Intertek Testing Services

ETL SEMKO
Parts 22 Test Report

Test performed on the

UltraWAVE BTS
Model: AUACS5
FCCID: OEWAUACSS

for
InterWave Communications Inc.

Test Report: 30368271
Date of Report: January 16, 2003
Revised Date: February 28, 2003

Job #: 3036827
Date of Test: January 7 to 16, 2003

A2LA Certificate Number: 1755-01

Test Performed by: Test Authorized by:
erb Intertek Testing Services IntertWAVE Communications Inc.
N 1365 Adams Court 312 Constitution Dr.
o Menlo Park, CA rr-m:s--"“\ Menlo Park, CA 94025

wwey M’ C__:’*f{”""w Date: 2 I 29 (O 3

Fem Prepared by:

Suresh Kondapalli '

Reviewed by: @aﬂf;’ @/Www&k Date: € 27/ / b 4 / L7y

David Chernomordik

All services undertaken are subject to the following general policy: Reports are submitted for exclusive use of
@ the client to whom they are addressed. Their significance is subject to the adequacy and representative
¥ character of the samples and to the comprehensiveness of the tests, examinations or surveys made. This report
shall not be reproduced except in full, without written consent of Intertek Testing Services NA Inc. This report
must not be used to claim product endorsement by A2LA, NIST nor any other agency of the U.S. Government.

Intertek Testing Services NA, Inc.
1365 Adams Court, Menlo Park, CA 94025
Telephone 650-463-2900 Fax 650-463-2910 Home Page www.etlsemko.com




Intertek Testme Services
ITS ETL SEMKO .

1365 Adams Court, Menlo Park, CA 94025

InterWave Communications Inc. FCC ID: OEWAUACSS
TABLE OF CONTENTS
1.0 I OQUCTION e ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessesesessessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 4
1.1 TSt SUIMIMATY ...vvieiiieeiieeeiee ettt etee ettt e e eeteeesebeeebaeesebeeessaeessaeesseeesseesssaeensseennsenns 4
1.2 Product DESCIIPLION ....c.vvecuiiiiiiiiieiieieeieeeitesteeere e v e ereesreesteestaesraessbessseesseesseesssesssenens 5
1.3 Related Submittal(S) GIants.........cccveveereerieriieeieeiieeeseeseesreseeeereesseeseessaesseessnessseenns 5
2.0 RF Power Output, 6
2.1 TESE PTOCEAUIE ... sssssensnssennnnnnnen 6
2.2 TSt EQUIPIMENL .....eciiiiieiieiieeieeie ettt ettt eestaeseaessteesseesbeesteesseesseesssesssessseenseenses 6
2.3 St R ESUILS ..t e e e e e e e e e e e e e e e e e e e e s e s e e ananan 6
3.0 RAGIALEA POWET «.neeeeeeeeiieerieeeenecceeeeeeeeeneeesseeeeseessssssesssesssssssssssssssesssssssssssssssssssssssssssssssssssssnssssss 17
3.1 TSt PIOCEAUIE ...ttt et e e e e e e et e e e e e e s e e eeeeeeseeessaneeeeas 17
3.2 TESE RESULL ..oeeeiiiieeeeeee ettt e e e et e e e e e e s eaateeeesseesenaaaeeeas 17
4.0 Occupied Bandwidth .18
4.1 TSt PIOCEAUIE ...ttt ettt e e e e e e e et e ee e e e s e e saaeeeeeesesssnaaeeeeas 18
4.2 TSt EQUIPIMENL .....eciiiiiiieiieeieeie ettt steeteete et esteesteessaessseesseesseeseesssesssessseenseesseens 18
4.3 TSt RESUILS oo 18
5.0 Out of Band Emissions at Antenna Terminals . 20
5.1 TSt PTOCEAUIE ...ttt ettt e e e e e e et e e e e e eseeesaaeeeeeesesesnanaeeeas 20
5.2 TeSt EQUIPIMENL .....eiiiiiiiiiiieieeit ettt ettt ettt e ettt beesbeesaeesnteenteenseenseens 20
53 St R ESUILS . nsnsnsnnssnnnen 20
6.0 Field Strength of Spurious Radiation 21
6.1 TSt PTOCEAUIE ...ttt ettt e e et e e e s e e s eaaa e e e e e s s e s s aaaaeeeas 21
6.2 TeSt EQUIPIMENL .....eoiiiiiieiieeiieit ettt ettt ettt et e et et ettt e bt e sneesnteenseenseenseens 21
6.3 St R ESUILS .t nsnnsnsnnnnnen 21
7.0 Spurious Emissions from digital part.......c.cccceeuveeeuercnens 23
7.1 PrOCEAUIE ..o 23
7.2 St R ESUILS .t nnnsnsnssnnnnns 24
8.0 Line Conducted Emissions,......ccccceeeeeeneee 34
8.1 TSt PTOCEAULE ...ttt e et e e e s e e e eaaaeeeeessesennaaaaeeeas 34
8.2 St R ESUILS . snnssnsnssnnnnes 34
9.0 Frequency Stability vs Temperature 36
9.1 TSt PTOCEAULE ...ttt e e e et e e e e s e e s eaa e e e e e s s essnaaaaeeeas 36
9.2 TeSt EQUIPIMENL .....eotiiiiiiiiieieeit ettt et ettt ettt ettt e sbeesneesnteenseenseenseens 36
9.3 St R ESUILS .t ssnsnnsnnssnnnnn 36
10.0  Frequency Stability vs Voltage 37
10.1 TESE PTOCEAULE ..t e e e e e e e e e s e nan 37
10.2 TSt EQUIPIMENT ....eoiviiiiiieeiie e eiee ettt ettt e e e te e e saaeesteeeebeessbaeessseesaseeensseesaseeennns 37
10.3 TSt RESULLS. ..eeeieieeeeeeeee ettt e e e e e e e e et eeeeessaeeaaeeeeeeeeeseesaaneees 37

File: 30368271 Page 2 of 39 FCC Part 22 H



Intertek Testme Services
ITS ETL SEMKO .

1365 Adams Court, Menlo Park, CA 94025

InterWave Communications Inc. FCC ID: OEWAUACSS
11,0 TeSt EQUIPMENT . ..ccicuerircneensrrrcscnressnsrssssiessnsessassosssssssassssassosssssssasssssssessssssssssssssssssassosssssssassssasses 38
12.0 Document HISTOTY co.ueeeneeiiverissniinserissnncssneicsnrcsssnsssssncssstesssesssssssssssssssssesssssssssssssssessssssssssssasees 39

File: 30368271 Page 3 of 39 FCC Part 22 H



Intertek Testme Services
ITS ETL SEMKO .

1365 Adams Court, Menlo Park, CA 94025

InterWave Communications Inc.

1.0 Introduction

FCC ID: OEWAUACSS

1.1 Test Summary
FCC RULE DESCRIPTION OF TEST RESULT PAGE
2.1046 RF Power Output Complies 6
22.913, 24.232 ERP Complies 17
2.1049 Emission Limitation, Occupied Bandwidth Complies 18
22.917(b)(d)
2.1051, 22.917(e) Out of Band Emissions at Antenna Terminals Complies 20
22.901(d), 24.238(a)
2.1053 Field Strength of Spurious Radiation Complies 21
15.109 Radiated Emissions from digital part Complies 24
15.207 Line Conducted Emissions Complies 34
2.1055, 22.355 Frequency Stability vs. Temperature Complies 36
2.1055, 22.355 Frequency Stability vs. Voltage Complies 37
File: 30368271 Page 4 of 39 FCC Part 22 H
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1.2 Product Description

FCC ID: OEWAUACSS

UltraWAVE BTS Model: AUACSS is complete GSM Base Station in 850MHz band. It provides full BSS
Operation when connected with a BSC via E1/T1 Trunk line.

For more information, please refer to the attached product description.

Use of Product GSM Base Station
Whether quantity (>1) production is Yes

planned

Cellular Phone standards GSM

Frequency Range 869 - 894 MHz

50 W, except on lowest and highest channels where the power

RF Output Power RW
Number of Transceivers 6

Number of channels 124

Type(s) of Modulation GMSK, BT=0.3
Emission Designator 245KGXW
Data Rate 270.8 kbps

Antenna Gain

Typical antenna gain is 12 dBd with 2 dB loss of the antenna
cable; if antenna with higher gain is used, the output power
must be reduced accordingly.

Detachable antenna?

Receiver L.O. frequency

External input

Power Supply

DC Power Supply to RF Amplifier

Operating Temperature

Yes
1070.2 — 1094.8 MHz
Digital Data

90 to 264 VAC, -40 to —-60 VDC
27 Volts, 7.5 Amps

-5°C to +55°C

There are 6 identical transmitters mounted in one rack. Only one transmitter was tested. All others were

terminated with dummy loads.

Two cables were connected to the rack: power cable (unshielded, 2 m) and antenna cable (coax, 3 m)
from the transmitter under test to the external antenna (during the Part 15 Subpart B test).

1.3 Related Submittal(s) Grants

None

File: 30368271
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2.0 RF Power Output,
FCC 2.1046

2.1 Test Procedure

The transmitter output was connected to a calibrated coaxial attenuator, the other end of which was connected
to a spectrum analyzer. Transmitter output was read off the spectrum analyzer in dBm. The power output at
the transmitter antenna port was determined by adding the value of the attenuator to the spectrum analyzer
reading. An HP power meter was also used to measure the RF power.

Tests were performed at three frequencies (low, middle, and high channels) and on all power levels, which
can be setup on the transmitters.

2.2 Test Equipment

Hewlett Packard 8481A Power Sensor, 435B Power Meter
Hewlett Packard HP8566B Spectrum Analyzer, 100 Hz - 22 GHz

2.3 Test Results
Freque | Mode | Channel Measured maximum | Plot Measured maximum Plot
ncy Conducted Peak Power Conducted Average Power

(MHz) (dBm) (dBm)

868.93 | GSM 128 38.60 2.1 38.20 2.1.a
869.40 | GSM 129 46.90 2.2 46.50 2.2.a
836.55 | GSM 192 47.00 2.3 46.90 23.a
848.97 | GSM 250 46.70 24 46.60 24.a
848.97 | GSM 251 38.20 2.5 37.90 2.5.a

File: 30360052 Page 6 of 39 FCC Part 22 H
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3.0 Radiated Power
FCC 22.913

The Effective Radiated Power (ERP) of base transmitters must not exceed 500 Watts.

3.1 Test Procedure
The ERP/EIRP was calculated by adding the antenna gain (in dBd) to the output power in dBm.
3.2 Test Result
The antenna supplied with the device has a gain of 6 dBd. However, according to the information provided
by the Applicant, the typical antenna gain used with this base station is 12 dBd with a typical cable loss of 2
dB. Therefore:

ERP = 56.9 dBm (490 W) for all frequencies except the lowest and the highest channels,

ERP =48.0 dBm (63 W) for the lowest and the highest channels.

If an antenna with higher gain is used, the output power must be reduced accordingly.

Complies

File: 30360052 Page 17 of 39 FCCPart 22 H
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4.0 Occupied Bandwidth
FCC 2.1049

4.1 Test Procedure

The transmitter output was connected to a calibrated coaxial attenuator, the other end of which was connected
to a spectrum analyzer. The Occupied Bandwidth (defined as the 99% Power Bandwidth) was measured with
HP8546A Spectrum Analyzer.

4.2 Test Equipment

Hewlett Packard HP8546A Spectrum Analyzer

4.3 Test Results

See attached plots 4.1. The test result shows that the bandwidth is 245 kHz, Therefore the Emission
Designator is determined as 245KGXW

File: 30360052 Page 18 of 39 FCC Part 22 & 24
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5.0 Out of Band Emissions at Antenna Terminals
FCC 22.901(d), 24.238(a)

Out of Band Emissions:

On any frequency outside a licensee’s frequency block, the power of any emission shall be attenuated below
the transmitter power (P) on by at least (43 + 10 log P) dB.

5.1 Test Procedure

The RF output of the transmitter was connected to a spectrum analyzer through appropriate attenuation.
Sufficient scans were taken to show the out-of-band emissions, if any, up to 10™ harmonic.

52 Test Equipment

Hewlett Packard HP8566B Spectrum Analyzer

53 Test Results
Complies Refer to the attached plots in APPENDIX A

Plot Number Description

5.l.a-5.1e¢ Channel # 128, high Power (reduced), 38.2dBm
52.a-52e¢ Channel #129, high Power, 46.5 dBm
53.a-53¢ Channel #192, high Power, 46.9 dBm
54a-55¢ Channel #250, high Power, 46.6 dBm
5.5a-55.¢ Channel #251, high Power (reduced), 37.9 dBm
5.6.a—-5.6d Channel # 192, lower Power, 20.7dBm

File: 30360052 Page 20 of 39 FCC Part 22 & 24
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6.0 Field Strength of Spurious Radiation
FCC 2.1053

6.1 Test Procedure

The dummy load was connected to the output of the transmitter. The transmitter was placed on the turntable
in a 10-m semi-anechoic chamber.

The measurement antenna was placed at a distance of 3 meters from the EUT. During the tests, the antenna
height and polarization as well as EUT azimuth were varied in order to identify the maximum level of
emissions from the EUT. The frequency range up to tenth harmonic of each of the three fundamental
frequency (low, middle, and high channels) was investigated. The worst case of emissions was reported.

For spurious emissions attenuation measurement, the substitution method was used. On each frequency
where the Field Strength was found above 63.4 dB(uV/m) (which corresponds to ERP =-33 dBm), the EUT
was substituted by a reference antenna (half-wave dipole - below 1 GHz, or Horn antenna - above 1GHz),
connected to a signal generator.

The signal generator output was adjusted to obtain the same reading as from EUT. The ERP at the spurious
emissions frequency was calculated by adding the gain of the substitution antenna (in dBd) to the output
power of the generator (V, dBm). The spurious emissions attenuation was calculated as the difference
between ERP at the fundamental frequency (see section 3) and at the spurious emissions frequency.

6.2 Test Equipment

EMCO 3115 Horn Antennas
HP 8566B Spectrum Analyzer
Low Pass Filter

Preamplifiers

Signal Generator HP83732A

6.3 Test Results

Test Result: Complies, refer to the attached

File: 30360052 Page 21 of 39 FCC Part 22 H
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(Measured by Substitution Method)

Effective Radiated Power

FCC ID: OEWAUACSS

Frequency | Antenna SA Signal Generator Output ERP * Spurious
Polariz. | Reading | required to have the same Attenuat.
(EUT) SA Reading as from EUT
MHz dB(nV) V. (dBm) dBm
Channel 128; Frequency : 869.8 MHz; Output power: 38.2 dBm
1738.4 )\ 30.0 -41.8 -36.8 84.8
2607.6 )\ 62.1 -41.6 -37.1 85.1
3476.8 \Y 43.0 -57.5 -51.5 99.5
Channel 192; Frequency : 882.0 MHz; Output power: 46.9 dBm
1764.0 )\ 22.4 -47.4 -42.4 99.3
2646.0 )\ 59.8 -43.1 -38.6 95.5
3528.0 )\ 37.2 -62.8 -58.8 115.7
Channel 251; Frequency : 893.8 MHz; Output power: 37.9 dBm
1787.6 )\ 28.3 -43.5 -38.5 83.8
2681.4 )\ 60.1 -43.5 -37.5 85.5
3557.2 )\ 30.4 -69.0 -66.0 114.0

* ERP is calculated as: ERPggm)= Vg@em) T G @B
The Limit for Spurious Attenuation is 52 dB for the lowest and highest channels and 63 dB
for the middle channel.

Attenuation for all other frequencies not reported is more then 20 dB above the limit.

Test Result:

Complies by more than 30 dB
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7.0 Spurious Emissions from digital part
FCC 15.109

7.1 Procedure

Radiated emission measurements were performed from 30 MHz to 1000 MHz. Spectrum Analyzer Resolution
Bandwidth is 100 kHz or greater.

The EUT is placed on the turntable. Ifthe EUT attaches to peripherals, they are connected and operational (as
typical as possible). During testing, all cables were manipulated to produce worst-case emissions. The signal
is maximized through rotation. The antenna height and polarization are varied during the search for maximum
signal level. The antenna height is varied from 1 to 4 meters.

Radiated emissions are taken at three meters unless the signal level is too low for measurement at that
distance. If necessary, a pre-amplifier is used and/or the test is conducted at a closer distance. All readings are
extrapolated back to the equivalent three-meter reading using inverse scaling with distance.

Data is included of the worst case configuration (the configuration which resulted in the highest emission
levels). A sample calculation, configuration photographs and data tables of the emissions are included. All

measurements were performed with peak detection unless otherwise specified.

Field Strength Calculation

The field strength is calculated by adding the 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 + Att
Where FS = Field Strength in dB(1V/m)
RA = Receiver Amplitude (including preamplifier) in dB(uV)
CF = Cable Attenuation Factor in dB
AF = Antenna Factor in dB(1/m)
AG = Amplifier Gain in dB
Att = External attenuator (if used)

Assume a receiver reading of 52.0 dB(uV) is obtained. The antennas factor of 7.4 dB(1/m) and cable factor of
1.6 dBisadded. The amplifier gain of 29.0 dB is subtracted, giving field strength of 32.0 dB(uV/m). This
value in dB(uV/m) was converted to its corresponding level in uV/m.

RA =52.0 dB(uV)

AF=7.4dB
CF=1.6dB
AG=29.0dB
Att =0dB

FS = 52+7.4+1.6-29.0+0 = 32.0 dB(uV/m)
Level in pV/m = Common Antilogarithm [(32.0 dBuV/m)/20] =39.8 pV/m

File: 30360052 Page 23 of 39 FCC Part 22 H



Intertek Testme Services
ITS ETL SEMKO :

1365 Adams Court, Menlo Park, CA 94025

InterWave Communications Inc. FCC ID: OEWAUACS5

7.2 Test Results

The data on the following pages list the significant emission frequencies, the limit and the margin of
compliance.
The EUT passed Class A Limit by 1.1 dB. According to the applicant, the EUT is not used in residential area.
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8.0 Line Conducted Emissions,
FCC 15.207
8.1 Test Procedure

Test procedure described in the ANSI C63.4 Standard was employed.

The EUT was connected to the AC Power supply through the LISNS.

Both HOT and NEUTRAL leads were tested.

8.2 Test Results

See the attached plots.
The EUT passed by 3 dB at 500 kHz.

FCC ID: OEWAUACSS
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9.0 Frequency Stability vs Temperature
FCC 2.1055,22.355

Frequency Tolerance: 1.5 ppm
9.1 Test Procedure
The equipment under test was connected to an external DC power supply and the RF output was connected to
a frequency counter via feed through attenuators. The EUT was placed inside the temperature chamber. The
RF output cable, and the control cable exited the chamber through an opening made for that purpose.
After the temperature stabilized for approximately 20 minutes, the external PTT switch was activated, and
the frequency was recorded from the spectrum analyzer.

9.2 Test Equipment

Temperature Chamber, -30°C to +70°C
Hewlett Packard HP8591E

9.3 Test Results
Test Result: Complies
Tx Frequency: 882.000000 MHz
Tolerance: +/- 1323 Hz
Temperature Frequency Difference
CO) (MHz) (Hz)
50 882.000040 +40
40 882.000040 +40
30 882.000040 +40
20 882.000040 +40
10 882.000040 +40
0 882.000040 +40
-10 882.000040 +40
-20 882.000040 +40
-30 882.000040 +40

Maximum deviation is 0.05 ppm

File: 30360052 Page 36 of 39 FCC Part 22 H



Intertek Testme Services
ITS ETL SEMKO .

1365 Adams Court, Menlo Park, CA 94025

InterWave Communications Inc. FCC ID: OEWAUACS5

10.0  Frequency Stability vs Voltage
FCC 2.1055, 22.355

Frequency Tolerance: 1.5 ppm
10.1 Test Procedure
An external variable DC power supply was connected to the equipment under test. The voltage was set to
115% of the nominal value and was then decreased to 85% of the nominal value. The output frequency
was recorded from the spectrum analyzer.
10.2  Test Equipment
Hewlett Packard HP8591E

DC Power Supply

10.3 Test Results.

Test Result: Complies
Tx Frequency: 882.000000 MHz
Tolerance: +/- 1323 Hz
Supply Frequency Difference

(MHz) (Hz)

112VAC, 60Hz 882.000040 +40
120VAC, 60Hz 882.000040 +40
132VAC, 60Hz 882.000040 +40
-40.8V DC 882.000040 +40
-48.0V DC 882.000040 +40
-55.2V DC 882.000040 +40

Maximum deviation 0.05 ppm
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11.0  Test Equipment

FCC ID: OEWAUACSS

Measurement equipment used for compliance testing utilized the equipment on the following list:

Equipment Manufacturer Model/Type Serial # Cal Cal Due
Int

Bi-Log Antenna EMCO 3143 9509-1160 12 9/19/03
Pre-Amplifier Sonoma Inst. 310 185634 12 4/30/03
RF Filter Section Hewlett Packard 85460A 3448 A00267 12 7/16/03
EMI Receiver Hewlett Packard 8546A 3710A00373 12 7/16/03
Spectrum Analyzer Tektronix 2784 B3020108 12 8/08/03
Signal Generator Hewlett Packard 83732A 322A00119 12 03/04/03
Double-ridged Horn Antenna EMCO 3115 9170-3712 12 6/02/03
Double-ridged Horn Antenna EMCO 3115 8812-3049 12 4/03/03
Pre-Amplifier Miteq AMF-4D-001180-24-10P | 799159 12 4/05/03
Power Meter Hewlett Packard 8900D 3607000673 12 7/8/03
LISN FCC FCC-LISN-50-50-M-H 2011 12 2/02/03
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