L. S. COMPLIANCE, Inc.

FCC ID: LXX-11

2.3 SUMMARY OF TEST REFORT

MANUFACTURER: T.T.I. WIRELESS

MODEL: RCB

SERIAL: 14363, 14364

DESCRIFTION: SPREAD SPECTRUM RADIO MODULE
FREQUENCY RANGE: 2400MHz-2485.5MHz

The T.T. I. Wireless model RCB was found to “meet” the radiated emission specification of Title 47
CFR FCC, Part 15, subpart C. for an intentional radiator

The T.T.1. Wireless model RCB was also found to “meet” the radiated emission specification of Title
47 CFR, FCC Part 15, subpart B for emissions with regards to the receiver and digital sections of the
product.

This product is a composite device, with the receiver and the digital sections subject to verification.
Therefore this technical report will primary contain data that is pertinent to the certification of the
transmitter section of the product.
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L. S. COMPLIANCE., Inc. m

FCCID: LXX-~11
2.7 Conducted (AC LINE) Test Setup and measurements

The conducted emission tests were performed within an 8 by 10 foot shielded room located at L. S.
Compliance, Inc. in Cedarburg, WI. The test item was placed on a non-conductive rubber cart, with a
height of 80 cm above the reference ground plane. The test object was spaced 40 cm from the rear wall of
the shielded room and further than 80 cm from adjacent walls, and the test object power supply was
plugged into a 50 (ohm) 50/250uH Line Impedance Stabilization Network (LISN). The test area and set-
up are in accordance with ANSI C63.4-1992, sections 5, 6, and 7. The AC power supply to the LISN was
ted into the shielded room via an appropriate broadband EMI filter.

See Section 2.15 for pictures of the test setup.

After the equipment under test was set-up in the shielded room and connected to the LISN, the RF
sampling port of the LISN was cabled to a 10dB attenuator-limiter, and then to the EMI receiver. The
EMCQ LISN used has the facility to terminate the unused port with a 502 (ohm) load when switched to
either L1 (line) or L2 (neutral). The appropriate frequency range and bandwidths were entered into the
HP 8546A EMI receiver, and measurements were made. The test object cables and position were varied to
find the maximum signal levels. Final readings were then taken and recorded. The test procedure
guidelines used are found in ANSI C63.4-1992: Sections 7 and 11 including Annex E1 and E2.

The limits for conducted emissions for this test object are found in Title 47CFR, ¥CC Part 15.207 (b)
for an intentional radiator. The levels of these limits are 250uV (48dBpV) from 450 kHz to 30 MHz.

LSC-TTI Wireless 70165 6
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FCCID: LXX-~11

2.13  TEST EQUIPMENT UTILIZED FOR RADIATED EMISSIONS TEST

A list of the test equipment and antennas used for the tests can be found in Section 2.17, which
includes the calibration information as well as the equipment description. All equipment is calibrated and
used according to the user manuals supplied by the manufacturer. All antenna calibrations were
performed at a N.LS.T traceable site, and the resultant correction factors were entered into the Hewlett
Packard 8546A EMI recciver software database. The connecting cables used were also measured for loss
using a calibrated signal generator and the HP 8546A EMI receiver. The resulting loss factors were
entered into the HP 8546A database. This allowed for automatic changes in the antenna correction factor,
as well as cable loss or other corrections, to be added to the EMI receiver display while taking
measurements. Thus, the resulting data taken from the HP 8546A is an actual reading and can be entered
into the database as a corrected meter reading. The HP 8546A EMI receiver was operated with a
bandwidth of 120 kHz when receiving signals below 1 GHz, and with a bandwidth of 1 MHz when
receiving signals above 1 GHz, in accordance with CISFR 16. Both the peak and Quasi-peak detector
functions were used.

For measurements in the upper microwave region, a HP 84125C microwave measurement system
was leased from Hewlett Packard Corporation. This system includes the Spectrum analyzer, preamps and
integrated horn antennas, and is supplied with a current calibration as supplied by the manufacturer
facility. Copies of this certification can be supplied if requested. Being that this instrument 1s an integrated
system, all antenna factors, cable factors, and preamp gain factors are stored and recalled when initially
calibrated and configured for use. Data appearing on the screen and measured during emissions testing is
then presented as corrected readings. During emissions testing, signhals where significant levels were
noted were measured using the 1 MHz IF bandwidth, and a 10 or 100 Hz video bandwidth, resulting in an
average measurement mode of the analyzer. Signal levels were also inspected using the 100 kHz
bandwidth and compared to the maximum radiated signal in a 100 kHz bandwidth of the fundamental
modulated carrier for the three channels tested.

LSC-TTI Wireless 70165 10
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FCC ID: LXX-11

2.4 INTRODUCTION

On May 6"-8th | and June 25% of 1998, a series of Radiated Emissions tests were performed on two
sample models of the T. T. 1. Model RCB, a spread spectrum transceiver module, designed for point-to—
point wireless high speed data transfer.. These tests were performed using the test procedures outlined in
ANSI C63.4-1992 for intentional radiators, and in accordance with the requirements set forth in FCC Part
15.247 for a periodic transmitter. Tests were also performed as outlined in ANSI C63.4-1992 for non-
intentional radiators, in order to verify compliance with the limits set forth in part 15.109 for and to allow
verification of emissions for the digital section of the product. These tests were performed by Kenneth L.
Boston, PE, of L. S. Compliance, Inc. and witnessed by Dragan Zivkovik of T. T. .

2.5 PURFPOSE

The above mentioned tests were performed in order to determine the compliance of the TTI
Wireless RCB 8. 8. transceiver product with limits contained in various provisions of Title 47 CFR, FCC Part
15, including:

15.207 15.247b 15.247¢
15.205 15.247c 15.1092
15.247a2 15.247d

All radiated emissions tests were performed to measure the emissions in the frequency bands described by
the above sections, and to determine whether said emissions are below the limits established by the above
sections. These tests were performed in accordance with the procedure described in the American
National Standard for methods of measurement of Radio-Noise Emissions from Low-Voltage Electrical and
Electronic Equipment in the Range of 9 kHz to 40 GHz (ANSI C63.4-1992). Another document used as
reference for the EMI receiver specification was the International Special Committee on Radio Interference
(CISPR) number 16~1 (1993).

2.6 Power Output Test Performed

For the 15.247b measurement, the oufput of the RCB transceiver module was connected via a short
jumper cable created only for this measurement, into the input of the HP 8546A EMI receiver. The unit
was configured to run in a continuous fransmit mode, with a repeating data package providing the
appropriate modulation. The HP receiver was set to a 1 MHz Bandwidth, and the transmit signal was then
stored, with the peak signal level stored. This power level was collected for all six channels and can be
seen in the chart presented below.

CHANNEL CENTER FREQ LIMIT MEASURED POWER MARGIN
1 2412 MHz 30 dBm 14.26 dBm 15.74 dB
2 2422 MHz 30 dBm 14.82 dBm 15.18 dB
3 2432 MHz 30 dBm 15.05 dBm 14.95 dB
4 2442 MHz 30 dBm 15.08 dBm 14.92 dB
5 2452 MHz 30 dBm 15.05 dBm 14.95 dB
6 2462 MHz 30 dBm 14.81 dBm 15.19 dB

LSC-TTI Wireless 70165 5
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FCC ID: LXX-11

2.8 Occupied Bandwidth Mecasurements

The 6 dB bandwidth found in 15.247.a.2 is a minimum of 500 kHz. The test sample was setup in
the 3 meter Semi-anechoic chamber in accordance with the configuration described below, in section
7 11. Direct measurement of the transmitted signal , taken from a position 1 meter in front of the
transmitting antenna, was then used to determine the signal bandwidth. For each of the representative
channels, refer to the graphs found in Appendix C, on page 37 through page 39. From this data, the
bandwidth of channel 1, which is the closest data to the specification limit, is 7.15 MHz, which is above
the minimum of 500 kHz.

| CHANNEL CENTER FREQ MEASURED 6 DB BW MINIMUM LIMIT
I 1 2412 MHz 7.15 MHz 0.5 MHz
| 3 2432 MHz 7.25 MHz 0.5 MHz
\ 6 \ 2462 MHz \ 7.25 MHz 0.5 MHz

2.9 Power Spectral Density

In accordance with FCC part 15.247(d), the peak power spectral density should not exceed +8
dBm in any 3 kHz band. This measurement was performed along with the conducted power output
readings performed as described in section 7.6. The peak output frequency for each representative
frequency was scanned, with a narrow bandwidth, and reduced sweep. The resultant density can be
determined by inspection of the graphs found in Appendix C, pages 40 through 42, and was found to be
no greater than —5.9 dBm, which is under the allowable limit by 13.9 dB.

CHANNEL | CENTER FREQ | MEASURED P |  ATTEN. CORRECTED SPEC MARGIN
1 2412 -18.67dBm 10.0dB -8.67dBm +8.0dBm 16.67dB
3 2432 -16.58dBm 10.0dB -6.58dBm +8.0dBm 14.58dB
| 6 2462 -15.88dBm 10.0dB -5.88dBm +8.0dBm 13.88dB

2.10 Processing Gain

A full description of this measurement can be found in Appendix D, wherein the processing gain of
the system was determined by using the CW jamming margin method. This test was performed within a
screened room located on the L.S. Compliance facility, by Brian Petied, of L.S. Research, which is colocated
with L. S. Compliance in Cedarburg.

LSC-TTI Wireless 70165
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2.11 RADIATED EMISSIONS TEST SETUP

The test sample was operated within the 3 meter Semi-Anechoic, FCC listed chamber located at L.S.
Compliance in Cedarburg, WI. The sample was mounted on its supplied metal tripod, which was
centered on the flush-mounted 2m diameter metal turntable. The test sample was operated on its own
[new] internal power supply. The test sample was configured to run in a continuous transmit mode
during the 15.247 and 15.205 measurements. The sample was also set to run in a T.D.D. mode with 1
second on and 1 second off transmit times in order to inspect the level of TDD spurs transmitted. One test
sample was set to operate on either channel 1 (2412mhz), channel 3 (2432MHz) or channel 6
(2462MHz) while being tested as an intentional radiator, in order to determine compliance within a
frequency range of 2400-2483.5 MHz, as dictated by FCC part 15.31m

The system was also mounted on the 80 CM high wooden table, centered on the turntable for
measurement of spurious signals emanating from the system during both receive and transmif modes.

Please refer to Section 2.15 for pictures of the test setup.

LSC-TTI Wireless 70165 8
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FCCID: LXX-11
2.12  RADIATED EMISSION TEST PROCEDURE

The fundamental and spurious (harmonic) enussions of the transmitter were tested for compliance
to Title 47 CFR, FCC Part 15.247¢ [imits for Direct Sequence Spread Sprectrum systems, and the 15.205
general [imits, within the restriced bands. For the calculations used to determine the 1 meter limits, see
Appendix A. The test sample was tested from the lowest frequency generated by the transmitter to the
10th harmonic of the fundamental frequency generated by the device. The appropriate limits were also
observed where any spurious signals were located within any of the restricted bands as described in Part
15.205a. These frequencies, and their associated limits, are referenced in Section 2.14. The sample was
mounted on the supplied metal tripod and placed in the 3 Meter chamber and the antenna mast was
placed such that the antenna was either 1 meter or 3 meters from the test object. A biconical antenna was
used to measure emissions from 30 to 200 MHz, a log periodic was used to measure emissions from 200 to
1000 MHz, and a double ridged waveguide horn was used to measure emissions above 1 GHz. The test
object was programmed to operate in continuous transmit, and the resultant signals were maximized by
rotating the turntable 360 degrees, and by raising and lowering the antenna between 1 and 4 meters. The
test object was also given several different orientations to determine the maximum signal levels, using both
horizontal and vertical antenna polarities. Emissions above 1 GHz were also measured at a 1 meter
separation, using the HP 84 125C Microwave Measurement system.

No significant emissions were found aside from the transmitter fundamental and some spurious
sighals. The unit was scanned for emissions in both transmit and receive modes, over the range 30 to
26000 MHz to establish compliance with Part 15.247¢ and 15.205 for the system. Also, the scans were
performed to evaluate the digital controller section of the product, which is subject to verification as a
Class A digital device. The same procedures as detailed for the transmitter tests described above were used
to perform these measurements. The results of the system measurements are found in Appendix B, with
graphs of the signature scans found in Appendix C.

LSC-TTI Wireless 70165 9
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FCCID: LXX-11

Manufacturer: T.T.I. Wireless
Model: RCB
Serial Number(s): 14363, 14364

2.14 - Restricted Bands affecting this product

3 Meter limits

Frequency (MHz) Limit (LV) Limit (dB/puv/m)
960-1240 500 54.0
1300-1427 500 54.0

1435~1626.5 500 54.0
1645.5-1646.5 500 54.0
1660-1710 500 04.0
1718.8-1722.2 300 54.0
2200-2300 500 54.0
2310-2390 500 54.0
2483.5-2500 500 54.0
2655-2900 500 54.0
3260-3267 500 54.0
3332-3339 500 54.0
3345.8-3358 500 54.0
3000-4400 500 54.0
4500-5150 500 54.0
5350-5460 500 54.0
7250-7750 500 54.0
8025-8500 500 54.0
9000-9200 500 54.0
9300-9500 500 54.0
10600-12700 500 54.0
13250-13400 500 54.0
14470-14500 500 54.0
15350-16200 500 54.0
17700-21400 500 54.0
22010-23120 500 54.0
23600-24000 300 54.0

LSC-TTI Wireless 70165 11
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2.15 — Photos taken during testing

LSC-TTI Wireless 70165 12
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FCC ID: LXX-11

2.16 SUMMARY OF RESULTS AND CONCLUSIONS

Based on the procedures outlined in this report, and the test results included in appendices B and C,
it can be determined that the T.T.I. Wireless model RCB does “meet” the emission requirements of Title 47
CFR, FCC Part 15 Subpart C for an intentional radiator.

The enclosed test results pertain to the samples of the test item listed, and only for the tests
performed on the data sheets. Any subsequent modification or changes to the test items could invalidate
the data contained herein, and could therefore invalidate the findings of this report.

LSC-TTI Wireless 70165 13
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FCCID: LXX~11

2.17 - Test Equipment

~Asset# | Manufacturer | Model# | Serial # Description Due Date
AAI60003 EMCO 3121C 786 Dipole Set Antenna 7/14/98
AA960004 EMCO 3146 9512-4276 Log Periodic Antenna 9/9/98
AAQ60005 EMCO 3110B | 9601/2280 Biconical Antenna 9/9/98
AAIBOOO7 EMCO 3115 | 99111-4198 Double Ridged Guide/Horn Antenna 9/9/98
EES60004 EMCO 2090 9607-1164 Mast/Ttable Controller 1.O
EES60013 HP 85464 |3617A00320| Receiver RF Section W/Display and RF filter section | 7/30/98
EE960014 HP 85460A | 3448A00296 Receiver RF Section Preselector 7/30/98
Manufacturer Model Serial Description Calibrated on:
Hewlett Packard | 84125C | 3643A00026 Microwave EMI Test System 12 October 1997

LSC-TTI Wireless 70165
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APPENDIX A:

SAMPLE CALCULATIONS

LSC-TTI Wireless 70165
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LS. COMPLIANCE, Inc. m

FCC ID; LXX-11

Manufacturer: T.T.1. Wireless
Model: RCB
Serial Number(s): 14363, 14364

Calculation of Radiated Emissions limits for
FCC Part 15.209 (above 1 GHz)

The following table depicts the Class B limits for an unintentional radiator: Limits established at a
measurement distance of 3 meters and limits corrected for a 1 meter measurement distance which are
extrapolated from the 3 meter limit.

Frequency 3m limit - Imlimit
(MHz) (dB uv/m) (dB.uv/m)
960 MIiz up 54 63.54

% The 1 meter limits were calculated by adding a factor of 9.54 dB, derived from:
20logio (3/1) = 9.54 dB uV/m
3m limit = 10m limit + factor

= 54 dB uV/m + 9.54 dB uv/m
=63.54 dB pvV/m

LSC-TTI Wireless 70165 21
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APPENDIX B:

DATA CHARTS
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FCC ID: LXX-11

Measurement of Electromagnetic Radiated Emission within 3 Meter FCC Listed Chamber

Date of Test:
Location:

Specifications:

Distance:
Equipment:

Frequency Range inspected: 30 to 1000 MHz

May 6, 8 ,1998 Manufacturer:  T.T.I.Wireless

L. S. Compliance, Inc. Model No.: RCB

W66 N220 Commerce Court

Cedarburg, W1 53012

47CFR FCC Part 15.109 class A Serial No.: 14363

3 meters Configuration: ~ Rx on Channel 6, worst case

HP 8546A EMI Receiver

Detector(s) Used: Quasi-peak

EMCO 3146A Log Pertodic

EMCQ 3110B Biconical

The following table depicts the level of significant spurious emissions found:

Frequency; Antenna | Height | Azimuth |EMI Meter Reading; 15.109 Limit Margin (dB)
(MHz) | Polarity |(meters)|(0° - 360°) (dB pv/m) (dB uv/m)
32.5 Vert 1.0 133 41.1 49.54 8.44
41.28 Vert 1.0 133 38.4 49.54 11.14
78.7 Vert 1.4 0 39.6 49.54 9.94
176.5 Horiz 1.0 144 37.7 53.98 16.28
177 Horiz 1.0 144 38.3 53.98 15.68
180 Horiz 1.0 144 38.6 53.98 15.38
200 Horiz 1.0 161 39.3 93.98 14.68
203 Horiz 1.0 161 40.0 53.98 13.98
213.6 Horiz 1.0 160 471 53.98 6.7
213.6 Vert 1.0 125 40.3 53.98 13.68
280 Vert 1.0 59 48.5 56.9 8.4
280 Horiz 1.0 295 48.1 56.9 8.8
290 Vert 1.45 165 49.5 56.9 7.4
290 Horiz 1.7 137 48.3 56.9 8.6
310 Vert 1.5 170 49.9 56.9 7.0
320 Vert 1.5 164 49.0 56.9 7.9
320 Horiz 1.7 232 46.3 56.9 10.6
330 Horiz 1.7 280 47.0 56.9 9.9
396 Vert 1.0 230 45.5 56.9 11.4
397.5 Horiz 1.0 47 46.6 56.9 10.3
480 Horiz 1.0 233 42.9 56.9 14.0
480 Vert 1.4 182 42.6 56.9 14.3
LSC-TTI Wireless 70165 23
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Measurement of Electromagnetic Radiated Emission within 3 Meter FCC Listed Chamber
Frequency Range inspected: 1 to 26 GHz
Date of Test: May 6, &, June 25, 1998 Manufacturer:  T.T. L. Wireless

Location: L.S. Compliance, Inc. Model No.: RCB

W66 N220 Commerce Court
Cedarburg, W1 53012
Specifications: 47CFR, FCC Part 15.247(¢), 15.205 Serial No.: 14363

Distance: 1 meter Configuration: TxonCh 1, 3,0r 6

HP 8546A EMI Receiver

HP 84125C microwave EMI system Detector(s) Used: Average

Equipment:

EMCO 3115 Double Ridged Waveguide Unless noted as Peak

The following table depicts the level of significant spurious and harmonic emissions found:
Emissions radiating from the system are defined by height and azimuth on the turntable.

Emissions radiating via the mesh antenna are described as being inspected on boresite of antenna.

Frequency | Antenna | Height Azimuth [EMI Meter Reading! Channel |15.205 Limit Margin (dB)
(GHz) Polarity |(meters)[(0° - 360°) (dB uv/m) (dB) {(dB pv/m) 3
4.264 H 1.0 160 42.17 1 63.54 21.37
12.064 \ 1.0 Boresite 38.05 1 63.54 25.49
14.472 V 1.0 Boresite 39.24 1 63.54 24.30
19.296 V 1.0 Boresite 36.42 1 63.54 27.08
4.304 H 1.0 230 40.5 3 63.54 23.04
12.160 H 1.0 Boresite 38.62 3 63.54 24.82
14.592 H 1.0 Boresite 38.65 3 63.54 24.89
19.456 V 1.0 Boresite 36.17 3 63.54 27.37
4.364 H 1.0 150 42.33 6 63.54 21.21
4.364 \ 1.0 30 45.67 6 63.54 17.87
12.310 vV 1.0 Boresite 36.94 6 63.54 26.60
19.696 \ 1.0 Boresite 36.75 6 63.54 26.79
22.158 V 1.0 Boresite 37.83 6 63.54 25.71
2.3852 Vv 1.0 Boresite 56.70 1 63.54 6.84
2.3780 \ 1.0 Boresite 78.86 peak 1 83.54 4.68
2.4921 Vv 1.0 Boresite 57.40 0 63.54 5.14
2.3762 \ 1.0 Boresite 52.60 6 63.54 10.94
2.4921 V 1.0 Boresite 66.03 peak 6 83.54 17.51
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Measurement of Electromagnetic Radiated Emission within 3 Meter FCC Listed Chamber
Frequency Range inspected: 1000 to 26000 MHz

Date of Test: May 6,8, June 25, 1998 Manufacturer:  T.T.I Wireless

Location: L. S. Compliance, Inc. Model No.: RCB

W66 N220 Commerce Court
Cedarburg, W1 53012
Specifications: Title 47CFR, FCC Part 15.247 (C) Serial No.: 14363

Distance: 1 meter Configuration:  Txon channel 1, 3, and 6

HP 8546A EMI Receiver

Equipment: 1o ¢4195¢ microwave EMI system Detector(s) Used: Peak, Average
EMCO 3115 Double Ridged Waveguide 1 MHz bandwidth
EMCO 3146A Log Feriodic 100 kHz Bandwidth

EMCO 3110B Biconical

All other Harmonics and Spurious signals not reported within restricted bands

No emissions within 20 dB of the minus 20 dBc specification could be found

1.SC-TTI Wireless 70165 25
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FCCID: LXX-11

Measurement of Conducted Emissions within 8 X 10’ FCC Listed Shielded Room.

Date of Test: May 6.8, June 25, 1998 Manufacturer:  T.T.I. Wireless

Location: L. S. Compliance, Inc. Model No.: RCB

Weo N220 Commerce Court
Cedarburg, WI 53012

Specifications: Title 47CFR, FCC Part 15 Subpart C Serial No.: 14363
Distance: 40 cm to vert. G.P. Contfiguration:  Chanrnel 3, Rx and Tx
Equipment: HP 85460A, 85462A EMI Receiver Detector(s) Used: Quasi-Peak

EMCO 3810/2NM LISN

HP 11947 A Limiter

Lab Conditions: Temp.: 72° F [Humidity:50%
The following table depicts the level of significant spurious emissions found:

frequency Line Ell\élalc\i/i[igr 15.22(;'CLimit Margin
(MH2) dBpv) | (B uv) (dB)
1.32 L1 36.9 48 1.1
1.46 L1 364 48 11.6
1.55 L1 35.9 48 12.1
1.79 L1 36.3 48 11.7
24.03 L1 38.8 48 9.2
26.58 L1 37.2 48 10.8
26.72 L1 37.6 48 10.4
0.72 L2 39.2 48 8.8
0.85 L2 37.7 48 10.3
1.32 L2 39.6 48 8.4
1.92 L2 35.0 48 13.0
2.03 L2 37.1 48 10.9
2.39 L2 36.9 48 111
16.47 L2 36.4 48 11.6
24 .97 L2 36.0 48 12.0
25.18 L2 38.2 48 9.8
25.46 12 36.2 48 11.8
25.76 L2 36.8 48 11.2
26.24 L2 39.1 48 8.9
26.58 L2 40.1 48 7.9
26.72 L2 40.0 48 8.0
27.14 L2 40.7 48 7.3
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Channel 6 Rx Transceiver, emissions 30-230 MHz, vertical polarity
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Channel 6 Rx Transceiver, emissions 30-230 MHz, horizontal polarity
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4G.P8 dBuV/m MER 219,35 Mz
4g3.28 dByl/m
LOG  REF 78.B dBuW/m PRLAMP DN ZEMTWW
18
MMﬂz MARKER
B dE / “

L e TV e
UR SEU—aA W };./\_c Qé.,.f.:{‘a% a NEXT PK

se Folwl VT ) RIGHT
ACORR

NEXT P

LEFT

START 30.8 MHz STOP 230.0 MHz Hore

R tjf BW 12R kHz AUG BW 3HH kH: SHP 188 msec 1 of B
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L. S. COMPLIANCE, Inc.

FCCID : LXX-~11

Channel 6 Rx Transceiver, emissions below1 GHz, horizontal polarity

Last Hrd
Key Menu

SFAN

[G3] 14:38:56 MAY BE. 1998
MARKER ACTU DET: PERK
cdf.1 MH:z MEAS DLT: PERK OGP AUG
94.71 dBpVsm KR £d49a.1 HMHz
94.71 dBpWs/m
LOG  REF 7@.H dBuV/m PREAHF 0N
14
dB/
FATH : I
B db
_ r ‘_._h__‘{:_ﬂ.__:_ ._._. _=_zr._,___f__. .
Tae Iy S _;::_:LEL%L
Y t - TR R L Pl SO
UR SB
5C FC
ACORR
START 238.8 HH:z STOP 1.88B8BA OHz
R #]1F BW 128 kHz AVG BW 3@B kH: SWP 72¢ msec

CLERR
WRITE A

MAX
HOLD A

UIEW A
BLANK A
Trace

AR C

More
1 of 3
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L. S. COMPLIANCE, Inc.

FCCID : LXX-11

Channel 6 Rx Transceiver, emissions below1 GHz, Vertical polarity

(] 14:22:28 MAY BE, 1999 ol
Key He
MARKER ALTY DET: PERK 2y Henu
120.5 MH: MERS DET: PEAK 0P AUG SPRN
5@.45 dBul/m KR 328.5 HHz
S5A.95 dBulsm
y
LOG REF 78.8 dBub/m PREAMP DN _mwxmw
T :
dB~ ,
TR N MARKER
B db e a
|-.).=:‘—# _‘_A'_‘______ ...-- ___ _ o - . - ~ _‘_._m.”..__...._,
L;_ .,é _, ___.F.x_. _________, PEAK
Jv 4 AR A ™ v
R SB NEXT PK
SCFC RIGHT
ACORF
NEXT P
LEFT
START 238.7 N STOP 1.0880 OHz Hor e
R #1F BN 198 kHz AUG BW 3B kH: SWP 728 msec 1 af 7
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LS. COMPLIANCE, Inc. E

FCC ID : LXX-~11

Channel 1 Transceiver, Tx mode, emissions 1 to 5 GHz, vertical Polarity

[G5] 18:13: 24 MAY @5, 1998 o hrg
AUERAGE BANDWIOTH ACTU DET: PEAK Key Henu
T MH; MEAS DET: PERK OF AUG SBAN
MKR 2.411 GHz
12819 gBuben |
MARKER
dE ~ %
. MARK LR
1§ dB o
NEXT
- bl T PERK
UR SR it NEXT PK
SC P |t RI1GHT
ACORR i
- NEXT PK
aaﬁzesaaaa LEFT
START 1.808 GHz STOF .00 GHz More
R S1F BH 1.8 MHz  #AVD BW 3 MHz SWP 80.8 msec 1 af ?
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L. S. COMPLIANCE, Inc. a

FCCID : LXX-~11

Channel 1 TX, 6dB occupied bandwidih

[(5] 15:83:82 MAY @H. 1398

Lasi Hrd
Key M
HARKER a ACTY DET: PERAK =J renu
7.15 MHz MEAS DET: PEAK OF AUD SpaN
87 dB MKR A uuuwﬂzum
LOG  REF 1PE.@ dBulsm PREAMP ON uwmnmm
3
e gﬁ E<H$ . MARKLR
b A VAT :
M| RN
oL ﬁ i i J MARKEF
113.9 Fﬁhff AKPTD
dByV s
ShUB | a Jﬁ Yy SELECT
S0 FC Ny 1| Le3d
ACORR |
t}i \M HARKER 1
ﬂ YV aN OFF
CENTER 2.491360 GHz SPAN 20. A0 HHz Mar g
R #1F BN 108 kH: RAVG BH 1 HHz SWP 20.8 msec 1 of 3
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L. S. COMPLIANCE, Inc. a

FCCID : LXX-11

Channe] 6 TX, 6dB occupied bandwidth

[@3] 13:23:31 MAY @B, 1938

o0 B AT AT

HARKERE - ACTY DET: PEAK
7.254% MH: MEAS DET: PEAK OP AUG
.¢3 dE HERa 7.05 MHz
.21 dB
LOG  REF 126.73 dBpWYsm PREAMFE ON
3
dB -~

T, L

0L WA T
V5o g n

WL

Rl v
sc Fol [ Ty,
ACORR 1

)

!

CEMTER 2.46C8B GHz
R 11F BW 1B kHz BAYG BW 1 MH:z

SPAN 2@.BH MHz
SHP Ed. B mcec

Last Hrd

Key Menu
SPAN

CLEAR
WRITE A

MAX
HOLD A

VIEW A
BLANK A

Trace
A B C

More

1 of 3

LSC-TTI Wireless 70165 39




L. S. COMPLIANCE, Inc. E

FCCID : LXX-11

3 Kilohertz Spectral Density; channel 1

LOG
1H
dB~
ATN
28 dB

A SB
S5C FC
CORR

R

[G5) 16:14:38 MAY @8, 1599

REF LEUEL ACTU DET: PERK
1.4 dEm MEAS DET: PEAK OF AUD
MKR 2.4134628 GHz
-18.67 dBm
REF -1B.8 dBm PREAMP ON
. % ‘
oA a0} : ﬁ\%:;::: n pﬁk
VNN W T PVVIVVAR T PN Y
AV TR A VAV

CENTER 2.443465R GH:

t1F BN 3.8 kHz

tAUG BN 3B kHz

SFAN 388.8 kHz

#SWP 1HE

SE8cC

Lasi Hrd
Key Henu

SPAN
MARKER
+ CF
MARKER

FL

MEXT
PERK

MEXT PK
RIGHT

NEXT PK
LEFT

More

1 of €
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L. S. COMPLIANCE, Inc. E

FCCID : LXX-11

3 Kilohertz Spectral Density; channel 3

[G3] 16:B6:44 MAY @B, 1998 ot e
HARKER ACTU DET: PERAK Key HMenu
4396587 GHz MEAS DET: PEAK OP AUQ -
-16.98 dBm MKR 2,4936583 OHz

“16.58 dBn

LOG  REF 1@.8 dEBm PREAMP DN nmwﬂww

18

dE /

5H df &

X

Al
J HARKER
Anla n N ;:a A :D; :%m 1 AMPTD
UR SB < { fq_._f\ .,ﬂb C{ r\__ i__,__\/\ ,e; \_ .fd ! L SELECT
5S¢ FC W/ AV | L
CORR

MARKER 1
ON OFF
CENTER 3.4336575 GHz SPAN 308.0 kAz Mor e
RL #1F BW 3.8 kHz  ®AUC BW 3B kHz SWP 1BA msec 1 af @
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L. S. COMPLIANCE, Inc. E

FCCID : LXX-11

3 Kilohertz Speciral Density; channel 6

mmm 16:AB: 32 MAY BB 1848 Last Hrd
Key Menu
SHEEFT IHE ACTYU DET: PEAK
MKR 2.4636743 CHz
-15.BH dBm
CLERR
LOG  REF 18.B dEm PREAMF ON WRITE A
1
dB~
MA X
ATHN
cn dR HOLD A
A D ﬁfm - A

A O A R e
ST Y A A LA AR LR LY A

BLANK A
SCOFC Vi VY
CORR
Trace
RE C
CENTER 2.4636778 GHz SPAN 160.0 kHz Mare
R #1F BM 3.8 kHz  ®AVG BW 18 kHz #5WP 1@B sec | of 3
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FIIGH TECHNOLOGY ELECTRONIC CONSULTANTS TTI Wireless Jamming Margin Test

APPENDIX D:

FCC 15.247(e) Jamming Margin Test
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L.S. RESEARCH Inc. m FCCID: LXX-11

HIGH TECHNOLOGY ELECTRONIC CONSULTANTS TTI Wireless Jamming Margin Test

1.0 Scope

This report presents the test procedure, test configuration and test data associated with a FCC Part
15.247 (e) Jamming Margin test for the indirect measurement of processing gain.

2.0 Applicable Reference Documents.

[1] “Operation within the bands 902-928 MHz, 2400-2483.5, and 5725-5850 MHz” Title 47
Part 15 section 247 (e) Code of Federal Regulations. (47 CFR 15.247).

[2] “Report and Order: Amendment of Parts 2 and 15 of the Commission’s Rules Regarding Spread
Spectrum Transmitters. Appendix C: ‘Guidance on Measurements for Direct Sequence Spread
Spectrum Systems” FCC 97-114. ET Docket No. 96-8, RM~-8435, RM-8608, RM-8609.

[3] “The Treatment of Uncertainty in EMC Measurements” NAMAS, NIS 81 Edition 1, May 1994.
NAMAS Executive, National Physical Laboratory, Teddington Middlesex, TW11 OLW, England.

[4] “ HFA3860 Direct Sequence Spread Spectrum Baseband Processor” Harris Corporation
Semiconductor Sector Preliminary Data Sheet, Melbourne FL, June 1997.

[5] “ M-ary Orthogonal Keying BER Curve”, Communication from Harris Corporation to L.S.
Research, Inc.

3.0 Test Background and Procedure.

According to FCC regulations [1], a direct sequence spread spectrum system must have a processing
gain, Gy of at least 10 dB. Compliance to this requirement can be shown by demonstrating a relative
bit-error-ratio (BER) performance improvement (and corresponding signal to noise ratio per symbol
improvement of at least 10 dB) between the case where spread spectrum processes (coding,
modulation) are engaged relative to the processes being bypassed. In some practical systems, the
spread spectrum processing cannot simply be bypassed. In these cases, the processing gain can be
indirectly measured by a jamming margin test [2].
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The processing gain is related to the jamming margin as follows {2]:

S J
Gp = BERREFERENCE A (ﬁj + [Ej + Lsystem

output

Where BERgsrrrexct i the reference bit error ratio with its corresponding, theoretical output signal to
noise ratio per symbol, (S/N)ouput, (J/S) is the jamming margin (jamming signal power relative to
desired signal power}, and Lyysiem are the system implementation losses.

The maximum allowable system implementation loss is 2 dB.

The HFA3860 direct sequence spread spectrum baseband processor uses M-ary Bi-~Orthogonal
Keying. The BER performance curve is given by [5]:

“ The probability of error for generalized M-ary Orthogonal signaling using coherent demodulation is
given by:

n 2
P=1-P =1- : [120-0z+ 2 B LT expl-Zta
| ; 5

This integral cannot be solved in closed form, and numerical integration must be used. This is done in
a MATHCAD environment and is displayed in graphical format for M=2, 4, 8, and 16.” (Shown on

next page for M=16).
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The reference BER is specified as 1 @ 105 . The corresponding Es/No (signal to noise ratio per
symbol) 1s 16.6 dB. The Es/No required fo achieve the desired BER with maximum system
implementation losses is 18.6 dB. The minimum processing gain is again, 10 dB, therefore:

G :[Ej y (J) + Ly =166dB +20dB +(i)210d3
N s/ 5

97 output

G,=186 dB + (1) >10dB
S

The minimum jammer to signal ratio is as follows:

()2 ~ssas
S
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4.0 Test Configuration: CW Jamming Margin (15.247) (c)

4.1 Basic Test Block Diagram

KEYBCARD KEYBOARD
And _ And
MONITOR Z MONITOR
TTI - TTC ; TTI
EUT (TX) H_H_*_’ FIREBERD 6000A ) EUT (TX)
S/N #14363 BER Analyzer S/N #14364
Fixed
S Attenuators
lo—
J
3dB, Two-
Hewleti Packard Section,
. 3648C Wilkinson
Signal Generator , Couplers
Hewlett Packard Gigatronics
HP&593A 8542C
Spectrum Analyzer o Power Meter
. Shield Room
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4.2 Test Procedure

4.2.1 Obtain the simplex link shown. Perform all independent instrumentation calibrations prior to
this procedure. Set operating power levels using fixed and variable attenuators in system to
meet the following objectives:

1. Signal Power at receiver approximately -60 dBm (above thermal sensitivity
such that thermal noise does not cause bit errors).

2. Signal Power at power meter between -20 and -40 dBm for optimal linearity.
3. Use spectrum analyzer to monitor test.

4. Ensure that CW Jammer generator RF output is disabled and measure the
power at the power meter port using the power meter. This is the relative
signal power, S;.

5. Disable Transmitter, and set CW Jammer generator RF output frequency equal
to the carrier frequency and enable generator output. Set reference CW
Jammer power level at power meter port equal to S: (0 dB J/S reference level).
Note the power level setting on the generator, this is the reference CW Jammer
power setting, Jr.

6. Disable CW Jammer, re-establish link. BER test set should be operating error-
tree.

7. Enable CW Jammer at a low power level and gradually increase the CW
Jammer power until the BER test set indicates the reference BER level (1 & 10-5)
or greater. Note nominal Jammer power setting, J

8. The maximum Jamming signal level is limited such that the link is not degraded to the
point where re-acquisition is necessary. This was necessary to allow the test to be automated and to
be independent of the E.U.T. If the jammer power level were allowed to exceed the threshold in
which the link is lost in the equipment, the test would be interrupted. The maximum Jamming level
is above the level necessary to detect the minimum processing gain.
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4.2.2 This test is repeated for a fixed signal carrier frequency and for uniform steps in frequency
increments of 50 kHz across the receiver passband with the CW Jammer. In this case, the
recetver passband is £9.5 MHz. The procedure can be illustrated as follows:

For offset frequency - 9.5 MHz to carrier frequency + 9.5 MHz , Step 50 kHz.
Begin at minimum Jammer Power

Do:
Increase Jammer Power Setting by 1dB.
Until:
Average BER 1s greater or equal to reference BER.
Record Indicated Nominal Jammer Level setting.
Next offset frequency.

4.2.3 The nominal Jammer Level settings are tabulated versus offset frequency. The J/S ratio and the
processing gain are then calculated as follows:

L,

If Ju =] then:

J
— |= 0dB
S
is the reference Jammer Power Level.

4.2.4 The processing gain then is determined using the J/S raiio:

G,=186 dB + (1]
S

L.S. Research, Inc. CONFIDENTIAL Page 62



€0 a%r]

88¥-131l1

TVIINIAINOD U] “YoaeasAy g
N/91¢54
TOJON JaMOg ‘oo aoNbMMMmsmw_Moomm
RrA LT *
SOIUOI BB PIE]OE] Bo[maH
4po1
(€)
s191dn0 0Z01021d
UOSUD{|IA o
ap 9 dp Ol 0101023d
Y6ZWW  0110023d ——0] ¢A
L N/91£9y
ap g ap 01 .
PEZWW  0110024d oS TS
D8198dH
pIeyord 1ajmay
wﬁ-ﬁﬁ@
1/91€9Y NI NI $
L 901D Xy n 3OO[D X - ¥ODXL u
FOSTIH N/S p-ece py TOCAIPUY NI « »ixt4 aped SISV IH N/S
OX0) LOT  pece o V0009 a¥IdIdId  |¢e PP pped  (XL) 1N4
1LL N/91£5Y " DLL ﬁwm%w 1/65-D¥ LLL
MW e1ed Xy Nmm,mﬁ WA XL _ _
AATIONINOD] LEST 1# JoqunN [B1Ias | JOLINOW
mowﬁoz @ WILNWOD | WY PIAIYS 0-7/Z-81 uaaspur puy
MIVOIATN TVNOSYAd AQIVOLATY

TUOWBINSIIUO)) [BOITIO[] 1S9, €' F

183, urBie Sunue( ssopRIIM 1LL

IT-XXT

-1 204

SLNVLITOASNOD DINCILITIT ADOIONHIIL HOIM

P‘ TOUT HOYVASTYT ST

4



r
L.S. RESEARCH Inc. "A

HIGH TECHNOLOGY ELECTRONIC CONSULTANTS

FCCID: 1LXX-11
TTI Wireless Jamming Margin Test

4.4 Measurement Equipment List

Equipment LSR Serial No. | Serial Number | Calibration
HP8596E Spectrum Analyzer CC00130C 3205A00103 Initial Only
Gigatronics 8542C Power Meter EE960005 1831450 2/14/97
Gigatronics 86301A Sensor - 1830164 3/5/98
TTC Fireberd 6000 BER Test Set CC00164C 10016 11/29/96
Test Interval 1007
Pattern: 2723-1
External TX input
HP 8648C Signal Generator. CC00129C 34119400344 6/16/94
Wilkinson Power Couplers (3) - 2400-1,-2 -3 HP8753E

4.5 Measurement Uncertainties for Absolute Measurements

The measurement uncertainties are determined by the methods specified in NAMAS NIS 81, Edition 1,

May 1994, “The Treatment of Uncertainty in EMC Measurements”.

Equipment Specified Probability Specified
Characteristic Density Uncertainty
HP3596E Spectrum Analyzer Reference Uniform 0.3 dB +0.01 ¢ dB
Level from -20 dBm
HF8596E Spectrum Analyzer Calibrator Uniform +0.4 dB
Qutput
HF8596E Spectrum Analyzer Absolute Uniform +0.15 dB
Amplitude
Calibration
Uncertainty
Gigatronics 86301A Sensor Power Uniform 1.33 %
Calibration
Factor
Wilkinson Couplers Amplitude Uniform +0.1 dB
2400-2500 MHz Imbalance
HP 8648C Qutput Power Uniform +2.0dB
L.S. Research, Inc. CONFIDENTIAL
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HP Spectrum Analyzer Total Uncertainty (-60 dBm level):

Perform Root-Sum-Square of three uncertainties to find total uncertainty for a 95% confidence level:

Uniform uncertainties specify the probability density interval +a. The variance of the uniform density is
a/3.

Sum the uncorrelated variances to find the total variance:

Total variance = [(0.3 dB +0.01 ¢ 40 dB)/3 +(0.4)/3+(0.15)/3] = 1.25/3 = 0.416
The uncertainty for a 95% confidence interval is 1.96 times the standard deviation:
Total Uncertainty = +1.96 @ ¥0.416 = 1.96 » 0.644 = +1.26 dB

Gigatronics Power Sensor Power Calibration Factor Uncertainty:

Probable error in Power sensor: £1.33% , +10 log10 (1.0133) = +0.0574 dB

Variance = 0.0574/3 =0.01913
Total uncertainty = +1.96 « ¥0.01913 = +0.27 dB

Signal Generator Qutput Power Uncertainty:

Level Accuracy = +2.0 dB
Variance = 2.0/3 =0.667
Total uncertainty = +1.96 « ¥0.667 = +1.6 dB

To check the power setting accuracy, the output of the HP8648 C was varied at 2432 MHz over
expected power level range and the power was measured at the output of the summing coupler. The
power was measured with the Gigatronics Power meter.
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Power Coupler ldeal Error
Setting Qutput Qutput (dB)
(dBm) Power FPower
(dBm) (dBm)
-17.5 -30.3 -30.3 0
-18.5 -31.3 -31.3 0
-19.5 -32.3 -32.3 0
-20.5 -33.2 -33.3 -Q.1
-21.5 ~34.2 -34.3 -0.1
-22.5 -35.2 ~-35.3 ~0.1
-23.5 -36.1 -36.3 -0.2
-24.5 -37.1 -37.3 -0.2
-25.5 -38 -38.3 -0.3
-26.5 -39.4 ~39.3 0.1
-27.5 -40.4 -40.3 0.1
~-28.5 -41.5 -41.3 0.2
-29.5 -42.5 -42.3 0.2
-30.5 -43.5 -43.3 0.2
-31.5 -44.6 -44.3 0.3
-32.5 -45.6 -45.3 0.5
-33.5 -46.7 -46.3 0.4
~34.5 -47.8 -47.3 0.5
-35.5 -48.9 -48.3 0.6
-36.5 -49.9 -49.3 0.6
-37.5 -50.5 -50.3 0.2
-38.5 -50.9 -51.3 -0.4
-39.5 -51.4 -52.3 -0.9
L.S. Research, Inc. CONFIDENTIAL
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HIGH TECHNCOLOGY ELECTRONIC CONSULTANTS

5.0 CW Jamming Margin Test Data

The numerical data is presented in graphical form here. Processing gain versus CW frequency for Channels
1,3, and 6 are presented. The measured relative signal power, reference jamming level, and reference
jamming level setting are shown below for each channel:

Channel 1 Channel 3 Channel 6
2412 MHz 2432 MHz 2462 MHz
Relative Signal -33.7 dBm ~29.5 dBm ~32.5 dBm
Power , Sr
Reference -33.9 dBm -29.8 dBm ~-32.6 dBm
Jamming Level
Reference ~21 dBm -17.5 dBm -20 dBm
Jamming Level
Setting, Jr
L.S. Research, Inc. CONFIDENTIAL
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5.1 CW Jamming Test Data for Channel 1

The processing gain versus frequency offset from the carrier is presented below. The Jamming Margin test
procedure [3] allows the worst 20% of the points to be discarded. The minimum processing gain is the
minimum of the remaining points. The minimum of remaining points can be determined by calculating the
upper bound of the 20t percentile of processing gain data. This number will be listed with the data and it
represents the final compliance quantity.

Processing Gain (TTI CH1)
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T T T N . T T N S T R - B
B o B B oy Y iy - o ~ ~ iy E- B E-S - E-S - = £ r-s
=] <] o =] o =} =} =) it a = = = = = = = = he] S 5
[ X] (] P h (o1} -~ [=5] w o o 2 W B (4] N ~J fex] [(a) (=) - [a]
[=) 2 (=) [w] (=) o o [e=] o <o [w] o [ Q (] Q fan) [w) o (=] o2
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+ + + + + + + + + + + + + + + + + + + + +
(=] = fom] (=] [ 2 fute] [ [ Q [=] o o (=) (=] [ow] o) o o= [an] fom ]
[{=] o o w [7=] [{=) D [+ @ O o (ts] (1=} © [I=] [{=) o (= fe=] [{=] (7=
Frequency (Hz)
The minimum processing gain with 20% worst points removed is 10.6 dB.
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5.2 CW Jamming Test Data for Channel 3

Processing Gain (TTI CH3)
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Frequency (Hz)
The minimum processing gain with 20% worst points removed is 10.6 dB.
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5.3 CW Jamming Test Data for Channel 6:
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Frequency (Hz)
The minimum processing eain with 20% worst points removed 1s 10.6 dB.
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6.0 Analysis of Test Data

The main conclusions associated with this set of tests are as follows:

1. The system passes the CW jamming margin test on Channel 1,
2. The system passes the CW jamming margin test on Channel 3.
3. The system passes the CW jamming margin test on Channel 6.

The tabular data used to prepare the graphs and conclusions found in this report are stored at the offices of
L.S.Compliance, and are available for inspection if deemed necessary. The computer program used to control
the test equipment automatically (in HP VEE) is also available for inspection, if deemed necessary.
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(cRecence Number HSOL{

FCC 1D 1.XX11
Explannlon of how the device works

The device is a spread spectrum radio transceiver used to transmit and receive data at
rates up to 11 million bits per second (MBFS). The device inciudes the 2.4GHZ ISM
Band radio module and an antenna assembly consisting of & lightning arrestor, a
minimum of 50’ of RGS cable, and parabolic antenna.

The GGain on the parabolic antenna is 24dbi.

Detabled Descrlptlon of the Intended Use

I'he device will be used by commercial establishments to transmit data between fixed
locations for purposes ot connecting Local Area Networks (LAN)'s, Private Branch
Exchange (PBX) telephone systems, video cameras, and other devices that can be made
to produce & data stream compatible with this device. The device will accomplish this
transmission by transmitting a spread spectrum signal in the 2.4 to 2.483 GHZ 1SM band
under Part 15 of the FCC rules at data rates up to but not exceeding 11 MBPS. Under
these rules users will be able to install the device for the purﬁoses of establishing
communications between the fixed points involved without having to file for a license or
coordinate with other users. It is anticipated that the robust communicatons established
using spread spectrum will provide sufficient separation from other users nearby.

It is intended that commercial establishments including schools, hospitals, munutucturers,
and offices will use the product to establish communications berween thelr private
locations including internet access, LAN, voice, or video communications.

The device will be used in a point to point mode or in point to multipoint with two
parabolic antennas pointing back to the main parabolic antenna.

The theoretical processing gain on the radio module is 10.6db and was determined using
the CW jamming test method. The details for this method are anached and are included
in the lab test report from L.S. Compliance.
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2.11  RADIATED EMISSIONS TEST SETUP

The lesl samplc was vperated within the 3 meter Semi-Anechoic, FCC listed chamber located at L.S.
Compliance in Cedarburg, W1. The sample was mounted on its supplied metal tripod, which was
centered on the flush-mounted 2m diameter metal turntable. The test sample was operated on its own
[new] internal power supply. The test samplc was configured to run in a continuous transmit mode
during the 15.247 and 15.205 measurements. 'I'he sample was also set to run in a T.D.D, mode with 1
second on and 1 second off transmit times in order to inspect the level of 1TDD spurs transmitted. One test
sample was set 10 operate on either channe! | (24 12mhz), channel 3 (2432MHZ) or channe! 6
(2462MHz) while being tested as an intentional radiator, in order to determine compliance within a
frequency range of 2400-2483.5 MHgz, as diciated by FCC part 15.31m

The system was also mounted on the 80 CM high wooden table, centered on the turntable for
measurement of spurious signals emanating from the system du ring both receive and transmit modes.

Flease refer to Section 2.15 for plcmms of the test setup.

LSC-TTI Wireless 70165 ) 8
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FCCID: LXX-11
2,12 RADIATED EMISSION TeEST PROCEDURE

The fundamental und spurious (harmonic) emissions of the transmitter were tested for compliance
to Title 47 CFR, FCC Part 15.247¢ limits for Direct Sequence Spread Sprectrum systems, and the 15.205
general limits, within the restriced bands. For the calculations used to determine the 1 meter limits, sec
Appendix A. The test sample was tested from the lowest frequency generated by the transmitter to the
10th harmonic of the fundamental frequency generated by the device. The appropriate limits were also
observed where any spurious signals were located within any of the rcstrictef Eands as described in Part
13.203a. These frequencies, and their associated limits, are referenced in Section 2.14. The sample was
mounted on the supplied metal tripod and placed in the 3 Meter chamber and the antenna mast was
plaved such that the antenna was elther 1 meter or 3 meters from the test object. A biconical antenna was
used to measure emissions from 30 to 200 MHz, a log periodic was used to measure emissions from 200 to
1000 MHz, and a double ridged waveguide horn was used to measure emissions above 1 GHz. The test
object was programmed 10 operate in continuous transniit, and the resultant signals were maximized by
rotating the turntable 360 degrees, and by raising and lowering the antenna between 1 and 4 meters. The
test object was also given several different orientations 10 determine the maximum signal levels, using both
horizontal and vertical antenna polarities. Emissions above 1 GHz were also measured at a 1 meter
separation, using the HF 84125C Microwave Measurement system.

No significant emissions were found aside from the transmitter fundamental and some spurious
signals. The unit was scanned for emissions in both transmit and receive modes, over the range 30 to
26000 MHZz to establish compliance with rart 15.247c and 15.205 for the system, Also, the scans were
performed to evaluate the digital controller section of the product, which is subject to verification as a
Class A digital device. The same procedures as detailed for the transmitter tests described above were used
to perform these measurements. The results of the system measurements are found in Appendix B, with
graphs of the sighature scans found in Appendix C.

LSC-TTI Wireless 7065 5
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2.13  Tesr EQUIPMENT UTILIZED FOR RADIATED EMISSIONS TEST

A list of the test equipment and antennas used for the tests can be found in Section 2.17. which
includes the calibration information as well as the equipment description. All equipment is calibrated and
used according to the user manuals supplied by the manufacturer. All antenna calibrations were
performed at a N.1.5.T traceable site, and the resultant correction factors were entered into the Hewlett
Packard 8346A EMI receiver software database. The connecting cables used were also measured for loss
using a callbrated signal generator and the HF 8546A EMI receiver. The resuliing loss factors were
entered into the HP 8546A database. This aliowed for automatic changes in the antenna correction factor,
as well as cable loss or other corrections, 10 be added to the EMI receiver display while taki
measurements. ‘Thus, the resulting data taken from the HP 8546A is an actual reading and can be entered
into the database as a corrected meter readinF. The HF 3546A EMI receiver was operated with a
bandwidth of 120 kHz when receiving signals below I GHz, and with a bandwidth of 1 MHz when
recelving signals above 1 GHz, in accordance with CISPR 6. Both the peak and Quasi-peak detector
functions werce uscd.

For meusurements in the upper microwave region, a HP 84 125¢ microwave measurement system
was leased from Hewlett Packard Corporation. This system tncludes the Specirum analyzer, preamps and
integrated horn antennas, and is supplied with a current calibration as supplied by the manufacturer
facility. Copies of this certification can be supplied if requested. Being that this instrument is an integrated
system, all antenna factors, cable factors, and preamp gain factors are stored and recailed when initially
calibrated and configured for use. Data appearing on the screen and measured during emissions lesting is
then presented as corrected readings. During emissions testing, signals where significant levels were
noted were measured using the 1 MHz I¥ bandwidth, and a 10 or 100 Hz video bandwidth, resulting in an
average measurement mode of the analyzer. Signal levels were also inspected using the 100 kHz
bandwidth and compared to the maximum radiatcd signal in & 100 kHz bandwidth of the fundamental
modulated carrier for the three channels tested.

LSC-TTI Wireless 70165 10



L. S. COMPLIANCE, Inc.

FCC 1D LXX-~11

Munufacturer: T.T.1. Wireless
Model: RCB
Serlal Number(s); 14363, 14364

2.14 - Restricted Bands affecting this product

3 Meler Limits

Frequency (MHz) Limit (uV)_ Limit (AB/pv/m) |
960-1240 S00 54,0
1300-1427 500 54.0

1435-1626.5 500 54.0
1645.5-1646.5 500 54.0
1660-1710 300 54.0
17188-1722.2 500 54.0
2200-2300 500 54.0 _
2310-2390 500 54.0
2483.5-2500 500 540
2638-2900 500 54.0
3260-3267 500 54.0
"3332-3339 500 840
3345.3-3358 500 B4.0
3600-4400 300 540
4500-5150 500 840
5350-5460 500 540
7250-7750 300 T 540
8025-8500 500 54,0
9000-9200 500 54.0
9300-9500 500 840
10600-12700 500 54.0
13250-13400 500 54.0
14470-14500 500 54.0
18350-16200 | 500 54.0
17700-21400 500 54.0
22010-23120 500 )
23600-24000 500 54.0

LSC-TTI Wireless 70165
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L. S. COMPLIANCE, Inc. m

YCC 1D 1L.XX-~1]

2.15 — Photos taken during testlng

LSC-TTI Wireless 70165 12 -7




L. S. COMPLIANCE, Ine.

FCC ID: LXX-11
2.16 SUMMARY OF RESULTS AND CONCLUSIONS

Based on the procedures outlined in this report, and the test results included in appendices B and C,
it can be determined that the T.T.L. Wireless model RCB does “meet” the émission requirements of Title 47
CFR, FCC Fart 15 Subpart C for an intentional rediator,

The enclosed test results pertain to the samples of the test item lim and only for the tests
performed on the data sheets. Any subsequent modification or changes to t{'le test items could invalidate
the data contained herein, and could therefore invalidate the findings of this report.

LSC-'TT1 Wireless 70165 18



L. S. COMPLIANCE, Inc. _

FCCID: LXX~11

2.17 ~ Test Equipment

B_| 060172080

9/9/98

3115 | 69111-4188 9/9/98

E 4] 2090 | 9607- O |

HP 8546A {3617A00820 7/30/68

EES60014|  HP 65460A [ 3448A00206 "7/30/08
O _

[ Manufacturer _Model Serial Description. " |  Calibrated on:
Hewlett Packard | 84125C | 8643A00026 Microwave Eﬁi}l‘esf Systern 12 October 1997

LSC-TTI Wireless 70165
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L. S. COMPLIANCE, Inc.

[ P — e o

FCC ID: LXX-11

APPENDIX A:

SAMPLE CALCULATIONS
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L. 8. comPLIANCE, Inc. [{d

Ml e e A ————

FCC ID: LXX-11

Manufacturer: T.T.I. Wireless
Model: RCB
Serial Number(s): 14363, 14364

Calculation of Radiated Emissions limits for
FCC Part 15.209 (above 1 GHz)

The following table depicts the Class B limits for an unintentional 'rad‘iamr: Limits estabiished at a
measurement distance of 3 meters and limits corrected for a 1 meter fneasurement distance which are
extrapolated from the 3 meter limit. '

» The 1 meter limits were calculated by adding a factor of 9.54 dB, derjved from:
Z0log10(3/1) = 9.54 dB uvV/m
3m limit = 10m limit + factor
= 54 dB Uv/m + 9.54 AB pV/m

=63.54 dB uv/m

LSC-TTI Wireless 70165 21



L. S. COMPLIANCE, Inc. [

FCCID: LXX-11

APPENDIX B:

DATA CHARTS

- LSC-TT! Wireless 70165
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L. S. COMPLIANCE, Inc. m

Location;

Distance:
Equipment:

Measurement of Electromagnetic Radiated Emission within 3 Meter FCC Listed Chamber

Date of Test:

FCC ID: LXX-11

Frequency Range inspected: 30 to 1000 MHz,

May 6, 8 ,1998

L. S. Compliance, Inc.

W66 N220 Commerce Court

Cedarburg, Wi 53012

Speclfications: 47CFR FCC Part 15.109 class A

3 meters

Manufacturer: T I L.Wireless

Model No.: RCH

Serlal No.: '_ 14363

Configuration: Rx on (,hanncl 16, ‘Wworst case

HP 8546A EMI Receiver

EMCO 31464 Log Perlodic

EMCO 3110B Biconical

Detector(s) Used: Quasi-peak

The following table depicts the level of significant spurious cmi{isiohs found:

15.109 Limit

' Azimuth |EMI Meter Readi i
quetﬁ;)cy ?glﬁ?ya (r}ril?lil:;) (0°-~360°) (B puv/m) ® (dB pv/m) | Margin (dB)
325 | Vert | 1.0 133 411 | 4964 | B4s
4128 | Vert 1.0 133 38.4 49.64 11.14
78.7 Vert 14 0 396 49,54 9.04
176.5 | Horiz | 1.0 144 31.7 5398 | 1628
177 Horiz | 1.0 144 38.3 $3.08 15.68
180 Horiz | 1.0 144 38.8 53.98 15.38
200 Horiz 1.0 161 30.3 53.68 14.68
203 Horiz | 1.0 161 40.0 53.08 13.98
213.8 | Horiz | 1.0 160 47 1 53.98 6.7
2138 | Vert 1.0 125 40.3 53.98 13.68
280 Vert 1.0 55 48.5 56.9 8.4
280 Horlz | 1.0 205 48.1 56,9 88
200 Vet | 145 165 49.5 56.9 7.4
290 Horiz | 1.7 137 48.3 56,9 8.6
310 Vert 1.5 170 490 660 7.0
320 Vert 15 164 49.0 %89 |79
320 Horlz 1.7 232 46.3 66.9 10.8
330 Horiz | 1.7 280 47.0 58.0 9.9
396 Vert 10 230 455 56,9 1.4
3975 | Horiz | 1.0 47 46.8 56.9 10.3
480 Horiz | 1.0 233 42.8 56.0 14.0
480 Vert 1.4 182 426 - 56.9 14.3
LSC-TTI Wireless 70165 23 )




L. S. COMPLIANCE, Inc.

FCC ID: LXX-~11

Measurement of Electromagnetic Radiated Emission within 3 Meter FCC Listed Chamber

Frequency Range inspected: 1 o 26 GHz
Dute of Test: May 6, 8, Junc 25, 1998 .. Manufacturer: - T.T. L Wireless

——a -

Location: L.S. Compliance, Inc. _ ModelNo.:  RCB

WE6 NZ220 Commerce Court
Cedarburg, WI 83012

Specifications: 47CFR, FCC Part 15.247(0), 15.205 SerialNo. 14363
Distance: 1 meter Configuration: . TxonCh1,3,0r6
. . HP 8346A EMI Receiver P )
‘ qupmcnt. HP 84125C microwave EMI system Detector(s) Used: Average

EMCO 3115 Double Ridged Waveguide * “Unless noted as Peak

The following table depicts the level of signiﬂcant spurious and harmonic emissions found:
Emissions radiating from the system are defined by height And azimuth on the turntable.
Emissions radlating via the mesh antenna are described as bcing inspécted on boresite of antenna.

Frequency | Antenna | Height | Azimuth [EMI Meter Reading| Channel | 15.205 Lirmt Marei (nciB)
(GHz) _ | Polarity |(meters)|(0° - 360°)|  (dB pv/m) (dB) | (@Bpv/m) [MArEIN
4.264 H 1.0 160 42.17 1. 63.54 | 21.37
12.064 V 1.0 | Boresite 38.05 1 63.54 | 2549
14.472 V 1.0 | Boresite 39.24 1 63.54 | 2430
19.206 V 1.0 | Boresite 36.42 1 63.54 27.08
4,304 H 1.0 230 40.5 '3 63.54 23.04
12.160 H 1.0 | Boresite 38.62 3 6354 2482
14.592 H 1.0 | Boresite 38.65 3 6354 | 2489
19.456 V 1.0 | Boresite 36.17 3 63.54 27.37
4.364 H 1.0 150 42,33 8 63.54 21.21
4.364 \Y 1.0 30 45 67 8 63.54 17.87
12.310 V 1.0 | Boresite 36.94 6 63.54 26.60
19.606 v 1.0 | Boresite 36.75 8 63.54 26.79
22.158 V 10 |Boresite | 3783 | 6 63.54 25.71
2.3852 Y 1.0 | Boresite 5670 | 1° 63.54 6.84
2.3780 \Y 1.0 | Boresite 78.86 peak 1 83.54 4.68
2.4921 \YJ 1.0 | Boresite 57.40 6 63.54 5.14
2.3762 Y; 1.0 | Boresite 52.60 6. 63.54 10.94
2.4921 Vv 1.0 | Boresite £6.03 peak 6 83.54 17.51
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L. S. COMPLIANCE, Inc.

FCC ID: LXX-~11

Measurement of Electromagnetic Radiated Emission within 3 Meter FCC Listed Chamber
Frequency Range inspected: 1000 to 26000 MHz

Date of Test: May 6,8, junc 25, 1998 Manufacturer: ~ T.I.1 Wirelesy
Location: L. S. Compliance, Inc. Model No.: RCB

W66 N220 Commerce Court

Cedarburg, WI 33012

Specifications: Title 47CFR, FCC Part 15.247 {C) Serial No,; . 14863
Distance: 1 mefer : Configuration: © Tx onchannel 1, 3,and 6
Equipment: gl; g::gggﬁ: cRr:::\,rirEw svstem Detector(s) USed: Peak, Average

EMCO 3115 Double Riglﬁed Waveguide 1 MHz bandwidth

EMCO 3146A Log Periodic 100 kHz Bandwidth

EMCO 3110B Blconical

All other Harmonics and Spurious signals not reported within restricied bands

No emissions within 20 dB of the minus 20 dBc specification could be found

LSC-TTI Wireless 70163 2§ e



Measurement of Conducted Emissions within 8’ X 10’ FCC Listed Shielded Room.

Date of Test:

Location:

Specificattons:

Distance:
Equipment:

Lab Conditions: Temp.: 72° F
The following table depicts the level of significant spurious emissions found:

Frequency| . . sztgr 15.22(':((:141@{ Margin
(MHz) (dB uV) (dB uv) (dB)
1.32 L1 36.9 48 | 111
1.46 L1 36.4 48 1.6
1.65 L1 35.9 48 - 121
1.79 L1 36.3 48 ] 117
24.03 L1 38.8 48 | 82
26.58 L1 37.2 48 10.8

28.72 L1 37.6 48 104
0.72 L2 30.2 48 | 8.8
0.85 L2 37.7 48 1 10.3
132 L 396 | 48 | 84
1.92 L2 35.0 48 ] 130
2.03 L2 37.1 48 10.8 |
2.39 L2 36.9 48 KIK
16.47 L2 36.4 48 1 1186
24.97 L2 36.0 48 | 120
25.18 L2 38.2 8 1 08
25.48 L2 36.2 48 11.8
25.76 L2 36.8 48 | 112
26.24 L2 30.1 48 [ 89
26.58 L2 40.1 48" 118
26.72 L2 40.0 48 B0
27.14 L2 40.7 48 7.3

LSC-TTI Wireless 70165 26 T

May 6.8, lune 25, 1998

L. s. Compllance, Inc.

W66 N220 Commerce Court

Cedarburg, Wi 33012

Title 47CFR, FCC Part 13 Subpart C

40 ¢m to vert, G.P.

HF 854604, 35462A EMI Recelver

EMCO 35810/2NM LISN

HP 11947A Limiter

[Humidity:50%

FCCID: LXX~11

Manufacturer: -
Model No.: RCB
serfal No.; 14363
Conflguration:

Detector(s) Used: Quasi-Feak

T.1.1 Wireless

L. S. COMPLIANCE, Inc. _ -

[ —

Channel 3, Rx and 'I'x




L. S. COMPLIANCE,

FCCID: LXX-11

APPENDIX C:

CGIRATIIS

- LSC-TTI Wireless 70165 27
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