
Netro Corporation

1 of 39 FCC ID: OZNRU28G

Test Report
From

Netro Corporation

Test of Netro Corporation AirStar 28 GHz PMP 16 MHz

Radio Unit

Model Numbers BRU-F-2801-01
and SRU-F-2802-01

To: CFR Title 47 Part 2 and Part 101

FCC ID: OZNRU28G

Information Provided in this Exhibit

Test Report – Data in these pages demonstrate conformance with the requirements of Title
47 Parts 2 and 101 for Certification.

12 December, 2000



Netro Corporation Test Report
Page 2 of 39

Title: Test of Netro Corporation AirStar 28 GHz PMP 16 MHz Radio Unit
                             to 47 CFR 2. and 47 CFR 101.                                                                                                           

2 of 39 FCC ID: OZNRU28G

Table of Contents

Section 1. Identification & Characteristics of Equipment Under Test................................................................... 3
1.1 Radio Unit Description ....................................................................................................................................... 3

Section 2. Technical Summary................................................................................................................................... 4

Section 3. Tests Procedure ......................................................................................................................................... 5
3.1 Transmitter Output Power................................................................................................................................... 5
3.2 Modulation Characteristics ................................................................................................................................. 5
3.3 Occupied Bandwidth........................................................................................................................................... 5
3.4 Spurious Emissions at Antenna Terminals ......................................................................................................... 5
3.5 Field Strength of Spurious Emissions................................................................................................................. 5
3.6 Frequency Stability ............................................................................................................................................. 7

Section 4. Measurements, Examinations and Derived Results ............................................................................... 7
4.1 General Comments ............................................................................................................................................. 7
4.2 Test Results......................................................................................................................................................... 8

4.2.1 RF Power Output ......................................................................................................................................... 8
4.2.2 Modulation Characteristics (Spectrum Mask).............................................................................................. 8
4.2.3 Occupied Bandwidth.................................................................................................................................... 8
4.2.4 Spurious Emissions at Antenna Terminals .................................................................................................. 9
4.2.5 Field Strength of Spurious Radiation........................................................................................................... 9
4.2.6 Frequency Stability ...................................................................................................................................... 9

Section 5. Summary of Test Results ........................................................................................................................ 10

Section 6. Test Equipment Used .............................................................................................................................. 10

Section 9. Graphs ...................................................................................................................................................... 10
9.1 Modulation Characteristics and Emissions at Antenna Terminal <250%......................................................... 11
9.2 Occupied Bandwidth......................................................................................................................................... 14
9.3 Spurious Emissions at Antenna Terminal > 250% B........................................................................................ 15
9.4 Field Strength of Spurious Emissions............................................................................................................... 29
9.5 Frequency Stability ........................................................................................................................................... 30

Appendix A – 28 GHz PMP 1 GHz – 110 GHz Radiated Emissions Test Report ............................................... 31



Netro Corporation Test Report
Page 3 of 39

Title: Test of Netro Corporation AirStar 28 GHz PMP 16 MHz Radio Unit
                             to 47 CFR 2. and 47 CFR 101.                                                                                                           

3 of 39 FCC ID: OZNRU28G

Section 1. Identification & Characteristics of Equipment Under Test

1.1 Radio Unit Description

The 28 GHz RU is part of a point to multipoint (PMP) digital radio relay system which utilizes TDMA protocol and
provides up to 16 Mbps data rate operation. The radios operate full duplex frequency division multiplex (FDM) with
a frequency pairing of 27.516-27.708 GHz for base stations and 27.932-28.124. GHz for subscriber stations. The RU
accepts a 4 QAM digitally modulated 350 MHz IF signal from the indoor unit and produces the 28 GHz RF signal.
The RU also accepts the RF signal via integral antenna from frequency duplexed radios and produces a 140 MHz IF
signal that is fed to the indoor unit. All frequency conversion is accomplished using phase locked synthesizers that
are capable of locking to a 14 MHz reference frequency provided by the indoor unit.

Base station antennas provide either 30 degree or 90 degree nominal azimuth beamwidth depending upon RU
model. Subscriber radio antennas provide 7 degree nominal azimuth beamwidth.

The RU contains a central processor that provides communication to and from the indoor unit and control and status
monitoring of the RU internal functions and a switching power supply to convert the -48 VDC prime power.

The 28 GHz RU is packaged in a weatherproof enclosure with integral antenna that provides for mounting, RF
interface, cable interface connector, and RSL connector.
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Section 2. Technical Summary

Applicant:

Netro Corporation
3860 N. First St.
San Jose, CA, 95134

USA

Manufacturer:

As Applicant

Number of units submitted for test: One

Equipment Category: Digital Microwave Fixed Link – Point to Multipoint
TDMA

Trade Name of Equipment: AirStar 28 GHz PMP

Manufacturers Type Designation: Netro

Specification: CFR Title 47, Part 2 and Part 101

Type of Equipment: Transceiver

Data Rate(s): 16 Mbit/s

Rated Output Power (dBm): +20 dBm

Transmit: 27.516 to 27.708BRU Frequency Characteristics (GHz):

Receive: 27.932 to 28.124

Transmit: 27.932 to 28.124SRU Frequency Characteristics (GHz):

Receive: 27.516 to 27.708

Duplex Distance (MHz): 416

Channel Spacing (MHz): 16.0

Short Term: +/- 1Frequency Tolerance (ppm):

Aging: +/-5

Outdoor Unit: -33 to +55Extreme Test Temperature Range (oC)

Indoor Unit: 0 to +40
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Section 3. Tests Procedure

The RU is subject to the requirements of CFR 47 Part 101 and Part 2 for FCC Certification. The following tests, as
specified in CFR 47 Part 2 with limits defined in CFR 47 Part 101, are required. The transmitter was operated at the
maximum rated output power, +20 dBm, for all tests. An active link with a subscriber unit was established to
provide actual system operating conditions.

Test Parameter CFR 47 Part 2
Paragraph

CFR 47 Part 101
Paragraph

CFR 47 Part 101
Limit

Transmitter Output Power 2.1046 101.113 +55 dBW maximum EIRP
Modulation Characteristics 2.1047 None None
Occupied Bandwidth 2.1049 None None
Spurious Emissions at
Antenna Terminal

2.1051 101.111(a)(2)(ii) and (iii) Refer to 47 CFR 101.111

Field Strength of Spurious
Emissions

2.1053 101.111(a)(2)(ii) and (iii) Refer to 47 CFR 101.111

Frequency Stability 2.1055 101.107 0.001%

3.1 Transmitter Output Power

Transmitter output power at the antenna port was measured using a power meter. Power meter reading was corrected
for the loss in the test set. EIRP is calculated using transmitter output power and antenna gain values. All
measurements were made at the maximum rated output power of +20 dBm.

3.2 Modulation Characteristics

Modulation characteristics were measured using a spectrum analyzer. The analyzer center frequency was set to the
channel center frequency, resolution bandwidth to 1 MHz and video bandwidth to 30 kHz to provide video
smoothing. All measurements were made at the maximum rated output power of +20 dBm.

3.3 Occupied Bandwidth

Occupied bandwidth was measured using a spectrum analyzer and automated routine. All measurements were made
at the maximum rated output power of +20 dBm.

3.4 Spurious Emissions at Antenna Terminals

Conducted emissions at the antenna port were measured and plotted over a frequency range of 30 MHz to 110 GHz.
The plotted transmit spectrum is given for low, middle, and high channel. Figure 3.4-1 shows the test limits for the
full 850 MHz authorized bandwidth. All measurements were made at the maximum rated output power of +20 dBm.
For spectrum mask tests the spectrum analyzer reference level is corrected for 1 MHz resolution bandwidth as
follows and as shown in Figure 3.4-1:

Channel symbol rate = 11.856 MSps. In 1 MHz BW amplitude reduction is 10 LOG (11.856/1) = 10.7 dB.
Spectrum analyzer reference level = +20 dBm – 10.7 dB = 9.3 dBm nominal. Spectrum analyzer reference level was
set to within 0.5 dB of actual measured peak envelope power level.

3.5 Field Strength of Spurious Emissions

Radiated spurious emissions were measured over the frequency range of 1 GHz to 110 GHz in an anechoic chamber
(25m x 14m x 9m). All measurements were made at the maximum rated output power of +20 dBm with the link
operating. Measurements were made at a distance of 3 meters for all emissions. All four sides of the SRU were
tested for maximum radiated levels in vertical polarization. The BABT report, report number A9177F02, detailing
test method and limits, is attached as Appendix A of this report.
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Figure 3.4-1 – Spurious Emissions at the Antenna Port, Spectrum Mask Test Limits
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3.6 Frequency Stability

The RU frequency stability was measured using the frequency counter function of a spectrum analyzer connected to
the 140 MHz receiver IF output. A 350 MHz CW test tone was injected into the subscriber transmitter IF input to
produce the 140 MHz test tone output at the RU. The spectrum analyzer and CW signal source reference frequencies
were connected together to eliminate differential frequency drift between the generation and measurement
equipment.

NOTE: The actual frequency accuracy of the radio is determined by an external network reference frequency
injected into the indoor unit. This external reference frequency is fed to the RU via the IF cable interface and all
phase lock loops are locked to this reference. The reference frequency is distributed to the subscriber unit via the
data symbol rate that is also synchronized with the external network reference frequency.

Section 4. Measurements, Examinations and Derived Results

4.1 General Comments

4.1.1. This section contains test results only. Details of test methods used are available from Netro. Wherever
possible the test methods described in 47 CFR 2 and 47 CFR 101 have been used.

4.1.2. The measurement uncertainties stated were calculated in accordance with the requirements of ETSI document
ETR 028 with a confidence level of 95%.

4.1.3. The purpose of the tests was to demonstrate compliance with the test specification.

4.1.4. Data of receipt of test sample(s): 23 February 2000

4.1.5. Measurements were performed between the following date(s):
Start Date: 23 February 2000 Finish Date: 21 April 2000

4.1.6. All measurements described in this report were performed at Netro Corporation, San Jose, CA, USA unless
otherwise noted. All radiated emissions measurements were performed at BABT Laboratory, Santa Clara, CA, USA.
BABT has provided a full report that is included as Appendix A of this report. Report number is A9177F02.

4.1.7. For full duplex equipment the spurious emissions tests need only be performed once in duplex
(transmit/receive) mode of operation for transmit and receive spurious.

4.1.8. The extremes of test voltage were taken as –42VDC and –56VDC.

4.1.9. The extremes of temperature were taken as –35oC and +55oC for the outdoor unit. The indoor unit was at
+25oC ambient temperature.

4.1.10. Antenna port conducted and radiated measurements were performed by removing the integral antenna and
packaging the radio unit in the non-integral antenna housing.

4.1.11. Frequency Allocation:
Channel Transmitter Frequencies

Low Channel Middle Channel High Channel
Frequency

(GHz)
Channel
Number

Frequency
(GHz)

Channel
Number

Frequency
(GHz)

Channel
Number

Base Radio 27.516 1 27.612 25 27.708 49
Subscriber
Radio

27.932 1 28.028 25 28.124 49
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4.2 Test Results

4.2.1 RF Power Output

47 CFR 2.1046
Rated RF Output Power at Antenna Terminal = +20.0 dBm

Transmitter Power at Antenna Terminal (dBm)Test Conditions
Low Channel Middle Channel High Channel

BRU 19.56 18.23 18.63
SRU

T nominal +25C
V nom –48VDC 19.44 20.01 20.32

Base Radio Unit antenna gain is 15 dBi nominal. Subscriber Radio Unit antenna gain is 30 dBi nominal.
Calculate EIRP (dBW) = Tx power (dBm) + antenna gain (dBi) –30 dBW/dBm.

EIRP (dBW)Test Conditions
Low Channel Middle Channel High Channel

BRU 4.56 3.23 3.63
SRU

T nominal +25C
V nom –48VDC 19.44 20.01 20.32

Limits: 47 CFR 101.113
Maximum Mean Power – EIRP (dBW) +55

Calculate SRU EIRP (dBW/MHz) = Tx power (dBm/MHz) + antenna gain (dBi) –30 dBW/dBm.
Power Density (dBW/MHz)Test Conditions

Low Channel Middle Channel High Channel
T nominal +25C V nom –48VDC 8.27 7.53 8.63

Limits: 47 CFR 101.113
Maximum RF Power Density (dBW/MHz) +42

4.2.2 Modulation Characteristics (Spectrum Mask)

47 CFR 2.1047
RF Spectrum Mask (Refer to Plots)Test Conditions

Low Channel Middle Channel High Channel
BRU BRU 2.987-4 BRU 2.987-5 BRU 2.987-6
SRU

T nominal +25C
V nom –48VDC SRU 2.987-4 SRU 2.987-5 SRU 2.987-6

Limits: None

4.2.3 Occupied Bandwidth

47 CFR 2.1049
99% Occupied Bandwidth (MHz) (Refer to Plot)Test Conditions

Middle Channel
BRU 14.13 MHz

BRU 2.989-2
SRU

T nominal +25C
V nom –48VDC

14.13 MHz
SRU 2.989-2

Limits: None
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4.2.4 Spurious Emissions at Antenna Terminals

47 CFR 2.1051
Frequency < +/-250% Removed from Band Center

RF Spectrum Mask (Refer to Plots)Test Conditions
Low Channel Middle Channel High Channel

BRU BRU 2.987-4 BRU 2.987-5 BRU 2.987-6
SRU

T nominal +25C
V nom –48VDC SRU 2.987-4 SRU 2.987-5 SRU 2.987-6

Limits: 47 CFR 101.111(a)(2)(ii)
Spectrum Mask (P = % removed from carrier, B =
Authorized Bandwidth = 850 MHz)

Attenuation = 11 + 0.4 * (P-50) + 10 * LOG10(B) or
Attenuation = 40.3 + 0.4*(P-50)

Frequency > +/-250% Removed from Band Center
Spurious Emissions (Refer to Plots)Test Conditions

IF Bandwidth Middle Channel Pass/Fail
.030-1 GHz 100 kHz BRU 2.991-1 Pass
1-21.2 GHz 1 MHz BRU 2.991-2 to –6 Pass

21.2-27.572 GHz 1 MHz BRU 2.991-7 to –9 Pass

T nominal +25C

V nom –48VDC
27.652-110GHz 1 MHz BRU 2.991-10 to -

28
Pass

Limits: 47 CFR 101.111(a)(2)(iii)
Attenuation in 4 kHz band, >250% B away from carrier
B= Authorized Bandwidth (MHz), Pout = Mean Output
Power in Watts

Attenuation = 43+10*LOG10(Pout)
or 80 dB whichever is lesser
Attenuation = -33 dB in 4 kHz band = -13 dBm/4 kHz

4.2.5 Field Strength of Spurious Radiation

47 CFR 2.1053

Limits: 47 CFR 101.111(a)(2)(ii)

All radiated emissions testing was performed at BABT Laboratory, Santa Clara, CA, USA. The BABT test report,
report number A9177F02, is submitted as Appendix A of this report. Refer to the BABT report for all information.

4.2.6 Frequency Stability

47 CFR 2.1055
Note: Frequency stability is determined by external network clock.

Frequency Stability (%) (Refer to Plot)Test Conditions
Middle Channel

BRU .00004
BRU 2.995-5

SRU

T nominal +25C
V nom –48VDC

.00003
SRU 2.995-5

Limits: 47 CFR 101.107
Frequency Tolerance, percent 0.001
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Section 5. Summary of Test Results

The summary of the test results is as follows: BRU SRU

Transmitter Output Power Pass Pass
Modulation Characteristics– Spectrum Mask N/A N/A
Occupied Bandwidth N/A N/A
Spurious Emissions at Antenna Terminal Pass Pass
Field Strength of Spurious Emissions Pass Pass
Frequency Stability Pass Pass

Section 6. Test Equipment Used

Instrument Mfr. Model No. Serial No.
DVM Fluke 79 54940691
BER Test Set HP 3784A 2918U00732
BER Test Set HP 3784A 3117U01512
RF Power Meter HP 438A 3048U03885
Power Sensor HP 8485A 2703A05209
Spectrum Analyzer HP 8565E 3804A00884
Spectrum Analyzer HP 8564E 3425A00185
Harmonic Mixer HP 11970U 3003A01395
Harmonic Mixer HP 11970V 2521A01172
Harmonic Mixer HP 11970W 2521A01336
Harmonic Mixer HP 11970U 3003A01553
Harmonic Mixer HP 11970V 2521A01055
Harmonic Mixer HP 11970W 2521A01210
Signal Generator HP 83650A 3420A00683
Signal Generator HP 8648D 3642U00278
Temperature Chamber Lunaire Tenney T10S 26833-02
Variable Power Supply Kepco ATE 100-10M F54572
Directional Coupler Flann 22130-10 1106
Directional Coupler Flann 22130-10 1117
Rotary Vane Attenuator Flann 22110 717
Rotary Vane Attenuator Flann 22110 718
Antenna, 40-60 GHz Aerowave 19-7025 2918
Antenna, 50-75 GHz Aerowave 15-7025 2917
Antenna, 75-110 GHz Aerowave 10-7025 2916

Section 9. Graphs
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9.1 Modulation Characteristics and Emissions at Antenna Terminal <250%

Spurious Emission < 250% Limit Line per 47 CFR 101.111(a)(2)(ii)
Figure BRU 2.987-4 – Modulation Characteristics and Spurious Emissions <250% B

Spurious Emission < 250% Limit Line per 47 CFR 101.111(a)(2)(ii)
Figure BRU 2.987-5 – Modulation Characteristics and Spurious Emissions <250% B
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Spurious Emission < 250% Limit Line per 47 CFR 101.111(a)(2)(ii)
Figure BRU 2.987-6 – Modulation Characteristics and Spurious Emissions <250% B

Spurious Emission < 250% Limit Line per 47 CFR 101.111(a)(2)(ii)
Figure SRU 2.987-4 – Modulation Characteristics and Spurious Emissions <250% B
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Spurious Emission < 250% Limit Line per 47 CFR 101.111(a)(2)(ii)
Figure SRU 2.987-5 – Modulation Characteristics and Spurious Emissions <250% B

Spurious Emission < 250% Limit Line per 47 CFR 101.111(a)(2)(ii)
Figure SRU 2.987-6 – Modulation Characteristics and Spurious Emissions <250% B
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9.2 Occupied Bandwidth

No Limit Defined
Figure BRU 2.989-2 – Occupied Bandwidth

No Limit Defined
Figure SRU 2.989-2 – Occupied Bandwidth
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9.3 Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +1.9dBm/100kHz
Figure BRU 2.991-1 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-2 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-3 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-4 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-5 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-6 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-7 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-8 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-9 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-10 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-11 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-12 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-13 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-14 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-15 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-16 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-17 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-18 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-19 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-20 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-21 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-22 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-23 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-24 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-25 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-26 - Spurious Emissions at Antenna Terminal > 250% B
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Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-27 - Spurious Emissions at Antenna Terminal > 250% B

Limit per 47 CFR 101.111(a)(2)(iii) = -13dBm/4kHz = +10.9dBm/1MHz
Figure BRU 2.991-28 - Spurious Emissions at Antenna Terminal > 250% B
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9.4 Field Strength of Spurious Emissions

Refer to the BABT test report, report number A9177F02 for all test methods, results, and graphs. This report is
submitted as Appendix A of this document.
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9.5 Frequency Stability

Limit per 47 CFR 101.107 = .001% = 27612MHz +/- 276.12kHz
Figure BRU 2.995-5 – Frequency Stability

Limit per 47 CFR 101.107 = .001% = 28028MHz +/- 280.28kHz
Figure SRU 2.995-5 – Frequency Stability
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Appendix A – 28 GHz PMP 1 GHz – 110 GHz Radiated Emissions Test Report
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