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(indoor) and 2 {outdoor)

‘i. EXHIBIT 1 SUMMARY OF TEST RESULTS & GENERAL STATEMENT OF
CERTIFICATION

FCC PARAGRAPH. TEST REQUIREMENTS COMPLIANCE
(YES/NO)
15.247(a)(2) Spectrum Bandwidth of a Direct Sequence Spread Spectrum Yes
System
15.247(b) & 1.1310 Maximum Peak Power and RF Exposure Limits Yes
15.247(c) RF Conducted Spurious Emissions at the Transmitter Antenna Yes
Terminal
15.247(c), 15.209 & Transmitter Radiated Emissions Yes
15.205
15.247(d) Transmitted Power Density of a Direct Sequence Spread Spectrum | Yes
System
15.247(e) Processing Gain of Direct Sequence Spread Spectrum System Yes
15.107, 15.109 AC Power Conducted Emissions & Radiated Emissions for Digital | Yes (Note 1)
Circuit Portions

Note 1: The digital circuits and receiver portion of the EUT has been tested and verified to comply with FCC Part
15, Subpart B, Class A Digital Devices. The engineering test report can be provided upon FCC requests.

UitraTech Enginecring Labs Inc. UltraTech’s File #: IAW-004FTX
4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada L5L 5R2 Tel. #: 905-569-2550 Fax. #: 905-569-248(

. aceredited by ITI (UK) Competent Body & NVLAP (Usal Accreditation Body
. Recognized/Lisied by FCC (Usa), Industry Canada (Canada), Austel (australia)
. All test resuits contained in this engineering test report are traceable to National Institute of Standards and Technolugy (MST}
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ISP DIRECT INDOOR & OUTDOOR UNTES, Model 2901-01 (indoor) and 290107 (outdoor)y FCCTD: NUX-1SP240T

JTESTIMONIAL AND STATEMENT OF CERTIFICATION

THIS IS TO CERTIFY.:
1) THAT the application was prepared either by, or under the divect supervision of the undersigned.

2) THAT the measurement data supplicd with the application was taken under my direction and

supervision.
3)  THAT the data was obtained on representative production units, representative.

4} THAT. to the best of my knowledge and belief, the fucts set forth in the application and
accompanyving technical data are true and correct.

/)

(
\
N // M
‘ Eng

Tri Mu Lllll,
V.P, E g

Certified by:

ENO(

DATE: Apr. 12, 1998
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2, EXHIBIT 2 - GENERAL INFORMATION

2.1

2.2

2.3

Applicant

INTERAIR WIRELESS

485 Cayuga Road. P.O. Box 222
Buffalo, New York

USA, 14225.0222

Applicant's Representative: Mr. Dave Chauncey, Director RF Engineering

Manufacturer

INTERAIR WIRELESS

485 Cayuga Road. P.O. Box 222
Buftfalo, New York

USA, 14225-0222

Applicant's Representative: Mr. Dave Chauncey, Director RF Engineering

Description of Equipment under Test

PRODUCT NAME:

SERIAL NUMBER: Preproduction

TYPE OF EQUIPMENT: DSSS Transmitters

POWER RATING: 160 mWatts

EMISSION

DESIGNATION: Direct sequence spread spectrum
DUTY CYCLE: 45% maximum

OSC. FREQUENCY(IES):
Tx Freq- 915 MHz.

INPUT SUPPLY:
WRI4232

OPERATING FREQ./ 2408.025 - 2404.875 MHz

6dB BANDWIDTH

LltraTech Engineering .abs Inc.

35 MHz ( Rx 1F), 70 MHz (Rx LO), 915 MHz (Tx IF), Tx Lo. Osc.

FOCTD: NUX-ISP2401

ISP DIRECT INDOOR & OUTDOOR UNITS

AC 120 V 60Hz from Elpac external switching power supply, model

UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada LSL 5R2

»
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ISP DIRECT INDOOR & OUTDOOR UNITS. Yodel 240101 (imdoor) and 2401-02 (outdoor)

FCCTD: NUX-1SP2401

The following table shows the characteristics of each channel frequency of the transmitter:

Maximum Max. RF Highest
odB Output gain
Channel Channel Modulation | Bandwidth Chips per Data Rate Power Antenna
No. Frequency | Bandwidih (MHgz) Symbol (Mb/s) (miliWatts) | Used (dBi)

i N/A N/A N/A N/A N/A N/A N/A
F 2 N/A N/A N/A N/A N/A N/A N/A
3 2408.625 Narrow 4.2 11 4.5 190 17
4 2411.4375 Medium 5.3 H 5.625 190 17
5 2417.0625 Medium 53 11 5.625 190 17
6 2419.875 Wide 10 11 11.25 190 17
7 24226875 Medium 530 1 5.625 190 17
8 24283125 Medium 33 11 5.025 190 17
9 2431125 Wide 10 11 [1.25 190 17
10 2433.9375 Medium 5.3 11 5.625 190 17
11 2439.5625 Medium 33 11 5.625 190 17
12 24423750 Wide 10.0 11 11.25 190 17
13 24451875 Medium 5.3 11 5.025 190 17
14 2450.8125 Medium 5.3 11 5.625 190 17
15 2453.625 Wide 10.0 It 11.25 190 17
16 24564375 Medium 5.3 11 5.625 190 17
17 2402.0625 Medium 5.3 Il 5.025 190 17
18 | 2404.875 Narrow 4.2 11 4.5 190 17

For worst case of measurements the following channels were chosen to be tested: Narrow BW: 3 & 17,
Medium BW: 4,10 & 17, Wide BW: 6, 9 & 15,

ASSOCIATED DEVICES:

(1) Elpac external switching power supply, model WRI4232, AC IN: AC 95 250 V,47-63 Hz, 1 2A, DC QUT:

+5V, +12V, -12 Vdc
{2) One of the following antenna may be supplied with the InterAir ISP Direct System, the antenna is permanently

secured to the ISP Direct Outdoor Unit using TNC connectors and heat shrink:

| Selection Number Description Vendor P/N Gain (dBi)
Ix1 Patch Huber Suhner 64958022 S 8.5 .
2 , -3x3 Patch Huber Suhber. . 65119522 16.5 Ropmoared S
3 1x10 Patch Huber Suhner 65247322 M5 165 é?fu,/tr‘ﬂ-ﬁ’
4 Omni Andrew RTINOF-024V-013A 1] 13 il
5 Reflector Contfer T8T-2400 17 b m?

The Conifer Reflector with the highest antenna gain from the above list is chosen to be tested with the InterAir ISP
Direct System for the worst case.

{3) The RF interconnecting cable between the InterAir ISP Direct Indoor and the Outdoor Units can be selected
with one of the following:

UliraTech Engineering Labs Inc.

UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga. Ontario, Canada L3I, SR2

. Accredited by ITI (UK) Competent Body & NVLAP [USA] Accreditation Body
Recoghized/Listed by FCC (usa), Industry Canada (Canada), Austel jAustralia)
. All test resuits contained in this engiueering test report are truceable 1o Netional Institute of Stundards and Techmology (MST)

Tel. #: 905-569-2550

Fax. #: 905-569-2480
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ISP DIRECTINDOOR & OUTDOOR UNITS, Model 2401-01 (indoor) and 2401-02 (outdooer)

TCC T NUoTar a0t

Selection No. Description Vendor Part No. Length (ft) Loss (dB)
1 0.4” Cable - WP Times LMR-400-DB 150 10.2
2 0.3” Cable Times LMR-300 100 10.4
3 0.24” Cabie Times LMR-240 80 10.3
4 0.2” cable Times LMR-200 60 10.1
5 0.5" Cable — WP Tinies LMR-500-DB 200 11
6 0.6" Cablc — WP Times LMR-600-DB 2350 11
7 0.9” Cable - WP Times LMR-900-DB 400 12
8 (.25” Flex MISC RG-223/U 30 10.5

The above item # 8, 0.257 Flex, R(G-223/U cable with shortest available length (30 ft) and lowest loss (10.5

dB), was used for testing and represents the worst case.

FCC 1ID:

INTERFACE PORTS:

INDOOR UNIT:

OUTDOOR UNIT:

2.4 Related Submittal{s)/Grant

No applicable.

2.5 Test Methodology

NUX-15P2401

(1)
(2)
(3)
(4)

(1
(2)

LAN Port - RJ-45

Event In/Out (Sync) - BNC

Serial Port — DB9 (for factory uses only)
RF OUT - TNC. The RF QUT will not deliver any rf power if the

mdoor unit is not connected to the outdoor anit.

RF-IN (TNC) (1) LAN Port - RJ-45
RF-OUT (TNC}). Permanently attached to the antenna as one
unique assembly. Heat shrink is used to secured the Outdoor Box’s
RF —OUT terminal to the Antenna, and the Outdoor Box is
mounted on the antenna.

These tests were conducted on a sample of the equipment for the purpose of certification compliance with Code
of Federal Regulations (CFR47-1991), Part 15, Subpart C, Para. 15247, Direct Sequence Spread Spectrum

Transmitters operating in the Frequency Band 2408.625 - 2464.875 MHz.

Both conducted and radiated emissions measurements were conducted in accordance with American National
Standards Institute ANSI C63.4-1992 - American National Standard for Methods of Measurement of Radio-
Noise Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of @ KHz to 40 GHz.

UltraTech Engineering Labs Inc.

UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada E.5L 5R2

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

. Accredited by ITI (U] Competent Body & NVLAP (USA) Accreditation Body
. Recognized/Listed by FCC (Usa), Industry Canada (Canaday, Austel (Austratia)
All test results contaned in this engineering test report ure traceable to National Institute of Stancdards and Technology (N.TST)'
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ISP DIRECT INDOOR & OUTDOORUNITS, Model 2401-Gf (Indoor) and 2301-02 (outdoor) FOC TD: NUX-ISP2401

2.6 Test Facility

AC Powerline Conducted Emussions were performed in UltraTech’s shielded room, 16'(L) by 12°(W) by 12'(H).

Radiated Emissions were performed at the UltraTech’s 3-10 Meter Open Field Test Site (OFTS) situated in the
Town of Oakville, province of Ontario,

The above sites have been calibrated in accordance with ANSI C63.4, and found to be in compliance with the
requirements of Sec. 2.948 of the FCC Rules. The descriptions and site measurerent data of the Oakville Open
Field Test Site has been filed with FCC office (FCC File No.: 31040/SIT 1300B3) and Industry Canada office
(Industry Canada File No.: IC2049). Last Date of Site Calibration: July 16, 1997.

The above test site is also filed with Interference Technology International Ltd (ITI - An EC Directive on
EMC).

27 Units of Measurements
Measurements of conducted emissions are reported in units of dB referenced to one microvolt [dB{uV}].

Measurements of radiated emissions are reported in units of dB referenced to one microvelt per meter
[dB(uV)/m] at the distance specified in the report, wherever it is applicable.

UltraTech's File #: IAW-004FTX

LiltraTcch Engineering Labs Inc. X
4181 Sladeview Cres.. Unit 33, Mississauga, Ontario, Canada L51. 5R2 Tel. #: 905-369-2550 Fax. #: 905-509-2480
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1P DIRECT INDOOR & OUTDOOR UNITS, Model 2401-07 (indoory and 2401-02 (outdoor) FCC D NS E (S B

3. EXHIBIT 3 - SYSTEM TEST CONFIGURATION

3.1 Test System Details

The following peripherals, FCC identifiers and types interconnecting cables were used with the EUT for testing:

{n EUT: INTERAIR WIRELESS, ISP DIRECT INDCOR & OUTDOOR UNITS, Model : 2401-01 (indoor) and
2401-02 (outdoor), S/N: Preproduction.
[/O Cable: All I/O cables were shielded except for the RJ-45 LAN cable
Power Supply Cable: Non-shiclded AC cord and shielded DC out cable.

(2) ASSOCIATED MAXIMUM GAIN ANTENNA: Conifer Reflector Antenna , P/N: 18T-2400, Gain: 17 dB.
[/O Cable: Al 1/O Cables were shielded

(3} ASSOCIATED SHORTEST & MINIMUM LOSS RF CABLE: RG-223/U shielded cable, 0.25" flex, 30ft
long minimum, 10.5 dB loss @ 2.45 GHz.

3.2 Block Diagrams for Conducted & Radiated Emission Measurements

Conifer Bobioctior
Antenno (17 dld Gain)

Yool A S0 Dot

Dosidoor Jnit
Moaol 2400 07

Syelem

fooe Powor

Pxlernon Swiecning
Power Supoly
Mooer W AZSY

AL LN L L

UltraTech Engineering Labs Inc. UltraTech’s File #: IAW-004FTX
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3.4 Justification

No deviation, in both configuration and operation manners, different from normal operation were required.

3.5 EUT Operating Condition

Software provided by INTERAIR WIRELESS to set the EUT to transmit or receive at various channel
frequencies,

3.6 Special Accessories

No special accessories were required,

3.7 Equipment Modifications

To achieve compliance with FCC 15.205 and 15.209 at the Transmitter local oscillator frequency (Tx Freq -
915 MHz), the following modifications were made by InterAir Wireless:

a. The front and back plastic bezel with the Ni EMI coated edges were clued to the front and back metal
plates using Conductive EMI adhesive.
b. Metal shield boxes were installed at both sides (RF board and Digital Board} of the internal 40-Pin
connector.
C. EMI gasket/washer was installed between the RF and Digital printed circuit boards at the 40-Pin
Connector.
d. 2 mounting screws were added to secure the DC IN power jack to the back metal plate.
UltraTech Engineering Labs Inc. UltraTech’s File #: IAW-004FTX
4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada I.SE 5R2 Tel. #: 905-569-2550 Fax, #: 905-569-2480

. Aceredited by ITI (UK) Competent Body & NVLAP (USA] Accreditation Body
. Recognized/Listed by FCC (Usa), Industry Canada (Canada), Austel (Australia)
. All test results contained in this engineering test report are tracealle to Nativnal Institute of Standrerds arul Technology (MST)
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TSP DIRFCT INDOOR & CUTDOOR TS o (indour) and 3401-0Z (outdoor) FCC ID: NUN-IST2301

4. EXHIBIT 4 - TEST DATA

4.1

UltraTech Engineering Labs Inc.

6 dB Bandwidth @ FCC 15.247(a)(2)

PRODUCT NAME: ISP DIRECT INDOOR & OUTDOOR UNITS, Model No.: 2401-01 (indoor)
and 2401-02 {outdoor)

FCC REQUIREMENTS:

For a direct sequence spread spectrum system, the minimum 6 dB bandwidth shali be at least 500 KHz.

CLIMATE CONDITION:

Standard Temperature and Humidity:

¢ Ambient temperature: 23 °C
¢ Relative humidity: 43 %

POWER INPUT:

AC 120 V 60Hz from Elpac external switching power supply, model WRI4232.

TEST EQUIPMENT:

»  Advantest Spectrum Analyzer, Model R2271, §/N: 15050203
¢ Bird 20 dB Attenuator, 50 Ohm IN/OUT

METHOD OF MEASUREMENTS:

The transmitter output was connected to the spectrum analyzer through an attenuator, the bandwidth of the
fundamental frequency was measured with the spectrum analyzer using 100 KHz RBW, VBW = 100 KHz,. The
6 dB bandwidth was measured and recorded.

TEST ARRANGEMENT

20 dB SPECTRUM
TRANSMITTER ATTENUATOR ANALYZER

TEST RESULTS: Conforms.
TEST PERSONNEL: Mr. Tri M. Luu, P.Eng,

DATE: Feb. 26 & Mar. 04, 1998

UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada LAl SR2 Tel. #: 905-569-2550 Fax. #: 905-569-2480
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ISP DIRECT INDOOR & OUTDOOR UNTT, Model 230101 (ndoor) and 2401-07 (outdoor) TCCID: NUR-ISP2A0T
MEASUREMENT DATA:
Measured
6dB FCC
Channel Channel Modulation | Data Rate Chips per Bandwidth Limit
No. Frequency | Bandwidth (Mb/s) Symbol (MHz) (MHz)
3 2408.625 Narrow 4.5 11 4.2 0.5
4 2411.4375 Medium 5.625 11 5.0 0.5
6 2419.875 Wide 11.25 11 8.4 0.5
9 2431.125 Wide 11.25 11 10.0 0.5
10 2433.9375 Medium 5.625 11 5.2 0.5
15 2453.625 Wide 11.25 11 8.1 0.5
17 2402.0623 Medium 5.625 11 5.3 0.5
18 2464875 Narrow 4.5 11 4.0 0.5

UltraTech Engineering Labs Inc.

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada L5L 5R2

Accredited by ITI [UK) Competent Body & NVLAP (UsA] Accreditation Body
Recognized/Listed by FCC (usa), Industry Canada (Canada), Austel (Australia)
All test results contained in this engineering test report are traeeable to National Institute of Standurds and Technology {NIST)
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Date: Feb. 26/98
Tested by: Tri Luu

UltraTech

Engineering Labs Inc ISP DIRECT, MODEL 2401-01 (INDOORY) & 2401-02 (OUTDOOR)

Test Configuration #: 7, Tx Frequency: 2408.625 MHz, RF Power: 0.19 W
Modulation: DSSS, BW: NARROW (4.5 Mc/s), 11 chipsisymbeot, 0.818 Mbps DQPSK
MARKER A Chinrile 43 ACTV DET: PEAK
4.2¢0 MHz MEAS DET: PEAK QP AVG
.23 dB MKR 4.2¢ MHz
.23 dB
REF OFFST 2¢.0 dB
LOG REF 2¢.d dBm
19
dB/
#ATN %
1¢ dB b lw/
2 J \\-
ﬁ ,<
A\ AN
VA SB \ ﬁ
sC FC AN
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FC ( PART 15 SUBPART C - DIRL(TSEQI‘L\(_E SPREAD SPECTRUM TRANSMITTERS Page 15
TS, Model 2401-0T (indoor) and 2401-02 (outdoor) FCC ID: NEX-ISP2401

4.2 Max:mum Peak Output Power @ FCC 15.247(b} and RF Exposure Limit FCC 1.1310

PRODUCT NAME: ISP DIRECT INDOOR & OUTDOOR UNITS, Model No.: 2401-01 (indoor)
and 2401-02 (outdoor)

FCC REQUIREMENTS:

FCC 15.247(b):- Maximum peak output power of the transmitter shall not exceed 1 Watt.

(1) Systems operating in the 2400-2483.5 MHz band that used exclusively for fixed, point-to-point
operations may employ transmitting antennas with directional gain greater than 6 dBi provided the
maximum peak output power of the intentional radiator is reduce by 1 dB for every 3 dB that the
directional gain of the antenna exceed 6 dBi.

FCC 1.1310:- The criteria listed in the following table shall be used to evaluate the environmental impact of
human exposure to radiofrequency (RF) radiation as specified in 1.1307(b).

LIMITS FOR MAXIMUM PERMISSIBLE EXPOSURE (MPE)

! Frequency Range Electric Field Magnetic Field Power Density Average Time
(MHz) Strength (V/m) Strength (A/m) (mW/em?) (minutes)
(A} Limits for Qccupational/Control Exposures
300-1500 F/300 6
1500-100,000 5 0
(B) Limits for General Population/Uncontrolled Exposure
300-1500 F/1500 6
1500-100,000 1.0 30

F = Frequency in MHz
* = Plane-wave equivalent power density

CLIMATE CONIMTION:

Standard Temperature and Humidity:

+  Ambient temperature: 23 °C
s Relative humidity: 43 %

POWER INPUT:

AC 120 V 60Hz from Elpac external switching power supply, model WRI4232.

TEST EQUIPMENT:

] HP RF Peak Power Meter, Model 8900, S/N: 2131A00124, Measuring Freq. Range: 01 - 18 GHz, 50
Ohm IN.

. HP RF Peak Power Sensor, Model 8481A, S/N: 2551A01965, Measuring Freq. Range: 0.1 - 18 GHz,

50 Chm INOUT

UltraTech Engincering Labs Enc. UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada [.5L 5R2 Tel. #: 905-569-2550 Fax. #: 905-569-2480

. Accredited by ITI (UK Competent Body & NVLAP (USA) Accreditation Body
. Revogmized/Listed by FCC (Usa), Industry Canada (Canada), Austel (ausuatia)
. Al test results contained in this engineenng test report are traceable to Nationa stitute of Standnrds aned Technology (MST}



FCCPART 15, SUBPART (- DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 16
ISP DIRECT INDOOR & OUTDOOR UNITS, Model 2301-01 (indoor) and 2301-0% {outdoor) FCCTD: NUX-ISPZ401T

METHOD OF MEASUREMENTS:

FCC (@ 1.1310 & OST Bulletin No. 65-October 1983
S = PG/4T1r* =EIRP/411r

Where: P: power input to the antenna in mW
EIRP: Equivalent (effective) isotropic radiated power.
S: power density mW/cm®
G: numeric gam of antenna relative to isotropic radiator
11 distance to centre of radiation in cm

FCC radio frequency exposure limits may be exceeded at distances closer than r cm from the antenna of this

device

r= JPGMHS

FCC radio frequency exposure limits may be exceeded at distances closer than r cm from the antenna of this
device

TEST ARRANGEMENT

PEAK POWER
TRANSMITTER METER

TEST RESULTS: Conforms.

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

DATE: Feb. 26, 1998

UltraTech’s File #: IAW-004FTX

UltraTech Engineering Labs Inc.
4181 Sladeview Cres., Unit 33, Mississauga, Oatario, Canada [.5L 5R2 Tel. #: 905-569-2550 Fax. #: 905-569-2480

’ Aceredited by ITI {UK] Competent Body & NVLAP (USA] Accreditation Body
Recognized/Listed by FCC (Usa), Industry Canada [Canadaj, Austel (Australia)
. Afl test results coutuined in this engineering test report are traceahie to National nstitute of Standards and Technology (MST)



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

Page 17

ISP DIRECT INDOOR & OUTDOOR UNITS, Model 2401-01 {indoar) and 2401-02 (eutdoor)

MEASUREMENT DATA:

Maximum Antenna Gain provided: 17 dBi

PEAK POWER MEASUREMENT

FCC Power Output Limit = 30 dBm — (17 dBi - 6 dBi)/3 = 29.3 dBm or 851 mWaltts

FOCTD: NUX-TISP2401

Measured
Peak FCC
Channel Channel Modulation | Data Rate Chips per Power Limit
No. Frequency | Bandwidth (IMb/s) Symbol (mWatts) {mWatts)

3 2408.625 Narrow 4.5 11 190 851
4 2411.4375 Medium 5.625 11 190 851
6 2419875 Wide 11.25 tt 190 851
9 2431.125 Wide 11.25 11 190 851
10 24339375 Medium 5.625 11 190 851
15 2453.625 Wide 11.25 11 190 851
17 24620625 Medium 5.625 11 190 851
18 2464.875 Narrow 4.5 11 190 851

located outdoor far away from the user (at least 30 ft away).

UltraTech Engincering Labs Inc,

The power density or SAR tests were not applicable to this type of equipment. Since the transmitting antenna is

UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, (Canada L5L 3R2

. Accredited by ITI jUK] Competent Body & NVLAP (USA) Accreditation Body
. Recognized/Listed by FCC [(USA), Industry Canada {Canaca), Austel {Australia)
. All test resuits contnined in this engineering test report are truceable to Noational Institute of Stundards and Tecknology {MST}

Tel, #: 905-569-2550

Fax. #: 905-569-2480




FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 18

ISP DIRECT INDOOR & OUTDOOR UNTTS, Model 2401-01 (indoor) and 2401-02 (outdoor) FOCTD: NUX-ISP2401

4.3

UltraTech Engineering Labs Ine.

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

PRODUCT NAME: 1SP DIRECT INDOOR & OUTDOOR UNITS, Model No.: 2401-01 (indoor)
and 2401-02 (outdoor)

FCC REQUIREMENTS:
In any 100 KHz bandwidth outside the operating frequency band, the radio frequency power that is produced by

modulation products of the spreading sequence, the information sequence and the carrier frequency shall be at
least 20 d13 below that in any 100 KHz bandwidth within the band that contains the highest level of the desired

power.
CLIMATE CONDITION:
Standard Temperature and Humidity:

e Ambient temperature: 23 °C
*  Relative hurmdity: 43 %

POWER INPUT:
AC 120 V 60Hz from Elpac external switching power supply, model WRI14232.

TEST EQUIPMENT:

e Advantest Spectrum Analyzer, Model R3271, S/N: 15050203

* Bird 20 dB Attenuator, 50 Ohm IN/OUT
* Microphase Highpass Filter, P/N: CR220HIB, S/N: 1301, Cut-off Freq. 1.8 GHz. (Optional)

METHOD OF MEASUREMENT:

A scan was made by using a spectrum analyzer with the detector function set to PEAK mode.
Set RBW =100 KHz, VBW = 100 K1z,

FCC CFR 47, Para, 2.997 - Frequency spectrum to be investigated

The spectrum was investigated from the lowest radio generated in the ¢quipment up to at least the 10" harmonic
of the carrier frequency or to the highest frequency practicable in the present state of the art of measuring
techniques, whichever is lower. Particular attention should be paid to harmonics and subharmonics of the
carrier frequency. Radiation at the frequencies of multiplier stages should be checked. The amplitude of
spurious emissions which are attenuated more than 20 dB below the permissible value need not be reported.

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

The radio frequency voltage or powers generated within the equipment and appearing on a spurious frequency
shall be checked at the equipment output terminals when properly loaded with a suitable artificial antenna.
Curves or equivalent data shall show the magnitude of the harmonic and other spurious emission that can be
detected when the equipment is operated under the conditions specified in 2.989 as appropriate. The magnitude
of spurious emissions which are attenuated more than 20 dB below the permissible value need not be specified.

UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario. Canada 1.5L SR2 Tel. #: 905-569-2550 Fax. #: 905-569-2480

Aceredited by ITI (UK) Competent Body & NVLAP [UBA] Accreditation Body
Recognized /Listed by FCC [USA], Industry Canada [(.‘anman.Austel tAustralia)
All test results contained in this engineering test repunt are traceable te National [nstitute of Standureds and Technology (MST}



FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 19

ISP IMRECT INDOOR & OUTDOOR UNITS, Model 2401-01 {indoor) and 2401-02 (outdoor) FOCCTID: NUX-ISP240T
TEST ARRANGEMENT
20 dB SPECTRUM
TRANSMITTER ATTENUATOR l\ ANALYZER
HIGHPASS
FILTER

TEST RESULTS:
Conforms.

TEST RESULTS: Conforms.

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

DATE: Feb. 26, 1998

Labs Inc. UltraTech's File #: IAW-004FTX
"anada .51 5R Tel. #: 905-569-2550 Fax, #: 905-569-2480

LUltraTech Engineerin
4181 Sladeview Cres., Unit 33, Mississauga, Ontario,

. Accredited by ITI (UK) Competent Body & NVLAP (USA) Accreditation Body
. Recognized/ Listed by FCC {USAY), Industry Canada {Canada), Austel {Australia)
. All test results contained in this engineering test repont «re traceable to National fnstitute of Standards and Technology (N.TSTJ
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ISP DIRECT EINDOOR & OUTDOOR TUNTTS, Model 2401-0T (indoor) and 2301-02 (outdoor)

FCCID: NUX-ISP240T

MEASUREMENT DATA
SPURIOUS & HARMONIC EMISSIONS
AT THE TRANSMITTER ANTENNA TERMINAL
TEST CONFIGURATION
o The ransmitter was coupled to the Spectrum Analyzer through a 20 dB attenuator.

The insertion loss benween the transmitter output terminal and the spectrum analyzer way measured to be 20 B
The channel frequencies were established on the extreme edges (hoth upper and lower) and middle of the
2408625 - 2464.875 MHz bane at its full rated output power. The emissions was investigated up to the tenth
harmonic of the fundamental emissions in cach case. the micasured level of the carrier was recorded and
compared to the level of the emissions as required in Part 15.247(c)

Channel #: 3, Frequency: 2408.625 MHz
Full Rated Peak Power:
Modulation: DQPSK, narrow, 11

chips/symbol, Data Rate: 4.5 Mb/s, 2

190 mW

Power Level in 100 KHz BW: 9.7 dBm
Limit = 9.7 dBm - 20 dB =-10.3 dBm

bits/symbol
RF EMI

FREQUENCY LEVEL DETECTOR LIMIT MARGIN PASS/
{MHz) (dBm) (dBm) {dBm) {dB} FAIL
2408.6 9.7 Peak -- -- PASS
451.0 -46.7 Peak -10.3 -36.4 PASS
1498.0 -44.5 Peak -10.3 -34.2 PASS
2374.0 -43.0 Peak -10.3 -32.7 PASS

No other significant emissions were found in the frequency range from 10 MHz 1o 25 GHz.

Refer to attached plots for details

Channel #: 4, Frequency: 2411.4375 MHz
Full Rated Peak Power: 190 mW
Modulation: DQPSK, medium , 11
chips/symbol, Data Rate: 5.625 Mb/s, 2

Power Level in 100 KHz BW: 9.1 dBm
Limit =9.1 dBm - 20 dB =-10.9 dBm

bits/symbaol

RF EMI
FREQUENCY LEVEL DETECTOR LIMIT MARGIN PASS/
(MHz} (dBm) {dBm) {dBm} (dB} FAIL
2411.4 8.1 Peak -- -- PASS
451.0 -45.6 Peak -10.9 -34.7 PASS
1496.4 -39.9 Peak -10.9 -29.0 PASS

No other significant emissions were found in the frequency range from 10 MHz to 25 GHz.

Refer to attached plots for detatls

UltraTech Eusineering Labs Inc.

UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontarie, Canada L5, 5R2

.

Tel. #: 905-569-2550

Aceredited by ITI {UK) Competent Body & NVLAP (USA) Accreditation Body
Recognized/Listed by FCC (UsA), Industry Canada (Canada), Austel (australin)
Al 1est results contained in thas engineenng test report are traceable to National Institute of Standuards and Technology {MST)

Fax. #: 905-569-2480
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ToP DIREC T INDOOR & OUTDOOR UNTS, Model 2301-01 (indoor) and 240(-02 (outdoor})

Channel #: 6, Frequency: 2419.875 MHz
Full Rated Peak Power: 190 mW
Modulation: DQPSK, wide, 11
chips/symbel, Data Rate: 11.25 Mb/s, 2

Power Level in 100 KHz BW: 9.1 dBm
Limit = 9.1 dBm - 20 dB =-10.9 dBm

bits/symbol
RF EMI

FREQUENCY LEVEL DETECTOR LIMIT MARGIN PASS/
{MHz) (dBm]} (dBm) {dBm} {dB) FAIL
2419.9 9.1 Peak - - PASS
| 1504.9 38.6 Peak -10.9 27.7 PASS
2382.3 38.7 Peak -10.9 27.8 PASS
2386.0 41.8 Peak -10.9 -30.9 PASS

No other significant emissions wer
Refer to attached plots for details

¢ found 1n the frequency range from 10 MHz to 25 GHz.

Channel #: 9, Frequency: 2431.125 MHz
Fuli Rated Peak Power: 190 mW
Modulation: DQPSK, wide, 11
chips/symbol, Data Rate: 11.25 Mb/s, 2

Power Level in 100 KHz BW: 8.7 dBm
Limit=8.7 dBm - 20 dB =-11.3 dBm

bits/symbol
RF EMI
FREQUENCY LEVEL DETECTOR LIMIT MARGIN PASS/
{MHz) (dBm}) {dBm} {dBm) (dB) FAIL
24311 8.7 Peak -- - PASS
1516.1 -41.3 Peak -11.3 -30.0 PASS
2396.5 -40.5 Peak -11.3 -29.2 PASS

No other significant emissions were found in the frequency range fr
Refer to attached plots for details

om 10 MHz to 25 GHz.

Channe! #: 10, Frequency: 2433.9375
Full Rated Peak Power: 190 mW
Modulation: DQPSK, medium, 11
chips/symbol, Data Rate: 5.625 Mb/s, 2

Power Level in 100 KHz BW: 8.7 dBm
Limit=8.7 dBm-20dB=-11.3dBm

bits/symbol
RF EMI
FREQUENCY LEVEL DETECTOR LIMIT MARGIN PASS/
(MHz) (dBm) {dBm) {dBm} {dB) FAIL
2433.9 8.7 Peak -- -- PASS
2398.5 -45.4 Peak -11.3 -34.1 PASS

Refer to attached plots for details

No other significant emissions were found in the frequency range from 10 MHz to 25 GHz.

UltraTech Engineering Labs Ine.
3181 Sladeview Cres., Lnit 33, Mississauga, Ontario,

Canada L5L

TCC D NUR ISP 2401

UltraTech’s File # IAW-004FTX

R2 Tel. #: 905-509-2550

. accredited by ITI (UK) Competent Body & NVLAP (USA] Accreditation Body
Recognized/Listed by FCC {usa), Industry Canada (Canuda), Austel (australia)
. Al test results contained it This engineenig test report are fraceable to Nationul nstitute of Stapederds and Technalogy {MST)

Fax. #: 905-569-2480
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ISP DIRECT INDOOR & OUTDOOR UNTTS, Maodel 2401-01 {indoor) and 2401-02 {outdoor)

Channel #: 15, Frequency: 2453,625 MHz
Full Rated Peak Power: 190 mW
Modulation: DQPSK, wide, 11
chips/symbol, Data Rate: 11.25 Mb/s, 2
bits/symbol

Power Level in 100 KHz BW: 8.9 dBm
Limit =8.9dBm-20dB=-11.1 dBm

RF EMI
FREQUENCY LEVEL DETECTOR LiMIT MARGIN PASS/
{MHz} {dBm) (dBm) {dBm} (dB} FAIL
2453.6 8.9 Peak - -- PASS
1538.6 -38.3 Peak -11.1 -27.2 PASS

No other significant emissions were found in the frequency range from [0 MHz to 25 GHz,

Refer to attached plots for details

Channel #: 17, Frequency: 2462.0025 MHz
Full Rated Peak Power: 190 mW
Modulation: DQPSK, medium, 11
chips/symbol, Data Rate: 5.625 Mb/s, 2
bits/symbol

Power Level in 100 KHz BW: 8.6 dBm
Limit = 8.6 dBm - 20 dB =-11.4 dBm

RF EMi
FREQUENCY LEVEL DETECTOR LIMIT MARGIN PASS/
{MHz) (dBm) {dBm) (dBm} {dB) FAIL
24621 8.6 Peak -- -- PASS
494.0 -48.7 Peak -11.4 -37.3 PASS
15471 -45.5 Peak -11.4 -34.1 PASS

No other significant emissions were found in the frequency range from 10 MHz to 25 GHz.

Refer to attached plots for details

Channel #: 18, Frequency: 2464.875 MHz
Full Rated Peak Power; 190 mW
Modulation: DQPSK, narrow, 11
chips/symbeol, Data Rate: 4.5 Mb/s, 2
bits/symbol

Power Level in 100 KHz BW: 8.6 dBm
Limit = 8.6 dBm-20dB =-11.4 dBm

RF EMI
FREQUENCY LEVEL DETECTOR LIMIT MARGIN PASS/
{(MHz) (dBm} {dBm) {dBm) (dB) FAIL
2464.875 9.5 Peak - -- PASS

No significant emissions were found in the frequency range from 10 MHz to 25 GHz. Refer to

attached plots for details

UltraTech Engineering I.abs Inc.

FCCTD: NUX-ISP2401

UltraTech’s File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada .51 5R2

Tel. #: 905-569-2550

Aceredited by ITI (UK) Competent Body & NVLAP (USA} Accreditation Body
Recognized/Listed by FCC (Usa), Industry Canada (Canadal, Austel (australiay
All test resuits contained in this engineening test report are traceable to Netional Insnitute of Stendards and Technology (MST)

———————
Fax. #: 905-569-2480
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TCCID: M-S Pt

FOOC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS
TSP DIRECT INDOOR & OU TDOOR UNITS, Model 2401-01 (indoor) and 2401-02 {outdoor)

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

ISP DIRECT INDOOR & OUTDOOR UNITS, Model No.: 2401-01 (indoor)
and 2401-02 (outdoor)

PRODUCT NAME:

FCC REQUIREMENTS:

In any 100 KHz bandwidth outside the operating frequency band, the radio frequency power that is produced by
modulation products of the spreading sequence, the information sequence and the carrier frequency shall be
either at least 20 dB below that in any 100 KHz bandwidth within the band that contains the highest level of the
desired power or shall not exceed the general levels specified in @ 15.209(a), which lesser attenuation.

All other emissions inside restricted bands specified in @ 15.205(a) shall not exceed the general radiated

emission Himits specified in @ 15.209(a)

Remarks:

e Applies to harmonics/spurious emissions that fall in the restricted bands listed in Section 15.205. The
maximum permitted average field strength is listed in Section 15.209.

e (@ FCC CFR 47, Para. 15.237(c) - The emission limits as specificd above are based on measurement
instrument employing an average detector, The provisions in @15.35 for limiting peak emissions apply.

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

MHz MHz MHz GHz
0.090-0.110 162.0125 - 167.17 2310 - 2390 93-95
0.49-0.51 167.72 - 173.2 2483.5 - 2500 10.6 - 12.7
2.1735.2.1905 240 - 285 2655 - 2900 1325-134
8.362 - 8.366 322-3354 3260 - 3267 1447 -14.5
13.36-13.41 399.9-410 3332-3339 14.35-16.2
25.5-25.67 608 - 614 33458 - 3358 17.7-214
37.5-38.25 960 - 1240 3600 - 4400 22.01-23.12
73-754 1300 - 1427 4500 - 5250 23.6-24.0
108 - 121.94 1435 - 16265 5350 - 5460 31.2-31.8
123 - 138 1660 - 1710 7250 - 7750 36.43-36.5
149.9 - 150.05 1718.8-1722.2 8025 - 8500 Above 38.6
156.7 - 156.9 2200 - 2300 9000 - 9200

¥CC CFR 47, Part 15, Subpart C, Para. 15.20%(a)
-- Field Strength Limits within Restricted Frequency Bands -

FREQUENCY FIELD STRENGTH LIMITS DISTANCE

(MHz) (microvolts/m) (Meters)

0.009 - 0.490 2,400/ F (KHz) 300

0.490 - £.705 24,000/ F (KHz) 30

1.705 - 30.0 30 30

30 - 88 100 3

BE-216 150 3

216 - 960 200 3

Above 960 500 3

UltraTech Enginecring Labs Inc.

UltraTech’s File #: IAW-004FTX

1181 Sladeview Cres., Unit 33, Mississanga, Ontario, Canada 151, 5R2

. Accredited by ITI (UK] Competent Body & NVLAP (USA] Accreditation Body
. Recognized/Listed by FCC (usa), Industry Canada (Canadaj, Austel (Australia)
AN test resuits contained in this engineering test report are Lraveable to National Institute of Standerds and Technology {MS T)

Tel. #: 905-569-2550

Fax. #: 905-569-2480




FCC PART 15, SUBPART € - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Paye 24
IS¢ DIRECT INDOOR & OUTHOOR UNITS, Model 2401-61 (indoor)y and 24001-02 (outdoor) TR AL ) $2N]

CLIMATE CONDITION:

Standard Temperature and Humidity:

*  Ambient temperature: 23 °C
e Relative humidity: 43 %

POWER INPUT:

AC 120 V 60Hz from Elpac external switching power supply, model WRI4232,

TEST EQUIPMENT:

»  Spectrum Analyzer, Advantest, Model R3271, S/N: 15050203, 100 Hz to 32 GHz)

e  Spectrum Analyzer, Advantest, Model 3261A, SN 91720151, Input +25dBm max., 9KHz-2.6GHz, 50
Ohms, built-in Quasi-Peak Detector.

* RF Preselector, Advantest Model R3351, SN 92970002, 9KHz-1GHz, 50 Ohms input/output, input +25
dBm max, 30 dB gain.

¢ Microwave Amplifier, HP, Model 83017A, Frequency Range 1 to 22 GHz, 30dB gain nominal.

e Active Loop Antenna, Emco, Model 6507, SN 8906-1167, Frequency Range 1 KHz - 30 MHz, @ 50
Ohms

e lLog Periodic/Bow-Tie Antenna, Emco, Model 3143, SN 1029, 20 - 1000 MHz, @ 50 ohms.

»  Log Periodic Antenna, A.H. Systems, Model SAS-200/518, SN 343, Frequency Range: 1 - 18 GHz, @ 50

Ohms.

Horn Antenna, Emco, Model 3160-09, 18-26.5GHz

Horn Antenna, Emco, Model 3160-10, 26.5-40GHz

Mixer, Tektroaix, P/N 118-0098-00, 18-26.5GHz

Mixer, Tektronix, P/N 119-0098-00, 26.5-40GHz

METHOD OF MEASUREMENTS:

Refer to ANSI 63.4-1992, Para. 8 for detailed radiated emissions measurement procedures.

Applies to harmonics/spurious that falt in the restricted bands listed in Section 15.205. the maximum permitted
average field strength is listed in Section 15.209. A Pre-Amp and highpass filter are used for this measurement.

For measurement below 1 GHz, set RBW = 100 KHz, VBW > 100 KHz, SWEEP=AUTO.

For measurement above 1 GHz, set RBW = | MHz, VBW =1 MHz (Peak) & VBW = 10 Hz (Average),
SWEEP=AUTO.

If the emission is pulsed, modified the unit for continuous operation, then use the settings above for
measurements, then correct the reading by subtracting the peak-average correction factor derived from the
appropriate duty cycle calculation. See Section 15.35(b) and (c).

FCC CFR 47, Para. 2.997 - Frequency spectrum to be investigated

The spectrum was investigated from the lowest radio generated in the equipment up to at least the 10" harmonic
of the carrier frequency or to the highest frequency practicable in the present state of the art of measuring
techniques, whichever is lower. Particular attention should be paid to harmonics and subharmonics of the
carrier frequency. Radiation at the frequencies of multiplier stages should be checked. The amplitude of
spurious emissions which are attenuated more than 20 dB below the permissible value need not be reported.

UltraTech Engineering Labs Inc. UltraTech’s File #: IAW-004FTX
4181 Sladeview Cres., Unit 33, Mississauga, Ontario. Canada T.51. 5R2 Tel. #: 905-569-2550 Fax. #: 905-569-2480

. Accredited by ITL (UK] Competent Body & NVLAP (USA} Accreditation Body
. Recognized/ Listed by FCC (LUsA), Industry Canada (Canadaj, Austel (australig
. All test resuits contained in tiis engineering test report ure traceable to National istitute of Standards oed Technology (MST}




FOCC PART 15, SUBPART € - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 25

ISP DIRECT INDOOR & OQUTDOOR UNITS, Model 2401-01 (indoor) and 2401-02 {outdoor) TCCID: NUR- ISP 23010

FCC CFR 47, Para. 2.993 - Field Strength Spurious [Lmissions

(a)

(b

Measurements was made to detect spurious emissions radiated directly from the cabinet, control
circuits, power leads, or intermediate circuit elements under normal conditions of installation and
operation. Curves or equivalent data were supplied showing the magnitude of each harmonic and other
spurious entission. For this test, single sideband, independent sideband, and controlled carrier
transmitters shall be modulated under the conditions specified in paragraph 2.989(c) as appropriate.
For equipment operating on frequencies below | GHz, an Open Field Test is normally required, with
the measuring instrument antenna located in the far field at all test frequencies. In event it is either
impractical or impossible to make open field measurements (e.g. a broadcast transmitter installed in a
building) measurement will be accepted of the cquipment as installed. Such measurements must be
accompanicd by a description of the site where the measurements were made showing the location of
any possible source of reflections which might distort the field strength measurements. Information
submitted shall include the relative radiated power of each spurious emission with the reference to the
rated power output of the transmitter, assuming all emissions are radiated from half-wave dipole

antennas.

Measurements specified in paragraph (a) of this section shall be made for the following equipment:

(1) Those in which the spurious emission are required to be 60 dB or more below the mean power
of the transmutter.

(2) All equipment operating on frequencies higher than 25 MHz

(3) All equipment where the antenna is an integral part of, and attached directly to the transmitter,

{4) Other types of equipment as required, when deemed necessary by the Commission.

TEST RESULTS: Conforms.

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

DATE: Mar. 04-05, 1998

UltraTech's File #: IAW-004FTX

UltraTech Engineering I.abs Inc.
2181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada L5L 5R2 Tel. #: 905-569-2550 Fax. #: 905-569-2480
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FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 26
ISP DIRECT I R & OUTD L UNTTS, Model 24017- g

MEASUREMENT DATA

RADIATED EMISSIONS MEASUREMENTS @; 3 METERS

TEST CONFIGURATION

o This lowest, middle and highest channels were established at its full rated output power. The emissions were
investigated from the lowest frequency generated by the transmitter up to the 10th harmonic of the fundamental
entissions in each case. the measured level of the carrier was recorded and compared to the level of the
entissions as required in Parts 15.247(c) or 15 209(a) whichever was applicable.

o For measuring radiated emissions at frequencies below | GHz, the Spectrum Analyzer was set as 100 KHz
REW, VBW = RBW, SWEEP TIME: AUTO, PEAK DETECTOR.

o For measuring radiated emissions at frequencies ahove | GHz, the Spectrum Analyzer was set as | MHz RBW,
! MHz VBW, SWEEP TIME: AUTO for PEAK measurements and | MHz RBW, 10 Hz VBW, SWEEP TIME:
AUTO for AVERAGE measurements.

e The following measurements were the worst cases when the radiating antenna was placed in both horizontal
and vertical polarization.

o The following AVERAGE rf levels were obtained from either Peak or Average readings added by the duty
cvele correction fuctor. DUTY CYCLE FACTOR = 20L0OG ,(0.45) = -6.9 dB

Channel #: 3, Frequency: 2408.625 MHz Power Level in 1 MHz BW: 116.2 dBuV/m
Full Rated Peak Power: 190 mW Limit = 116.2dBuV/m - 20dB = 96.2 dBuV¥/m
Modulation: DQPSK, narrow, 11
chips/symbol, Data Rate: 4.5 Mb/s, 2
bits/symbol
RF RF ANTENNA LEMIT LIMIT
FREQUENCY | PEAK LEVEL AVG PLANE 15.209 15.247 MARGIN PASS/
LEVEL
(MHz) (dBuV/m) {(dBuV/m) (H/V) {WBuV/m) | (dBuv/m) {(UB) FAIL
2408.63 116.2 1093 v -- - - --
2408.63 109.1 102.2 H -- - -- --
1493.00 53.2 454 v 54.0 96.2 -8.6 PASS
1493.00 52.8 439 H 54.0 96.2 -10.1 PASS
2384.50 00.4 45.2 A% 54.0 96.2 -8.8 PASS
2986.00 37.9 254 v 54.0 96.2 -70.8 PASS
2986.00 33.2 263 H 54.0 96.2 -69.9 PASS
4816.00 56.5 345 \% 54.0 96.2 -19.5 PASS
4816.00 56.1 343 H 54.0 96.2 -19.7 PASS
No other significant emissions were found in the frequency range from 10 MHz to 25 GHz.
Refer to attached plots for details

* FCC Limit @ 15.209 was applied for frequency fell within restricted band @ 13.205

LiltraTech Engineering Labs Inc. UltraTech’s File #: IAW-004FTX
4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada L5SL SR2 Tel, #: 905-569-2550 Fax. #: 905-569-2480
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ISP DIRECT INDOOR & OUTDOOR UNITS, Model 2401-01 (indoor)y and 2401-02 (outdoor)

Channel #; 4, Frequency: 2411.4375 MHz
Full Rated Peak Power: 190 mW
Modutation: DQPSK, medium , 11
chips/symbol, Data Rate: 5.625 Mb/s, 2
bits/symbol

Power Level in 1 MHz BW: 118.9 dBuV/m
Limit = 118.9dBuV/m - 20dB = 98.9 dBuV/m

RF RF ANTENNA LIMIT LIMIT
FREQUENCY | PEAK LEVEL AVG PLANE 15.209 15.247 MARGIN PASS/
LLEVEL
(MHz) {dBuVv/m) (dBu¥/m) (H/V) (dBuV/m) | (dBu¥/m} (dB) FAIL
2411.44 118.9 112.0 A% -- - -- PASS
241144 110.9 104.0 H -- -- - PASS
1496.00 54 .4 447 A% 54.0 98.9 9.3 PASS *
1496.00 54.7 448 [ 54.0 GR.9 -0.2 PASS *
2992.00 347 22.5 v 54.0 98.9 -76.4 PASS
2992.00 355 240 H 54.0 98.9 -74.9 PASS
4488.00 44.4 338 vV 54.0 98.9 -20.2 PASS *
4488.00 43.2 32.1 H 54.0 98.9 -21.9 PASS *
4822.00 554 34.8 V 54.0 98.9 -19.2 PASS *
4822.00 535 33.0 H 54.0 98.9 -21.0 PASS *

No other significant emissions were found in the frequency range from 10 MHz to 25 GHz.

Refer to attached plots for details

* FCC Limit (@ 15.209 was applicd for frequeney fell within restricted bund @ 15.205

Channel #: 6, Frequency: 2419.875 MHz
Full Rated Peak Power: 190 mW
Modulation; DQPSK, wide, 11
chips/symbol, Data Rate: 11.25 Mb/s, 2
bits/symbol

Power Level in 1 MHz BW: 116.4 dBuV/m
Limit = 116.4dBuV/m - 20dB = 96.4 dBuV/m

RF RF ANTENNA LIMIT LIMIT
FREQUENCY | PEFAK LEVEL AVG PLANE 15.209 15.247 MARGIN PASS/
LEVEL
(MHz) (dBuY/m) (dBu¥/m) {H/V) (dBu¥/m) (dBu¥/m) (dB) FAIL

241988 1164 109.5 v - - . -
2419.88 108.8 101.9 H - - - -
1504.00 556 46.4 A% 54.0 96.4 -7.0 PASS *
1504.00 48.7 40.4 H 54.0 %6.4 -13.6 PASS *
3008.00 38.0 283 V 54.0 96.4 -68.1 PASS
3008.00 36.1 241 H 4.0 96.4 -72.3 PASS
4512.00 433 34.4 v 54.0 96.4 -19.6 PASS *
4512.00 41.8 30.2 H 54.0 96.4 -23.8 PASS *
4838.00 55.2 34.6 v 54.0 90.4 -19.4 PASS *
4838.00 50.1 30.7 H 54.0 96.4 2233 PASS *

No other significant emissions were found in the frequency range from 10 MHz to 25 GHz.

Refer to attached plots for details

* FOC Limit @ 15.209 was applied for frequency fell within resiricted band @ 15.205

UltraTech EnEilleerinE Labs Inc.

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada L5L 5R2

FCCTD: NUX-ISP2401

UltraTech’s File #: 1AW-004FTX

Tel. #: 905-569-2550
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ISP DIRECT INDOQOR & OUTDOOR UNTTS, Model 2401-01 (indoor) and 2Z401-02 (outdoor)

Channel #: 15, Frequency: 2453.625 MHz
Full Rated Peak Power: 190 mW
Modulation: DQPSK, wide, 11
chips/svmbel, Data Rate: 11.25 Mb/s, 2
bits/symbol

Power Level in 1 MHz BW: 117.3 dBuV/m
Limit=117.3dBuV/m - 20dB = 97.3 dBuV/m

RF RF ANTENNA LIMIT LIMIT
FREQUENCY | PEAK LEVEIL AVG PLANE 15.200 15.247 MARGIN PASS/
LEVEL
(MHz) (dBu¥/m) (dIfu\«’hn) (H/V) (dBuV/m) | (dBuV¥/m) (dB) FAIL

2453.63 117.3 1104 vV - - -- --

2453.063 106.9 [00.0 H - -- -- -

15338.00 548 44.2 V 54.0 97.3 -9.8 PASS *
1538.00 35.6 278 H 54.0 97.3 -26.2 PASS *
3076.00 4738 40.2 v 54.0 97.3 -57.1 PASS
3076.00 44.1 36.3 H 54.0 97.3 -61.0 PASS
4614.00 39.3 283 \Y 54.0 97.3 -25.7 PASS *
4614.00 41.8 335 H 54.0 97.3 -20.5 PASS *
4906.00 55.4 329 v 54.0 97.3 -21.1 PASS *
4906.00 591 337 H 54.0 97.3 -20.3 PASS *

No other significant emissions were found in the
Refer to attached plots for details

tfrequency range from 10 MHz to 25 GHz.

* FCC Limit @ 13.209 was applied for frequency fell within restricted band @ 15.205
PP Jreg

Channel #: 17, Frequency: 2462.0625 MHz
Full Rated Peak Power: 190 mW
Modulation: DQPSK, medium, 11
chips/symbol, Data Rate: 5.625 Mb/s, 2
bits/symbol

Power Level in 1 MHz BW: 117.8 dBuV/m
Limit = 117.8dBuV¥/m - 20dB =97.8 dBuV/m

RF RF ANTENNA | LIMIT LIMIT
FREQUENCY | PEAK LEVEL AVG PLANE 15.209 15.247 MARGIN PASS/
LEVEL
{MHz) (dBuV/m) (dBuV/m) (H/V) (WBuV/m) | {(UBuV/m) (4B} FAIL
2462.06 117.8 110.9 vV - - -- -
2462.06 110.8 103.9 H -- - - --
1547.00 54.4 453 V 54.0 97.8 -8.7 PASS *
1547.00 52.9 43.6 H 34.0 97.8 -104 PASS *
3094.00 450 37.1 A\ 54.0 978 -60.7 PASS
3094.00 393 0.8 H 54.0 G7.8 -67.0 PASS
4924.00 559 157 V 54.0 97.8 -18.3 PASS *
4924 .00 42.0 40.9 H 54.0 97.8 -13.1 PASS *

No other significant emissions were found in the
Refer to attached plots for details

frequency range from 10 MHz to 25 GHz.

* FCC Limit @ 13.209 was applied for frequency fell within restricted band w 15.205

UttraTech Engineering Labs Inc.

FCCTD: NUX-ISP2401
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ISP DIRECT INDOOR & QU TDOOR UNTES, Modcl 2401-01 (indoor) and 2401-02 (sutdoor)

Channel #: 18, Frequency: 2464.875 MHz

Full Rated Peak Power: 190 mW
Modulation: DQPSK, narrow, 11
chips/symbol, Data Rate: 4.5 Mb/s, 2

Power Level in 1 MHz BW: 117.1 dBuV/m
Limit = 117.1dBuV/m - 20dB = 97.1 dBuV/m

bits/symbol
RF RF ANTENNA LIMIT LIMIT
FREQUENCY | PEAK LEVEL AVG PLANE 15.209 15.247 MARGIN PASS/
LEVEL
{MHz) (dBuV/m) (dBu¥/m}) (H/V) (WBu¥/m) | (dBuV/m) (dB} FAIL

1549.00 52.1 43.1 \Y% 54.0 97.1 -10.9 PASS *
1549.00 52.7 44.6 H 54.0 97.1 -9.4 PASS *
2464 .88 117.1 110.2 Vv 34.0 97.1 -- --
2464.88 110.8 103.9 H 54.0 97.1 -- --
3098.00 44.0 36.2 v 54.0 97.1 -60.9 PASS
3098.00 41.9 34.1 H 54.0 97.1 -63.0 PASS
4647.00 40.1 30.4 \% 54.0 97.1 -23.6 PASS *
4647.00 41.4 32.5 H 54.0 97.1 -21.5 PASS *
4928.00 47.1 40.2 \Y% 54.0 97.1 -13.8 PASS *
4928.00 393 274 H 54.0 97.1 -26.6 PASS *

No other significant emissions were found in the frequency range from 10 MHz to 25 GHz.
Refer to attached plots for details

* FCC Limit @ 13209 was applied for frequency fell within restricted band @ 15.205

UltraTech Engineering Labs Inc.

FCC Th: NUX-ISP2401

UltraTech’s File #: FAW-004FTX
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FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 30

ISP DIRECT INDOOR & OUTDOOR UNITS, Model 2407-01 (indoor) and 2401-02 (outdeor) FOCC T NUX-ISP2401

4.5

UltraTech Engincering Labs Int.

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

PRODUCT NAME: ISP DIRECT INDOOR & OUTDOOR UNITS, Model No.: 2401-01 (indoor)
and 2401-02 (outdoor)

FCC REQUIREMENTS:

For a direct sequence system, the iransmitted power density average over any 1 second interval shall not be
greater than 8 dBm in any 3 KHz bandwidth within this band.

CLIMATE CONDITION:

Standard Temperature and Humidity:

¢ Ambient temperature: 23 °C
e Relative humidity: 43 %

POWER INPUT:
AC 120 V 60Hz from Elpac external switching power supply, model WRI4232.

TEST EQUIPMENT:

¢ Advantest Spectrum Analyzer, Model R3271, S/N: 15050203
e Bird 20 dB Attenuator, 50 Ohm IN/OUT

METHOD OF MEASUREMENT:

A scan was made by using a spectrum analyzer with the detector function set to NORMAL mode.

Locate and zoom in on emission peak(s) within the passband. Set RBW = 3 KHz, VBW = RBW, Sweep =
SPAN/3 KHz. For example, a span of 1.5 MHz, the sweep should be 1.6x10%3.0x10"= 500 seconds. The
measured peak level must be no greater than +8 dBm.

s  For devices with spectrum line spacing greater than 3 KHz no change is required.

e For devices with spectrum line spacing equal to or less than 3 KHz, the resolution bandwidth must be
reduced below 3 KHz until the individual lines in the spectrum are resolved. The measurement data must
then be normalized to 3 KHz by summing the power of all the individual spectral lines within 3 KHz band
(in linear power units) to determine compliance.

¢ If the spectrum line spacing cannot be resotved on the available spectrum analyzer, the noise density
function on most modern conventional spectrum analyzer will directly measure the noise power density
normalized to 1 Hz noise power bandwidth. Add 30 dB for correction to 3 KHz.

e Should all the above fail or any controversy develop regarding accuracy of measurement, the Laboratory
will use HP 89440A Vector Signal Analyzer for final measurement unless a clear showing can be made for

a further alternate.

UltraTech's File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada L5L 5R2 Tel. #: 905-569-2550 Fax. #: 905-569-2480

-

-

-

Accredited by ITI (UK} Competent Body & NVLAP (USA| Accreditation Body
Recognized/Listed by FCC (Usa), Industry Canada (Canada), Austel (Austratia)
All test results contained in this engineering test report are traceable 1o National Institute of Stunderds and Technology {MST}




15P DIRECT INDOOR D

FOCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRLUM TRANSMITTERS
; 3 ] {tndoor) and 24

NITS, Model 2401-

TEST ARRANGEMENT

-02 {outdoor)

TRANSMITTER

20dB
ATTENUATOR

SPECTRUM
ANALYZER

TEST RESULTS: Conforms.

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

DATE: Feb. 26 & Mar. 04, 1998

MEASUREMENT DATA:

Page 31
il

TEST CONFIGURATION

The transmitter was coupled to the Spectrum Analyzer through a 20 dB attenuator.
The insertion loss benween the transmitter output terminal and the spectrum analyzer was measured o be 20 dB
o The channel frequencies were established on the extreme edges (hoth upper and lower) and middle of the
2408.625 - 2464.875 MHz band at its full rafed output power. The emissions was investigated up to the ienih
harmonic of the fundamenal emissions in each case. the measured level of the carrier was recorded and
compared to the level of the emissions as required in Part 13.247(d)

Measured
Power

Channel Channel Modulation | Data Rate Chips per Density in FCC
No. Frequency | Bandwidth {Mb/s) Svmbol 3 kHz BW Limit
(dBm) {(dBm)

3 2408.625 Narrow 4.5 11 -1.0 8.0

9 2431.125 Wide 11,25 11 1.8 8.0

17 2462.0625 Medium 5.625 11 -3.2 8.0

UltraTech Engincering Labs Inc.
4181 Sladeview Cres., Unit 33, Mississauga, Ontario. Canada 151, 5R2

UltraTech’s File #: IAW-004FTX

. aceredited by ITI (UK Competent Body & WVLAP (UsA) Accreditation Body
. Recognized /Listed by FCC (usa}, Industry Canada [Canada], Austel (Australial

*

Tel. #: 905-569-2550

All test results contained in this engineering test report are traceable to National Institute of Standards and Technoiogyy (MST}

Fax, #: 905-569-2480
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FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Page 32
ISP DIRECT INDOOR & OUTDOOR UNITS, Model 2907-01 (indeor) and 2401-02 (outdoor) FCCID: NURISP2a01
4.6 Processing Gain of A Direct Sequence Spread Spectrum, FCC CFR 47, Para. 15.247(e)

PRODUCT NAME: ISP DIRECT INDOOR & OQUTDOOR UNITS, Model No.: 2401-01 (indoor)
and 2401-02 (outdoor)

FCC REQUIREMENTS:

The processing gain of a direct sequence system shall be at least 10 dB. The processing gain shall be
determined from the ratio in dB of the signal-to-noise ratio with the system spreading code turned off to the
signal-to-noise ratio with the system spreading code turned on, as measured at the demodulated output of the

receiver.
CLIMATE CONDITION:
Standard Temperature and Humidity;

= Ambient temperature: 23 °C
¢ Relative humidity: 43 %

POWER INPUT:

AC 120 V 60Hz from Elpac external switching power supply, model WRI4232,

TEST EQUIPMENT:

Advantest Spectrum Analyzer, Model R3271, S/N: 15050203

Bird 20 dB Attenuator, 50 Ohm IN/OUT

IBM PS/1 & IBM 350 ThinkPad Host Computer(s)

Fluke RF Signal Generator, Model 6061A, Freq. range: 10 KHz - 1050 MHz.

HP 8900 RF Peak Power Meter, Measuring Frequency Range: 100 MHz - 18 GHz.

METHOD OF MEASUREMENT:

METHOD #1:- Jamming Margin Method

The processing gain may be measured using the CW jamming margin method. Figure 1 shows the test
configuration. The test consists of stepping a signal generater in 30 KHz increments across the passband of the
system. At each point, the generator level required to produce the recommended Bit Error Rate (BER) is
recorded. This level is jammer level. The output power of the transmitting unit is measured at the same point.
The Jammer to Signal (J/S) ratio is then calculated. Discard the worst 20% of the J/S data points. The lowest
remaining IS ratio is used when calculating the Process Gain,

The signal to noise ratio for an ideal non-coherent receiver is calculated from:

(1) Pe = 1/2¢! 353
where: Pe = probability of error (BER)
{(SN)yo = the required signal 1o noise ratio at the receiver output for a given

received signal quality

Ref.: Viterbi, A.J. Principles of Coherent Communications (New York: McGraw-HILL 1960), Pg.
207

UltraTech’s File #: IAW-004FTX

LiltraTech Engineering Labs Inec.
4181 Sladeview Cres., Unit 33, Mississanga, Ontario, Canada L5SL 3R2 Tel. #: 905-569-2550 Fax. #: 905-569-2480

accredited by ITI (UK} Competent Body & NVLAP (USA) Accreditution Body
. Recognized/Listed by FCC (Usa), Industry Canada (Canada), Austel (Australia)
. All test resuits contained in this engineering test report are traceable to Nationad Institute of Stundards and Technology (MST)




FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Pape 33
ISP DIRECT IND c OUTD R EUNITS, Model 2401-01 (indoor) and 2401-02 (putdoor) SO T NTTA-ISD2
Using equation (1) shown above, calculate the signal to noise ratio required for your chosen BER. This value
and the measured I/S ratio are used in the following equation to calculate the Process Gain (Gp) of the system.

Gp = (S/N)o+Mj+Lsys

Where:

(S/N)o Theoretical signal to noise ratio required to maintain the normal operation just before the
BERappears. In real measurements the maximum error of 0.001 is allowed in an ideal system
using their modulation scheme with all codes turned off (i.e. no spreading or processing gain).

My: Maximum jammer to Signal Ratio that recorded at the detected BER.

Lsys: System losses such as non-ideal synchronization, tracking circuitry, non-optimal baseband

receiver filtering and etc... These losses can be in excess of 2 dB for each transmitter and
receiver pair. For the purpose of this processing gain calculation we assume a Lsys at its
minimum value of 2 dB.

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

The Signal-to-Noise Ratio (S/N) with respect to the probability of bit error for a differentially QPSK (DQPSK)
receiver in the presence of additive white Gaussian noise (AWGN) is given by Figure 4.5.1 as attached.

<

ef.: Marvin Simon, Spread Spectrum Communication Handbook, page 695.

Since the CW jamming is a tone jamming, the (5/N)o for a AWGN jamuming obtained from Figure 4.5.1 can be
converted to the CW jamming or tone jammiing using the formula (3.97) of the Marvin Simon Spread Specttum
Communication Handbook as fotlows:

(S/N)Fin dB = (S/N) AN/ 0.8

TEST RESULTS: Conforms.
TEST PERSONNEL: Mr. Trt M. Luu, P.Eng.

DATE: Mar. 31 & Apr. 01, 1998
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FOCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS
FCC TD: NUX-ISP2401

ISP DIRECT INDOOR & QUTDOOR UNTES, Model 2401-01 (indoor) and 2401-02 (outdoor)

Figure 1:- SETUP FOR PROCESSING GAIN MEASUREMENT
- JAMMING MARGIN METHOD
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ISP DIRECT INDOOR & OLTDOOR UNITS, Model 240T-01 (indoory and 2307T-02 (outdowr)
MEASUREMENT DATA:

Page 35

FCC ID: NUR-ISPZdn]

Channel #4, Fe = 2411.4375 MHz

Data Rate = 1.023 Mbps (DQPSK}, Medinm

Chip Rate = 5.625 MHz

PN Cede Length = 11 chips/symbol

6dBBW =35

MHz

(S/Njo = 12 dB /0.8 = 15 dB per attached Figure 4.5.1 and formula 3.97
Measured Processing Gain Gp = (§/N)o + Lsys + Mj =15 +2 + Mj =17 + Mj (dB)
Theoretical Calculated Processing Gain

Note:

* Total Peak Power from the EUT's Tx measured at the EUT’s Rx Input: P, = -46.7 dBm

Chip Rate/Data rate =

5.625 MHz

= 11.0 or 10.4 dB

(1.023 Mb/s)/(2 bits/symbol)

*  Jamming signal level at measured at the EUT s receiver input: J

« Mj=1I-P,

*  The following shaded boxes are discarded worst measurements (17.7% of total measurement points)

SUMMARY OF TEST RESULTS

Theoretical Process Gain 10.4 dB
Minimum Mecasured Process 12.5dB
Gain with discard of 17.7% of
the worst measurements
Jammer Jammer to Measured
Test Signal Freq. (BER) System Loss | Signal Ratio Processing
Point +1- Fe {DQPSK) Lsys Mj Gain
{MHz) (dB} {dB) (dB)
1 -3.50 0.00001 2.0 1.7 18.7
R -3.45 0.60401 20 20 18.0
“““““““ 3 340 76,0066 20 16 186
T 3.35 0.00001 | s T 20 17T 187
5 -3.30 “p.oooct | s T 267 o6 T 176
3 328 0.60001 2.0 -0.4 166
7 320 0.06001 2.C -0.4 16.6
g 315 o.0c001 {150 | 2.0 -0.4 16.6
9 3.10 0.00001 zo T 0.0 17.0
0| 3.05 0.00001 2.0 0.8 7.8
"""""" 1T 500 0.00801 20 08 17.8
1z 2295 " 0.00001 20 | 1.6 186
13 280 0.60007 20 1.6 18.6
14" -2.85 |7 e.coo01 | 20 1.7 LA
15 2.80 0.00001 2.0 18.5
16 275 0.00001 2.0 18.1
17 2270 0.00001 2.0 17.8
18 2.656 g.ocoor | 180 | 2.0 177
19 260 006001 T 150 [ 26 16.6
20 | 2.55 o.ocool | 150 | 2.0 14.6
21 Z.50 0.00001 2.0 14.3
22 2.45 0.00007 20 1472

Continued ...

UltraTech Engineering Labs Inc.

UltraTech's File #: IAW-004FTX

4181 Sladeview Cres., Unit 33, Mississauga, Ontario, Canada .51 5R2

. Aceredited by ITI {UK} Competent Body & NVLAP {USA} Acereditation Body
, kecognized/Listed by FCC 1usa), Industry Canada (Canada, Austel (australia)

. Ml test results contained in this engineering test report ere traceabie to Notional fnstitute of Standards and Technology (MST)

Tel. #: 905-569-2550

Fax. #: 905-569-2480




FOC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS
TSP DIRECT INDOOR & OLTDOOR UNITS, Model 2407-01 (indoor) and 2401-02 (outdoor)

Page 30

FCCTD: NUX-1SP2401
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.

Jammer Jammer to Measured
Test Signal Freq. (BER} System Loss | Signal Ratio Processing
Point +{- Fc {DOPSK) (S/Njo Lsys Mj Gain
{MHz) {dB} {dB) (dB) (dB)
23 -2.40 0.0G001 15.0 2.0 2.9 741
24 -2.36 0.00007 [ 150 | 2o 2.9 141
““““““ 25 U230 TTE60001 15.G 2.0 28 14.4
26 2,25 0.00001 15.0 2 N 26 [ 14.4
27 220 0.00001 15.0 2.0 2% 14.5
28 2.15 9.600017 | 150 | 2.0 2.8 141
29 -210 G.00001 15.0 2.0 36 134
““““““ 30 .2.05 "~ 0.00001 15.0 20 4.4 126
T3 -2.00 770.00001 15.0 20 45 125
32 .95 0.00001 150 20 48 12477
33 1,80 0.06001 150 " 2.6 45 12.5
34 1785 gooceT T 15.0 | 2.0 4.8 12.2
““““““ 35 -1.80 6.00001 YRS 2.0 44" 12.6
36 -1.75 1 0.00001 5.0 20 38T 13.2
37 4707 “0.00001 15.0 20 T 32 138
38 1,65 0.06001 15.0 2.0 3.1 13.9
39 1.60 6.00001 ‘ 1377
40 1,55 0.00001 13.0
41 4780 0.00007 10.7
i g R — e
43 5740 0.00001 11.2
44 1,35 0.00001 12.0
45" 1.30 0.00001 12.2
46 1735 0.00001 12.7
T 21,26 0.00001 TR 20 BT 13.1
48 13.2
49 . 137
0.00001 13.2
0.00001 1372
0.00001 12.4
0.00001 121
¢.00001 i1.9
""" 0.00601 11,7
e e LRIt R R v
0.00001 | 12.277
0.00001 | 1370
0.00061 137
0.00001 143
0.06001 1373
0.00001 1278
§.00001 129
0.00001 1370
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$.00001
0.00007 1377
T o
70.00801 1347777
).00001 143
e T
“““““ 0.00001 13.7
0.60001 12.0
0.000067 1.4
0.00001 12.4
0.00001 128
0.00001 12.3
0.00007 12.5
0.00001 12.0
6.00001 12.0
0.00001 12.4
6300010 X IR I 1< B S o T R N - B 12.4
~0.00C01 12.8
70.00001 12.0
. g
T
e
g
12.8
12,5
0.00001 125
0.60001 129
0.00001 1373
0.600671" 13.1
0.000G1 13.0
0.000G1 i35
6.60001 129
0.00001 126
0.00001 12.3
1, 0.00001 12.8
100 1.45 0.00001 12.3
167 1.50 0.00001 124
162 755 0.00001 145
163 1,60 0.00001 14.8
104 1.65 0.00001 14.8
105 1. 0.00001 1373
106 1. 0.000C1 14.4
107 1. 0.000G7 14.2
108 1. 0.000G1 1473
Continued ...
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ISP DIRECT INDGOR & OUTDOOR UNITS, Model 2401-01 (indoor) and 2401-02 (outdoor)

FCOTD: NUX-ISP2401

Jammer Jammer to Measured
Test Signal Freq. (BER) System Loss | Signal Ratio Processing
Point +/- Fe {(DOPSK} {S/Njo Mij Gain
(MHz) (dB}) {dB} {dB}
109 1.90 0.00001 15.0 2.4 14.6
110 1.95 0.00001 15.0 2.4 14.6
T11 2.00 osoo01 8.0 2.2 487
112 205 0.00001 N 2.0 1.8 15.1
113 2.0 g.oo001 T 150 2.0 27 14.3
114 29877 o.00001 T 15.0 20 2a 14.8
115 2.20 0.00051 150 20 2.0 15.0
118 225 0.00001 15.0 20 ! 8.2
117 2.30 0.00001 15.0 7.8 2.2 14.8
78 535 0.00001 2o T 2.2 1478
118 7.40 0.00001 2.0 2.4 146
“““““ 1320 SR G.60001 15.0 20 2 1476
1 250 Tosooo1T T 150 [ 20 7.4 146
122 265 0.00001 | 15.0 2.0 2.3 1477
123 2860 0.00001 15.0 2.0 23 1478
124 2,85 9.00001 15.0 2o 1.8 15.9
"""" 126|250 ©.00001 ©15.0 2.0 09 17.9
RV 2.75 1" o.00c0% 15.0 20 1.2 182
127 280 0.00001 | 15.0 20 1.0 8.0
128 285 T0.60001 15.0 2.0 1.2 18.3
129 2.90 0.00001 15.0 2.0 1.0 18.0
130 2.95 o.ocoo1 T 15.0 2.0 2 18.2
131 300 5.00007 150 20 08 178
137 3.0% 0.00001 15.0 207 0.C 17.0
33 T 370 Cp.00061 50 T 20 | 0.7 163
134 3.15 g.co0c1 | 15.0 207 1.4 15.6
135 3.20 0.00061 | 15.0 2.0 16 15.4
138 3.25 0.00001 | T s o) 16 15.4
1377 330 0.00001 2.0 05 185
138 | 3.35 0.00001 20 0.0 17.0
39T 3740 §.00001 207 0.4 17.4
""""" 140 3.45 ' 0.00001 20 0.7 17.7
178 3.50 BN oo o oo AN R V- 1¢ R R 3D 04 16.87
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Figure 4.5.1 Theoretical £, = fIE/N) performance in a stationary additive white
Gaussian noise {AWGN) environment. [deal. linearly amplitied coherent BPSK. QPSK.
znd differentially demodulated DBPSK systems are illustrated. The performance of non-
tinearly amplitied FQPSK and GM3K is compared to ideal linearly amplified QPSK in
Figures +.3.33 and +.3.34. (From Proakis. 1089.) See Appendix A3

tically equivalent term bit-error rate (BER) is used in applied references and specifi-
cutions.

the

and/or

Power efficiency of modulated systems is defined as being inversely proportional to

BER = f(C/N)

BER = f(Eb ! 1\141)

equations and performance curves. where E, is the average energy of a modulated bit and
N, is the noise power spectral density (the noise power in a normalized [-Hz bandwidth)
at the demoduiator input. The higher the probability of error, the lower the power etfl-
ciency, since transmitted power is “wasted” on more bad data.
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symbol rate and R /R, represent the processing gain associated with the } Pvided that t}:jcdr'lfl;mbetrl 1 t(;fe lcnotsslrj;f
spreading, herein taken to be a larger integer 1. It follows from ¥ Beth 7. Phrased di e:renhzrr,11 Sonens
assumption of a large processing gain that the spread tone jammer posseg MWor in 2 weakerfs:;nse w o L s
a fairly flat power spectral density within the data modulation bandys3 g} known, the full-peno g

. i whi ise j : ¥ ich case, no randomness abo
and is now caused to behave like a white noise jammer of sp eni J5: in whic ) _
: otral deng p is very large, successive code
; A
= = J,T. g
N =Jy/R_ = JT..

¥ endent, identically distﬁl])ciljted idl

iti < p would provide
Using (3.4) and (3.5), we can rewrite (3.87) as ”}l:; iﬁ:drl;fgo fn Vaf_i would :N. de
= J/eNR.. I .. (his binomial distribution to beha
guments similar to the above were
nth the evaluation of the perfornr'xana
eread-spectrum systems. A more rigorc
ussian assumption for C PN has bf:en
d Gold codes, with sufficient eviden
K ately, for a wide class of such codes.
F{et us now return to (3.91). Conditior

Since the hop frequency slots (assumed to be contiguous) must now be 3
wide to accommodate the PN modulation, in terms of the total he
frequency band W, and the number of hop slots N in that band, we the
have .

N=W,_/R.. (3.8

T

Combining (3.88) and (3.89) gives P fted phase 8, z, 1s, according 1o the ¢
, /W, N, A Rhose conditional variance is
N/ = = (3.9 )
P e E; var{z,06,} =T,

ce, when the jammer is present, the
channel (identically for the @ channe!

ST, 1

5

1 2
P51=§f0 Q( 3T, 1sm6,|)

which is identical to (3.63) (the case of FH/QPSK in the presence g
partial-band noise jamming) independen: of the chip rate R 3

The above discussion concerns the spectral characteristics of the spreg
tone jammer which, as concluded, resembles a white noise jammer Wit}
rdentical spectral density. We shall now discuss the assumptions and thef
retical adjustments under which the spread tone jammer can also be trea
as a Gaussian noise interference. 1

Consider an FH/PN/QPSK demodulator, similar to the one in Figuf
3.2, where the despreading process now also includes a PN code correlatol
following the frequency dehopper. Let p represent the PN code length (i
number of chips). Accounting for the effects of the spread jammer only (i.€§
negleciing thermal noise), it follows that the decision variable z, for th€
in-phase channel (see (3.11)) becomes :

Where (3.18), (3.87), (3.90), and (3.93)
 result. Finally, multiplying (3.94)byp g
fof FH/PN,/QPSK in the presence ¢

K namely,
; 2p w/2
Pb = ..W—j(; Q(\/

Although (3.95) can be used in as

5 o . ‘
2= a5 To= o sind, Coy (3.91) ammer on system performance, we sh:
A of evaluating the tone interference effet_
where : tone jammer to an equivalent AWGN
' understood in terms of its effect on bit e
= t 31.92) k. _
e '[‘“ “T:C( a ( . E one-sided power spectral density of 2

€. characteristics remain the same after

and ¢(t) is the +1-valued PN waveform. In deriving (3.91), ideal PN codd Ferror orobability i this case is given ¢

synchronization at the receiver has been assumed. Recalling that theg

processing gain is the ratio of the PN chip rate to the data symbol rate, 0ff
equivalently 7, /T, = I, then it follows that the integral in (3.92) amounts 19§
a partial correlation of the PN code, starting from some random phaS

Pp = 21,
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cessing gain associated with the PN
integer 1. It follows from (he
‘the spread tone jammer possesses
1 the data modulation bandwidth
noise jammer of spectral density

ST (3.87)
) as
R, (3.88)

0 be contiguous) must now be R,
On, in terms of the total hop
p slots N in that band, we then

. (3.89)
N,
. (3.90)

FH/QPSK in the presence of
the chip rate R .

al characteristics of the spread
les a white noise jammer with
cuss the assumptions and theo-
one jammer can also be treated

I, similar to the one in Figure
includes a PN code correlator
oresent the PN code length (in
of the spread jammer only (ie.,
e decision variable z, for the

nd,Cpy (3.91)

dt (3.92)

feriving (3.91), ideal PN code
issumed. Recalling that the
l¢ 10 the data symbol rate, or
 integral in (3.92) amounts to
g from some random phase,

Performance of FH / PN / QPSK in the Presence of Partial-Band Multitone Jamming 693

provided that the number / of integrated chips does not equal the code
length p. Phrased differently, the conclusions to follow hold when 1 <« I =<
p (or in a weaker sense when 1 < [ modulo p < p). This is because, as is
well known, the full-period integration of a PN code equals the constant
1/p. in which case, no randomness about Cpy, exists. On the other hand,
when p is very large, successive code chips can be considered almost
independent, identically distributed + 1-valued random variables, in which
case the condition I <« p would provide an approximate binomial distribu-
tion for the random variable Cpy. The additional constraint 7 > 1 then
causes this binomial distribution to behave like a Gaussian distribution.

Arguments similar to the above were made in Chapter 1 in connection
with the evaluation of the performance of pulse-jammed direct-sequence
spread-spectrum systems. A more rigorous treatment of the validity of the
Gaussian assumption for Cpy has been examined in [6] for a variety of PN
and Gold codes. with sufficient evidence that it holds, at least approxi-
mately, for a wide class of such codes.

Let us now return to (3.91). Conditioned on the (0, 27)-uniformly distrib-
uted phase #,, z, is, according to the above, a Gaussian random variable
whose conditional variance is

var{z,if,} = T.T.J,sin’4,. (3.93)
Hence. when the jammer is present, the average bit error probability for the

I channel (identically for the { channel) is given by
;1 g ST, 1 _ 2 pE, 1
P, = 27rj(; Q( 2T.J, |sina,1) d6; = 77]0 ¢ \ "N, sing, a8,
{(3.94)

where (3.18), (3.87), (3.90), and (3.93) have been used in arriving at this
result. Finally, multiplying (3.94) by p gives the average bit error probability
of FH/PN/QPSK in the presence of partial-band multitone jamming,

namely,
. 2p [m/2 pE, 1
P = vrfo Q(M—NJ Smgj)dej. (3.95)

Although (3.95) can be used in assessing the effect of a spread tone
jammer on system performance, we shall now indicate an even simpler way
of evaluating the tone interference effect by means of converting the spread
tone jammer to an equivalent AWGN interference, where the equivalence is
understood in ferms of its effect on bit error probability. Let Ny, represent the
one-sided power spectral density of AWGN interference whose statistical
characteristics remain the same after the PN despreader. Clearly, the bit
error probability in this case is given by

2,

N,

Py =0 (3.96)
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Equations (3.94) and (3.96) have been plotted in Figure 3.16. The abscissa is
the signal-to-jammer power ratio SJR in decibels where, for the spread tone
case (SJR)' = E, /N, while, for the noise case, (SJR)" = E,/N; . A careful
examination of Figure 3.16 reveals that, for values of (SJR)" up to ap-
proximately 12 dB, the difference (SJR){;5, — (S8JR){,p, between the signal-
to-jammer ratios which achieve the same performance is. to a high degree of
accuracy, linearly increasing with (SJR){,p,, the slope of the line being 0.2.
It is therefore concluded that, given a spread tone jammer of (SJR){4p,. an

Tone Jarmming

AWGN Jamming

"Equivalent”
AWGN Jomming

-5 I I RN SN N SN NS S T |
o172 3 4 5 6 7 8 9 101 1213

Signal-to- Jammer Power Ratio, d8

Figure 3.16. QPSK bit error probability versus SIR ;5 [or AWGN and tone
jamming and spread tone “equivalent” AWGN jamming.
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“equivalent” AWGN jammer can be devised for which
(SJR) cquivean) = (0.8) X (SJR) (am). (3.97)

If the SJR’s are measured in ordinary numbers rather than decibels, then
(3.97) implies that

0]

(SIR) fquv = ((SIR)") (3.98)

From (3.96) and (3.98), it then follows that the spread tone jammer can be
conveniently thought of as an “equivalen:” AWGN jammer with corre-
sponding bit error probability
0.8
ro_ pEf?
Py = Q( Z(TJ) (3.99)

Equation (3.99) has been plotted in Figure 3.16 {dashed lines), from which
the high degree of agreement with the exact expression for P, can be
witnessed. The range of applicability of (3.99) 1s, for the current purposes,
more than adequate since, in the frequency bands where the jammer 1s
present, the system is forced to operate at high bit error probabilities (this is
especially true when the jammer strategy, i.e., choice of p, has been
optimized). From (3.99), it follows that the overall average bit error prob-
ability (accounting for partial-band jamming) is given by

o 2B
NJ

(3.100)

Py =pQ

The worst case jammer can be found from (3.100), with the result

0.9220
; E, /N, = (1.9220
poe = L Es/N o/ Ny (3.101)
1; E,/N, <0.9220
with corresponding
0.0789
EN, E,/N, = (09220

(3.102)
E,/N, < 0.9220.

“ o BT

A comparison of (3.102) with (3.73) indicates that the worst tone jammer for
FH/PN/QPSK is slightly less effective than the worst noise jammer for
FH /QPSK.




FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Payge 39
ISP DIRECT IN ] NITS, : (indoor) and 24 :

Channel #6, Fc = 2419,8750 MHz Data Rate = 2.045 Mbps (DQPSK), Wide

Chip Rate =11.25 MHz PN Code Length = 11 chips/symbol

6 dB BW =8.4 MHz

{8/N)o =12 dB / 0.8 = 15 dB per attached Figure 4.5.1 and formula 3.97

Measured Processing Gain Gp = (8/N)o + Lsys + Mj=15+2 + Mj =17 + Mj (dB)

Theoretical Calculated Processing Gain = Chip Rate/Data rate = 11.25 MHz = 11.0 or 10.4 dB
(2.045 Mb/s)/(2 bits/symbol)

7

ote:

*  Total Peak Power from the EUT’s Tx measured at the EUT s Rx Input: P, = -46.7 dBm

*  Jamming signal level at measured at the EUT’s receiver input: J

Mj = J-P,

*  The following shaded boxes are discarded worst measurements (19.9% of total measurement points)

SUMMARY OF TEST RESULTS
Theoretical Process Gain 10.4 dB
Minimum Measured Process 11.1 dB
Gain with discard of 19.9% of
the worst measurements

Jammer Jammer to Measured
Test Signal Freq. (BER) System Loss Signal Ratio Processing
Point +/- Fc {(DQPSK} {S/NJo Lsys M Gain
(MHz) (dB) (dB) {dB) {dB)
I TR0 ©.00001 15.0 2.0 3.7 i 13.3
""" 2 Tgss 000001 16.0 I I i 12.8
3 430 TTo.000G1 15.0 20 4.2 12.8
a 485 0.60001 15.0 | 20 46 12.4
5 480 0.00001 TR 70 ) 12.4
6 | 475 0.00001 TR0 2.0 AT 12.9
7O g.oooo1 | 15.0 70 T[T 38 T3
TR -4.65 17 70.00001 15.0 TR 3.6 TS
"""" 9 460 TTooocor | 16.0 TR0 T 38 TTza T
""" 10 4355 TTpaoooot | 15.0 2.0 -3.5 135
""" 11 4550 060001 | 15.0 2.0 3.5 135
12 qas 0.00001 150 |20 3.4 136
13 440 0.00001 TR T T2 35 135
14 -4.35 0.00001 TR0 ) 20 36 134
5 7777330 0.00001 TR GT 2.0 43 12.7
- B 0.00001 TR0 20 49 7TTTTzA
77TTTTTESD 0.00001 TTTTIED I 56 1 17.4
S 1777000001 15.0 TR0 5.7 TTTIMNE
""" ig T 17600001 15.0 20 T[T BB v
""" 20° U405 Eoocot T 15.0 2o T R - T
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Pape 40

ISP DIRECT INDOOR & OUTDOOR UNITS, Modcl 290T-01 (indoory and 2401-02 (outdeor)

FOCCTD: NUM-ISP240T

Jammer Jammer to Measured
Test Signal Freq. {BER) System Loss | Signal Ratio Processing
Point +/- Fe (DQPSK) {S/Njo Lsys Mj Gain
{MHz} {dB) (dB) {(dB) {dB)
i -4.00 TT0.00001 15.0 TR TTTTTe3 10.8
22 -3.895 0.00007" 15.0 2.0 8.2 10.8
23 390 0.00001 15.0 2.0 -6.2 10.8
TTZATTTTTTTTEEs 0.00001 | 15.0 20 6.0 1.0
-1 -3.80 "0.00001 15.0 TR T 6.0 11.0
26 375 0.60001 15.0 70 6.0 11.0
27 370 0.00001 15.0 2.0 -6.0 11.0
28 3.65 0.00001 T X 2.0 6.0 11.0
29 T30 ¢.00G601 “TI50 2.0 8.0 11.0
""" 30 385 TTT0.00001 75.0 TTRo T s. 1270
""" 31 -3.50 “To.00001 15.0 290 Y B
32 345 0.00001 15.0 2.0 5.0 12.0
33 340 0.0C001 I - R 20 48 12.2
347335 $.00001 TR ST 7.0 %) 12.0
’’’’ 35 IR0 0.00001 15.0 20 5.4 11.6
36 325 TT0.00001 150 2o |72 9.8
37 -3.20 0.00001 15.0 2.0 8.0 9.0
38 315 0.00001 15.0 2.0 -8.0 9.0
39 310 0.00001 B 2.0 8.0 9.0
40 [TTTU306 g.0o0001 [T 15.0 2.0 -8.0 9.0
41 -3.00 6.00001 15.0 4o 7.9 9.1
""" 4z -2.95 "70.00001 15.0 7o T T T g2 9.8
A3 12,80 o000 15.0 20 72 98
44 2385 0.60001 | 15.0 2.0 8.7 10.3
45 280 0.00001 15.0 2.0 -6.2 10.8
a8 775 §.00001 T3 B B! 8.0 11.0
a7 2.70 0.00001 TR ] 2.0 8.0 11.0
ag 265 0.00001 TR 70 58 11.2
35 T 260 G.00001 5.0 20 58 11.2
"""" 50 TTTES 300001 15.0 TTZo T e T 11.2
""" 51 250 TTooocor T 15.0 s B W 1 e
""" 52 | =245 | 0.00001 | 15.0 TTZOoTTTTTTTTT R0 12.0
53 740 TTogooct 15.0 2.0 TR 120
54 235 0.cooo1 | 150 20 5.0 12.0
55 230 0.00001 15.0 2.0 -4.6 12.4
56 2.25 0.00001 50 1 26 4.8 12.2
57 7.20 0.00001 50 ] ) 2.0 "B 11.9
58 | 215 0.00001 TR0 20 52 11.8
b [T 20 0.00001 TR0 2.0 5.4 11.6
TTe0 | 2005 0.00001 15.0 20 58 112

Continued...
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ISP DIRFCT INDOOR & OUTDOOR UNTTS, Model 290107 (ndoort and 230102 (ontdoer) TCCID: RURISP 20T
Jammer Jammer to Measured
Test Signal Freq. {BER) System Loss | Signal Ratio Processing
Point +/- Fe {DAPSK) {S/N)o Lsys Mj Gain
(MHz) {dB) {dB) (dB) (dB)

61 | 200 000007 TR 20 58 1.2
Y -1.95 0.00001 15.0 2.0 8.4 10.6
63 T80T TTT0.00001 15.0 TTTZoTTTT A R

64 185 0.000G7 5.0 2.0 5.4 RN

65 |  -1.80 0.00001 TR0 T TTTTZG 5.3 11.7
88 TR 75 0.00001 TR0 20 55 115
""" 67 70600001 15.0 7o 5.6 11.4

68 165 0.60001 15.0 i T 55 115

69 160 0.00001 15.0 20 -5.4 11.6

7C 1,55 0.00001 TN 2.0 45 125

7180 0.00001 BTN 20 58 11.2
T2 TTTras T e 60001 15.C TEoTTT 44T 12.6
"""" 73 U407 TT0.00001 i5.0 s B R W S R I R

74 135 "0.0000T 5.0 IO 49 Tza T

75 1,30 0.00001 15.0 2.0 -5.1 11.9

76 .25 0.00001 BTN 2.0 el 118

77 [0 0.00001 ET:¥) 70 51 11.9
T8 Y5 T T 0.00001 15.0 20 54 11.6
""" 75 TTT0 T 00001 15.0 2o T e T 11.4
'''' 80 105 o006 15.0 2o T T8 R

37 100 0.000C7T 15.0 20 586 1.4

82 085 0.00001 15.0 20 5.9 111

83 -6.90 0.00001 T80 T 2.0 65 10.5

84 [ Tl0.85 c.00001 | 150 20 6.8 10.2

85 77080 0.00601 15.0 2.0 6.9 101
"""" 86 075 T7T0.60001 15.0 70 B8 10.4

87 0.70 0.00001 | 15.0 2.0 6.9 10.1

88 -0.65 0.00001 15.0 2.0 6.9 10.1

89 -0.60 0.00001 150 | Z0 6.9 10.1

30 T .0.55 0.00001 B0 20 6.7 10.3
T 7080 ¢.00001 15.0 20 -6.7 10.3
""" 97~ TTgas 17000001 15.0 RO e T 72
""" 93" -0.40 "geocdt 160 20 BN e
TTes” 0,35 TToooooT 15.0 20 5.1 178

95" -G.30 TToeoact 15.0 2.0 5.1 -

96 025 0.00001 | 15.0 20 51 11.9

g7 020 0.000G1 15.0 20 5.1 11.9

98 015 0.00001 15.0 T2 5.5 11,5
Continued ... T T o
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Page 42

ISP DIRECT INDOOR & OUTDOOR UNITS, Model 2401-01 (indoor) and 2307-02 (outdoor)

FOCCTD: NUX-ISP2Z40T

Jammer Jammer to Measured
Test Signal Freq. (BER} System Loss | Signal Ratio Processing
Point + /- Fe {DQPSK) {S/N)o Lsys M;j Gain
{MHz) {dB) (dB) {dB) (dB)
99 2010 0.00051 15.0 20 -6.3 16.7
100 -0.06 0.00001 15.0 2.0 6.7 10.3
101 0.00 0.00001 TR 2.0 65 10.5
102 005 TT0.00001 15.0 7770 56 10.4
103 0.10 0.00061 15.0 oo B 10.5
104 015 0.00001 5.0 20 5.7 11.3
105 0.20 0.00001 50T 2.0 5.2 11.8
106 D% 0.00001 BT Yo Z.0 B 12.0
707 70.30 T770.00601 156.0 Tz 5.1 11.9
108 0.35 T0.00001 15.0 TTFeTTTTTITTT 5.3 11.7
109 0.40 0.00001 18.0 2.0 55 11,5
110 0.45 0.00001 s T 2.0 55 1.5
111 [ 0.0 0.00001 T80 .0 5.7 11.3
RV 0.55 0.00C01 15.G 20 5.7 11.3
T 0.60 TTDo0001 15.0 ol 5.7 TS
114 oes | 0.000071 15.0 20 5.7 11.3
115 0.70 0.00001 15.0 7.0 5.6 1.4
118 0.75 0.00001 s 2.0 6.1 10.9
117 0.80 0.00007 TR 20 6.1 10.9
BREET: 0.85 0.00001 15.0 TTZo T N 10.9
EEE:] 0.90 “TTo.ooooT 15.0 B N R -B.1 10.9°
120 095 o000 | 15.0 2.0 5.5 115
121 700 0.000017 15.0 | 20 5.5 11.5 )
122 1.05 0.00001 TR 2.0 53 11.7
123 170 0.00001 TR 7.0 53 11.7
TR T 1% 0.00001 BTN 20T 4.8 12.2
125 120 TT0.00001 15.0 BN | TTTTTE3 1.7
126 1,25 TTo.co0o1 T 15.0 oo TR R
127 1307 0.coocT | 15.0 2.0 4.8 12.2
128 135 0.00001 15.0 2.0 -4.7 12.3
129 1.49 6.00001 T o 46 12.4
130 1.45 $.00001 TR 2.0 49 129
A RS 0.00001 15.0 o A% 121
32 7155 1700001 15.0 X R 5.5 T -
133 1.60 T0.00087 15.0 2.0 6.0 11.0
134 1.65 0.co001 | 15.0 2.0 5.8 11.2
135 17077 0.000G7 15.0 20 5.5 11.5
136 1.7% 0.00001 15.0 TG 5.4 116
137 g0 0.00001 1.0 1 2.0 5.7 11.3
138 1.85 0.00001 15.0 ] TTTZO 5.7 11.3
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FOC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS I*age 43
i 2 (outdoor) FOC TD: NUX-ISP2401

» Model 2301-01 (indoer) and 2407

Jammer Jammer to Measured
Test Signal Freq. {BER} System Loss | Signal Ratio Processing
Point + /- Fc (DAPSK) {S/N}o Lsys Mj Gain
{MHz) (dB) (dB) {dB) {dB)
I3 T8 T 000001 15.0 TR 55 RN
740 185 o000 15.0 T2 5.7 1.3
147 200 0.00001 15.0 2.0 52 11.8
142 2.05 0.00001 15.0 2.0 a7 123
143 [ 20 0.00001 s T 20 43 12.7
144 [ 725 177"0.00001 50 2.0 472 12.8
B 226 ] TTooocot 15.0 TR a4 12.6
748 375 000001 15.0 IO 49 T T
147 230777 Towcdogt 150 2.0 5.1 R
148 235 0.00001 15.0 70 5.1 11.9
149 2,40 0.00001 Tis0 T 70 B 11.9
150 | 2.45 ¢.00001 | 150 2.0 5.1 11.9
LY TR0 T 000001 156.0 2o 5.2 11.8
LY 255 00001 15.0 TTzoT T 5.3 BTN
153 260 0.600C01 15.0 2.0 5.3 117
154 2,65 0.00001 5.0 ] 2.0 5.4 176
155 270 0.00001 150 | 2.0 53 11.7
156 2.75 0.00001 B N R 2.0 T84 11.6
157 2.80 0.00001 TR 7.0 54 176
158 [ Z8s 0.00001 15.0 20 55 17.5
59 | 290 T 0.00001 15.0 20 T 5.8 T7 7112
160 295 T T0.00001 15.0 Tz T 53 AT
16 3.00 “To.oooo1 15.0 2o T 59 114
162 305 | 0.00001 15.0 2.0 5.9 11.1 )
163 310 0.000671 150 | 20 5.5 17.5
164 315 0.00001 5.0 T 2.0 55 11.%
165 3.20 £.00001 TN R 20 55 115
166 |  3.26 0.00001 TN 2.0 57 11.3
67 T3S 0.00001 | 156 20 57 11.3
" 168 3R 17 6.00001 15.C TR 5.7 TN
189 346 17776.00601 15.0 X0 5.6 Tva T
" 170 3.45 TTooo0001 [ 15.0 2.0 5.9 M1
171 350 0.00001 | 15.0 2.0 59 1.1 i}
172 365 0.00001 15.0 |20 55 115
173 - 0.00001 50T 70 55 115
174 3.65 0.00001 BT R 2.0 55 115
175 3.70 0.00001 | 150 7 2.0 5.5 1.5
176 3.75 0.00001 TN 20 55 1.8
177 3.80 0.00001 BTN 20 48 7 12.2
178 | 3.85 0.00001 | 15.0 20 7 49 121
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Page 44

FOCID: NUX-ISP2401

Jammer Jammer to Measured
Test Signal Freq. (BER) System Loss Signal Ratio Processing
Point + /- Fc {DQPSK) (S/N)o Lsys Mj Gain
{MHz} {dB) (dB) {dB} {dB)
179 3,90 060001 15.0 TR 4.9 121
180 395 0.000C1 15.0 2.0 49 121
181 400 0.00001 150 | 2.0 49 121
87 4,05 0.00007 s T 7.0 49 121
183 410 7000001 150 20 45 125
184 4775 T To.00001 T 15.0 X R N B P
185 420 0.60001 16.0 20 T -4 12.9
186 4.25 0.0C001 150 | 2.G 4.1 129
187 [ 430 0.00001 TTTTHsn T 2.0 T3 13.1
188 | 43s 0.00001 TR 20 39 131
"TT189 440 "TD.000601 15.0 o T 39 131
190 445 "0.00001 15.0 TR TTTTES EER!
191 450 0.00001 15.0 2.0 3.7 133
192 4.55 0.00001 s 26 37 13.3
193 4,89 0.00001 TN 2.0 237 13.3
194 | 4.85 0.00001 BTN 2.0 3.0 13.3
EEE TaG TTTG.00601 15.C TR 3.7 177733
196 4.75 000001 15.0 2o W 13.3
197 4,80 0.00001 150 2.0 3.7 1337
198 485 0.00001 15.0 2.0 3.7 13.3
199 | 430 0.00001 -3 R 76 37 13.3
200 | 4.95 0.00001 T el ] 2.0 37 133
201 [T5.00 0.00001 TR 20 33 137
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FCC PART 15, SUBPART C - DIRECT SEQUENCE SPREAD SPECTRUM TRANSMITTERS Paye 45

ISP DIRECT INDOOR & OUTDOOR UNTES, Model 2401-01 (indoor) and 240102 (outdoor} FOCTD: NUX-ISP2407
Channel #18, Fc = 2464.8750 MHz Data Rate = 0.818 Mbps (DQPSK), Narrow |
Chip Rate = 4.5 MHz PN Code Length = 11 chips/symbo! |
6 dB BW =4 MHz

(5/N)o = 12 dB / 0.8 = 15 dB per attached Figure 4.5.1 and formula 3.97

Measured Processing Gain Gp = (8/N)o + Lsys + Mj =15+ 2 + Mj = 17 + Mj (dB)

Theoretical Calculated Processing Gain = Chip Rate/Data rate = 4.5 MHz = 11 or 10.4 dB
(0.818 Mb/s)/(2 bits/symbol)

Note:

*  Totwl Peak Power from the EUT's Tx measured at the EUT s Rx Input: P, = -49.9 dBm

*  Jamnung signal level at measured at the EUT s receiver input: J

= Mj=]-P

*  The following shaded boxes are discarded worst measurements ( 18.8% of total measurement points)

SUMMARY OF TEST RESULTS
Theoretical Process Gain 10.4 dB
Minimum Measured Process 11.2dB
Gain with discard of 18.8% of
the warst measurements

Jammer Jammer to Measured
Test Signal Freq. (BER) System Loss Signal Ratio Processing

Point +/- Fc {DQPSK) {S§/No Lsys Mj Gain

{MHz) (dB) {dB) {dB) {dB}

1 I B0 §.00001 ARG 2.0 a0 16.0

""" 2 1245 177000001 15.0 2o T BT

3 240 000007 15.0 20T oA 18.9

4 2357 §.00001 150 |20 0.0 17.0

5 -2.30 0.00001 BTN X 0.8 17.8

6 2.25 $.00001 B0 20 1.3 18.3

""" 7RG 17777600601 15.0 TR TTTTITTTTTTzEA RN
""" g8 215 TTT0.00001 15.0 20 1.6 186
g 290 To.coooT | 15.0 20 1.0 180

10 205 0.00001 15.0 ] X 0.2 17.2

1 200 0.00001 T8 i Z0 04 16.6

12777785 0.00001 T8 20 a7 15.3

[ 780 1776 00007 5.0 TTZo T 6 | 154
""" 14 ST 17777500601 15.0 TTZo A T A
""" 15" 180 Toeoodt T 150 20 0.4 174
T .75 g.00001 | 15.0 2.0 0.6 7.6

17 A0 0.00001 | 15.0 2.0 0.6 17.6

18 165 0.00001 B0 ] 70 a1 1714

19 160 0.00001 TR0 20 GA 17.1

2C 155 0.00001 TR0 20 05 17.5

21 150 0.00001 T80T 2.0 06 17.6

2277 1.45 0.00001 T80 20 06 176
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ISP DIRECT INDOOR & OUTDOOR UNITS, Model 2401-0F (indoar) and 2401-02 (eutdoor)y FOCC TD: NUX-ISP2401
Jammer Jammer to Measured
Test Signal Freq. (BER} System Loss | Signal Ratio Processing
Point + /- Fe (DAPSK) {S/N}o Lsys Mj Gain
{MHz) {dB) (dB) {dB) {dB)
23 140 | 000001 15.0 TTTIYTTTT [T 90
24 135 0.00061 15.0 2.0 1.9 189
25 1,30 0.06001 15.0 70 2.1 19.1
T U6 o.00001 [T 156 ] : 2.0 2o 19.0
""" 27 207000001 15.0 TTTTZo T 2.4 19.4
28 15 0.00007" 15.0 2.0 24 19.4
29 74D 0.00001 TR 2.0 2.4 19.4
30 | 7105 T 1T6.00001 T80T 2.0 3.0 20.0
""" 37 00000067 15.0 TR 177253
32 -0.95 TT0.00001 15.0 TR 57 3T
33 ‘090 0.00001 15.0 2.0 5.6 11.4
34 -0.85 0.00001 TR TTTTZO B2 11.8
35 | -0.80 g.00001 [T 15.0 20 56 11.4
""" 36 ToFs 000601 15.0 2o 5.5 T 115
37 -0.70 T0.00001 15.0 20 | 6.4 0.6
38 065 0.00001 15.0 2.0 59 171
39 0.60 0.00001 s TTTZ0 52 11.8
40 [ Toss ¢.00001 e 2.0 45 125
""" a1 050 17770500001 15.0 20 5.0 170
a7 Z0.45 o000 | 15.0 X N B 5.8 T
a3 040 0.00007 | 15.0 2.0 6.3 10.7
44 035 0.00001 15.0 N 2.0 -5.6 17.a
45 .0.30 0.00001 150 ] X0 -6.1 10.9
46 | 025 0.00001 150 2.0 -6.8 10.2
ey -0.20 0.00001 15.0 2.0 5.5 115
""" a8 20.15 17777600601 16.0 X T Y 12.1
""" 49 T TThoA0 T | TTocooot 15.0 20T T T AT 123
50 0.05 0.60001 | 15.0 2.0 -4.4 126
51 0.00 0.00001 15.0 |20 6.6 10.4
52 0.05 0.00001 T T2 48 12.2
53 [ 00 g.oooor [T 50 2.0 a5 125
""" 54 08 0.00001 15.0 BF 39 T 131
"""" 55 020 177500001 15.0 T2 4 P X
""" 56 025 "o00001 15.0 R o B Y I 119
87 0.30 000001 | 15.0 20 6.5 105
58 0.35" 0.000cT 15.0 20 49 124
59 0.40° 0.000C1 15.0 2.0 45 12.5
80 0.45 0.000C 18.0 TR 5.3 177
61 050 0.00001 15.0 X 45 125
62 055 0.00001 150 30 6.3 10.7
63 0.60 0.00001 sl T TR 85 10.5
Continued .. T e
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ISP IHRE Mode -01 (indoor) and 2 2 (outdoor) FOCTID: NUX-ISP240]
Jammer Jammer to Measured
Test Signal Freq. {BER) System Loss | Signal Ratio Processing
Point + /- F¢ {DQPSK) {S/Njo Lsys Mj Gain
{MHz) {dB) (dB) {dB) {dB)

B4 o085 | 0.00001 1.0 | 20 TR 173

65 070 0.000G1 15.0 20 56 11.4

66 0.75 0.00001 1500 |20 64 106
67 1T 08B0 0.00007 T80 2.0 5.2 1.8
""" 68 G850 00601 150 Tz 5.2 11.8

69 690 T 0.00001 15.0 LTI 5.2 TTTITE

70 095 0.00001 15.0 2.0 4.6 Tz

71T 1.00 0.00001 X 2.0 4.6 12.4

72 105 0.00001 TTTTIRD _ 2.0 6.5 10.5
£ Y0V T 0.00001 15.0 1720 6.7 10.3

74 115 0.60061 150 20 5.8 11.2

75 120 0.00001 15.0 ‘ 2.0 -6.6 10.4

76 1.25 0.00001 B0 TTE0 -7.0 10.0

77 1.30 0.00001 TR0 2.0 6.3 10.7
78 R I 0.00001 15.0 2.0 5.9 111
778 1407 | 0.00001 15.0 20 T s 11.1
""" 80 a5 Toe000T 15.0 2.0 |58 RN

31 1.656 | ~©.00001 150 2.0 5.8 112

82 185 0.00007 15.0 TR0 5.9 1.1

83 1.60 0.00001 T s0 | 20 58 11.2

84 | 1.65 0.00001 TR 2.0 57 11.3

85 | 170 3.00001 T80 2.0 a8 12.2
""""" 86 175 177776 00601 15.0 o 44T 12.6
""" 87 1.80 1000001 9.0 s T R W1 76

88 185" To.00001 | 15.0 2.0 44 128

89 1.90 0.60001 | 15.0 2.0 4.4 12.6 )

30 195 0.00001 150 | 2.0 4.3 12.7

CE 2.00 0.0C001 TR0 2.0 5.2 i1.8

g2 [ 205 0.00001 TR 2.0 33 13.7
e 210 G.00601 TR 7.0 08 16.2
""" 94 - RT 1" 0.00001 16.G TTZo T o AT
""" 95 2,20 7000001 | 15.0 X R K- 17.9

96" 2.75 T0.00007 15.0 70 09 IFE

97 23077 0.00067 | 15.0 2.0 1.2 18.2

98 235 0.00001 150 TG ) 18.0

99 740 0.00001 56T 2.0 0.6 17.6

100 245 0.00001 50 20 1.0 18.0

101 250 0.0G001 T R 2.0 10 18.0
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ISP DIRECT INDOOR & OUTDOOR UNITS, Model 240T-07 (indoor) and 2407-02 (outdoor) FCC ID: NUX-ISP2401

4.7

LiltraTech Engineering Labs Inc,

AC Powerline Conducted Emissions, FCC CFR 47, Para. 15.107(a)

PRODUCT NAME: ISP DIRECT INDOOR & OUTDOOR UNITS, Model No.: 2401-01 (indoor)
and 2401-02 {outdoor}

NAME OF TEST: AC Powerline Conducted Emissions.

FCC LIMIT:

The RF voltage conducted back onto the public utility lines shall not cxceed 250 pV or 48.0 dBuV measured
from 450 KHz 10 30 MHz.

CLIMATE CONDITION:
Standard Temperature and Humidity:

¢ Ambient temperature: 23 °C
*  Relative hummdity: 43 %

POWER INPUT:
AC 120V 60Hz from Elpac external switching power supply, model WRI4232,

TEST EQUIPMENT:

s Advantest R3271 Spectrum Analyzer, Frequency Range: 100Hz-26.5GHz, with built-in Peak, Quasi-Peak
and Average Detectors.

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

e HP 7475 Plotter

o EMCO 3825/2 LISN, Frequency Range: 9KHz-200MHz
RF Shielded Enclosure (12x10x12 feet)

METHOD OF MEASUREMENTS:

Refer to ANSI C63.4-1992.

TEST RESULTS: Conforms.

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

DATE: Mar. 04, 1998
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MEASUREMENT DATA

AC POWER-LINE CONDUCTED EMISSIONS

TCCID: N TSP 200

REMARKS

o Al rf emissions from 450 KHz to 30 MH7 were scanned, and eight highest emission levels were recorded.

See attached plots.
P: Peak Detector, 10 KHz RBW, VBW > RBEW

Q: CISPR QUASI-PEAK, 9 K RBW, VBW = RBW

»
*  (P/BB: for broadband emission (QP level - AVG level > 6 dB); the recorded level was QP level less 13

dB.
RF RECEIVER QP/NB QF/BB LINE
FREQUENCY LEVEL. [DETECTO LIMIT LIMIT MARGIN PASS/ TESTED
R
(MHz) (UBuV) |(P/QP/AVG)!  (dBuv) {(UBuV) (dB) FAIL (L1/L2)
0.450 439 Peak 48.0 61.0 -4.1 PASS L1
4.380 42.0 Peak 48.0 61.0 -0.0 PASS L1
8.300 39.7 Peak 48.0 61.0 =83 PASS L1
17.170 35.7 Peak 48.0 61.0 -25.3 PASS L1
27.930 30.6 Peak 48.0 61.0 -17.4 PASS L1
0.790 37.1 Peak 48.0 61.0 -239 PASS L2
4,420 39.8 Peak 48.0 61.0 -8.2 PASS L2
8.600 37.7 Peak 48.0 61.0 <233 PASS L2
16.580 33.6 Peak 48.0 601.0 -14.4 PASS L2
27.890 297 Peak 48.0 61.0 2313 PASS L2

UltraTech Engincering Labs Inc.

4181 Sladeview Cres,, Unit 33, Mississauga, Ontario, Canadz L5L 5R2
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ISP DIRECT INDOOR & OUTDOOR UNITS, Model 2301-00 (indoor) and 2401-02 (outdoor) FCC I NUR-1SP2a01
5. EXHIBIT 5 - GENERAL TEST PROCEDURES

5.1 AC Powerline Conducted Emissions Measurements - General Test Method

* AC Powerline Conducted Emissions were performed in the shielded room, 16'(L) by 12'(W) by 12'(H).

¢ Conducted power-line measurements were made over the frequency range from 450 KHz to 30 MHz to determine
the line-to-ground radio noise voltage which was conducted from the EUT power-input terminals that were directly
connected to a public power network.,

¢ The EUT normally recetved power from another device that connects to the public utility ac power lines,
measurements would be made on that device with the EUT in operation to ensure that the device continues to
comply with the appropriate limits while providing the EUT with power.

s Ifthe EUT was operates only from internal or dedicated batteries, with no provisions for connection to the public
utility ac power lines, ac power-line conducted measurements are not required.

¢ Table-top devices were placed on a platform of nominal size { m by 1.5m raised 80 cm above the conducting
ground plane.

s  The EUT current-carrying power lead, except the ground (safety) lead, was individually connected through a LISN
to the power source. All unused 50-Ohm connectors of the LISN was terminated in 50-ohm when not connected to
the measuring instruments.

e The line cord of the EUT connected to one LISN which was connected to the measuring instrument. Those power
cords for the units of devices not under measurement were connected to a separate multiple ac outlets, Drawings and
photographs of typically conducted emission test setups were shown in the Test Report. Each current-carrying
conductor of the EUT shall be individually tested.

e The EUT was normally operated with a ground (safety) connection, the EUT was connected to the ground at the
LISN through a conductor provided in the lead from the ac pewer mains to the LISN.

e The excess length of the power cord was folded back and forth in an 8-shape on a wooden strip with a vertical prong
focated on the top of the LISN case.

+  The EUT was set-up In its typical configuration and operated in its various modes as described in 3.2 of the test
report.

» A preliminary scan was made by using spectrum analyzer system with the detector function set to PEAK mode (10
KHz RBW, VBW > RBW), frequency span 450KHz-30MHz.

¢ The maximum conducted emission for a given mode of operation was found by using the following step-by-step
procedure:

Stepl. Monitor the frequency range of interest at a fixed EUT azimuth,
Step2.  Manipulate the system cables and peripheral devices to produce highest amplitude signal relative to the
limit. Note the amplitude and frequency of the suspect signal.

Step3. The etfects of various modes of operation is examined. This is done by varying equipment operation
modes as step 2 is being performed.
Step4. After completing step | through 3, record EUT and peripheral device configuration, mode of operation,

cable configuration, signal levels and frequencies for final test,

UltraTech Engincering Labs Inc. LiltraTech’s File #: IAW-004FTX
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ISP DIRECT INDOOR & OUTDOOR UNTTS, Model 2401-01 (indoer) and 2401-02 (outdoor) FOC TD: NUX-ISP240H

¢ Each highest signal level at the maximized test configuration was zoomed in a small frequency span on the spectrum
analyzer's display (the manipulation of cables and peripheral devices and EUT operation modes might have to be
repeated to obfain the highest signal level with the spectrum analyzer set to PEAK detector mode 10 KHz RBW and
VBW = RBW). The spectrum analyzer was then set to CISPR QUASI-PEAK detector mode (9 KHz RBW, | MHz

VBW) and the final highest RF signal level and frequency was record.

*  Broad-band ac Powerline conducted emissions:- If the EUT exhibits ac Powerline conducted emissions that exceed
the limit with the instrument set to the quasi-peak mode, then measurements should be made in the average mode. If
the amplitude measured in the quasi-peak mode is at least 6 dB higher than the amplitude measured in the average
made, the level measured in quasi peak mode may be reduced by 13 dB before comparing it to the limit.

52 Electrical Field Radiated Emissions Measurements - General Test Method

¢ The radiated emission measurements were performed at the UltraTech’s 3 Meter Open Field Test Site (OFTS)
situated in the Town of Oakville, province of Ontario. The Attenuation Characteristics of OFTS have been filed to

FCC.
» Radiated emissions measurements were made using the following test instruments:

1} Calibrated EMCQ active loop antenna in the frequency range from 10 KHz to 1 MHz
2}y Calibrated EMCO biconilog antenna in the frequency range from 30 MHz to 2000 MHz.
3) Calibrated A H. Systems log periodic antenna in the frequency range 1GHz - 18 GHz,

4) Horn Antennas:
a2} Hom Antenna, Emco, Model 3160-09, 18-26.5GHz
b) Horn Antenna, Emco, Model 3160-10, 26.5-40GHz
c)  Mixer, Tektronix, P/N 118-0098-00, 18-26,5GHz
d) Mixer, Tektronix, P/N 119-0098-00, 26.5-40GHz
5) Calibrated Advantest spectrum analyzer and pre-selector/pre-amplifier. In general, the spectrum analyzer
would be used as follows:

—  The rf electric field levels were measured with the spectrum analyzer set to PEAK detector (1 KHz
RBW and 1 KHz VBW for frequency below 30 MHz, 100 KHz RBW and VBW > RBW for
Frequency below 1 GHz and 1 MHz RBW and | MHz VBW for frequency greater than 1 GHz).

—  If any rf emission was observed to be a broadband noise, the spectrum analyzer's CISPR QUASI-
PEAK detector (120 KHz RBW and 1MHz VBW) was then set to measure the signal level,

—  If the signal being measured was narrowband and the ambient field was broadband, the bandwidth of
the spectrum analyzer was reduced.

e  The EUT was set-up in 1ts typical configuration and operated in its various modes as described in 3.2 of the test
report.

e The frequencies of emissions was first detected. Then the amplitude of the emissions was measured at the specified
measurement distance using required antenna height, polarization, and detector characteristics.

»  During this process, cables and peripheral devices were manipulated within the range of likely configuration.

s For cach mode of operation required to be tested, the frequency spectrum was monitored. Variations in antenna

heights {from 1 meter to 4 meters above the ground plane), antenna polarization (horizontal plane and vertical
plane), cable placement and peripheral placement (each variable within bounds specified elsewhere} were explored

to produce the highest amplitude signal relative to the limit,

The maximum radiated emission for a given mode of operation was found by using the following step-by-step

procedure:
UltraTech Engineering Labs Inc. UltraTech’s File #: IAW-004FTX
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Stepl:

Step2:

Step3:

Step4:

Step5:

Stepo:

Step7:

Monitor the frequency range of interest at a fixed antenna height and EUT azimuth.

Manipulate the system cables to produce highest amplitude signal relative to the limit. Note the amplitude
and frequency of the suspect signal.

Rotate the EUT 360 degrees to maximize the suspected highest amplitude signal. If the signal or another at
a different frequency is observed to exceed the previously noted highest amplitude signal by 1 dB
or more, go back to the azimuth and repeat Step 2. Otherwise, orient the EUT azimuth to repeat the highest
amplitude observation and proceed.

Move the antenna over 1ts full allowed range of travel (1 to 4 meters) to maximize the suspected highest
amplitade signal. If the signal or another at a different frequency is observed to exceed the previously noted
highest amplitude signat by 1 dB or more, return to 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 for the other polarization. Select and note the higher of the two
signals. This signal is termed the highest observed signal with respect to the limit for this EUT operational

mode.

The effects of various modes of operation 1s examined. This is done by varying the equipment modes as
steps 2 through 5 are being performed.

After completing steps | through 6, record the final highest emission level, frequency, antenna polarization
and detector mode of the measuring instrument.

Calculation of Field Strength:

The field strength is caleulated by adding the calibrated antenna factor and cable factor, and subtracting the Amplifier
gain (if any) from the measured reading. The basic equation with a sample calculation is as follows:

FS=RA +AF +CF - AG

Where FS = Field Strength
RA = Receiver/Analyzer Reading
AL = Antenna Factor
CF = Cable Attenuation Factor
AG = Amplifier Gain

Example:

UltraTech Engineering Labs Inc,

If a receiver reading of 60.0 dBpV is obtained, the antenna factor of 7.0 dB/m and cable factor of 1.0 dB are
added, and the amplifier gain of 30 dB is subtracted. The actual field strength will be:.

Field Level in dBpV/im =60 + 7.0 + 1.0 - 30 = 38.0 dBuV/m.
Field Level in uV/m = 10(38/20) = 79 43 \v/m.
The frequency and amplitude of at least six highest conducted emissions relative to the limit are recorded

unless such emissions are more than 20 dB below the limit. If less than six enussions are within 20dB of the
limit, the background or receiver noise level shall be reported at representative frequencies,
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6. EXHIBIT 6 - INFORMATION RELATED TO EQUIPMENT UNDER TESTS

6.1 FCC ID Labeling and Sketch of FCC Label Location
Refer to the attached sheets

6.2 Photographs of Equipment under Test
Refer to the attached photographs

6.3 System Block Diagram(s)
Refer to the attached sheets

6.4 Schematic Diagrams
Refer to the attached sheets

6.5 User’s Manual with “FCC Information to User Statements”

Refer to the attached Users’® manual
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