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1. Summary

On March 22,2001, Triton Network Inc. located at 8337 South Park Circle, Orlando, FL 32819, tested the
28 GHz OC-12 Wireless Consecutive Point to Point Millimeter Wave Transmitter System Models:
TNS28-SNP12-500-XX
TNS28-SNP12-600-XX
to determine if they were compliant with the FCC Part 101 emission standard. The difference between the
models rests only on the selection of waveguide filters for the appropriate bands. We found that the units
met applicable requirements when tested.

2. Product Description

The 28 GHZ Sonet OC-12 radio is a data-link radio device. A pair of radios, working together, forms a full
duplex 622 Mbps data link, in accordance with the Sonet OC-12 specification as specified in the Bellcore
GR-253-CORE standard. Within the radio network model, the radio link acts as a physical layer link, or
pipe, similar to a bi-directional optical regenerator. The radio replicates data without regard to content.

The 28 GHz Sonet OC-12 (64 QAM) radio uses a 300 MHz channel pair (150 Mhz transmit, 150 Mhz
receive) and the 28 GHz Sonet OC-12 (128 QAM) radio uses a 240 MHz channel pair (120 Mhz transmit,
120 Mhz receive) to carry an aggregate data rate of approximately 691 Mbps in each direction across the
link. The Sonet OC-12 payload accounts for 622 Mbps. The radios are designed to be installed by
operators on rooftop, tower, or suitable structures to provide high-bandwidth communication links.
Operators can use linked radios to provide fixed wireless technology services to an entire metropolitan
service without using fiber optical cable.

2.1 Multiple list/Family information

Part number Transmit Frequency Band
TNS28-SNP12-500-XX 27,500 — 27,850 MHz
TNS28-SNP12-600-XX 28,000 — 28,350 MHz

2.2 Frequency Availability

Radio Services Frequency Bands (GHz) Applicable Subparts Note
Common Carrier
(Pt 101) 27.500 -28.350 L LMDS
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2.3 Block Diagram of the product

TNS IFU Radio Block Diagram
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Figure 1 — IFU Radio Sub-Assembly Block Diagram
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3. Summary of Tests and Results

Test Part 101 Pass/Fail
Frequency Availability 101.101 Pass
Frequency Tolerance and frequency Stability 101.107 Pass
Occupied Bandwidth 101.109 Pass
Emission Limitations (Mask) 101.111 Pass
Spurious Conducted 101.111 Pass
Transmitter Power Limitations 101.113 Pass

RF Safety assessment 1.1307 Performed

4. Test Plan

4.1 General

Triton Networks Systems personnel, using test procedures applicable for the product and standards
required will perform all testing. Testing will be performed at normal laboratory conditions unless
specifically indicated otherwise in the test report.

4.2  Frequency stability

FCC rules Part 101,Section 107 defines the Frequency stability requirements for the transmitters in the
27.500 —28.350 GHz ranges as 0.001% of the transmitter frequency over temperature ranges of —30 to
+55 degrees Celsius and 85% to 115% of the nominal supply voltage range.

4.3 Output power

FCC rules Part 101,Section 113 requires that the output power of the transmitter does not exceed 55
EIRP with the additional stipulation that no higher power than necessary to carry out the desired
communication shall be allowed.

The output power of this transmitter will be measured within the allocated frequency band of 27.500 -

28.350 GHz. The output power will be measured in the low end, middle and the high end of the band.

4.4 Bandwidth

The spectral output of the transceiver will be measured in the low end, middle and the high end of the
band, for each of the different models and modulation scheme at the nominal power rating of the
transceiver. The 99% power bandwidth will be calculated from the spectral display.

4.5 Emission Limitation (Mask)

The spectral output of the transceiver will be measured to show that the emissions fall under the mask as
defined in FCC rules, part 101.111. The shape of the mask will be calculated based on the nominal rated
output power of 23dBm.
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4.6 Spurious emissions

Conducted spurious emissions will be measured from 30 MHz to 220 GHz. For the frequency range above
40GHz, external mixers will be used to down convert the frequency.

4.7 Incidental radiation

Incidental radiation will be measured according to the requirements of FCC Part 15.B and ANSI
C63.4:1992.

4.8 Receiver verification

The receiver section of the transceiver is covered under the requirements of the FCC Part 15
(verification). Specific attention will be paid to the potential emissions of the local oscillator frequencies
appearing at the antenna terminals.

4.9 RF Safety evaluation

The transceiver is neither a portable nor mobile device. A determination will be made if the transceiver is
categorically excluded from environmental assessment or not. A theoretical calculation of the safety zone
will be made.
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5. Test results

5.1 General

The 28 GHz Sonet OC-12 transceiver was tested at the facilities of Triton Network Systems (TNS) on
March 22, 2001 under the guideline of TNS in-house regulatory testing procedures. All testing was
performed at nominal operating conditions at room ambient temperature unless otherwise specified

5.2 Frequency Tolerance and frequency Stability

The carrier frequency of each transmitter authorized in these services must be maintained within the
following percentage of the reference frequency according to FCC Part 101.107.

Frequency Ranges MHz Frequency Tolerance

27500 - 28350 0.001 percent

Table 1. Frequency Stability vs Input Voltage

Maximum Allowed Frequency Deviation (Hz) 277750

Voltage Reference Frequency Measured Frequency Deviation Pass/Fail
(VDC) (H2) (H2) (Hz)
-40.8 27,774,993,793 27,774,993,674 119 Pass
-48 27,774,993,793
-55.2 27,774,993,793 27,774,993,343 450 Pass
Table 2. Frequency Stability vs Temperature
Maximum Allowed Frequency Deviation (Hz) 277750
Temperature Reference Frequency Measured Deviation Pass/Fail
(degC) (Hz2) Frequency (Hz) (Hz)
230 27,774,994,278 27,774,993,465 813 Pass
20 27,774,994,278 27,774,993,349 929 Pass
10 27,774,994,278 27,774,993,630 648 Pass
0 27,774,994,278 27,774,993,911 367 Pass
10 27,774,994,278 27,774,994,129 149 Pass
20 27,774,994,278
30 27,774,994,278 27,774,994,327 -49 Pass
40 27,774,994,278 27,774,994,297 -19 Pass
50 27,774,994,278 27,774,994,111 167 Pass
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5.3 Output power

FCC rules Part 101, Section 113 requires that the output power of the transmitter does not exceed 55dBW
EIRP, with the additional stipulation that no higher than necessary to carry out the desired communication
shall be allowed.

The output power of the transmitter is measured both with a Wattmeter and with the built-in function in the
R&S spectrum analyzer to determine channel power. Both measurements are corrected for the 13.3 dB
loss in the cable between the transmitter antenna output and the measurement instrumentation.

The transmitter was modulated with a 64 QAM and 128 QAM signal with a quasi-random bit pattern.
Consequently the measured average power is lower than the peak output power of the transmitter
depending on the relative occurrence of the various amplitudes used in both 64 and 128 QAM
constellation diagrams.

The numerical gain of the antenna (according to the manufacture) is 3981.1 or 36dB over an isotropic
radiator. The transmitters will automatically reduce the output power to the minimum level required to
maintain a reliable data transmission. The following table represents the maximum possible output power
of 23dBm that is programmed into each individual transmitter as a factory setting. The output power can
be varied over a range of at least 50dB.

Table 3. Transmitter Maximum Output Power

Measured Calculated
Modulation Frequency Power EIRP EIRP Pass/Fail
Power at Ant. Based on 36dB
(MHz) terminal Antenna gain Limit
(dBm) (dBW)
(dBW)
64 QAM 27575 23.28 29.28 55 Pass
64 QAM 27775 23.50 29.50 55 Pass
64 QAM 28075 23.27 29.27 55 Pass
64 QAM 28275 23.38 29.38 55 Pass
128 QAM 27560 23.20 29.20 55 Pass
128 QAM 27790 23.43 29.43 55 Pass
128 QAM 28060 23.46 29.46 55 Pass
128 QAM 28290 23.15 29.15 55 Pass
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5.4 Bandwidth

The occupied bandwidth is determined by the 99% power bandwidth as calculated by the internal function
of the R&S spectrum analyzer. The data is taken from the following figures showing the screen data of the
spectrum analyzer.

Table 4. Occupied Bandwidth

Measured
Mode Frequency Authorized Occupied Detailed Pass/Fail
BW (MHz) | Bandwidth ,
(MHz) (MH2) Information
64 QAM 27575 850 130.26 Figure 1 Pass
64 QAM 27775 850 130.26 Figure 2 Pass
64 QAM 28075 850 130.26 Figure 3 Pass
64 QAM 28275 850 130.26 Figure 4 Pass
128 QAM 27560 850 106.2 Figure 5 Pass
128 QAM 27790 850 106.2 Figure 6 Pass
128 QAM 28060 850 106.2 Figure 7 Pass
128 QAM 28290 850 106.2 Figure 8 Pass

5.5 Emission Designator

Part of the application (license or certification) require the inclusion of an emissions designator as determined
by 47 CFR 2.201 and 2.202

The characteristics of the emissions designator are as follows:

64 QAM | 128 QAM

Necessary Bandwidth - This may be calculated using the formulas of 2.202 or 131M 107M
if that is not possible with the occupied bandwidth

First Symbol - Type of modulation of the main carrier D D
Second Symbol — Nature of signal(s) modulating the main carrier 7 7
Third Symbol - Type of information to be transmitted w W

5.6 Emission Limitations (Mask)

The mean power of the emissions must be attenuated below the mean output power of the transmitter in
accordance with the following schedule (from FCC 101.111).
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Federal Communications Commission Emission Mask

Percentage Shift Attenuation Equation Attenuation Below Spectrum
From Center from 101.111 (a) 2 ii Un-modulated Analyzer RBW
Frequency Channel Carrier
Power (dB)
0 to 50 None 0 1 MHz
50 to 250 11 + 0.4(P-50) + 10 Log B 40.3 to 56 1 MHz
36
Greater than 250 43 + 10 Log (Py) 4 KHz

P = Percent removed from carrier
B = Authorized bandwidth in MHz
P, = Mean Output power in Watts
Attenuation greater than 56 dB is not required.

Emission mask plots shown in Figures 1 - 8 on the following pages show compliance of the EUT with the
emission the emissions mask requirements defined in Part 101.111.2 (ii). The connecting cable between
the transmitter antenna connector and the spectrum analyzer has a measured loss of 13.3 dB at the
transmit frequencies. This value has been added as an offset in the spectrum analyzer display so that the
display reads directly in the correct power (dBm) values.

The emission mask points are calculated as follows:
For the 850 MHz authorized bandwidth as outlined in the FCC part 101.109 and a nominal output power of
23 dBm.

Percent shift Attenuation equation from Attenuation below Frequency
from center Part 101.111.2 (ii) center frequency deviation from
frequency peak (dBc) center in MHz
0 to 50 None 0 0-425
50 11 + 0.4(P-50) + 10 Log B 40.3 425
89.26 11 + 0.4(P-50) + 10 Log B or 56 56 75875
250 11 + 0.4(P-50) + 10 Log B or 56 56 2125
Greater than 250 36 >2125
43 + 10 Log (P,)
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Figure 1. 64 QAM, Lower band edge. Actual Output Power 23.28 dBm

Marker 1 [T1] RBW 1 MHz  RF Att 20 dB
Ref Lvl 4.42 dBm VB 5 MHz
23.3 dBm 27.57600200 GHz SWT 5 s Unit dBm
23.
oof—1 e Offsgt vl ase
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T [T1] -5.92 dBm
47.50986874 GHz
. /“”’“‘\2 N o s
T?{ X 27.64013026 GHz
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ol \
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FCE85 ) \_\
-40
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-70
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Date: 22.MAR.2001 17:59:02
Figure 2. 64 QAM, Middle of the band . Actual Output Power 23.50 dBm
Marker 1 [T11 RBW 1 MHz  RF Att 20 dB
Ref Lvl 4.64 dBm VB 5 MHz
23.3 dBm 27.79483968 GHz SWT 5 s Unit dBm
23.
] B Offsdt v [rrag de4 an
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] |
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Date: 22 .MAR.2001 12:52:17
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Figure 3. 64 QAM, Middle of the band, Actual Output Power 23.27 dBm

Marker 1 [T1] RBW 1 MHz  RF Att 20 dB
Ref Lvl 4.66 dBm VBW 5 MHz
23.3 dBm 28.07600200 GHz SWT 5s Unit dBm
23.
Sol—1 B Offapt v, [rreg s g
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YT (717 ~5[.66 dBm
48.00986874 GHz,
T 2
48.14013p26 GHz
-10 1RM
l \ ~
-2g J
-3g
FCcC_8s dvp///j \\v\‘\-
|
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-7g
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Date: 22.MAR.2001 16:17:22
Figure 4. 64 QAM, High end band edge, Actual Output Power 23.38 dBm
Marker 1 [T1] RBW 1 MHz  RF Att 20 dB
Ref Lvl 4.77 dBm VBW 5 MHz
23.3 dBm 28.27600200 GHz SWT 5s unit dBm
23.
ool —1 B Offept vy [(reg Aol g
48.27600p00 GHz,
0 OPH 140.26052[104 MHz
VT [71] —4[.76 dBm
7 48.20986874 GHz,
0 mv\ T [T 4] 4 84 4B
Ay 48.34013p26 GHz,
-10 1RM
I [~
-20
-30
FCC_85
-40
-50
-60
-70
-76.7
Center 28.275 GHz 100 MHz/ Span 1 GHz
Date: 22.MAR.2001 16:23:39
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Figure 5. 128 QAM, Lower band edge. Actual Output Power 23.20 dBm

Marker 1 [T1] RBW 1 MHz RF Att 20 dB
Ref Lvl 5.62 dBm VBW 5 MHz
23 dBm 27.56100200 GHz SWT 5 s Unit dBm
2
20— Lo Ll lag N RREE Qﬂ;}fﬁhr.l
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0 \; e 55—
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Date: 26.MAR.2001 16:28:51
Figure 6. 128 QAM, Middle of the band . Actual Output Power 23.43 dBm
Marker 1 [T1] RBW 1 MHz RF Att 20 dB
@Ref Lvl 5.62 dBm VBW 5 MHz
23 dBm 27.79100200 GHz SWT 5 s Unit dBm
2
20— Lo SRR SHE2—oBm
47.73100p00 GHz -
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/,~4"-\ A7.73689379 GHz
a S O e oo
it T Eo—Bm
f T 27.84310F21 GHz
-10 ’ \ 1RM
-20) r/J
-30)
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-77
Center 27.79 GHz 100 MHz~ Span 1 GHz

Date:

26.MAR.2001

16:34:33
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Figure 7. 128 QAM, Middle of the band, Actual Output Power 23.46 dBm

Marker 1 [T1] RBW 1 MHz RF Att 20 dB
Ref Lvl 5.76 dBm VBW 5 MHz
23 dBm 28.06100200 GHz SWT 5 s Unit dBm
2
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]
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Center 28.06 GHz 100 MHz, Span 1 GHz
Date: 26.MAR.2001 16:50:41
Figure 8. 128 QAM, High end band edge, Actual Output Power 23.15 dBm
Marker 1 [T1] RBW 1 MHz RF Att 20 dB
Ref Lvl 5.41 dBm VBW 5 MHz
23 dBm 28.29100200 GHz SWT 5 s Unit dBm
2
20— Lo bl Y StA-+—eiB
A |
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Date:
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Spurious Emissions

Frequency
(GHz)

Reading
(dBpv)

Net Reading

Limit

Margin

No spurious emissions were detected within 56 dB from the carrier level. *

*Measurement sensitivity was such that any signal within =56 dB from the carrier could be detected.

Measurements were made conducted in the range of 1 — 220 GHz.

Figure 9 shows a wide band spectral display proving that the transmitter complies with the requirement of
56 dB attenuation below the carrier.

Figure 9. Wide band view around the center band. Span 4.25 Ghz (2 x 250 percent authorized BW)
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On any frequency removed from the assigned frequency by more than 250% of the authorized bandwidth,
the attenuation of unwanted signals in any 4 kHz band shall be at least 43+ 10Log(P) dB. Measurements
were made conducted at the transmit output port from 1- 40 Ghz ( Figure 10), and was collected with a
bandwidth of 50 kHz in order to speed up measurement time.

Figure 10. Spurious emission search from 1 — 40 GHz

@ RBW 50 kHz RF Att 20 dB
Ref Lvl VBW 5 MHz
23.3 dBm SWT 39 s Unit dBm
23.
1 B Offebt [ |
=0 ||
10
0
-10 1RM
-20
-30
Foo—sho]L—
-40
0 AN AV
LJ/—\I" A"
-60 1
N
-70
-76.7
Start 1 GHz 3.9 GHz, Stop 40 GHz
Date: 22 .MAR.2001 17:08:48
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Measurements were made conducted at the transmitter output port from 40 - 220 Ghz,. The following
plots (Figures 11 — 14) are interrupted in such manner that if the signals in the top test trace are not
identical to the signals in the bottom reference trace (in frequency and amplitude) then the signals are
identified as the unwanted mixer products of the test setup. No occurrences of any valid spurious signals
were detected with the available instrumentation.

Figure 11. Spurious emissions search from 40-60 Ghz

RBW 50 kHz #4
@Ref Lvl VBW 5 MHz
-20 dBm SWT 20 s Unit dBm
-20
- [
-40
-50
-60
-70
-80
-30
1RM
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RBW 50 kHz #4 SID
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-20 dBm SWT 20 s unit dBm
-20
-30
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-50 8
-60
-70
-80
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-110 2RM
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Center 50 GHz 2 GHz/ Span 20 GHz
Date: 22.MAR.2001 22:57:08
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Figure 12. Spurious emissions search from 60-90 Ghz
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Figure 13. Spurious emissions search from 90-140 Ghz
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Figure 14. Spurious emissions search from 140-220 Ghz
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5.8 Incidental Radiation

The TNS 28GHz Sonet OC-12 radio will be subject to the requirements of FCC Part 15, Class B for
incidental radiators. A full report substantiating this requirement will be published by Intertek Testing
Services (ITS) and will be made available after the conclusion of the testing to be scheduled immediately
at ITS testing facilities.

5.9 RF Safety evaluation

The wireless consecutive point millimeter-wave transceiver models TNS28-SNP12-500-XX, TNS28-

SNP12-600-XX are stationary fixed-mounted units with a maximum EIRP of 794 watts effective radiated
power in the main lobe of the antenna. This is less than the 1,640 watts EIRP established by the FCC for
RF safety evaluation, therefore the transmitter is categorically excluded from environmental assessment.

The radio equipment has the following physical characteristics:

Conducted Antenna Power 23 dBm
Antenna Gain 3981.1
Maximum Antenna Dimension 34.29 cm
Minimum Operating Frequency 27.500 GHz

The applicable theoretical calculation per FCC OET Bulletin-65 is shown below based on physical
characteristics described above.

FCC OET Bulletin-65 (Ed. 97-01)
Equation Reference

Near Field Distance from Antenna 2.68 Pg 31-(12)
Surface (m) Rnf =
Distance to Beginning of Far Field 6.43 Pg 33 - (16)
from Antenna (m) Rff =
Distance to Reach 1mW / cm”2 N/A Pg 33 - (17,18)
from antenna surface (m)
% of MPE

5mW /cm”"2
Max Power Density at Antenna 0.86 17.28% Pg 31-(11)
Surface (mW/cm”2) Ss =
Max Mainbeam Near-Field Power 0.36 7.13% Pg 32 - (13)
Density (mW/cm”2) Snf =
Max Mainbeam Transition-Region 0.36 7.13% Pg 33-(17)
Power Density (mW/cm”2) St =
Max Mainbeam Far-Field Power 0.15 3.06% Pg 33 -(18)

Density (mW/cm”2) Sff =

From the above the following conclusions can be reached:
The TNS28 series transceivers comply with the 5mW/cm?® and 1mW/cm’ RF safety limits for the
occupational RF workers and the general public, respectively.
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MPE evaluation diagram
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Equipment Manufacturer Model Serial Cal Due
Spectrum Analyzer | Rohde & Schwarz FSEK20 1088.1491.25 6/5/01
Power Meter Anritsu ML2438A 97180017 1/8/02
Power Sensor Anritsu MA2474A 003170 7/12/01
Power Supply Hewlett Packard 6554A US36340103 10/6/01
Signal Generator Rohde & Schwarz SMP04 DE34238 4/13/01
Temp Chamber Tenney T10C 26790-03 9/23/01
OLESON
Harmonic Mixer | MCROTENELABS OMLWRO5 G00620-1 N/A
OLESON
Harmonic Mixer | MCROTENELABS OMLWR08 F00620-1 N/A
OLESON
Harmonic Mixer | MCROTENELABS OMLWR12 E00620-1 N/A
OLESON
Harmonic Mixer | MCROTENE LABS OMLWR19 U00620-1 N/A
Cable/ Attenuator | | 133dBloss | e
assembly

Triton.doc Pt. 101

© 2001 Triton Network Systems, Inc. All Rights Reserved.
CONFIDENTIAL & PROPRIETARY

Page: 22 of 26



FCC ID: OQT28SNP-12-02
Triton Network Systems, Inc.

47 CFR 101 Test Plan

6. Photographs

Right rear view of the EUT

Front view of the EUT

Triton.doc Pt. 101 Page: 23 of 26
© 2001 Triton Network Systems, Inc. All Rights Reserved.
CONFIDENTIAL & PROPRIETARY



FCC ID: OQT28SNP-12-02
Triton Network Systems, Inc.

47 CFR 101 Test Plan

Internal photograph of CPU/NIC, Modem, Power Supply section
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Top view Modem board

Bottom view Modem board
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Top view of CPU/NIC board

Bottom view of CPU/NIC board
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