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CERTIFICATE OF COMPLIANCE

SYMBOL TECHNOLOGIES INC. Dates of Tests: Sept. 20-21, 2001
1 Symbol Plaza Report S/N: 15.210820493.H9P
Holtsville, NY 11742-1300 Test Site: PCTEST Lab, Columbia MD U.S.A.

Attn: Sandy Mazzola, Regulatory Engineer
cc:  Dean La Rosa, Senior Design Engineer

FCCID

APPLICANT

FCC Rule Part(s): § 15.247; ANSI C-63.4 (1992)

Classification: Spread Spectrum Transceiver (BLUETOOTH)
Method/System: HYBRID System

Equipment Type: BLUETOOTH Transceiver & Wireless Ring Scanner
Max Output Power: 0.001 Watts

Frequency Range: 2412 - 2483.5 MHz

Trade/Model No(s).: SYMBOL - CRS1-10000-00

This equipment has been shown to be capable of compliance with the applicable technical standards as
indicated in the measurement report and was tested in accordance with the measurement procedures
specified in ANSI C-63-4.

| attest to the accuracy of data. All measurements reported herein were performed by me or were made
under my supervision and are correct to the best of my knowledge and belief. | assume full responsibility
for the completeness of these measurements and vouch for the qualifications of all persons taking them.

PCTEST certifies that no party to this application has been denied the FCC benefits pursuant to Section 5301 of the Anti-Drug Abuse
Act of 1988, 21 U.S.C. 862.
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Randy Ortanez
President
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

MEASUREMENT REPORT

Scope - Measurement and determination of electromagnetic emissions
(EME) of radio frequency devices including intentional and/or
unintentional radiators for compliance with the technical rules and
regulations of the Federal Communications Commission.

§2.983(a) General Information

Applicant Name: SYMBOL TECHNOLOGIES INC.

Address: 1 Symbol Plaza
Holtsville, NY 11742-1300
Attention: Sandy Mazzola, Regulatory Engineer

cc: Dean La Rosa, Senior Design Engineer

e FCCID: HI9PCRS1

o Class: Spread Spectrum Transceiver (Hybrid)

o Type: BLUETOOTH Transceiver & Wireless Ring Scanner
e Freq. Range: 2412 - 2483.5 MHz

e Method/System: Direct Sequence System (DSS)

e Model No(s): CRS1-10000-00

e Max. RF Output Power: 0.001 W

e Rule Part(s): §15.247
e Dates of Tests: Sept. 20-21, 2001
e Place of Tests: PCTEST Lab, Columbia, MD U.S.A.
e Test Report S/N: 15. 210820493.H9P
NVIAD
Lab Code 100431-0
© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 1
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

INTRODUCTION

The measurement procedure described in American National Standard for Methods of Measurement of
Radio-Noise Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9kHz to
40GHz (ANSI C63.4-1992) and FCC Public Notice dated July 12, 1995 entitled “Guidance on
Measurement for Direct Sequence Spread Spectrum Systems” were used in the measurement of SYMBOL
Spread Spectrum Wireless BLUETOOTH Transceiver & wireless ring scanner.

These measurement tests were conducted at PCTEST Engineering Laboratory, Inc. facility in New Concept
Business Park, Guilford Industrial Park, Columbia, Maryland. The site address is 6660-B Dobbin Road,
Columbia, MD 28145. The test site is one of the highest points in the Columbia area with an elevation of
390 feet above mean sea level. The site coordinates are 39° 11'15" N latitude and 76° 49'38" W
longitude. The facility is 1.5 miles North of the FCC laboratory, and the ambient signal and ambient signal
strength are approximately equal to those of the FCC laboratory. There are no FM or TV transmitters within
15 miles of the site. The detailed description of the measurement facility was found to be in compliance
with the requirements of § 2.948 according to ANSI C63.4 on October 19, 1992.
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

PRODUCT INFORMATION

Equipment Description:

The Equipment under test (EUT) is the SYMBOL TECHNOLOGIES INC. CRS1-10000-00 wireless Ring
Scanner using spread spectrum direct sequence and time division duplex techniques.

Frequency Range: 2412 - 2483.5 MHz

Modulation: CCK, DBPSK, DQPSK

Max RF Output Power: 0.001 Watts

Antenna: Polarization Linear

Power Consumption: 100mA

Power Supply: 3.6 VDC

Dimensions (W x H x D): 70 x 50 x 30 mm

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 3
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Test Report S/N: 15.210820493.H9P
Dates of Tests: Sept. 20-21, 2001
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Figure 2. Line Conducted
Emission Test Set-Up
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Figure 5. LISN Schematic
Diagram

© 2001 PCTEST Lab

Conducted Emissions

The line-conducted facility is located inside a 16'x20'x81" shielded
enclosure. It is manufactured by Ray Proof Series 81 (see Figure 2).
The shielding effectiveness of the shielded room is in accordance
with MIL-Std-285 or NSA 65-6. A 1m. x 1.5m. wooden table 80cm.
high is placed 40cm. away from the vertical wall and 1.5m away
from the side wall of the shielded room (see Figure 3).  Solar
Electronics and EMCO Model 3725/2 (81kHz-30MHz) 50Q/50uH
Line-Impedance Stabilization Networks (LISNs) are bonded to the
shielded room (see Figure 4). The EUT is powered from the Solar
LISN and the support equipment is powered from the EMCO LISN.
Power to the LISNs are filtered by a high-current high-insertion loss
Ray Proof power line filters (810dB 14kHz-81GHz). The purpose of
the filter is to attenuate ambient signal interference and this filter is
also bonded to the shielded enclosure. All electrical cables are
shielded by braided tinned copper zipper tubing with inner
diameter of 1/2". If the EUT is a DC-powered device, power will
be derived from the source power supply it normally will be
powered from and this supply lines will be connected to the Solar
LISN.  LISN schematic diagram is shown in Figure 5. All
interconnecting cables more than 1 meter were shortened by non-
inductive bundling (serpentine fashion) to a 1-meter length.
Sufficient time for the EUT, support equipment, and test equipment
was allowed in order for them to warm up to their normal operating
condition. The RF output of the LISN was connected to the
spectrum analyzer to determine the frequency producing the
maximum EME from the EUT. The spectrum was scanned from
450kHz to 30MHz with 20 msec. sweep time. The frequency
producing the maximum level was reexamined using EMI/ Field
Intensity Meter and Quasi-Peak adapter. The detector function was
set to CISPR quasi-peak mode. The bandwidth of the receiver was
set to 81 kHz. The EUT, support equipment, and interconnecting
cables were arranged and manipulated to maximize each EME
emission. Each emission was maximized by: switching power lines;
varying the mode of operation or resolution; clock or data
exchange speed; scrolling H pattern to the EUT and/or support
equipment, and powering the monitor from the floor mounted
outlet box and the computer aux AC outlet, if applicable;
whichever determined the worst-case emission. Photographs of the
worst-case emission can be seen in Appendix C. Each EME
reported was calibrated using the HP8640B signal generator.

SYMBOL FCC ID: HOPCRS1 4

BLUETOOTH Transceiver & Wireless Ring Scanner



Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

Description of tests (Continued)

Radiated Emissions

1

—-‘P"— Preliminary measurements were made indoors at 1 meter using

broadband antennas, broadband amplifier, and spectrum analyzer to

determine the frequency producing the maximum EME. Appropriate
Figure 6. 3-Meter Test Site precaution was taken to ensure that all EME from the EUT were
maximized and investigated. The system configuration, clock speed,
mode of operation or video resolution, turntable azimuth with respect
to the antenna were noted for each frequency found. The spectrum
was scanned from 30 to 200 MHz using biconical antenna and from

TERT
ECLI[PHENT
AREA

—3m— 200 to 8100 MHz using log-spiral antenna. Above 1 GHz, linearly
. polarized double ridge horn antennas were used.
T i g.N% Final measurements were made outdoors at 3-meter test range using
ot Roberts™ Dipole antennas or horn antenna (see Figure 6). The test
e equipment was placed on a wooden and plastic bench situated on a
7 m 1.5 x 2 meter area adjacent to the measurement area (see Figure 7).
Figure 7. Dimensions of Sufficient time for the EUT, support equipment, and test equipment was
Outdoor Test Site allowed in order for them to warm up to their normal operating

condition. Each frequency found during pre-scan measurements was
re-examined and investigated using EMI/Field Intensity Meter and
Quasi-Peak Adapter. The detector function was set to CISPR quasi-
peak mode and the bandwidth of the receiver was set to 810kHz or 1
MHz depending on the frequency or type of signal.

The half-wave dipole antenna was tuned to the frequency found during
preliminary radiated measurements. The EUT, support equipment and
interconnecting cables were re-configured to the set-up producing the
. maximum emission for the frequency and were placed on top of a 0.8-
T meter high non-metallic 1 x 1.5 meter table (see Figure 8). The EUT,
support equipment, and interconnecting cables were re-arranged and
Figure 8. Turntable and manipulated to maximize each EME emission. The turntable
System Setup containing the system was rotated; the antenna height was varied 1 to 4
meters and stopped at the azimuth or height producing the maximum
HL emission. Each emission was maximized by: varying the mode of
— operation or resolution; clock or data exchange speed; scrolling H
b . .
- pattern to the EUT and/or support equipment, and powering the
i [, monitor from the floor mounted outlet box and the computer aux AC

=] outlet, if applicable; and changing the polarity of the antenna,

==
| [

[T17H  whichever determined the worst-case emission. Photographs of the
W e aw =mmonm o worst-case emission can be seen in Appendix C. Each EME reported
was calibrated using the HP8640B signal generator. The Theoretical

=

a B T % 3

Ié?

SITE ATTENUATION (dEY F i

Figure 9. Normalized Site Normalized Site Attenuation Curves for both horizontal and vertical
Attenuation Curves (H&V) polarization are shown in Figure 9.
© 2001 PCTEST Lab SYMBOL FCC ID: H9PCRS1 5
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Test Report S/N: 15.210820493.H9P
Dates of Tests: Sept. 20-21, 2001

§ 15.205 Restricted Bands

Special attention is made for the EUT’s harmonic and spurious radiated emission in the restricted
bands of operation. The EUT was tested from 9kHz and up to the tenth harmonic of the
fundamental frequency of the transmitter using CISPR quasi peak detector below 1GHz. Above 1
GHz, average measurements was used using RBW 1 MHz — VBW 81Hz and linearly polarized
horn antennas. In addition, peak measurements were taken to ensure that the peak levels are not
more than 20dB above the average limit. All out of band emissions, other than those created by
the spreading sequency, data sequence, and the carrier modulation must not exceed the limits
show in Table 2 per 15.209.

Frequency F/S Meas. Dist.
(MHz) (UV/m) (Meters)

0.009-0.490 2400/F (kHz) 300
0.490-1.705 24000/F (kHz) 30
1.705-30.00 30 30

30.0-88.0 810 3
88.0-216.0 150 3
216.0-960.0 200 3
Above 960 500 3

Tab. 2. Radiated Emission Limits Per 15.209

Test Equipment
HP 8566B Spectrum Analyzer 810Hz-22GHz

HP83017A Microwave Analyzer 40dB Gain (0.5 - 26.5 GHz)
HP 3784A Digital Transmission Analyzer

Gigatronics POWER METER MODEL 8651A

EMCO 3115 Horn Antenna (1 — 18GHz)

HP 8495A 20dB Attenuator (DC-40GHz) 0-70dB

HP 8493B 81dB Attenuator

Low Loss Microwave Cables (1-26.5 GHz)
Dipole Antennas (30 — 8100 MHz)

MicroCoax Cables
CDI Dipoles

SYMBOL FCC ID: HO9PCRS1 6
BLUETOOTH Transceiver & Wireless Ring Scanner
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

§ 15.203 Antenna Requirement

An intentional radiator antenna shall be designed to ensure that no antenna other that that
furnished by the applicant can be used with the device. The use of a permanently attached
antenna or of an antenna that uses a unique coupling to the intentional radiator shall be
considered sufficient to comply with this requirement.

CONCLUSION

The SYMBOL CRS1-10000-00 complies with the requirement of §15.203. The antenna is a
permanently attached antenna.

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 7
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Test Report S/N: 15.210820493.H9P

Dates of Tests: Sept. 20-21, 2001

§ 15.247(a)(2) — Direct Sequence Bandwidth

Minimum Standard — 6dB bandwidth for direct sequence systems must be at least 500Hz (0.5 MHz).

Res. Bandwidth =
Vid. BW =

Span =

Ref. Level

Sweep

Attenuator

6dB Bandwidth — Mkr Delta

(see attached spectrum plots)

810 kHz (5dB/div)
810 kHz

30 MHz

-37 dBm

81.0ms

0 dB ext. pad

(6dB down from peak)

FREQUENCY Channel 6dB Bandwidth
(MHz2) (MH2)
2402 01 510
2442 41 522
2482 81 .526
Table 3. 6dB Bandwidth measurements
REMARKS:
PASS

© 2001 PCTEST Lab
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Test Report S/N: 15.210820493.H9P
Dates of Tests: Sept. 20-21, 2001

§ 15.247(b) Maximum Peak Output Power

FCC Part 15.247

Certification

Minimum Standard — The maximum peak output power of the transmitter shall not exceed 1 watt.

Res. Bandwidth =
Vid. BW=

Span=

Ref. Level

Sweep

Attenuator

3 MHz (7dB/div)

3 MHz

10 MHz

0 mwW

5 ms sec

3 dB ext. pad

Max. Power Peak + Atten = dBm = Watts

Power Output | Power Output
FREQUENCY Channel Conducted Radiated
(MHz) (dBm) (mW)
2402 01 0.0 1.0
2442 41 0.0 1.0
2482 81 0.0 1.0

Notes:

The Power Output measurements were taken with a Peak reading Power Meter.

REMARKS:
PASS

© 2001 PCTEST Lab
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

§ 15.247(c) Power Density

Minimum Standard — The transmitted power density averaged over any 1 second interval shall
not be greater than 8dBm in any 3kHz bandwidth within these bands.

Res. Bandwidth = 3 kHz (81dB/div)
Vid. BW = 3 kHz

Span = 300 kHz

Ref. Level -40 dBm

Sweep 1000 sec

Peak + Atten = dBm = (Limit < 8dBm)

FREQ Channel Power Density
(MHz) (dBm)
2402 01 -12.38
2442 41 -14.13
2482 81 -13.62

Table 5. Output Power Density Data.

REMARKS:
PASS

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 10
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

RADIATED Measurements (Fundamental & Harmonics)

Operating Frequency: 2402 MHz
Distance of Measurements: 3 meters
Channel: 01
FREQ. Level* AFCL POL DET F/S F/S Margin
(MHz) (dBm) (dB) (H/V) QP/AVG (uV/m) (dBuV/m) (dB)
2402.0 -43.0 31.3 H Peak 58277.4 95.3 n/a
4804.0 -89.0 44.4 H Peak 1318.3 62.4 -32.8
7206.0 -101.4 49.7 H Peak 582.1 55.3 -39.9
9608.0 -121.2 53.7 H Peak 94.4 39.5 -55.7
12010.0 -129.5 57.2 H Peak 54.3 34.7 -60.5
14412.0 <-132

= NOTES:
%am
= 1. All harmonics in the restricted bands specified in §15.205 are
= =200

below the limit shown in table 2. (note: * Restricted Band)

2. All harmonics/spurs are at least 20 dB below the highest
emission in the authorized band using RBW = 810kHz

3. Average Measurements > 1GHz using RBW =1 MHz VBW = 81
Hz

LT &a £ 100 == 0o OO Tas  loon

FREGUEMNCY <MH=2

4. The peak emissions above 1 GHz are not more than 20 dB

Figure 10. Restricted band harmonics and L
above the average limit.

spurious limits.
5. The antenna is manipulated through typical positions,
polarity and length during the tests.

Above 1 GHz limit is 500 uV/m (54dBu/m) g The EUT is supplied with nominal AC voltage or/and a
new/fully recharged battery.

7. The spectrum is measured from 9kHz to the 81" harmonic
and the worst-case emissions are reported.

8. <- 132 are below the analyzer floor level.

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 11
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

RADIATED Measurements (Fundamental & Harmonics) (Cont.)

Operating Frequency: 2442 MHz
Distance of Measurements: 3 meters
Channel: 41
FREQ. Level* AFCL POL DET F/S F/S Margin
(MHz) (dBm) (dB) (H/V) QP/AVG (uV/m) (dBuV/m) (dB)
2442.0 -43.3 315 H Peak 57411.7 95.2 n/a
4884.0 -89.2 447 H Peak 1333.5 62.5 -32.7
7326.0 -102.0 49.9 H Peak 555.9 54.9 -40.3
9768.0 -120.7 54.0 H Peak 103.5 40.3 -54.9
12210.0 -128.5 57.4 H Peak 62.4 35.9 -59.3
14652.0 <-132

= NOTES:
%am
= 1. All harmonics in the restricted bands specified in §15.205 are
= =200

below the limit shown in table 2. (note: * Restricted Band)

2. All harmonics/spurs are at least 20 dB below the highest
| emission in the authorized band using RBW = 810kHz

- omem 3. Average Measurements > 1GHz using RBW =1 MHz VBW = 81
Hz

LT &a

FREGUEMNCY <MH=2

4. The peak emissions above 1 GHz are not more than 20 dB

Figure 11. Restricted band harmonics and L
above the average limit.

spurious limits.
5. The antenna is manipulated through typical positions,
polarity and length during the tests.

Above 1 GHz limit is 500 uV/m (54dBu/m) g The EUT is supplied with nominal AC voltage or/and a
new/fully recharged battery.

7. The spectrum is measured from 9kHz to the 81" harmonic
and the worst-case emissions are reported.

8. <- 132 are below the analyzer floor level.

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 12
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

RADIATED Measurements (Fundamental & Harmonics) (Cont.)

Operating Frequency: 2482 MHz
Distance of Measurements: 3 meters
Channel: 81
FREQ. Level* AFCL POL DET F/S F/S Margin
(MHz) (dBm) (dB) (H/V) QP/AVG (uV/m) (dBuV/m) (dB)
2482.0 -43.0 31.7 H Peak 60603.8 95.7 N/a
4964.0 -87.9 45.0 H Peak 1603.3 64.1 -31.1
7446.0 -100.6 50.1 H Peak 668.3 56.5 -38.7
9928.0 -119.0 54.2 H Peak 128.8 42.2 -53.0
12410.0 -126.8 57.7 H Peak 78.5 37.9 -57.3
14892.0 <-132

= NOTES:
%am
= 1. All harmonics in the restricted bands specified in §15.205 are
= =200

below the limit shown in table 2. (note: * Restricted Band)

2. All harmonics/spurs are at least 20 dB below the highest
| emission in the authorized band using RBW = 810kHz

- omem 3. Average Measurements > 1GHz using RBW =1 MHz VBW = 81
Hz

LT &a

FREGUEMNCY <MH=2

4. The peak emissions above 1 GHz are not more than 20 dB

Figure 12. Restricted band harmonics and L
above the average limit.

spurious limits.
5. The antenna is manipulated through typical positions,
polarity and length during the tests.

Above 1 GHz limit is 500 uV/m (54dBu/m) g The EUT is supplied with nominal AC voltage or/and a
new/fully recharged battery.

7. The spectrum is measured from 9kHz to the 81" harmonic
and the worst-case emissions are reported.

8. <- 132 are below the analyzer floor level.

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 13
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

RADIATED Measurements (Spurious)

Operating Frequency: 2412 — 2483.5 MHz
Distance of Measurements: 3 meters
FREQ. Level* AFCL** POL Height Azimuth F/S Margin***
(MH2) (dBm) (dB) (H/V) (m) (° angle) (nV/m) (dB)
66.6 -83.0 5.8 H 2.8 0 31.0 -10.2
83.0 -91.0 7.8 H 2.6 190 15.5 -16.2
200.0 -91.5 16.5 H 1.4 190 39.9 -11.5
230.0 -88.2 17.9 H 1.4 90 68.2 -93
420.0 -104.0 242 \% 1.3 80 22.9 -18.8
618.0 -104.0 28.5 H 1.2 30 37.4 -14.6
2 =m NOTES:
-
e 1.All emissions were investigated and the worst case emissions are
= = reported
ggnn 2. For hand-held devices, the EUT is rotated through three
ﬁ 109 | | | | orthogonal axis to determine which configuration produces the
E ad Rd a daa =] acnd L-T-1-] Tda lapo maXimum emiSSions'

FREQUEMNCY cMH=? 3. The EUT is supplied with the minimal AC voltage or/and a
new/fully recharged battery.

Figure 13. Restricted band harmonics and 4. The EUT was tested up to the 81" harmonic (24 GHz) and no
spurious limits. significant emission was found.

Above 1 GHz limit is 500 uV/m (54dBu/m)

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 14
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

§ 15.247(e) PROCESSING GAIN (from SYMBOL)

See attached Processing Gain data and test report from SYMBOL

Results:
PASS
The test results of Section 15.247(e) were confirmed by PCTEST Engineering Lab.

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 15
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Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

§ 15.247(e) PROCESSING GAIN (from SYMBOL) Continued

BLUETOOTH APPROVALS

The following exhibit indicates the FCC Spread Spectrum requirements in Section
15.247 for devices meeting the Bluetooth Specifications In the 2.4 GHz band as of
Fobruary 2001 operating in the USA. The purpose of this exhibit is 1o help sxpedits the
approval process for Bluelooth devices. This exhibit provides Hems that vary for each
device and alzo provides a st of Bems thal are common (o Bluelooth devices that
mhhmmmmmmdmhmmhnﬁnﬁdh

authorization. This exhibit only specifies requirements in
Sﬁ:ﬁﬂnﬁiﬂ raql.lb'mw in other rule Sections for intentional radiators such as in
Section 1mw15mfnmthﬂuhlﬁund.

For each individual device, the Tollowing Hems, 1-7 will vary from one device to another
and must be submitied.

1) The occupled bandwidth In Section 15.247(a){1)(H).

2) Conducted output power specified in Section 15.247(b){(1).

3) EIRP imit In Section 15.24T(b)(3).

4) RF safety requirement in Section 15.247(b)(4)

5) Spurous emission Emits in Section 15.247(c).

6) Power spectral density requirement in Seclion 15.247(f) in the acquisition mode.

For all devicas, tha following itoms, 1-12, are common fo all Bluetooth davices and will
not vary from one device o another. This kst can ba copled into the filing.

1 Output power and channel separation of a Bluetooth device in the different
operating modes:

The different operating modes (data-mode, acquisition-mode) of a Bluetooth device dont
influence the output power and the channel spacing. There s only one transmitier which
is driven by identical input paramelers conceming these two parameders.

Only a diferent hopping saquenca will be used. For this reason, the RF paramelers in
ona op-moda Is sufficent

2 Frequancy range of a Blustooth device:

The maximum frequency of the devica is: 2402 - 2480 MHZ

This Is according the Bluslooth Core Specification V 1.08 (+ critical emata) for devices
which will be operated in the USA. Other frequency ranges ( e.g. for Spain, France,
Japan) which are allowed according the Core Specification must not be supported by
the device.

1 Co-ordination of the hoppling sequence In data mode lo avold simultaneous
occupancy by multiple transmitters:

Bluetooth unils which want 10 communicale with other units must be organized in a
structure called plconet. This piconet consist of max. 8 Bluetooth units. One unit is the
master the other seven are the slaves. The master co-ordinates frequency occupation in
this piconet for all units, As the master hop sequenca ks derfved from it's BD address
which Is uniqua for every Bluelooth device, addiional masters Inlending to eslablish new
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ploonets will always use different hop sequences.
4 Example of a hopplng sequencs In data mode:

Examplo of a T8 hopping sequanca in data mode:

40,21, 44, 23, 42, 53, 46, 55, 48, 33, 52, 35, 50, 65, 54, €7,

56, 37, 60, 39, 58, 69, 62, 71, 64, 25, 68, 27, 66, 57, 70, 59,

72,29,76, 31, T4, 61,78, 63, 01, 41,05, 43, 03, 73, 07, 75,

09, 45, 13, 47, 11, 77, 15, 00, 64, 49, 66, 53, 68, 02, T0, 06,

01, 51, 03, 55, 05,04

5 Equally average usa of fraquencies in data mode and short

transmissions:

The generation of the hopping sequenca In connecion mode depends essentially on bw
valuos:

Inpat

1. LAPYUAP of the master of tha conneclion

2. Inlamal master dock

Tha LAP (lower address parl) are the 24 LSB's of the 48 BD_ADDRESS. The
BD_ADORESS s an unambiguous number of every Bluetooth unit. The UAP (upper
address part) are the 24 MSB's of the 48 BD_ADDRESS. The inlamnal dock of a
Biustooth unit ks derved from a free running dock which ks never adjustied and is never
tumed off, For synchionization with other units, only the offsets are used. it has no
relation Lo the Bme of the day. s resolution is at keast half the FXUTX slol length of 312,
ps. The dock has a cycla of about ona day (23h30). In mosd casa i ks implameantad as
28 bit counter. For the deriving of the hopping sequence the entire LAP (24 bits), 4
LSE's (4 bits) (Input 1) and tha 2T MSB8's of the dock (Input 2) are used. Yith this input
valuas different mathematical procedures (permutations, sddiions, XOR-oporations) an
pwhﬂudhm&ﬂm This will ba done at the beginning of every naw

Ragudnnﬂmhmﬂum the Bluetooth system has the following behavior:

The first connection between the two devices is established, a hopping sequence is
genarated. For transmitting the wanted data, the complete hopping sequence s not
usad and the connection ends. The second conneclion will be established. A new
hopping sequences ks genaratad. Dua 1o the Eact thal the Bluelooth dock has a different
valua, bacausa the perod betwoen the two ransmission ks longer (and i cannot ba
shortar) than the mininum resclution of the dock (312.5 ps). The hopping sequence wil
always differ from the first one.

6 Recalver Input bandwidth, synchronization and repeated single or muitiple
packets:

The input bandwidth of the recelver is 1 MHZ

In every conneclion, one Bluetooth devica is the masler and the other ons Is the slave.
The master determines the hopping sequenca (see chapler 5). The slave follows this
sequence, Both devices shift batween RX and TX time siol according 1o the dock of the
master. Additionally the type of connection (e.9. single or muiti-siot packet) is set up at
the beginning of the conneclion. Tha masler adapls is hopping frequency and s TXR
timing Is according to the packet type of the conneclion. Also, the slave of the
connection uses thesa settings. Repealing of a packet has no influence on the hopping
saquence. Tha hopping sequence generalad by the master of the connaction will ba
followed In any case. That means, a repeatod packet will nol be send on the same
frequency, R Is send on the next frequency of the hopping sequence

T Dwell ime In data mode

The dwell ime of 0.3797s within a 30 second period in data moda Is independent from
the packet typa (packet length). The calculaBion for a 30 second period I3 a follows:
Dwell tima = ime slol length * hop rate / number of hopping channels *30s
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Example for a DH1 packel (with a maximum length of one time skol)

Dwel imo = 625 ps * 1600 1/s / 79 * 30s = 0.3797s (in a 30s perod)

For multi-glot packel the hopping s reduced according o the length of the packel
Exampla for & DHS packel (with a maxdmum length of five tme slots)

Dwel ime = 5 * 625 s * 1600 * 1/5 *1/s / 79 * 30s = 0.3797s (in a 30s period)

This ks according the Bluetooth Core Specification V 1.08 (+ critical errata) for all
Bluetooth devicas. Therefore, all Bluetooth devices comply with the FCC dwell time
requiremant in the data mode.

This was checked during the Bluelooth Qualification lests
mmmmmﬁﬂmumumﬂmnmpm

E Channal Separation In hybrid mode

The nominal channel spacing of the Bluelooth system s 1Mhz independent of the
operating mode.

The maximum “initial camier frequency lolerance” which Is allowed for Bluelooth ks
fcenter = 75 kHz

This was checked during the Bluelooth Qualification losts (Test Case: TRWCANT-E) for
three frequencies (2402, 2441, 2480 MHz).

9 Dertvation and examples for a hopping sequence In hybrid mode

For the generation of the inquiry and page hop sequences the same procedures as
describad for tha data mode are usod (see Rem 5), but this time with differant lnput
veclons:

“For the inquiny hop saquence, i predefined fixed address is sbways used. This results
in the sama 32 frequencies used by all devices dolng an inquiry but every Bme with a
different start frequency’ and phase In this sagqueance.

“For tha page hop saquence, the dovice address of the paged unit is used as tha input
vechor, This results in the use of a subset of 32 frequenclea which is spacific for that
initial slate of the connoection establishment between the two units. A page o

different dovices would result in a different subset of 32 frequencies.

So i Is ensured that also In hybrid mode, the frequency is used equally on average.
Exampla of a hopping saquence in inquiry moda:

48, 50,09, 13, 52, 54,41, 45, 56, 58, 11, 15, 60, 62, 43, 47, 00, 02, 64, 68, 04, 05,
17,21, 08, 10, 68,70, 12, 14,19, 23

Example of a hopplng sequence In paging mode:

08, 5T, 68, TO, 51, 02, 42, 40, 04, 61, 44, 48, B3, 14, 50, 48, 16, 65, 52, 54, 67,18,

58, 56, 20, 53, 60, 62, 55, 06, 65, 64
wmmmﬂhm“dqmmﬂmlnhﬂﬂﬂmﬂ

The receiver input bandwidth Is the same as in the data mode (1 MHZ). When two
Bluelooth devices establish contact for the first Bme, ona device sends an inquiry access
code and the other device Is scanning for this inquiry access coda. If two devicas have
been connectad previously and want to start a new transmission, a similar procedure
Lakes place. The only dilference Is, inslead of the Inquiry access code, a special access
coda, dertved from the BD_ADDRESS of the paged dovice will be, will ba sent by the
master of this connection. Due to the fact that both units have been connecled before (in
the inquiry procedure) the paging unit has timing and frequency information about the
page scan of the paged unit. For Lhis reason tha time to establish the connection is
reduced

11 Spread rate / data rate of the direct sequence signal

The Spread rate / Data rate In inquiry and paging mode can ba defined via the access
code. The access code Is the only criterion for the syslem to check if there Is a valid
transmission or noL. If you regard the prasencd of a valid accoss code as ond bit of
information, and compara i with the length of the access code of 68 bits, the Spread rale
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I Dala rate will ba B8J/1.
12 Spurlous emisslon In hybdd mode
Tha Dwell in hybrid made ks shorler than In data mode. For this reason the spurious

emissions average kevol In data mode ks worst case. The spurious emissions peak level
Is tha same for bath modes.
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Abstract

im rhix fecharcal mote we preseal Qr WO Wi
fexs enmemumicahss and computing pleflorm and it apal-
carbicar. The soriem fs baved o o Bluckeoth cowmsishicenion
meondiele and a micrconrmiier. # i desigmed for o minimus
s of resirees while sl hetag fesible, This plagors &
betng ssed o set up lavpe ad hoc networks, &g for collabo-
rative remobe senstag. Tn general, I con be wiad as a cnell
bt geweric wireleee arfwrrbing poufy

1. Introduction

Hevenily, metworking smaltinle sinell devices ia w unoe-
ordinated ond uncentralined fashion by wireles means has
gencrniod much intarest. The Bluetocth lechmalogy [1] =
un gmenging communication standard that provides sd boc
configorsmon of masier'slave piconss up o eight umis. T
albowy daty ratos wp Lo severa] hended kilobatos por soc-
ood. We have designed and implemenied an gubooomous
progrimmehie conmpating ] wills Blsetisstls oo s
tipas. The systom i bong wsed o mplancit 3 colleboes-
tive sensor metwork [2] and serves as a lestbad for ad boo
netwaorking protocals i actworks comprisng large nuen-
bers of mobile aunonmemons nodes

A bmefl overview af the desgn consdéralsng and e
hasdware imphemstation of sich & netwotk node & given
in sections ? and 3. Details of the powsr consamplion of
the eystemn camposenis re discusicd i sectbon 3, The (imal
section 4 deals wilh the systems operating soflware, prowe-
eols, and applications

1. Design Considerations
Commercial Blusiooth solutions are svailable &3 fully
wlf-comained tmnaceiver modules, They are desigeed w

Thiz wegk bax boe parily Redol by the Fuvpean Cemimimion is
puars ol the Smee-lis peeject fonneu Mo ET-2H0-234 30 wnd e S
Frdol (e fior Fduration d Stienoe W Mo (002810
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b wsed a5 add-on periphemls. They lestore @n embedded
CPL, defferent typek of mémary, an well g basnchand end
raidin circuits. The mocudes offer & peneric Host Controdler
Imterines (HCT) to the lower layers of the Blustooth proo-
col sigck while the hagher layorn of e protovol aed appli-
cations o ke implemented on the host systom. Smoe the
in=iyuiony CPU aad membey ane ot aveilable for uier we-
el implimenlabons, ovem a minimal standalone Bluesmoth
node meeds an sddstional Bost TP w0 ewecule applications
amd the comesponding higher layers of the Blaciooth proto-
call

Having setwerky of homdosds of sstoncemous maobale
nosdes in mind, devices need tobe carotully desgned. Some
of thir fealurcs we considersd in the design e

» [s-circuil peogremmable plaifomm

@ sl ool

& Dvernll system o

& Semsior and wser interface

& Lingle valiage with power mana gansen

A, System Orverview

Figure 1. Schematic system overview

Tos run apphications and the higher Blasiooih probocol Lay-
ers, the Admel ATMegal 030 5007 mcrocantmller with em-
boddad memory was chosen, 1t feotures g S-bit RISC oo
with up oo 4 MIFS a4 MMz, |28 Ebyies Flash memiory amd
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BLUETOOTH SPECIFICATION Version 1.1
Raschand Specifiention

11 HOP SELECTION

I bomal, 10 ypes of bopplog sequences are defined —five for the T9-hop and five for the 23-hop sysiem,
respectively, Using the notation of parentheses ) for Agures related o the 23-bop sysiem, these sequenco
are:

# A pape hopping sequence with 12 [ 156} urogue woke-up frequencies dus-tnbuted equally over the 79
(230 MHe, with a period lemgihol 32 | 16);

A page respomie seqience covering 32 ( [6] unadue respoese freguencies thal all are inan nng-w-one
curtespoidence o e current page hopping sequence, The moser axd slave wse differest ndes o
obtain the s me seguenee:

#  An ingquiry seqeesce with 32 [16) umgue woke.up frequenciss distribuied sqully over the 70 (23}
MH =z, with 2 period length of 12 {16);

#  Alnguiry response sequence covering 32 (160 umque response frequencies that all ase inan one-to-
one correspondence 1o the current ingqury hop-ping sequenoce,

# A channel bopping sequence which has a vory long period lengah, whbch does nor show repetitive
pamems over a short tme imerval, but whach distribuics the hop frequeacies cqually over the 79 (23}
biH 2 during n shorl 5 me inlerval;

Far th page hoppng soguence, i1 rgporient thet we can easely shill the phase fewerd or baciowand, an

we need a -1 mapping fom 8 coumer wo the hop firegquencies. For each case, both a bop sequence from

master &0 slave and from slave o naster are required,

The inguiry and ingury respores sequences alwasve utilizes the GIAC LAP a5 lower address part and ihe
DY s upper address part in deriving the hopping sequence, even iFit concerns a THAC inquiry

11.1 GENERAL SELECTION SCHEME
The salection schems condiits of twd parta:

+« sclecting o soguenos;

s mepping this sequence on the hop Frequencics;

The mapping from the input 2 particular bop frequency i3 performed in the selecton boa Basically, the
il 1% e astive clock and the currenl address. [n CONNECTION staie, the native clock (CLEM) is
eodified by an ofBet o equal the master clock (CLE), Only the 27 M3Bs of the ¢lock are wied, In the
pags and imquiry substaies, all 28 b of the clock are used. However, in page substate the native clock
will be modiBed i the master®s estimate of the paged umt. The addecss opud consisis of 28 it ve the
entire LAF and the 4 LSBs of the

UAP, In CONNECTHIN siate, ihe address of the musier is used. In page sub-siake the addross of the
paged unet 15 wod. When in Inguiry substae, the

LIAPT AP cormesponding o the (GIAC 15 used, The autpul consbiues o prewdo-rendam sequence, cithee
covering 79 hop or 23 hopa, depending on the stale,

For the 79-bop syitem, the selection scheme chooses a segment of 32 hop frequencres spanm ng abow &4
MHz and visits these hops once ina random order. MNeat, o di flerent 32- hop sepment is chosen, eic. In case
of the page, poge scam, or page response subsssibes, the same 32-hop segment i3 used all the tme (the
sepment i3 selected by the address; differcnt umis will beve dif-ferent paging segments). [n connection
siate, the outpul constinges & pecudo-random sequence that slides through the 79 hops or 23 hops,
depending on the selecuwd hop system. For the 23-hop systems, the sepment arag is 16
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4 Kbytes SHAN. & serial imerlsce 3 well ng ssveril power
ool The Blustooth modale (3] is o fully shiclded wib.
sy sten thil s Siteched 1o g sonal pont of the micnoconiroller,
External senul pors are used for data transler and n-cireull
progromming. An exiernal anlonns i mounicd with the e
guired pround plane oata the a6 cm PO substrate,

A wuliage regalston is wod 1o supply the nocesiary apr
atang wisltape from s emall batlory pack o e imakn cormipo.
reents individuslly. This sllows cxsct maonitshng of power
comrumpion and duty eycias

Figure 2. System mountod on battery pack

The wyilsl power omsunplon for diffesend opemting
NG 1 wriven im Ghic 1. 1t shows that the domanant com-
poant 10 such & wireless: notwork noda twh:, i3 the Blye-
Loodly ioodhale. The walues presented clearly show that Blue-
ool by ok vot rosdy lor deployeneni o real woebd soenas-
i, However, improved Blectooth peoducts [4) and sd-
vanced power managrment will eventually redeoe pavwer
oo filion comalorably. Owr syston design allias for
cavy peplaccenent of the Blusiooth tunceiver module, onee
smpeoved modules are available on the mnrker

Table 1. System power consumption at 3.3V

CPL Powar Dipean, Bluctonth detached w9 W
Humsiang, Hlurtooth datiched Tend e
Humnbng, Bluctoodh TranamitBoceive mode 108,59 mW
Runneng. Rluctosth Inauiry mode 145,58 mW

4. System Software and Applications

Thae ayatem software provides ke-bevel drivers, o schod-
uler snd the s porteon of the Bloctoath protecad stack.
There ane droivers for sevial pocs, analog 10 dygpil con-
verier, peneral parpese 10, mndom namber pencrsior, sys-
e clock, amd sexmors, The sheduber provsdes eveni-
drrven wcheduling of syatam and applicothon 1k

We ported ihe host pomison of the Blueismb prolocol
wzck from an open source Linux implememtston [5)] o
o macros onimilbor ervronmeont. The Linas version of the
Blectooth stiack roguered maftithroading capabilitacy and ac-
oo b the soral port, Om our switem Lhese functiong e

taken epre of by the scheduler gad the low-level devers, The
e edac be im parting wak the Dismited memary pRovizions
of the microconmolber, glimee tw origing prtocol sisck was
i uplimized for mETHTY COMSERpLoa

Dievices cam gbonomously commaincde immg o
wrolll witeles echnolopy. Supported layers are HOT andd
the Logicsl Link Conbrod snd Aduplion Proteeal §L3CAP)
Ippairy, comméction eviablehiment to pther devices, and dis-
connection procedhmes have heen mplemeneed and esied

W are developing an application that deduces the 1opal-
agy of mubele Blectooth devices based on the ability io in-
guerg other Blectooth devices withan Tange W' b i aim
wnkmcran deviee enlers maguery mage, i paocnce & de-
ez, This imformanon iz then disscmissted theoughoot
the knoavn pan of the netaork. Appeoaches aad firsl resalis
are descnbed in 6] Furthermore, the system can ibso be
ed n8 o wareiess inerfuce penpheral

Fulure wodk i the Fyslcrn aiiwase will congentruie
on minmelcang nemory wsge of the Buctoath stack sad
siddding ibe Service Discovery Protocol {S0FL In the apph-
cation domain, the Smart-Its progect [2] will make use of
the syshem & fofm mahile ad hoc actworks of collabomtive
BT

5. Conclusions

The implemenistion of @ small, sandalone communi-
eation platform wsing the Blectoath peotocal has been de.
wribed. The keanbality of scaling the Blusisath protocod
isck oy an ombeddod devesd with lomibed nesisurces hiss
bevn demonsrawd. Even theoogh the cumenl implomams-
o can lasdly be deployed m nsl sl soosirie doe 1o
s high poess commumplion, it seeves well as a demoasita-
wn platformn for resenrch m mabile and ad bac connoctad
netwarke (MANET:) and dewibisiad pensor networks,
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Swileh negotaton

Limk satp

Mw,mmqh
LMP accopied

Figuree 7.2; Link establchmen! procodure whon both the paging dowee (A and ihe paged
dewice (B) are in securdy mode 3,

7.1.4 Conditions

The paging procedure shall be accordingto  and the paging device should
use the Device access code and page mode received through a previous
inquiry. When paging s completed, a physical ink between the two Bluetooth
devices is established,

i role switching is needed (normally it is the paged device that has an interest
in changing the master/siave roles) it should be done as early as possblo afler
the physical link is established. If the paging device does not accept the switch,
the paged device has to consider whathar 1o keap the physical link or nol.

Both devices may perform link setup (using LMP procedures that require no
interaction with the host on the remote side). Opbonal LMP features can be
used after having confirmed (using LMP_feature_req) that the other device

supports the feature.
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7.3 CONNECTION ESTABLISHMENT

7.3.1 Purpose

The purpose of the connection establishment procedure is to establish a con-
nection between applications an bwo Bluetooth devices.

7.3.2 Term on Ul level
‘Bluetooth connection establishment’

7.3.3 Description

In this sub-section, the mitiator (A) IS in secunty mode 3. During connection
establishment, the initiator cannol distinguish if the acceptor (B) is in security
moda 1 or 3.

1331 B in securily mode 2

- —— e =

PR — bl

Encrystion negotistion

ponnicl ozl ace

i -

Frgure 7.5 Connection establishment procedure when the inBElor (A) is In secunly mode 3
and the accepior (B) &5 i securdy mode 2
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FCC | D HOPCRS1

MEMORANDUM - PROCESSING GAIN REPORT FOR INTEL(R) PERSONAL
WIRELESS

MODULE

Subject: Results of Processing Gain Tests for FCC Qualification

1 INTRODUCTION

This memo presents the results of the Processing Gain (PG) tests carried out for FCC
qualification of the Intel(R) Personal Wireless Module chip. The FCC states that the PG from a
hybrid

Bluetooth receiver must be greater than 17 dB when measured in accordance with the
Continuous Wave (CW) jamming margin method. Testing of the Intel(R) Personal Wireless
Module “B”

Bluetooth chip has found the PG due to the DS section to be approximately 5 dB and the PG
due to the FH part to be approximately 15 dB. It is therefore concluded that the Intel(R)
Personal

Wireless Module Bluetooth Chip complies with the FCC PG requirements for radio
communication

systems.

The rest of this paper outlines the PG measurement technique and discusses the test results.
Appendix A contains a list of test equipment and Appendix B contains a printout of the
measurement results.

2 METHOD

2.1 PG Definition

The Processing Gain from a frequency hopping communication system is derived from two
parts, the FH section and the DS section. The PG due to FH is given by a simple equation and
is constant. However measurement of the PG due to DS is a little more complex. One
technique is to use the CW jamming margin method. This method measures PG due to DS
using the following algorithm:

A CW signal generator is stepped in 50kHz increments across the passband of the system,
recording at each point the generator level required to produce the 0.1% Packet Error Rate
(PER). This is the jammer level. This level is then referenced to the output power of the
intended Bluetooth signal and the Jammer to Signal Ratio JSR is thus calculated. The worst 4
JSR measurements are discarded and the worst remaining JSR is used to calculate the PG
due to DS as follows:

sys p LJSR SNR G U111 [min

where Gp = the processing gain of the system, SNR = the signal to noise ratio required for
0.1% BER, JSRmin = minimum J/S ratio and Lsys = system losses.
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2.2 PG Measurement Technique

Figure 1 provides an overview of the PG measurement technique. The measurement is
performed in two parts, measurement of the system SNR and measurement of JSRmin.
Figure 1: PG Measurement Technique

The system SNR is calculated using the following algorithm. Generate Bluetooth PRBS-9
packets using a Bluetooth chip emulator (1) and a Vector Signal Generator (2).

Combine this signal with white noise of a constant level, which is generated using a noise
source (4) and a CW Signal Generator (3). Then vary the level of the Bluetooth signal until
the BER measured by the Bluetooth chip (7) is 0.1%. The resulting SNR is the signal

level divided by the Noise level.

The JSR for a given jamming frequency is calculated using the following algorithm. Generate
Bluetooth PRBS-9 packets using the Bluetooth chip emulator (1) and the Vector

Signal Generator (2). Combine this signal with a constant CW tone at the jamming frequency
using a CW Signal Generator (5) and a combiner (6). Then vary the level of the Bluetooth
signal until the PER measured by the Casira Bluetooth Module (7) is 0.1%. The resulting JSR
is the signal level divided by the jamming level.

3 RESULTS

3.1 Overview

The measurements found that the PG due to DS caused by the access code in page and
inquiry mode is found to be approximately SdB when the access code is a relatively random
mixture of 1's and 0's. A random access code causes the most Inter Symbol Interference (ISI)
and hence the worst PG for a hybr id system. Therefore only the results for this access code
are used in the PG calculation.

The PG due to FH is given as

PGFH = 10 logl0 (number of frequency hops)

The number of hops in a Bluetooth system is 32, therefore the PG due to FH is approximately
15 dB. When this is added to the PG due to DS, the total PG for the Bluetooth chip is
approximately 20 dB, above the minimum PG requirement for FCC qualification.

3.2 Detailed Results

Test Date: 17/11/00

Sample Time: 30 seconds

Access Code: c6967¢

Signal Frequency: 2.432GHz

Receiver Sensitivity: -88.7 dBm
Jammer Signal Level: -85.7 dBm
Measured SNR: 18.8dB

System Losses: 2dB
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To calculate processing gain, ignore the worst 20% of data points and then apply the
following formula:

sys p LJSR SNR G 1100 min

Where Gp = Processing Gain of the module

SNR = signal to noise ratio of the module

JSmin = minimum J/S ratio after the worst 20% of J/S samples have been

discarded

Lsys = System losses

A total of 20 samples were taken by stepping the jamming signal frequency offsets in SOkHz
increments over the bandwidth of the receiver. The worst 4 samples were found at —-500kHz,
-450kHz, -400kHz and 500kHz and were discarded. The remaining minimum J/S ratio was
found to be -15.4dB at an offset of +350kHz

Thus, the processing gain due to direct sequence spreading in page and inquiry mode is
dBGp4.524.158. 18 LTI
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APPENDIX A - TEST EQUIPMENT LIST
Reference: Instrument Type Name

1 Bluetooth IC Emulator

Board

N/A

2 Vector Signal Generator IFR2052
3 CW Signal Generator IFR2025

4 White Noise Generator HP33120A
5 RF Mixer M8HC-7

6 RF Combiner 6 dB loss combiner
7 Bluetooth Motherboard and
Bluetooth chip Module

Bluetooth Development Kit

8 5V, 4A DC Power Supply N/A

9 Spectrum Analyser HP E4405B
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Timestamp: 14:42.43, 16/11/2000

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -500 kHz

Level = -68.7 dBm BER = 0.03% PER = 0.01% SER1 =0.01% SER2 =0.01%
Level =-70.7 dBm BER = 0.32% PER = 0.79% SER1 = 0.79% SER2 = 0.79%
Level =-69.7 dBm BER = 0.11% PER = 0.18% SER1 = 0.18% SER2 = 0.18%
Level = -68.7 dBm BER = 0.04% PER = 0.03% SER1 = 0.02% SER2 = 0.02%
Level =-69.2 dBm BER = 0.06% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-69.7 dBm BER = 0.11% PER = 0.16% SER1 = 0.16% SER2 = 0.16%
Level =-69.5 dBm BER = 0.09% PER =0.11% SER1 =0.11% SER2=0.11%
Level =-69.3 dBm BER = 0.07% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
J/S=-16.50 dB (SER = 0.05%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -450 kHz

Level =-69.2 dBm BER = 0.06% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-71.2 dBm BER = 0.84% PER = 1.72% SER1 = 1.69% SER2 = 1.69%
Level =-70.2 dBm BER = 0.26% PER = 0.40% SER1 = 0.40% SER2 = 0.40%
Level =-69.2 dBm BER = 0.07% PER = 0.06% SER1 = 0.06% SER2 = 0.06%
Level =-69.7 dBm BER = 0.12% PER = 0.18% SER1 = 0.18% SER2 = 0.18%
Level =-69.5 dBm BER = 0.09% PER = 0.14% SER1 = 0.14% SER2 = 0.14%
Level =-69.3 dBm BER = 0.07% PER = 0.08% SER1 = 0.08% SER2 = 0.08%
J/S =-16.40 dB (SER = 0.08%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -400 kHz

Level =-69.3 dBm BER = 0.04% PER = 0.02% SER1 = 0.02% SER2 = 0.02%
Level =-71.3 dBm BER = 0.44% PER = 0.72% SER1 =0.71% SER2 = 0.71%
Level =-70.3 dBm BER = 0.13% PER =0.11% SER1 =0.11% SER2=0.11%
Level =-69.3 dBm BER = 0.04% PER = 0.01% SER1 =0.01% SER2 =0.01%
Level =-69.8 dBm BER = 0.08% PER = 0.03% SER1 = 0.02% SER2 = 0.02%
Level =-70.3 dBm BER = 0.13% PER = 0.10% SER1 = 0.10% SER2 = 0.10%
J/S =-15.40 dB (SER = 0.10%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -350 kHz

Level =-70.3 dBm BER = 0.05% PER = 0.01% SER1 =0.01% SER2 =0.01%
Level =-72.3 dBm BER = 0.88% PER = 1.67% SER1 = 1.64% SER2 = 1.64%
Level =-71.3 dBm BER = 0.19% PER = 0.10% SER1 = 0.10% SER2 = 0.10%
Level =-70.3 dBm BER = 0.06% PER = 0.01% SER1 =0.01% SER2 =0.01%
Level =-70.8 dBm BER = 0.09% PER = 0.04% SER1 = 0.04% SER2 = 0.04%
Level =-71.3 dBm BER = 0.17% PER = 0.12% SER1 = 0.12% SER2 = 0.12%
Level =-71.1 dBm BER = 0.13% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
J/S =-14.60 dB (SER = 0.05%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -300 kHz

Level =-71.1 dBm BER = 0.03% PER = 0.15% SER1 =0.15% SER2 =0.15%
Level =-69.1 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-70.1 dBm BER = 0.01% PER = 0.00% SER1 = 0.00% SER2 = 0.00%

Level =-71.1 dBm BER = 0.03% PER = 0.19% SER1 = 0.19% SER2 = 0.19%
Level =-70.6 dBm BER = 0.02% PER = 0.04% SER1 = 0.04% SER2 = 0.04%
Level =-70.8 dBm BER = 0.02% PER = 0.09% SER1 = 0.09% SER2 = 0.09%
J/S=-14.90 dB (SER = 0.09%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -250 kHz

© 2001 PCTEST Lab SYMBOL FCC ID: HO9PCRS1 28
BLUETOOTH Transceiver & Wireless Ring Scanner



Test Report S/N: 15.210820493.H9P FCC Part 15.247
Dates of Tests: Sept. 20-21, 2001 Certification

§ 15.247(e) PROCESSING GAIN (from SYMBOL) Continued

Level =-70.8 dBm BER = 0.00% PER = 0.03% SER1 = 0.02% SER2 = 0.02%
Level =-72.8 dBm BER = 0.05% PER = 2.34% SER1 =2.29% SER2 =2.29%
Level =-71.8 dBm BER = 0.01% PER = 0.33% SER1 = 0.33% SER2 = 0.33%
Level =-70.8 dBm BER = 0.00% PER = 0.03% SER1 = 0.03% SER2 = 0.03%
Level =-71.3 dBm BER = 0.01% PER =0.11% SER1 =0.11% SER2=0.11%
Level =-71.1 dBm BER = 0.00% PER =0.11% SER1 =0.11% SER2=0.11%
Level =-70.9 dBm BER = 0.00% PER = 0.03% SER1 = 0.03% SER2 = 0.03%
J/S =-14.80 dB (SER = 0.03%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -200 kHz

Level =-70.9 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-72.9 dBm BER = 0.00% PER = 0.34% SER1 = 0.34% SER2 = 0.34%
Level =-71.9 dBm BER = 0.00% PER = 0.07% SER1 = 0.07% SER2 = 0.07%
Level =-72.4 dBm BER = 0.00% PER = 0.15% SER1 =0.15% SER2 =0.15%
Level =-72.2 dBm BER = 0.00% PER = 0.12% SER1 =0.12% SER2 =0.12%
Level =-72.0 dBm BER = 0.00% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
J/S=-13.80 dB (SER = 0.07%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -150 kHz

Level =-71.9 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-73.9 dBm BER = 0.00% PER = 0.03% SER1 = 0.02% SER2 = 0.02%
Level =-75.9 dBm BER = 0.01% PER = 0.83% SER1 = 0.82% SER2 = 0.82%
Level =-74.9 dBm BER = 0.00% PER = 0.16% SER1 = 0.16% SER2 = 0.16%
Level =-73.9 dBm BER = 0.00% PER = 0.03% SER1 = 0.02% SER2 = 0.02%
Level =-74.4 dBm BER = 0.00% PER = 0.08% SER1 = 0.07% SER2 = 0.07%
Level =-74.9 dBm BER = 0.00% PER = 0.18% SER1 =0.18% SER2 = 0.18%
Level =-74.7 dBm BER = 0.00% PER = 0.10% SER1 = 0.10% SER2 = 0.10%
J/S=-11.00 dB (SER = 0.10%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -100 kHz

Level =-74.7 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-76.7 dBm BER = 0.00% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-78.7 dBm BER = 0.01% PER =2.05% SER1 =2.01% SER2 =2.01%
Level =-77.7 dBm BER = 0.00% PER = 0.30% SER1 = 0.30% SER2 = 0.30%
Level =-76.7 dBm BER = 0.00% PER = 0.06% SER1 = 0.06% SER2 = 0.06%
Level =-77.2 dBm BER = 0.00% PER = 0.13% SER1 =0.12% SER2 =0.12%
Level =-77.0 dBm BER = 0.00% PER = 0.08% SER1 = 0.07% SER2 = 0.07%
J/S =-8.70 dB (SER = 0.07%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = -50 kHz

Level =-77.0 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-79.0 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-81.0 dBm BER = 0.01% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-83.0 dBm BER = 0.16% PER = 0.73% SER1 = 0.72% SER2 = 0.72%
Level =-82.0 dBm BER = 0.03% PER = 0.26% SER1 = 0.26% SER2 = 0.26%
Level =-81.0 dBm BER = 0.01% PER = 0.06% SER1 = 0.06% SER2 = 0.06%
Level =-81.5 dBm BER = 0.02% PER = 0.13% SER1 =0.13% SER2 =0.13%
Level =-81.3 dBm BER = 0.02% PER =0.11% SER1 =0.11% SER2=0.11%
Level =-81.1 dBm BER = 0.04% PER = 0.06% SER1 = 0.06% SER2 = 0.06%
J/S =-4.60 dB (SER = 0.06%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +0 kHz

Level = -68.7 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-70.7 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
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Level =-72.7 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-74.7 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-76.7 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-78.7 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-80.7 dBm BER = 0.01% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-82.7 dBm BER = 0.04% PER = 0.04% SER1 = 0.03% SER2 = 0.03%
Level =-84.7 dBm BER = 7.51% PER = 48.26% SER1 = 27.11% SER2 = 28.05%
Level =-83.7 dBm BER = 0.31% PER = 1.01% SER1 = 0.86% SER2 = 0.86%
Level =-82.7 dBm BER = 0.05% PER = 0.24% SER1 = 0.18% SER2 = 0.18%
Level =-81.7 dBm BER = 0.01% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-82.2 dBm BER = 0.02% PER = 0.13% SER1 =0.10% SER2 = 0.10%
Level =-82.0 dBm BER = 0.02% PER =2.31% SER1 = 2.24% SER2 = 2.24%
Level =-81.8 dBm BER = 0.02% PER = 0.06% SER1 = 0.05% SER2 = 0.05%
J/S =-3.90 dB (SER = 0.05%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +50 kHz

Level =-81.8 dBm BER = 0.11% PER = 0.02% SER1 = 0.02% SER2 = 0.02%
Level =-83.8 dBm BER = 0.68% PER =2.16% SER1 = 1.82% SER2 = 1.82%
Level =-82.8 dBm BER = 0.28% PER = 0.35% SER1 = 0.29% SER2 = 0.29%
Level =-81.8 dBm BER = 0.09% PER = 0.02% SER1 = 0.02% SER2 = 0.02%
Level =-82.3 dBm BER = 0.15% PER = 0.25% SER1 = 0.22% SER2 = 0.22%
Level =-82.1 dBm BER = 0.12% PER = 0.09% SER1 = 0.07% SER2 = 0.07%
J/S =-3.60 dB (SER = 0.07%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +100 kHz

Level =-82.1 dBm BER = 1.55% PER = 15.88% SER1 = 13.44% SER2 = 13.51%
Level =-80.1 dBm BER = 0.28% PER = 5.78% SER1 = 5.47% SER2 = 5.47%
Level =-78.1 dBm BER = 0.03% PER = 0.09% SER1 = 0.09% SER2 = 0.09%
J/S =-7.60 dB (SER = 0.09%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +150 kHz

Level =-78.1 dBm BER = 0.41% PER = 13.58% SER1 = 11.96% SER2 = 12.16%
Level =-76.1 dBm BER = 0.09% PER = 0.42% SER1 = 0.42% SER2 = 0.42%
Level =-74.1 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-75.1 dBm BER = 0.01% PER = 0.02% SER1 = 0.02% SER2 = 0.02%
Level =-76.1 dBm BER = 0.04% PER = 0.41% SER1 =0.41% SER2 =0.41%
Level =-75.6 dBm BER = 0.03% PER = 0.10% SER1 = 0.10% SER2 = 0.10%
J/S=-10.10 dB (SER = 0.10%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +200 kHz

Level =-75.6 dBm BER = 0.26% PER = 7.53% SER1 = 7.00% SER2 = 7.00%
Level =-73.6 dBm BER = 0.02% PER =0.17% SER1 =0.17% SER2 =0.17%
Level =-71.6 dBm BER = 0.00% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-72.6 dBm BER = 0.00% PER = 0.03% SER1 = 0.03% SER2 = 0.03%
Level =-73.6 dBm BER = 0.02% PER = 0.14% SER1 = 0.14% SER2 = 0.14%
Level =-73.1 dBm BER = 0.01% PER = 0.04% SER1 = 0.04% SER2 = 0.04%
Level =-73.3 dBm BER = 0.01% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-73.5 dBm BER = 0.03% PER = 0.09% SER1 = 0.09% SER2 = 0.09%
J/S =-12.20 dB (SER = 0.09%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +250 kHz

Level =-73.5 dBm BER = 0.25% PER = 3.58% SER1 = 3.46% SER2 = 3.46%
Level =-71.5 dBm BER = 0.01% PER = 0.03% SER1 = 0.03% SER2 = 0.03%
Level =-72.5 dBm BER = 0.06% PER = 0.57% SER1 = 0.57% SER2 = 0.57%
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Level =-72.0 dBm BER = 0.02% PER = 0.12% SER1 =0.12% SER2 = 0.12%
Level =-71.5 dBm BER = 0.01% PER = 0.04% SER1 = 0.04% SER2 = 0.04%
Level =-71.7 dBm BER = 0.01% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-71.9 dBm BER = 0.02% PER = 0.10% SER1 =0.10% SER2 = 0.10%
J/S =-14.00 dB (SER = 0.05%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +300 kHz

Level =-71.7 dBm BER = 0.08% PER = 0.10% SER1 = 0.10% SER2 = 0.10%
J/S =-14.00 dB (SER = 0.10%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +350 kHz

Level =-71.7 dBm BER = 0.25% PER = 1.43% SER1 = 1.41% SER2 = 1.41%
Level =-69.7 dBm BER = 0.02% PER = 0.03% SER1 = 0.02% SER2 = 0.02%
Level =-70.7 dBm BER = 0.08% PER = 0.14% SER1 = 0.14% SER2 = 0.14%
Level =-70.2 dBm BER = 0.03% PER = 0.74% SER1 = 0.74% SER2 = 0.74%
Level =-69.7 dBm BER = 0.02% PER = 0.02% SER1 = 0.02% SER2 = 0.02%
Level =-69.9 dBm BER = 0.02% PER = 0.03% SER1 = 0.02% SER2 = 0.02%
Level =-70.1 dBm BER = 0.03% PER = 0.03% SER1 = 0.03% SER2 = 0.03%
Level =-70.3 dBm BER = 0.03% PER = 0.06% SER1 = 0.06% SER2 = 0.06%
Level =-70.5 dBm BER = 0.06% PER = 0.13% SER1 =0.13% SER2 =0.13%
J/S =-15.40 dB (SER = 0.06%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +400 kHz

Level =-70.3 dBm BER = 0.07% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-72.3 dBm BER = 1.28% PER = 4.62% SER1 = 4.42% SER2 = 4.42%
Level =-71.3 dBm BER = 0.24% PER = 0.48% SER1 = 0.47% SER2 = 0.47%
Level =-70.3 dBm BER = 0.06% PER = 0.06% SER1 = 0.06% SER2 = 0 .06%
Level =-70.8 dBm BER = 0.12% PER = 0.15% SER1 =0.15% SER2 = 0.15%
Level =-70.6 dBm BER = 0.11% PER = 0.08% SER1 = 0.08% SER2 = 0.08%
J/S=-15.10 dB (SER = 0.08%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +450 kHz

Level =-70.6 dBm BER = 0.17% PER = 0.11% SER1 =0.11% SER2 =0.11%
Level = -68.6 dBm BER = 0.01% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-69.6 dBm BER = 0.04% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-70.6 dBm BER = 0.17% PER = 0.08% SER1 = 0.07% SER2 = 0.07%
Level =-71.6 dBm BER = 0.60% PER = 0.70% SER1 = 0.69% SER2 = 0.69%
Level =-71.1 dBm BER = 0.31% PER = 0.30% SER1 = 0.29% SER2 = 0.29%
Level =-70.6 dBm BER = 0.19% PER =0.11% SER1 =0.11% SER2=0.11%
Level =-70.1 dBm BER = 0.09% PER = 0.03% SER1 = 0.02% SER2 = 0.02%
Level =-70.3 dBm BER = 0.10% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-70.5 dBm BER = 0.16% PER = 0.06% SER1 = 0.06% SER2 = 0.06%
Level =-70.7 dBm BER = 0.20% PER = 0.05% SER1 = 0.05% SER2 = 0.05%
Level =-70.9 dBm BER = 0.26% PER = 0.15% SER1 =0.15% SER2 =0.15%
J/S=-15.10 dB (SER = 0.07%)

Signal Freq = 2.432 GHz

Jammer Level =-85.7 dBm

Jammer Offset = +500 kHz

Level =-68.7 dBm BER = 0.01% PER = 0.00% SER1 = 0.00% SER2 = 0.00%
Level =-70.7 dBm BER = 0.12% PER = 0.19% SER1 = 0.19% SER2 = 0.19%
Level =-69.7 dBm BER = 0.03% PER = 0.01% SER1 =0.01% SER2 =0.01%
Level =-70.2 dBm BER = 0.07% PER = 0.12% SER1 =0.12% SER2 =0.12%
Level =-70.0 dBm BER = 0.04% PER = 0.06% SER1 = 0.06% SER2 = 0.06%
J/S=-15.70 dB (SER = 0.06%)
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TEST EQUIPMENT

Type Model Cal. Due Date _S/N
Microwave Spectrum Analyzer HP 85668 (8I0Hz-22GHz) 12/05/0!1 3638A0873
Microwave Spectrum Analyzer HP 85668 (8I0Hz-22GHz) o4/17/02 2542A11898
Spectrum Analyzer/Tracking Gen.  HP 859/A (9kHz-18GHz) 4102/02 3144A02480
Spectrum Analyzer HP 859A (9kHz-18GHz) 811502 38I8A02053
Spectrum Analyzer HP 8594A (9kHz-2.9GHz) 10202 305/A00187
Slgnal Generator HP 86408 (500Hz-1GHz) 41/02/02 2232419558
Slgnal Generator HP 86408B (500Hz-1GHz) 4102/02 1851A098!6
Slgnal Generator Rohde & Schwarz (0.1-8100MHz) o102 894215/012
Alltech/Eaton Receiver NM 37/57A-SL (30-8I00MHz) 04/12/02 0792-0327]
Aliltech/Eaton Receiver NM 37/567A (30-8I00MHz) o3/11/02 0805-03334
Aiiltech/Eaton Receiver NM 17/27A (0.1-32MHz) oY17/02 4818-03241
Quasi-Peak Adapter HP 856504 08/09/02 2043A0030!
Alltech/Eaton Adapter CCA-7 CISPR/ANSI QP Adapter o3/11/02 0194-04082
RG58 Coax Test Cable No. 167 na
Harmonic/Flicker Test System HP 684IA (IEC 555-2/3) 353IA00115
Broadband Amplifier (2) HP 8447D 1145A00470, 1937A03348
Broadband Amplifier HP 8447F 2443A03784
Transient Limiter HP 11947A (9kHz-200MHz) 2820A00300
Horm Antenna EMCO Model 3115 (I-18GHz) 9704-5182
Horm Antenna EMCO Mode! 3115 (I-18GHz) 9205-3874
Horm Antenna EMCO Model 3116 (18-40GHz) 92032178
Biconical Antenna (4) Eaton 94455/Eaton 94455-1/Singer 94455-1/Compliance Design 1295, 1332, 0355
Log-Spiral Antenna (3) Alltech/Eaton 93490-1 4818, 1813 184
Roberts Djpoles Compliance Design (1 set) A8I0 518

Alltech Djpoles DM-815A (1 set) 33448-111
EMCOLISN (2) 3816/2 8177, 8179
EMCO LISN 3725/2 2009
Microwave Preamplifier 400B Gain ~ HP 83017A (0.5-26.5GHz) 3I23A0018!
Microwave Cables MicroCoax (10-26.5GHz)

Alltech/Eaton Receiver NM37/57A-SL 0792-0327]
Spectrum Analyzer HP 859IA 3034A01395
Moadulation Analyzer HP 890IA 2432A03467
NTSC Pattern Generator Leader 408 0377433
Noise Figure Meter HP 89708 3I4IA02189
Noise Figure Meter Aliitech 758! TE31700

Noise Generator Alltech 708! 473
Microwave Survey Meter Holaday Model 150! (2.450GHz) 80931

Digital Thermometer Extech Instruments 421305 426966
Attenuator HP 8495A (0-700dB) DC-4GHz

Bi-Directional Coax Coupler Naraa 3020A (50-8/00MHz)

Shielded Screen Room RF Lindgren Model 26-2/2-0 678! (PCT270)
Shielded Semi-Anechoic Chamber — Ray Proof Model S8! R2437 (PCT278)
Environmental Chamber Associated Systems Model 8125 (Temperature/Humidity)  PCT285

* Calibration traceable to the National Institute of Standarads and Technology (MIST).
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CONCLUSION

The data collected shows that the SYMBOL FCC ID: HOPCRS1 spread spectrum Bluetooth transceiver &
Wireless Ring Scanner complies with Part 15.247 of the FCC Rules.
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