interterence Technelogy International Lid (11T - An LC Directive on

LM,

Units of Measurements

Meastrements of conducted emissions are reported i units of dB referenced 1o one micrevoll [dB(uVi].

Measurements of radiated emissions are reported mumits of di referenced 1o one microvolt per meter

[dB30uN p m] at the distance specitied i the reportowherever it 15 apphicable.

UltraTecl's File #: RECT-081FEX

181 Slaclenics € res.. st 33, Mississauga, Ontario. Canada L31SR2 Tel. #: 905-569-2550 Fax. #: 905-309-2480

eied b FTT Uwg o

il NVLAP (Usac Aol aion Budy

Austel iaustraig
seerd instigie of Staedards and Tocimatogl {MST}

e B Crgdie R st e purt arc e he o
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WIRELESS LAN CARD, Model RE2400 FCCID: NYF-RL2400
EXHIBIT 3 - SYSTEM TEST CONFIGURATION

1.8.

1.9.

UltraTech Engineering Labs buc.

Test System Details
The following peripherals, FCC idenufiers and (yvpes imterconnecting cables were used with the EUT for testing:

EUT: RADIO-LINK TECHNOLOGY COMPANY, LTD.. WIRELLESS LAN CARD, Model : RL1.2400. S/N:
Pre-production
Power & 1 O Cable: Notapplicable,

PERIPHERAL: 1P OmniBook Laptop Computer. Model HP OmniBook 5500 €S, FCCD: BO45500. 5/N:
TWERL02240

[ O Cabler A0 Cables were shielded

Power Supply Cable: Non-shielded

PERIPHERAL: Dignal DEC Writer 1001 Parallel Printer, Model 1) 100-AZ, S/N: OV44352050, 1O 1
EPSIPLS0

1O CABLE: Shielded

POWER CABLE: Unshielded

PERIPHERAL: Kama Serial Modem. Model 24000115 N EL9004777, FOC ID: GN23VIA2400L1

1O Cable: Shielded
Poswer Supply Cable: Non-shielded

Block Diagrams Radiated Emission Measurements

UltraTeeh's File #: RET-001FTX

1181 Sladevion Cres. Lnit 33, Mississauga, Onotarie, Canada L3E SR2 Tel. #: 905-56%-2550 Fux. #: 905-569-2480
. wiied Lo TTT wUsn Conpaent thody 50 NVLAP cUsa secoedaion By

. «, e e FCC wsv Industry Canada (il Austel ausnaha

. AN oSt resit  continetd v s cngineening fest repart are fraveaie i Srthonod fesiitioe of Sranehardds cnd Techolog (.NIST}
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FCC 1D: NVI-RL2400

FCCO PART 15, SUBPART € - DIRECT SEQUENCE !
WIRELESS LAN CARD. Model R1.2400
1.10. Photograph for RF Emission Measuremenis

Please refer to the attuched photos.

TEST SETUP FOR
AC POWER LINE CONDUCTED EMISSIONS MEASUREMENTS
(tests were performed in the sereen room)

UleraTech Foginecring 1abs Ine. UltraTech's File #: RLE-G01ETN
Tel. #: 905-309-2550 Fax. #: 905-509-2480

3181 Shadevies Cres, Lot 33, Mississaupa, Ontario, Canada LS1 SR

coerent Poee e NVLAP U858 Accoreditnlinn By
v, Industry Canada G Austeliasialiol
st sttt of Standosds and Toechinniogy fMST}
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WIRELESS LAN CARD. Model RI.2400 FCC 1D: NVF-RL.2400
1.11.  Justification

No deviation. in both conficuration and operation manners. different (rom normal operation were required.

1.12. EUT Operating Condition
Sottware provided by RADIO-LINK TECHNOLOGY COMPANY, LTD. to set the EUT to transmit at lowest,
middle and highest channel freguencies.

1.13. Special Accessories

No special aceessories were required.

1.14. Equipment Modifications
To achieve compliance. the following change(s) were made by UltraTech's test house during cempliance

lesting:

Not reqguired.

UltraTech's File #: R1T-001FTX

UltraTech Fngineering Labs Tnc.
Fax. #: 905-509-2480

1181 Shadevien € res. Lnit 33, Mississauga, Ontario, Canada 1.51. 5R2 Tel. #: 905-569-2550

. acredited e ITT URD Coanperent Body & NVLAP sa; Acoreditation Hody
. Kerozrazed Losted oy FCC i.=a, Industry Canada | iy Austel rusiraling

. S et rendtn vontenaed i i e nppneering fest reprert e froescnhile o Yational Tesiire wf Srandusds and Tedhnology [MST)
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WIRELESS LAN CARD. Model RL.2400 TCC ID: NVE-RL2400
EXHIBIT 4 - TEST DATA

1.15.

6 dB Bandwidth @ FCC CFR 47, Para 15.247(a}{2)

PRODUCT NAME: WIRELESS LAN ('ARD, Model No.: R1.2400

FCC REQUIREMENTS:

For a direct sequencee spread spectrwm systen. the minimum 6 dB3 bandwidth shall be at least 500 KHz,

CLIMATE CONDITION:

Standard Temperature and Humndity: 23°C and 33%

TEST EQUIPMENT:

b

Advantest Spectrum Analyzer. Model R3271.5 N2 15050203

METHOD OF MEASUREMENTS:

The transmitter owtput was connected to the spectrum analyzer through an attenuator. the bandwidth of the
fundamental freguency was measured with the spectrum analyzer using 100 Kz RBW, VBW = 100 KHz.. The

6 dB3 bandwidth was nieasured and recorded.

TEST ARRANGEMENT

SPECTRUM
TRANSMITTER ANALYZER

TEST RESULTS: Conforms,

TEST PERSONNEL: Tri M. Luu, P.Eng.

DATE: Mar. 16, 1998

MEASUREMENT DATA:

CHANNEL
FREQUENCY (MHz) 6 dB BANDWIDTH MINIMUM LIMIT PASS/FAIL
(MHz) {MHz)
2412 9.1 0.5 PASS
2437 0.1 0.5 PASS
2402 9.0 0.5 PASS

Ultra lecl Engineering L.abs loc.

UltraTeehs File #: RIT-001FTX

181 Sladeyview Cres,, Unit 33, Mississauga. Ontario, Canada L5 5R2

Tel. #: 905-569-2530 Fax, #: 905-569-2480

. Aeeregied by ITT iURD Conenerent thaly v NVLAP U=, Acemsdiinon Hody

CAustel incsinidig
Ntonal fosditit of Standn s and Techooiogy (NIST)

sttt e FCC . Industry Canada

sovfeined ot cricnen conhgd s regaort dire Jran
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FOC PART 15, SUBPART € - DIRECT SEQUENCE SPREAD SPECTRUNM TRANSMITTERS Page 14
WIRELESS LAN CARD. Model RL2400 FCC ID: NVEF-RL2400

1.16. Maximum Peak Output Power @ FCC 15.247(b) and RF Exposure Limit FCC 1.1310

PRODUCT NAME: WIRELESS LAN CARD, Model No.: RL2400

FCC REQUIREMENTS:

FCC 13.247(b):- Maximum peak output power ol the transmitier shall not exceed | Watt, I the antenna of
directional gain greater than 0 dBiare used, the power shall be reduced by the ameunt in dB that the directional

eain of the antenng exceeds 6 dBi

FOC 1.1310:- The eriteria listed in the following table shall be used to evaluate the environmental impact of
human exposure to radiofrequency (RE) radiation as specilied in 11307(b}.

LIMITS FOR MAXIMUM PERMISSIBLE EXPOSURE (MPE)

Frequency Range | Eleetrie Field i ' Magnetic Field "~ Power Density E Average Time
(MHz) ‘ strength (V/m) | Strength (A/m) (mW/em') | {minutes)
) (A) Limits for Occupational/Control ¥xposures o
300-1500 ) D L : Fi300 7 5
E O 1500-100.000 . ' ; 5 G o
(B) Limits for General Population/Uncontrolled Exposure B _
A00-1500 e 7 L ] 41500 6 B
~_ 1500-160.060 ] 1.0 30 3
[ = Frequency in M1z
* — Planc-wave cquivalent power density
CLIMATE CONDITION:
o Standurd Temperature and Humidity: 237C and 53%
POWER INPUT:
Using DC Power from a laptep computer.
TEST EQUIPMENT:
. TP RE Peak Power Meter, Model 8600, S/N: 2131A00124, Measuring Freg. Range: 01 - 18 GHz, 50
Ohm IN.
. 1P RE Peak Power Sensor. Model 848 1A, $'N: 2551A01965, Measuring Freq. Range: 0.1 - 18 GHe,
SO Ohm INOUT
. Bird 20 dB Attennator, 50 Ohm IN OUT

UltraTech's File #: RLT-001FTX

UltraTech Engineering Libs Ine.
Tel. #: 905-509-2550 Fax. #: 005-509-2480

JE8T Stadeview Cres. Lnil 33, Mississauga, Ontario, Canada L3]SR2

ilretasi]

e of Staedards aned Terfmologly {NIST)

Al et resil e contraned I ngineenieg Lont fepor? sr ineceaile e Nosiwend st
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WIRELESS LAN CARD. Model RL2400 FOCC ID: NYF-RL2400

METHOD OF MEASUREMENTS:

FCC o 11310 & OST Bulletin No. 63-October 1983

S~ PGAL =LIRP 410

Where: I': power input to the antenna i my
EIRDP: Equivalent fetfective) isotropic radiated power,
S: power density mW.en’

¢ numerie gain of antenna relative o isotrepic radiator
r: distance 1o centre of radiation mem

FOC radio frequency exposure Emits may be exceeded at distances closer thanrem from the antenna ol this

deviee

ros \Jl)(_i SIS

FOO radio frequency exposure limits may be exceeded at distanees closer than rem [rom the antenna of this

device

TEST ARRANGEMENT

PEAK POWER
TRANSMITTER METER

TEST RESULTS: Conforms.

TEST PERSONNEL: Ir1 M. Luu, Pling.

DAVE: Mar. 16, 199§

UltraTech’s File #: RLT-Q0E'LX

UltraTech Engineering Labs L,
Fax. #: 905-569-2480

TL81 Shideview Cres., Unit 33 Mississauga, Ontario. Cunada L31 5R2 Tel, #: 905-569-2550

v ITT s wompetent sady 4 NVLAP sa) Avoresianon Hody
v e FCC 15a1 Industry Canada [[SHEHISHTR Austel Ausalig

ovontuncd et cogiieering feet report anc traceable fo Nafanad fnistiie of Stndards aned Tockinology (NIST}
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WIRELESS LAN CARD. Model RL.2400 FCC ID: NVF-RL2400

MEASUREMENT DATA:

PEAK POWER MEASUREMENT

ANTENNA GAIN: 2,13 dBi max - 0 dBi typical
internal integral part of the printed cureuit hoard)

DIRECT POWER PEAK POWER MEASUREMENTS AT THE ANTENNA TERMINAL
WITH THE ANTENNA REPLACED BY A SMA CONNECTOR

TRANSMITTER
CHANXNEL OUTPUT

FUNDAMENTAL
FREQUENCY (MHz)

MEASURED PEAK
TOTAL POWER

PEAK POWER LIMIT

{Mw) (W)
1 2412 16.8 1000.0
O 2437 41.7 1000.0
11 2462 42.7 10000

Notes:  The power measurements with respect to the field strength fevel measurement at 3 meters can not be
properly performed as preferred by FOC since the naximum BW of the EMI receiver is 3 MHz while the 6dB
BV or the transmitter RE output is 9.1 MEe: the power measurement using radiated emission measurement
method will always show lower readimg 3 M2 B

REF EXPOSURE DISTANCE LIMITS: v =(PG/HI IS)“Z
S=imWWeem”, G=2.15dB or 1.64

MNIMUM
ALLOWABLE
DISTANCE (r} FROM
SKIN (Centi-Meter)

MEASURED PEAK
POWER (mWatts)

FUNDAMENTAL
FREQUENCY (MIiz)

TRANSMITTER
CHANNEL OUTPUT

1 2412 40.5 2.5
G 2437 41.7 23
11 2462 42.7 24

Since (he distance ris toe small and the rf output power 1s oo Jow. no RE exposure limit warning 1s required.

UltraTech's File it RIT-001FTX
Tel. #: 903-569-2550 Fax, #: 905-569-2480

UltraTech Enginecring Labs Loc.
F181 Sladesies € res. Uit 33, Mississauga, Ontario, Canada 151 3R2

ot ey & NVEAP 0SA A cvsinaion Do
a. Industry Canada vinady, Austel aashaig
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FCO PART 15 SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 17

WIRELESS AN CARD. Model RL2400 FCC TD: NVEF-RL2400

1.17.

Ultra'leeh ¥ongineering L.abs Loc.

RF Conducted Emissions at the Transmitter Antenna Terminal, FCC CFR 47, Para. 15.247(c)

PRODUCT NAME: WIRELESS LLAN CARD, Model No.: RL2400

FCC REQUIREMENTS:

Inany 100 KHz bandwidth outside the operating frequency band, the radio frequency power that is produced by
maodulation products of the spreading sequence. the information sequence and the carrier frequency shall be at
least 20 A3 below that many 100 KHy bandw idth within the band that contains the highest level of the desired

power,

CLIMATE CONDITION:

Standard Temperature and Humidiy: 23°C and 33%
POWER INPUT:
Using DC Power [rom a laptop compater.

TEST EQUIPMENT:

o Advantest Spectrum Analvzer. Model R327H S/ 15030203

METHQD OF MEASUREMENT:

A scan was made by using a speetrum analyzer with the detector function set to PEAK mode.
Set ROGW = 100 KHz, VIBW = 100 KHz,

FCC CFR 47, Para, 2997 - Frequency speetrum to be investigated

" harmonic

The speetrum was investigated trom the Jowest radio generated i the equipmient up o at least the 10
of the carrier frequency or 1o the highest frequencey practicable in the present state ol the art of measuring
techmyues. whichever is lower, Particular attention should be paid to harmonics and subharmonics ot the
carrier frequency. Radiation at the frequencies of muluplier stages should be checked. The amplitude of
spurious emissions wlhich are attenuated maore than 20 di below the permissible value need not be reported.

FCC CFR 47, Para, 2.991 - Spurious Emissions at Antenna Terminal

The rudio frequency voltage or powers generated within the equipment and appearing on & spurious frequency
shall be checked at the equipment oatput termiinals when properly Toaded with a suitable artilicial antenna.
Curves or equivalent data shall show the magnitude of the harmenic and other spurious cission thal can be
detected when the equipment is operated under the conditions specilied in 2.989 as appropriate. The magnitude
ol spurious cmissions which wre attenuated more than 20°dB below the permissible value need not be specified.

Ultra'lech®s File #: RL'T-0011°TX

2181 Sladeview Cres. Uit 33, Mssissauga, Ontario, Canada BSL SR2 Tel, #: 903-569-2550 Fax, #: 905-569-2480

vt Budy
v, Industry Canada canada, Austel ausoalia
Preprt dee traeea it o Sutanad Iatitute af Standoerds erned Toclinology {MST}

it e g fee



FOUPART IS, SUBPART € - DIRECT SEQUENCE SPREAD SPECTRUNM TRANSMITTERS Puage 18
WIRFKLESS LAN CARD. Model RI.2400 FCC T NVF-R1.2400

TEST ARRANGEMENT

SPECTRLU M

TRANSMITTER
WALYZER

TEST RESULTS: Contorms.

TEST PERSONNEL: Tri M. Luu, P Eng,

DATE: Mar, 17, 1998%

Litrabech Engineering Labs Inc. UltraTech's File #: RLLT-001FTX
F181 Sladeview Cres., Unit 33, Mississmepa, Ontario, Canada L3152 Tel. #: 905-5369-2550 Fax. #: Y05-369-2480

. Aceredited by ITT G0 Compenens gl fa NVLAP U= Acoeduttin: Hody
zed Lesoet e FCC Ly, Industry Canada icanday. Austel (ausiralia

A tesi resulls confianed it coginecring Test roport are traceable to Notioved Instineie of Staodards aned Technolegn {MST)




FCC PART 15 SUBPART C - IMRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 19
WIRELESS LAN CARD. Model RL2400 FOCC 1D NVE-R1L.2400
MEASUREMENT DATA

SPURIOUS & HARMONIC EMISSIONS
AT THE TRANSMITIER ANTENNA TERMINAL

TEST CONFIGURATION

o The transmitier was coupled w the Speatirum Analvze,

o The channel frequencies were esiablished o the extreme edges (botl wpper and loywery and middle of the 2412
S 2462 M= band at s fidl rated outpies power, The enissions was invesiigated up ro the tenth fuarmonic of the
fundeamental entisstons i cach case. the neasured level of the carrier was re crded and compared o the lovel

of the cmissions as requeired in Pare 15.2470¢)

Channel Frequeney: 2412 MHz
Full Rated Power: 46.8 mW

Power Level in 100 KHz BW: 3.6 dBm
Limit = 3.6 dBm - 20 dB =-16.4 dBm

RF
FREQUENCY LEVEL LIMIT MARGIN PASS/
{MHz) {dBm) (dBm) (dB} FAIL
2412.0 3.6 - -
2132.0 -36.0 ©16.4 19.6 PASS
2692.0 -52.6 -16.4 36.2 PASS
4824.0 -66.7 16.4 50.3 PASS

plots for details

No other sigmficant emissions were found in the frequency range from 10 MHz w0 25 Glz. Reler to attached

Channel Frequencey: 2437 MHz

Power Level in 100 KHz BW: 2.6 dBm

Full Rated Power:  41.7 mW Limit=2.6 dBm-20dB =-17.4 dBm
RF

FREQUENCY LEVEL LIMIT MARGIN PASS/
(MHz} (dBm) {dBm} {dB} FAIL
2437.0 -0.3 - -
280.0 53.8 7.4 -36.4 PASS
2157.0 -35.0 -17.4 -16.6 PASS
2717.0 -51.2 -17.4 -33.8 PASS
4874.0 -61.5 -17.4 -44.1 PASS

: plots for details

N0 other signficant emissions were found m the frequency range from 10 MHz 10 25 GHz. Reter to attached

Chanuoel Fregueney: 2462 MHyz Power Level in 100 KHz BW: 2.9 dBm
Full Rated Power:  42.7 mW U Limit=2.9 dBm - 20dB=-17.1 dBm
RF
FREQUENCY LEVEL LIMIT MARGIN PASS/

(MHz) (dBm) {dBm} {dB) FAIL
2462.0 2.0 - - -
2182.0 -38.3 -17.1 212 PASS
4324.0 -49.2 171 -32.1 PASS

No other significant emissions were found i the freguency range from 10 MHz 10 25 Gz, Refer to attached

i plots tor details

Ultra'Feels File #: RET-O01F TN

LUltra Feeh Fngineering by Ing.
Tel, #: 905-369-2550 Fax. #: 905-569-2480

TEST Shadevien Cres. U oit 33, Mississauga, Ontario. Canada 151 5R2
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FOC PART 15. SUBPART € - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 20
WIRELESS LAN CARD. Model RL2400 FCC ID: NVF-RL2400

118. Transmitter Radiated Emissions @ 3 Meters, FCC CFR 47, Para. 15.247(c), 15.209 & 15.205

PRODUCT NAMI: WIRELESS LAN CARD. Model No.: RL2400

FCC REQUIREMENTS:

[ any 100 KHz bandwidth outside the operating frequency band., the radio lrequency power that is produced by
modulation praducts of the spreading sequence. the information sequence and the carrier frequency shall be
cuther at least 20 dB below thiat in any 100 Ktz bundwidiy within the band that contams the highest level of the
desired power or shall not exceed the general levels specified inde 15.209¢a), which lesser attenuation.

ALl other enussions inside restricted bands specified in e 15.205(a) shall not exceed the general radiated

emission linuts speeificd ma 15.209()

Renuarks:

e Applies to hanmonics/ spurious emissions that fall in the restricted bands listed in Section 15.205. The
maximum permitted average field strength s listed section 15,209,

e @ FOC CFR 47, Para. 15.237(¢) - The enussion lunits as specilied above are hased on measurement

instrument emploving an average detector. The provisions in @ 15.35 for limiling peak enussions apply.

FCC CFR 47, Part 15, Subpart C, Para. 15.205(a) - Restricted Frequency Bands

MH:z MHz MH: GH«
0090 - G110 1620125 - 167.17 2310 - 2390 D.3-95
049 - 051 167.72- 1732 24835 - 2500 10.6-12.7
21735 - 21902 240 - 283 02053 - 2900 13.25-134
5302 - 8360 2223354 3208 - 3267 1447 - 143
1336-1341 3999 - 410 323223339 14.35-10.2
25.5- 2507 608 - 614 ISR - 5308 17.7-214
37A-38.25 960 - 1240 I000 - 4400 22.01-23.12
FR-754 1300 - 1427 4300 - 5220 23.6-24.0
108 - 121.94 1435 - 16265 S350 - 3460 31.2-31.8
123-138 1660 - 1710 7250 - 7750 36.43 - 305
149.9 - 15G.03 17188 - 17222 ®025 - 8300 Abuove 38.0
156.7 - 1569 2200 - 2300 G000 - 9200

UltraTeel's File #: RLT-0011EN

UltraTech Fngineering Labs Inc
Tel. #: 905-569-2550 Fax. #: 905-569-2480

TUST Sladeviow € res. Uit 33, Mississauga. Ontario, Canada 151 SR2
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FOU PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS PPage 21
WIRELESS LAN CARD, Model REI400 FCCTD: NVF-RL2400

FOC CFR 47, Part 15, Subpart C. Para. 15.209(a)
— Ficld Strength Limits within Restricted Frequeney Bands --

FREQUENCY FIELD STRENGTH LIMITS DISTANCE
{MHz) {microvolts/m) {(Meters)

0.009 - 0.490 2400 F{Ki 300

0.400 - 1.705 24000 F Kz 30

1.705 - 30.0 20 30

30 - 88 100 3

88-210 134 3

216 - 960 200 3

Above 900 500 3

CLIMATE CONDITION:

Srandurd Temperature and Humiding: 237°C and 53%,
POWER INPLUT:
Using DC Power from a laptop compater.

TEST EQUIPMNENT:

o Spectrum Analyzer, Advantest, Model RA271.5/N: 1505

o Spectrum Analyzer, Advantest. Model 3201A. SN 917
Chims, built-in Quasi-Peak Detector.

e RF Preselector. Advantest Model R3351, SN 92970002, 9KHz-1GHz, 50 Ohms inputfoutput, input 25
dBm max. 20 dD gain

e Microwave Amplifier. P, Model 83017A, Fregueney Range 110 26.5 GHz, 34-38 dBdB gain nommal.

e Active Loop Antenma, Emeo. Model 03070 5N 89006-1167. Frequency Range | Kbtz - 30 MUz, o 59

(203, 100 Hz to 32 Gllz)
20151, Input +25dBm max., 9KHz-2.6GHz, 50

Ohms

o Log Periodic/Bow-Tie Antenna. Finco. Maodel 3E530SN 1029, 20 - 1000 Mile, @v 50 ohms.

o Log Periodic Antenna. A H. Systems, Model SAS-200:518, SN 343, Irequency Range: |- 18 GHz, we 50
Ohms.

e Horn Antenna. Emeo. Model 3160-09, 18-20.5GHz

METHOD OF MEASUREMENTS:

Refer 1o ANSE 63.4-1992, Para. 8 for detailed radiated emissions measurement procedures.

Applies to harmonics spurious that fall in he restricted bands listed m Section 13.203. the maximum permutted
average feld strength s listed in Seetion 152094 Pre-Any and highpass filter are used for this measurement.

Cor measureittent below 1 GHz set RBW 100 K VBW = 100 Kz, SWEEP=AUTO.

For measurement above | Gz, set RIBW = 1 MIT, VBW = 1 MHz (Peak) & VBW = 10 Iz (Average),
SWELP=ALFTO.

I the emission is pulsed. modified the unit for continuous eperation. then use the settings above for
measurenients. then correct the reading by subtracting the peak-average correction factor derived from the
appropriate duty cyele calealution. See Section 13.33(by and {¢).

FCC CFR 47, Para. 2.997 - Frequencey spectrum to he investigated

UltraTech Enginecring Labs Inc. UltraTeels File #: RLT-001FEX
TIRT Sladesiews € res. Uit 33, Mississauga, Ontario, Canada BSL a2 Tel. #: Y05-569-2550 Fax. #: 905-369-2480

. Accredied by TTL 0k Competent Bosy & NVLAP 5% Acorcanon Bods
i ird by FCC U=, Industry Canada icasele, Austel acsalio

P vntathe e e £ R e tUsE B purT e i cniie T rtoned fosn e of Stardvrds aned Technologi fMST)




FOU PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 22
WIRELESS LAN CARD. Muodel RE2400 FCC ID: NVE-RI.2400

The spectrum was iy estizated from the lowest radio generated m the equipment up to at least the 147" hurmonic
of the carrier frequency or Lo the highest frequency practicable in the present state of the art of measunnyg
techniques, whichever is lower. Particular attention should be pand to harmonies and subharmonics of the
cartier trequency. Radiation at the frequencies ol mualtiplier stages should be cheeked. The amplitude of
spurious emissions which are sttenuated more than 20 dB3 below the permissible value need not be reported.

FCC CFR 47, Para. 2.993 - Field Strength Spurious Emissions

(a) Measurenients was nude o detect spurious emissions radiated direetly from the cabinet, contrel
clreuits. power leads, or intermediate circuit elements under normal conditions of installation and
aperation. Curves or equivalent data were supplied showing the magnitude of cach harmonic and other
spurious emission. For this test single sideband, mdependent sideband, and controlled carrter
ransmiters shall be modulated under the conditions specified in paragraph 2.989{c) as appropriate.
For equipment operating on hequencies below T GHz an Open Field Test is normally required, with
the measuring mstrument antenna lecated i the far field atall st frequencies. In event itis either
impractcal or impossible 1o make open ficld measurements fe.g. broadeast transmitter installed mna
buikding) measurement will be aceepted of the equipment as instailed. Such measurements must be
accompanied by a description of the site where the measurements were made showing the focation off
any possible source of reflections which might distort the ficld strength measurements. Infermation
submitted shatl include the relative radiated power of cach spurious emission with the reference to the
rated power output of the transmitter. assuming all emissions are radiated from half-wave dipele

antennas.
b} Meusurements specilicd in paragraph () ol s section shall be made for the followmg equipment:
(1) L hose in which the spunous cmission are reguired to be 60 dI3 or more below the nmiean power
ol the ransnutter.
{2) All equipment operaling on freguencies highey than 25 Mz
(3 All equipment where the antenna is an integral part of, and attached directly to the transmitter.
) Other types of equipment as required, when deemed necessary by the Commission.

TEST RESULTS: Conlorms.

TEST PERSONNEL: T M. Luu. P Lnge.

DATE: Mayr 15 1998

Ultra'Tech Engineering Labs Ine. UltraTech™s File #: RET-001FTX
3181 Sladeview Cres. U nit 33, Mississauga, Ontario, Canada 15T SR2 Tel, #: 905-569-2550 Fax. #: 905-369-2480

Accrediea by ITT Cx Comerent Bode & NVLAP U880 dcaedinaun s
vized, Latee by FCC o s Industry Canada o anachn, Austel Al sali
et el an i e o Ry fest oot ee S dildde o Nntieied Sttt af Srcanedeerds aned Fochiolagiy (MST}




FOC PART 15, SUBPART € - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 23
WIRELESS LAN CARD. Model RL2400 FCC 1D: NVEF-RL2400

MEASUREMENT DATA

RADIATED EMISSIONS MEASUREMENTS (@ 3 METERS

TEST CONFIGURATION

o This lowest, middle and highesi chamnely were estabiished ar ity full raied owtpat porwer. Fhe emissions were
ivestigaied from the lovest frequency generated by dhe iraasiiitier up 1o the Hth lirmonic of the findainenial
cinissions i cach case. the nieastred lovel of the carvivr was recorded and caompared to the level of the
entissions oy reguired e Parts 15.247(¢) or 13 2090 whichever vway applicable.

o Formeasuring radiated coissions at freguencies helow D GIHE, the Spectrum Analvzer was setas 100 Kilz
REIT VBN = REIV, SIVEEP TIAME: AUTO, PEAK DETECTOR.

o Jormeasuring radivred emissions at fregqueicies above | Gz, the Spectrum Analvzerwas sei as 1 MHz RBIV,
AMm VRIS R TIAE S AU for PEAK measaremaenis and £ AHIZ RBIE {6 Ho VBW, SHELP TIMLE:
ALTO for AVERAGE nivasturenienis.

o The jullewing measureniciniy vwere the worst cases when ifie vadicting autenna was placed i hotl horizontal
aid vertical polarizarion

o thefollowing AVERAGE of levels were obrained from vithor Peak or Average readings added by the dury
cvofe correction fuctor. DUTY CYCLE FACTOR = N/ (conthnions)

CHANNEL FREQUENCY TESTED: 2412 MHz
FULL RATED POWLER: 46.8 m¥atts
RF RIF ANTENNA [IMT EIMIET
FREQUENCY | PEAK LEVEL AVG PLANE 15.209 15.247 MARGIN PASS/
LEVEL
[RLIEF3] (dBuVsm) (lliiu\ﬁ':n] (H/) (dBBuym) (dBuyim) (d13) Fall
500.00 29.5 20.1 AS 46.0 ®1.0 -39 PASS
00,00 33 214 H 40.0 810 -00.0 PASS
84006 196 17 Ay 40.0 £1.0 -09.3 PASS
840.00 14.9 7.0 H 46.0 81.0 -73 PASS
1120.00 424 37 N 340 s1.0 -10Y FEPASS
1120.00 428 308 H 540 81.0 -17.2 FEPASS
1400.00 393 27.0 AS 540 81.0 -27.0 FHPASS
1400.00 IR 209 I 4.0 510 -27.1 *EPASS
213200 605 309 v 340 310 -21.1 PASS
213200 040 634 H 4.0 §1.0 -17.0 PASS
2412.00 100.4 1004 Y -- -- = PASS
2412.00 101.0 101.0 H - - -- PASS
426300 s0.2 4.3 AS RERY 81.0 -12.5 EPASS
426300 0.9 433 il 34.0 510 -8.7 ¥ PASS
639000 30.7 333 A 540 sl -27.7 PASS
0390.00 | 6.2 582 H 40 1 810 -22.8 P’ASS
] No otier significant emissions were found m the frequency range from 10 Mz to 25 GHe.

% [mission within the vestricted band specified in a 13.205(a)

UitraTech Fugincering Labs Tne. UlteaTeeh’s File #: RET-OMFTN
TIR1 Stadevien Cres. Ll 3%, Mississauga, Ontario, Canada LS SR2 Tel, #; 905-569-2550 Fax. #: 905-569-2480

] Accrecaned by TTT GURy Connienesi Boidy & NVLAP = Acoeditation oy
e e e FCC osa, Industry Canada Conado Austel s
Ulstitide of Steandnnds aned Techoolegi {NIST)
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WIRELESS LAN CARD. Mode! RE2400

FCC ID: NVF-RL2Z460

CHANNEL FREQUENCY TESTED: 2437 MHz
FULL RATED POWER: 41.7 mWatts
RT [ KF ANTENNA LIMET LIMIT
FREQUENCY | PEAK LEVEI AVG IPTANE 15.200 15.247 MARGIEN PASNS/
1LLIEMVEL

(MHz) (dBury/m) (JBuymy (HY) (dBuaviny (il Bud i) (dB) FAFL
S60.00 205 261 A 16.0 81.0 -54.9 'ASS
360,00 3A 200 i 406.0 ¥1.0 -60.0 PASS
§40.00 196 11.7 \ 406.0) %1.0 -09.3 PASS
K40.00 144 7.0 11 40.0) S0 SRR PASS
1120.00 424 37 A 540 1.0 -16.9 FEPASS
1120,00 428 0.8 H S4.0 81.0 -17.2 *FPASS
1400.00 393 27.0 \ 340 K10 -27.0 FEPASS
1400.00 387 269 11 4.0 81.0 =271 FEPASS
2137.00 588 N3 v 540 520 -237 PASS
2137.00 37 RT H 540 82.0 -25.2 PASS
2437.00 98.5 G8.5 v -- -~ - PASS
2437.00 102.0 102.0 H - -- - PASS
431400 SUN 07 Ay 540 52.0 -143 FEPASS
431400 0.9 432 tH 540 ¥2.0 -¥.8 FEPASS
6471.00 575 548 V 34,0 82.0 -27.2 PASS
6-471.00 39.0 | L [l 54.0 82.0 -24.3 PASS

[y L— .
| No other sigriticant €missic

s were found in the frequeney range front 10 Mz 1o 25 Gz,

¥ Lmission within the restricted band specified in i 15.205¢a)

CHANNEL FREQUENCY TESTED: 2462 Mz
FULL RATED POWER: 42,7 m¥vatts
RY KE ANTENNA [ LMY LIMIT
l FREQGUENCY | PEAK LEVEL AMVG PEANE 15.209 £5.247 MARGIN IPANS/
PLEMYEL

(MH2) dBuym) (dBud:m) (HA) (dBuN M) (dBuV/m} dB) FAIlL

5060.0U 293 20.1 v 46.0 510 -54.9 PASS

360,00 315 210 I 46.0 LY -60.0 PASS

$40.00 19.6 11.7 v 40.0 81.0 -09.3 PASS

540,00 14.9 7.0 tl 40.0 51.0 -734 PASS
1120.00 424 371 v REAY 51.0 -10.9 FEPASS
1120.00 428 308 1] 540 §1.0 -17.2 FEPASS
1400.00 393 270 v 540 S1.0 -27.0 FEPASS
F400.00 387 209 11 4.0 ¥1.0 -27.1 FEPASS

2182.00 9.4 ST Ay RERY) 79.8 -22.4 PASS

218200 597 9.0 il 4.0 79.% -20.8 PASS

2462.00 935.8 95.8 vV -~ - -- PASS

2402.G0 99.8 99.8 G| -~ -- -- PASS
4364.00 453 R ¢ A\ 540 708 -154 FEPASS
4206400 49.2 304 H 40 799 -14.0 FEPASS

654600 50.3 533 S 4.0 79.8 -26.3 PASS

| 0340.00 | 387 561 I 4.0 798 -237 PASS

found in e frequency range rom 16 M1z w 25 Gz,

~No other significant cnmissions were

ok Loission within the restricted band specified i 13.205(w)

Ultra Tech Enginecring Labs Inc.

UltraTech™s File #: RLT-00FFTX

TIRT Slades iew € ros. Lnit 33, Mississauga. Ontario, Canada Sl 3R2
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FCC :uan. Industry Canada

gt vt een il

I for St i

bl

i, Austel Austuiia
o Steencharnis anied Techialony {NIST)

Tel. #: 905-509-2550

Fax. #: 905-369-2480
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FOCPART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 25

WIRELESS AN CARD, Model R1.2400 FCC ID: NVF-RL2400

1.19.

1liraleeh Envineering Labs Ine.

Transmitted Power Density of a Direct Sequence Spread Spectrum System, FCC CFR 47, Para.
15.247(d)

PRODUCT NAME: WIRELESS LAN CARD. Muodel No.: RL2400

FCC REQUIREMENTS:

For a direct sequence system. the transmitted power density average over any 1 second interval shall not be
greater than § didon i any 3 Kz bandwidih withie this band.

CLIMATE CONDITION:

Standard Temperature and Tumidny: 23 Camd 53%
POWERINPLT:
Using DO Power from a laptop compulter.

TEST EQUIPMENT:

o Advantest Spectrunt Analyzer. Model R3271, 82\ 15050203
o Bird 20 dB Atenuator. 50 Ohm INOUT

METHOD OF MEASUREMENT:

A sean was made by using a spectrum analyzer with the detector function set 1o NORMAL mode.

[ocate and zoom n on cmission peak(s) within the passband. St RBW =3 KHe. VBW = RBW, Sweep -~
SPAN 3 Kllz. For example, a span of 1.3 MHz. the sweep should be 1.ox10%3.0x10% 500 seconds. The
measwred peak Tevel must be no greater than +8 dBm.

o Fordevices with spectrum line spacing greater than 3 KHz no change is required.

e TFordevices with spectrum line spacing equal to or less than 3 KHz, the resolution bandwidth must be
reduced below 3 KHz until the mdividual lines in the spectrum are resolved. The measurement data must
then be normalized to 3 Kz by summing the power of all the individual spectral lines within 3 Kilz bund
{in lincar power units) o determine complianee.

o I the spectrum Iine spacing cannot be resolved on the available spectrum analyzer, the noise density
[unction on most modern conventional spectrnm analyzer will directly measure the noise power density
normalized 1o 1 1z noise power handsw idth, Add 3¢ B for correction 1o 3 KHe.

e Should all the above fail or any controversy develop regarding accuracy of measurement. the Faboratory
will use TP 89440 Vector Signal Analyzer for [inal measurement unless a clear showing can be made for

a further alternate.

UltruTeehs File #: RLT-001FTX

181 Sladeview C res. Lnit 33, Mississauga, Outario, Canada L3L SR2

vedvces nn ITLH UKD wena

Tel. #: 905-569-2530 Fax. #: 905-569-2480

rern o d NVLAP (0sA) A neditanun ods
Pazedd g sted b FCC ] [ndustry Canada Cenadiag Austel sl
& hstitanc sl Stendards grid Techinolagg fMST)

Bt netE T ety Test Pepnet e Trnee ndide to Nafionne Jne




FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS

Page 20

WIRELESS LAN CARD. Model RL2400

TEST ARRANGEMENT

TRANSMITTER

TEST RESULTS: Conforms.

SPECTRUM
ANAILNYZER

TEST PERSONNEL: Tri M. Luu, P.Eng.

DATE: Mar. 10, 1998

MEASUREMENT DATA:

FCC ID: NV F-RL.2400

TEST CONFIGURATION

o The transmiiier swas voipled 1o the Specer Analvzer,
The channel frequencies were estabiished on the exireme edges (hoth upper aid lower) and middie of the 2412

2062 MH= hand at its fill vated g power. The enissions was investigated up to the tenth havmionic of the
findamental eimbswns onvacl case the meastred tovel of the carrier swas recorded and compared 1o the level

of the entisyions ay required tr Paet 13.2476d)

CHANNEL RF POWER LEVEL
CHANNEL FREQUENCY IN 3 KHz BW LIMNIT MARGIN | COMMENTS
NUMBER (MHz) (dBm} (dBm) (dB) (PASS/FAIL)
1 2412 98 8.0 178 PASS
6 2437 109 8.0 J18.9 PASS
11 24672 106 8.0 186 PASS

UltraTech Engineering

Lahs Inc.

UltraTechs File #: RLT-001FTX

Fax, #: 905-502-2480

TI81 Slateview Cres.. Lot 33, Mississauga, Ontario, Canada ESL SR2

] [deceniaetd s asheed by

iy

FCC

el it

gt

Avereciled by ITE CURD Conpetent Hodv e NVLAP U5 Accreditatian Body

. Industry Canada Cunad.a, Austel ausialiag
St frstitte of Standvrds ond Tecknotogy (NIST)

Crepnst e rercedidde N

Tel. #: 905-569-2550
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FCC PART 15. SUBPART € - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 27

WIRELESS LAN CARD, Model RL2Z400 FCC 11 NVF-RL.2400

1.20.

UltraTech Enginvering Labs b,

Processing Gain of A Direct Sequence Spread Spectrum, FCC CFR 47, Para. 15.247(e)

PRODUCT NAMIE: WIRELESS LAN CARD. Model No.: RL2400

FCC REQUIREMENTS:

The processing gain of a direct sequence systeny shall be at feast 10 dl3. The processing gain shall be
determmed from the ratio i dB of the signal-lo-noise ratio with the system spreading code turned off to the
stgnal-to-noise ratio with the system spreading code tmed on, as measured at the demodulated output of the

receiver.

CLIMATE CONDI'TION:

Standard Temperature and Humidity: 237 Cand 33%
POWER INPUT:
Lsing DC Power from a laptop computer.

TEST EQUIPMENT:

o Advantest Spectrum Analyzer. Model R3271 5 N2 15050203

o 3dB & 40 6B Auennators, 30 Ohm INOUT

o TFluke RF Signai Generator, Model 6061A. Freq. range: 10 Kllv - 1050 MHz.

e 1P 8900 RF Peak Power Meter, Measurmg Frequency Range: 100 MHz - 18 GHz.
e Bert Fireberd 4000 Communication Analyzer

METHOD OF MEASUREMENT:- Jamming Margin Method

The provessing gain may be measured tsing the CW jammimg margin method. Figure 1 shows the test
configuration. The test consists of stepping w signal generator in 50 K117 increments across the passband of the
system. Al cach point. the generator level required to produce the recommended Bit Frrer Rate (BER) is
recorded. This leved is jammer level The output power of the transmitting unit is measured at the same point.
he Jammer to Sienal (18 ratio s then caleulated. Discard the worst 20% of the 1S data points, The lowest

rematning J S ratio iy used when calendaimg the Process Cradn.

The signal to noise ratio for an deal difterentially coherent detetion of a ditferentially encoded DPSK recerver
can be derived from the Bit Error Probability (Phy versus Signal-to-Noise ratio. See attached plot for detailed
wformaton.

I or measurement of the (8 N1 we use the Pb ol LUx 107 mininum.

ef.: Viterbi, AL Principles of Coherent Communivations (New York: McGraw-FHILL 19060), Pg. 207

LUsing equation (1) shown above. caleulate the sienal to nosse ratio required lor your chosen BER. This value
and the measured TS rato are used in the follow ing equation o caleulate thie Process Gain (Gp) of the system,

Gp = (5/N)orMj+Lsys

\Where:

UltraTech™s File #: RLT-001FTX

1181 Sladlevies Cres. Lnit 33, Mississauga. Ontario. Canada 131 53R2 Tel. #: 903-569-1550 Fax. #: 905-569-2480
W wiove ITL cUmn G e el NVLAP o =n a0 Thuty oy
: L wied be PCC s, Industry Canada oo Austel st

Tt mitfanced 1 T cagtheering e rcpt i Doceide Ty Sutmned fosine af Stancherds aned Seckioelogi (MST}



FOCC PART 1S, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Pugpe 28
WIRELESS LAN CARD. Model RE.2400 FOCC ID: NVEF-RL2Z400
{5 N I heoretical siznal o noise ratio required to nuintain the normal operation just
hefore the BER appears. Inreal measurements the maximum error of 0,001 15

allowed inan ideal systien usig their modulation scheme wath afl codes
wrned olt (e no spreading or processing waim),

MMy Maximum jamier o Stenal Ravo that recorded at the detected BER.
Lsys: Systen losses such s non-ideal synehronization, tracking circwitry, non-optimal baseband

receiver filering and cte... These losses can be inexcess of 3 dB for cach transmitier and
receiver pair. For the purpose of this processing pain caleelation se assume a Lsys at us
mmininum value of 2 di.

Ref: Dixon. R, Spread Spectrum Systems. (New York: Wiley, 1984), Chapter 1.

TEST RESULTS: Conforms,

TEST PERSONNEL: Tri M. Luu. P.ling,

DATE: Mar. 17, 1998

MEASUREMENT DATA:

Theoretical Process Gain = 11 Mchips/syvimbol =11 numeric vr 10.4 dB
(2MB/s)/(2hits/symbaol)

UltraTech™s File #: RLT-OMETX

1 lraTech Fagineering 1.abs Ine.
. Tel. #: 905-569-2550 Fax. #: 905-569-2480

TIRT Sladesios Cres. Lnit 33, Mississauga, Ontario. Canada L1 SR2

. Apcredied e T SR Comperent oy & NVLAP (UsA) Aceredaitagion Body
. : il Lisied s FCC .. Industry Canada Austel nsiraliyg

: et er el wl E )
Crreed Fent e pundeninen e Thds Lt P Test pepert ne fraeendn el Sreatdire uf Stsdieds wrad Technologa ,’MST}
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FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 29
WIRELESS LAN CARD, Model RL.2400 FCC ID: NVI-RE2400

o (S N)o: Refer o attached cureves. BER versus (5 Yo for Difleriential Coherent Detection of Dilferiennalty
Envoded DPSK
o Processing gain Gp = (5 Njo - Lsys - M= i85 Njo - 2+ Mj

Ultea'Leel's File #: RET-001FTX

Ultra el Envincering Labs Lo,
Tel. # 905-569-2550 Fax. #: 905-509-2480

318§ Sladevies Cres., Unit 33, Mississaupga. Ontario, Canada L31LSR2

. Acevesiied e ITT R Comreeene Sudy 50 NVLAP Usa, aceredasnon sy
ot Listeel ey FCC 1 =a, ]I‘ldl.lStI'y Canada Conoue, Austel ausuaiin
i it of Stamiords and Tocbniotogy (NTSTY

. S Teat resaddts cnnteined o thiln cnginecnog sl reporl sre iraccndide Te Narionad




FOC PART 15, SUBPART € - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 30
WIRELESS AN CARD. Model RL2400 FCC ID: NVF-RIL.2400

Test Method Employed: Januning Margin

Sig. Gen. Transmitter | Jammer to
S1G. GEN. Total Peak Total Peak | Signal Ratio | Processing
FREQ. BER {S/Njo Lsys Power @ Rx | Power @ Rx Mj Gain
(MHz] xexp-5 (dB) (dB) (dBm) (dBm) {dB) (dB}
Differential Coherent Detection of Diff. DPSK
Encoded
Fc - 1.00 1.2 10.0 2.0 2.2 -3.3 1.1 13.1
Fc - 0.8% 0.8 9.2 2.0 -2.b -3.3 0.8 12.0
Fc - ©.20 0.8 9.2 2.0 -3.4 -3.3 -0.1 11.1
Fc - 0.85 1.5 10.0 2.0 -3.5 -3.3 -0.2 11.8
Fc - ©.80 1.5 10.0 2.0 -3.8 -3.3 0.6 11.5
i Fc - 0.75 1.6 9.9 2.0 -3.3 -3.3 0.0 11.9
Fc - 0.70 2.4 9.8 2.0 -3.4 -3.3 -0t 11.7
Fc - 0.65 1.6 9.2 2.0 -3.9 -3.3 -0.6 11.3
Fc - 0.60 1.2 10.0 2.C 4.1 -3.3 -0.8 11.2
Fc - 0.556 i.Z 10.0 2.0 -3.6 -3.3 -0.3 1.7
Fc - 0.50 1.0 2.2 2.0 -3.7 -3.3 -0.4 10.8
Fc - 0.4b 1.2 10.0 2.0 -3.2 -3.3 0.1 12.1
Fc - 0.40 1.8 9.9 2.0 -2.9 -3.3 0.4 12.3
Fc - 0.35 1.3 10.0 2.0 -2.9 -3.3 0.4 12.4
Fc - ©.30 1.5 10.0 2.0 -4 -3.3 -0.8 11.2
Fc - 0.26 1.6 9.9 2.0 4.1 -3.3 -0.8 11.1
Fc - 0.20 1.2 10.0 2.0 -3.9 -3.3 0.6 11.4
Fc-0.156 1.2 10.0 2.0 -3.7 -3.3 -C.4 11.6
Fc-0.1C 1.2 10.0 2.0 -3.7 -3.3 -0.4 11.6
Fc - 0.056 1.2 10.0 2.0 -3.9 -3.3 -0.2 11.8
Fc 1.3 10.C 2.0 -3.1 -3.3 0.2 12.2
Fc + 0.05 1.5 10.0 2.0 -3.2 -3.3 G.1 12.1
Fc + 0.1C 1.8 3.9 2.0 -3.0 -3.3 0.3 12.2
Fc + 0.15 0.9 9.2 2.0 -2.8 -3.3 0.5 11.7
Fc ~ 0.20 1.9 9.9 2.0 -2.7 -3.3 0.6 12.5
iFe + 0.25 1.2 10.0 2.0 -2.9 -3.3 0.4 12.4
Fe + 0.30 1.8 9.9 2.0 -2.3 -3.3 7.0 12.9
Fc + 0.3% 1.2 9.2 2.0 2.9 -3.3 0.4 11.8
lFc +~ 0.40 1.8 9.9 2.0 2.2 -3.3 1.1 13.0
| Fc + 0.45 1.2 10.0 2.0 1.9 3.3 1.4 13.4
Fc + 0.50 1.5 10.0 2.0 1.7 -3.3 1.6 13.8
Fc + 0.55 1.2 10.0 2.0 -1.4 -3.3 1.9 13.9
Fc + 0.60 1.2 10.0 2.0 -0.9 -3.3 2.4 14.4
Fe + 0.65 1.8 9.9 2.0 -0.4 -3.3 2.9 14.8
Fc + 0.70 1.8 9.9 2.0 -1.0 3.3 2.3 14.2
Fc + 0.75 1.2 9.z 2.0 -1 -3.3 2.2 13.4
:Fc + 0.80 2.3 9.8 2.0 1.6 -3.3 1.7 13.5
Fc + 0.85 2.4 9.8 2.0 1.9 3.3 1.4 13.2
Fc + 0.9C 1.2 10.0 2.0 1.9 3.3 1.4 13.4
- Foc + 0.95 1.9 _ 9.2 2.0 -1.9 3.3 1.4 12.6
Fe+10! 19 | 99 2.0 1.9 3.3 1.4 13.3 |
THEORETICAL PROCESS GAIN : 10.4dB MIN. MEASURED PROCESSING GAIN: 10.8 dB ]

UltraTeeh's File #: RLT-001FTX

UstraTech Engineering Labs Inc.
Tel #: 905-309-2550 Fax. #: 905-309-1480

TIST Statlevien Cres. Lait 33, Mississsuga. Ontario, Canada L515R2
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S

1.7.2 Probability of Bit Error for
Coherentiy Detected Ditferentially Encoded PSK
L] - -

Channe! wavelorms sometimes experiences inversion: for exampie. when using 8
coherent referencs generated OV 2 shase-locked loop (see Chapter 8). onc may
have phase amoiguity. If the carrier phase were reversed .1 2 DPSK modulatos
appiication, what would be the sffect on ‘he message? The oy affect wouid D

arror in the bit during whica inversion occurred or the bit just arter ‘nversiois S
since the message ‘nformation is eacoded o the simiaricy or differencs Setweel
adjacsnt SYmDols. The similarity or difference quality remans unchangzd if s
carter is inverted. Somerimes. sysiems are differentiaily oncoded and coneresig.
gerecied, simply to avold these tnase ampiguites. )

The probaciiity of Dbit 2ITCr o7 ~oherzatly detected. Giffarentiaily €2

PSK is given 2y 7]




C
L)
~{™

O
—

[0 T S TR TR U SN SV SR SV W N |

b
o

-

L)
o

o}

[¢8)

i)
L1

(8 3]

e}
m

10°

)



) ‘o

SR
Ly}
[

[TYT T 7 _|k!>1<ﬁ4j T

YT B T R ITY T W
.-

ARSI S S VAR S S LA S A S L AL S nq/.l_
-
' \\
[ &)
—
o
-{ O
-+
«od
(]
n./._
_lua R PY TR IR T S U (U SIS S TN WY 1Y N3 I S0 NS S S, 4
< T 9 ? e
[ O L) O (]
— — ~— — —



FOCCPART 15, SUBPART O - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 31
WIRELESS LAN CARD. Model RL.2400 FCCID: NVEF-RL.2400
1.21. AC Powerline Conducted Emissions, FCC CFR 47, Para. 15.107(a)

PRODUCT NAMIL,: WIRELESS EAN CARD, Model No.: RL1L2400

NAME QFTEST: AC Powerline Conducted Emissions.

FCCLIMIT:

The RF veoltage conducted back onto the public utlity lines shall not exceed 230 0V or 48.0 dBuV measured
irom 430 KHz to 20 Mz

CLIMATE CONDITION:

Standard Temperature and Hunudity: 23°Cand 53%,
POWER ENPUT:
Using DC Power from a laptop compuler.

TEST EQUIPMENT:

e Advantest R3271 Spectrum Analyzer, Frequency Range: 16GH2-20.5G1Hz, with butlt-in Peak, Quasi-Peak
and Average Detectors.

o 1P 11947A Transient Limiter. HP, Model 11947 A, Frequency Range: 9KHz-200MHz, Attenuation: 10dB.

o DD 7475 Ploter

o [NCO 38252 TISN, Frequency Range: YKH-200M 1z

o RE Shiclded Enclosure {12x10x12 feet)

METHOD OF MEASUREMENTS:

Refer o ANSIC63.3-1692.

TEST RESULTS: Conforms.

TEST PERSONNEL: 11 M. Luu, P.Eng.

DATE: Mar, 27, 9095

Ultra'lech Engincering {.abs loc. UltraTech's Fike #: RLT-00LETX
4181 Stadeview Cres., Eait 330 Mississavupa, Ontario, Canada LA SR2 Tel. #: 905-569-2550 Fax, #: 905-569-2480

. Averedted 1 ITT (UKD Connartenn Sy & NVLAP v docneiinon fady
vred Listed iy FCC o=, Industry Canada oo, Austel iausiiy

JEtest resta e R R S0 HhEs Lngrerenig ond eport e e viebie D Sationad festiie of Stavdords aoed Technotogy {NIST)




FOCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS

Page 32

WIRELESS LAN CARD. Model REZH00
MEASUREMENT DA'TA

AC POWER-LINE CONDUCTED EMISSIONS

FCC ID: NVF-RL2400

o Il rf emissions from 430 Kz to 30 Mz were scanited, and eight highest emission levels were

recorded. See attached plots.

REMARKS

o P Peak Detector, 10 KIz RBIV, VBV > RBIV
o (O CISPR QUASI-PEAR, 9 KHz REBH, VBIV = RBW

o OP/BRB: for broadband emission (QP level - AVG level > 6 dB); the recorded level was QP level less

I13dB.

KF RECEIVER QP:NB Qr/BRB [INE
FREQUENCY IEVETL DETECTOR LIMITT TIMIT MARGEN PASS/ TESTED
(M) (dBu‘) (PQPANG) (dBuY) {BuY) (dB) FALL {(1.1/1.2)
0514 259 S 350 0l.0 2201 PASS L1
9,500 364 QP 450 01.0 110 PASS (1
10.300 36.5 QP 48.0 61.0 243 PASS L1
16.900 127 QP 480 61.0 153 PASS L1
11700 361 QP 5.0 610 249 PASS L
0830 19.9 QU 8.0 AT 411 PASS T2
9800 33.7 QP 8.0 o1.0 143 PASS L2
10200 134 QP 45.0 610 276 PASS 12
16,300 20.9 QP 450 61.0 171 PASS 12

UltraTech Engineering Fabs Lnc.

UltraTech's Fite #: RLT-00HETX

3181 Sladeview Cres., Umit 330 Mississauga, Ontario, Canada 1.51. 5R2
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EXHIBIT 5 - GENERAL TEST PROCEDURES

1.22, AC Powerline Conducted Emissions Measurements - General Test Method

e AC Powerline Conducted Emissions were performed in the shielded room, 16'(1) by 12'(W) by 12'(11).

+  Conducted power-line measurements were made over the [requency range from 450 KHz to 30 M1z to deternmine
the Tine-to-ground radio poise voltage which was conducted trom the EUT power-input terminals that were dircetly
connected to @ public power network.

e The BUT normally recoved power from another device that connects to the public utility ac power lines,
measurements would be made o that deviee witly the LU inoperation o ensure that the device continues to

comply with the appropriate Tnmits winle providing the EUTT with power.

o Ifthe EUTT was operates only tron internal or dedicated batteries. with ne provisions for connection to the public

utlity ae power lines. ac power-line conducted measurements are not required.

¢ Tuble-top devices were placed on o platforn of nominal size 1 m by 1.5m raised 80 ¢cm above the conducting

eround plane.

e lhe EUTT current-carrving power fead, except the ground (salety) lead, was individually connected through a LISN
to the power source. All unused 30-Ohm connectors of the LISN was terminated in S0-obm when not connected 10

the measuriig mstruments.

e [he line cord o the EUT connected to one LISN which was conneeted to the measuring instruiment. ‘These power
cords for the umts of devices notunder measurement were connected to a separate multiple ac outlets. Drawings and
photographs of typically conducted emisston test setups were shown in the Test Report. Tach current-carrying
conductor of the EUT shall be individually tested.

e The EUT swas normally operated with o ground (satety) connectuon, the EUT was connected to the ground at the
LISN through u conductor provided in the lead from the ac power mains to the LISN

e The excess length of the power cord was folded back and forth wan 8-shape on o wooden strip with a verueal prong

located on the top ol the LISN case.

e The EUT wus set-up inats typical contiguration and operated nnits varicus modes as deseribed in 3.2 of the test

report.

e A preliminary scan was made by using speetrunt analyzer system with the detector function set (o PEAK mode (10
KHz RBW, VBW = RBW)_ frequency span 430K H2-30M Iz

e The maxunum conducied crmission for a given mode ol operation was found by using the following step-by-step

])I'O\‘.‘L‘dlll'l.‘:

Stepl. Monitor the frequency runge ol interest at a fised EUT azimuth.

Step. Manipulate the system cables and peripheral devices to produce highest amplitude signal relative (o the
it Note the amphitude and frequeney ot the suspect signul,

Stepd The effects of varous modes ol operation is examined. This s done by varying equapment operation
modes as step 2 s being performed.

Stepd Alter completing step 1 through 3, record EUT and peripheral deviee configuration, mode of operaton,
cable contiguration. signal Tevels and trequencies for final test,

EliraTech Engineering Labs [ne. Ultra'lTech's File #: RLLT-001FTX
4181 Sladesiow Cros Uit 330 Mississanga, Ontario, Canada LA SK2 Tel #: 905-569-2550 Fux. #: 905-509-24%0

v b TP s ot ey 2 NVLAP =50 A
wed Lincs v FCC o= Industry Canada .co

Sy s
CAustel s
ol fninns s St ondd Yecbootoys (NTST)

RIS s el D T e el Tt e et s i aelksie @




FOCPART IS SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 34
WIRELESS LAN CARD. Model RI1.2400 FCC ID: NVE-R1.2400
e [Fach highest signal level at the masimized test conbiguration was zoomed i a small frequency span on the spectrum

analvzer's display (e manipulaton of cables and pernpheral devices and EUT operation modes might have to be
repeated o obtam the Tnghest signal level with the specirmn anabyzer set o PEAK detector mode 10 KHz RBW and
VW = RBWY The spectrum analyzer was then set 1o CISPR QUASE-PEAK detector mode (9 KHz RBW, 1 M1z

VW) and the final hughest RE signal Tevel and trequency was recond.

o Broad-bund ac Powerline conducted emissions:- 11 the EUT exhibils ac Powerline conducted emissions that exceed
the Hmit with the nstrument set te the quasi-peak mode. then measurements should be made 1 the average mode. 1
the amplitude measured i the quasi-peak niode 15 at least 6 dI3 higher than the amplitude measured in the average

muode. the Tevel measured in quast peak mode may be reduced by 13 dI3 before comparing it to the limit.

UltraTeeh’s File #: RLT-00117FX
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1.23. Electrical Field Radiated Emissions Measurements - General Test Method

e The radivted emission measurements were perforned at the UliraTech’s 3 Meter Open Fietd Test Siwe {OFTS)
sttuated 1 the Town of Oakville. provinee of Ontario. The Attenuation Characteristics of OFTS have been filed to
FCC.

¢ Radited enussions measurements were made using the following test instruments:

1y Calibrated EMCO actve loop antenua i the frequency range from 10 Kz to 1 Mz
2y Cabbrated UMCO bicomlog antenna mn the frequency range fron 30 M1z w0 2000 Mz,
3y Calibrated AL Systems loe pertodic antenna in the frequencey range above 1000 MHz {(1GOHz - 1%
Gl
43 Horn Antennas:
a)  Hom Antenna, Limeo. Maodel 3160-09, 18-26.30117
by Hoen Antenna. Emceo. Model 2160-10, 26.5-400G1Hz
¢ Mixer. Tektronix, PPN 118-0098-00, 18-20.5CiH
d)y  Mixer. Tekromx, BN T9-0098-00, 26 3-40GH 2
¢) Mixer, HPOPN R3423A 12 4-18GH»
) Mixer, HPO P N R2424B. 18-20.5G1 =
g1 Mixer, HPCTUN R3434C, 26.5-40GH 7

Catibrated Adyantest spectrunt anulyzer and pre-selectonpre-amplifier. Ingeneral, the spectium analyzer

N

would be used s Tollows:
—  Therfelectie freld evels were measured sl the spectrum analyzer set to PEAK detector (1 KHz
REBW and 1 KHz VBW for frequency below 30 MHz 100 KHz RBW and VBW > RBW tor

Frequeney below 1 Glizand 1 MiLe RBW and T Mz VBW lor frequency greater than | GlHz).

= fany rfenission was observed o be a broadband notse, the spectrum analyzer's CISPR QUASI-
PEAK detector $120 Kz RBW and [Mz VBW) was then set to measure the signal level.

—  Ithe signal being measured was narrowhand and the ambient Reld was broadband, the bandwidih of

the spectrum aalvzer was redaced

The EUT was set-up i its tepical confizuration and operated inils vartous modes as deseribed in 3.2 of the test

report.

e [l frequencies ol emissions was first detected. Then the amphtude of the eimissions was measared at the specified
measurentent distance using required antenna height, polarization, aid detector characteristics.

e During this process. cables and peripherat devices were manipulated within the range of likely configuration.

s Toreach mode of operation required o be tested, the frequency spectrum was monitered. Variations i antenna
heights (from Lineter to 4 meters above the ground plane). antenna polarization (horizontal plane and vertical
nlane). cable placement wid pernipheral placement feach variabie within bounds specified efsewhere) were explored

e produce the nghest amplinude signal relatve to the init

The maximum rudiated entission for a griven mode ol eperation was found by usimg the following step-by-step

procedure:
stepl: Monitor the freguency range of interest at a fixed antenna hewght and EUT azimuth.

Step?: Manipulate the systeni cables 10 produce highest amplitude signal relative to the limit. Note the amplitude

and frequeney of the suspect signal,
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Stept:

Stepd:

Steps:

Stepl:

Step:

UStra'Tech Fueineering Labs Ine.

Rotate the FUT 200 degrees to maxmmize the suspected highest amplitde signal. If the signal or another at
a different frequency is ubserved to exceed the previously noted highest amplitude signal by 1 dI3
or mote. vo back 1o the azimuth and repear Step 20 Otherwise. orrent the EUT azimuth to repeat the highest

amplitude vbservation and proceed.

Move the antenna over its full allowed range of travel (1 to 4 meters) to maximize the suspected highest
amplitude signal 11 the signal or another ata different trequency is observed to exceed the previously noted
highest amplitude signal by 1 dB or more. return Lo Step 2 with the highest amplitude observation and

proceed,

Change the polarization of the antenna and repeat Step 2 through 4. Compare the resulting suspected
highest amplitude signal with that found tor the other polarizaton. Scleet and note the higher of the two
signals. This sienal is wrmed the highest observed stenal with respect to the Timit for this EUT operational

mude.

The eftects of various modes of operation is examined. This is done by varying the equipment maodes as

steps 2 through 3 are being performed.

After completing steps 1 through 6. record the final highest enuission level. Trequeney, antenna polarization

and detector mode of the measunng wstroment,
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Calculation of Field Strength:

The field strength is caleulated by adding the calibrated antenna fuctor and cable factor, and subtracting the Amplilier

aain (i any) from the measured reading, The basie equation with u sample caleulation is as follows:

FS=RA -~ AN+ CF - AG

Where 'S Ficld strength
RA - Recerver Analvzer Reading
AL . Antenna Factor
Cr = Cable Attenuation Factor
Al - Amplitier Gam

Example:

Notes:

LltraTech Engineering Labs Luc,

[ a receiver readmg of 60.0 dBuV is obtamed, the antenna tactor of 7.0 dBan and cable factor of 1O dB are
added. and the amplitier gaim of 30 dB s subtracted. The actual field strength will be:,

Field Level indBuN m- 60 - 7.0 - 10 20 = 380 dBuVvomn
Freld Level inuV m - 10038200059 33 v,
Ihe trequency and amplitude of ut least six highest conducted emissions telative o the limit are recorded

unless such emissions are more tan 20 dI3 below the Himit. 11 less than six emissions are within 20dDB of the
limit, the background or receiver noise level shall be reported at representative [requencies.
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