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I. Project Information

Project: Recognition Source DCMI

Recognition Source Contact:

Company: Recognition Source

Full Name: Mike Woznicki

Job Title: Senior Electrical Engineer
3820 Stern Avenue

St. Charles, IL 60174

Bus: (630)-762-4472
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E-mail: mwoznicki @recognition-source.com
L S Research Contact:

Bill Steinike, Operations Manager

Brian Petted, Vice President of Engineering
Voice: 414-375-4400
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Email: bepetted@Ilsr.com

Report Date: 6/6/01
Revision: 1.0
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Job Number: 150-RS
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. FCC Conducted Tests

A. Part 15.247

1. 15.247 (a) (2) Emission 6 dB Bandwidth

a) Test Requirement

The 6 dB bandwidth of the Equipment emission must be greater than 500 kHz.

B o4 > 500 kHz

b) Test Configuration

The test configuration is presented below:

HP E4404B Spectrum

Analyzer
= oo
A
o OS
=4Y)
@ @ e
Pasternack
1070-20
Transmitter N 20dB
Under Test 4 Alt.
HP 8210-5418-B
Cal. Cable

RG-316
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c)

d)

Test Conditions: Equipment Under Test

The equipment under test istunable and is set to 3 different channels, one

representing the minimum tunable frequency, one representing a midband frequency

and one representing the maximum tunabl e frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 903.50 MHz

Channel 8: 915.00 MHz

Channel 15: 925.75 MHz

Test indications under these three frequency conditions are presented.

The output power is fixed.

Test Conditions: Instrumentation Conditions

The readingsindicated on the spectrum analyzer are aresult of amarker search

function which searches for the 6 dB bandwidth of the indicated spectrum. The
spectrum analyzer display indicates its conditions as follows:

Center: Center Frequency

Span: Frequency Span

Res BW: Resolution Bandwidth
VBW: Video (averaging) Bandwidth

Sweep: Frequency Sweep time over indicated frequency Span.

Offst: Amplitude Offset, Entered by User to correct for external attenuator and cable
losses. Value determined by Vector Network Analyzer transmission measurement of

cable/attenuator assembly.

WE HAVE DESIGNSON THE FUTURE
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e) TestIndications

15:29:39 May 25, 2001

Freq/Channel
Mkrl 983.75 MHz

Ref 38 dBm Atten 20 dE NdE 1.122 MHz Freq

ABE MHz

Auto

_ freq Uf__fs

@6 A

et
5

Signal Track

Center 9035 MHz Span 18 MH=z
Res BW 186 kHz #\/BH 308 kHz #5weep 100 5 (481 pts)

Test Condition: Channel 1: 903.50 MHz

Test Limit: 500 kHz, minimum.

Test Indication: 1.122 MHz

Test Outcome: 1.122 MHz > 500 kHz ® PASS

WE HAVE DESIGNSON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
Email: eng@lsr.com www.lsr.com



)99 |.S. RESEARCH Inc. #301164-DCM |-appD 8 of 45

HIGH TECHNOLOGY ELECTRONIC CONSULTANTS Confidential

Freq/Channel
Mkrl 915.25 MHz

Ref 38 dBm Atten 28 dE NdE 798 kHz

Start Freq
916 @ MHz

Stop Freq
A MHz

et
s

@6 i

. freq Df._fs

1

Signal Track

Center 915 MHz Span 18 MHz
Fes BHW 186 kHz #\/BH 388 kHz #5weep 100 5 (401 pts)

Test Condition: Channel 8: 915.00 MHz

Test Limit; 500 kHz, minimum.

Test Indication: 798 kHz

Test Outcome: 798 kHz > 500 kHz ® PASS

WE HAVE DESIGNSON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
Email: eng@lsr.com www.lsr.com
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Mkrl 926.88 MHz

Ref 38 dBm Atten 28 dB MdE 1.822 MHz

Continuous Pk
On Off

N dB Points
—6.00 dB
{n 0ff

Search Param»

:
] ﬁ Peak Table»

Center 925.8 MHz Span 18 MHz
Res BH 188 kHz #BH 300 kHz #Sweepn 100 5 (481 pts)

Test Condition: Channel 15; 925.75 MHz

Test Limit: 500 kHz, minimum.

Test Indication: 1.022 MHz

Test Outcome: 1.022 MHz > 500 kHz ® PASS

WE HAVE DESIGNSON THE FUTURE
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2. 15.247 (b) (1) Output Power

a)

b)

c)

d)

Test Requirement

The conducted output power of the Equipment emission must be lessthan 1 W
(30 dBm).

P, < 30 dBm

Test Configuration
The test configuration is presented in section 11-A-1b.

Test Conditions: Equipment Under Test

The equipment under test istunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a mid-band frequency
and one representing the maximum tunabl e frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 903.50 MHz

Channel 8: 915.00 MHz

Channel 15: 925.75 MHz

Test indications under these three frequency conditions are presented.

Test Conditions: Instrumentation Conditions

The power readings indicated on the spectrum analyzer are aresult of a spectrum
analyzer function which measures the integrated channel power (rms) between the
indicated frequency limits.

Center: Center Frequency

Span: Frequency Span

Res BW: Resolution Bandwidth

VBW: Video (averaging) Bandwidth

Sweep: Frequency Sweep time over indicated frequency Span.

Integration BW: Bandwidth over which power spectral density isintegrated to
determine integrated channel power.

Offst: Amplitude Offset, Entered by User to correct for external attenuator and cable
losses. Value determined by Vector Network Analyzer transmission measurement of
cable/attenuator assembly.

WE HAVE DESIGNSON THE FUTURE
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e) TestIndications

- Agilent  15:19:59 May 25, 2081 Meas Setup

Ref 38 dBm Atten 26 dB Avg Number
18
On Off

Igtegration BUW

[

IR

Center 983.5 MHz Span 18 MHz
#fes BW 108 kHz #'YBH 1 MHz Sweep 5 oms (481 pts)

Channel Power Results (measuring. ) Avg 18/16

Channel Power Integration BH  2.608@ MHz
22.54 dBm

Density  -48.47 dBm/Hz

Test Condition: Channel 1: 903.5 MHz, Integrated Power

Test Limit; 30 dBm, Maximum.

Test Indication: 22.5dBm

Test Outcome: 22.5dBm <30dBm ® PASS

WE HAVE DESIGNSON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
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15:28:58 May 25, 2061

Freq/Channel

Atten 26 dB Center Freg

915.8 @ MHz

Start Freq
918 @ MHz

Stop Freq
@ MHz

| 1.8¢ A MH=
L ! Auto Man
Center 915 MHz Span 18 MH=z

#Res BH 100 kHz #UBH 1 MHz Sweep 5 ms (481 pts) EEELEVSELY

Channel Power Results {measuring..) Avg 18/18 ¢ 00 Hz

Channel Power Integration BH  2.000 MHz Signal Track

On Off

24.41 dBm

Density  -28.68 dBm/Hz

Test Condition: Channel 8: 915.00 MHz, Integrated Power

Test Limit; 30 dBm, Maximum.

Test Indication: 24.4 dBm

Test Outcome: 24.4dBm <30dBm ® PASS

WE HAVE DESIGNSON THE FUTURE
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15:21:37 May 25, 2081

Freq/Channel

Atten 28 db Center Freq

LA
! T””Wn i
i

1

Center 9258 MHz Span 18 MHz
#Res BH 100 kHz #YBH 1 MHz Sweep 5 ms (401 prs) IMEERUIEL

Channel Power Results {measuring..) Avg 18/18 D He

Channel Power Integration BH  2.000 MHz Signal Track

On Off

23.84 dBm

Density  -39.17 dBm/Hz

Test Condition: Channel 15: 925.75 MHz, Integrated Power

Test Limit; 30 dBm, Maximum.

Test Indication: 23.8dBm

Test Outcome: 23.8dBm <30dBm ® PASS

WE HAVE DESIGNSON THE FUTURE
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3. 15.247 (b) (3) Effective Radiated Power

The indicated conducted power is connected to a monopol e antennawhich exhibits a
maximum antenna gain of 0 dBi. Based on this application, the maximum ERP of the system
is24.4 dBm and will not exceed the limit of 36 dBm.

4. 15.247 (c) Spurious Modulation Products

a)

b)

c)

Test Requirement

The conducted spurious modul ation products outside of the authorized band

measured within a 100 kHz bandwidth shall be 20 dB below the authorized band
peak emission measured within a 100 kHz bandwidth.

?Authorized/loo kH29 >

= > 20 dBc
S Popurioss/100kHZ 5

101log,,

Test Configuration

Thetest configuration is presented in section 11-A-1b.

Test Conditions: Equipment Under Test

The equipment under test istunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a midband frequency
and one representing the maximum tunabl e frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 903.50 MHz

Channel 8: 914.75 MHz

Channel 15: 925.75 MHz

Test indications under these three frequency conditions are presented.

WE HAVE DESIGNSON THE FUTURE
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d) Test Conditions: Instrumentation Conditions

The following conducted spurious emissions are measured for each channel setting:

Wide-band Scan of Emissions with peak emission table, 9 kHz to 10 GHz in
continuous transmission and in packet mode transmission. Peak Hold Mode.

In-band Scan of Emissions showing band-edge compliance continuous transmission
in Peak Hold Mode.

Center: Center Frequency

Span: Frequency Span

Res BW: Resolution Bandwidth

VBW: Video (averaging) Bandwidth

Sweep: Frequency Sweep time over indicated frequency Span.

Offst: Amplitude Offset, Entered by User to correct for external attenuator and cable

losses. Value determined by Vector Network Analyzer transmission measurement of
cable/attenuator assembly.

WE HAVE DESIGNSON THE FUTURE
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e) TestIndications:

15:18:82 May 25, 2081 Sweep

Ref 25 dBm Atten 15 dB Sweep Time
1608.6 s
Auto

Swp Coupling
SR SA

1
pa—

Gate
On Off

Start 9 kHz Stop 18 GHz
#fes BW 108 kHz #YBH 3 MHz #5weep 100 5 (1681 pts) Gate Setup

Pk H Axig Amplitude | Pk H Axis Amplitude
794 MH=z -32.59 dBm | G
9HE6 MH=z 19.76 dBm | 7 .
1.813 BHz 3271 dBn | 8 Points
|
|

q 1661
16

Test Condition: Channel 1: 903.50 MHz

Test Limit; 20 dBc, Minimum.

Test Indication: 19.76 dBm-(-32.59 dBm)= 52.35 dBc

Test Outcome: 52.35 dBc > 20dBc ® PASS

WE HAVE DESIGNSON THE FUTURE
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15:15:68 May 25, 2601 Sweep

Ref 25 dBm Atten 15 dB Sweep Time

Huta

Swp Coupling
SR SA

Gate
{n 0ff

Start 9 kHz Stop 18 GHz
#Res BH 100 kHz #VEH 3 MHz #oneen 100 5 (1601 pts) Gate Setup
Pk H Axig Amplitude Pk H Axis Amplitude

913 MHz 23.53 dBm E

|
|
I ; Points
|
|

9 16681
18

Test Condition: Channel 8: 915.00 MHz

Test Limit: 20 dBc, Minimum.

Test Indication: 25.53 dBm-(-35 dBm)= 60.53 dBc

Test Outcome: 60.53 dBc > 20dBc ® PASS

WE HAVE DESIGNSON THE FUTURE
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15:12:32 May 25, 2081 Marker

Atten 15 dB

Select Marker
1 2 3 4

HarkerTracg

Aute 1 2

Readout,
Freguency

Function,
Off

Start 9 kHz Stop 18 GHz
#Res BH 199 kHz #YBH 3 MHz #Sweep 100 5 (1601 pts) [ELELCIREL
Pk % Axic Anplituds Pk % Axis Anplituds Un urf
1 813 MHz -28.48 dEm B
925 MHz 21.85 dBn 7

|
|
2 I
3 1838 GHz -31.34 dBn | B Marker All Off
4 |
5 I

g9
1A

[ [o]g]

2 of 2

Test Condition: Channel 15; 925.75 MHz

Test Limit; 20 dBc, Minimum.

Test Indication: 21.08 dBm-(-28.48 dBm)= 49.6 dBc

Test Outcome: 49.6 dBc > 20dBc ® PASS

WE HAVE DESIGNSON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
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i Agilent  14:44:47 May 25, 2001 Marker
Mkr3 983.43 MHz

Ref 25 dBm Atten 15 dB 19.84 dBm Select Marker
2, 1 2 3 4

i
.J L Marker Trace
FAute 1 2 3

Readout,
Freguency

Function,
Off

Start 982 MHz Stop 928 MHz
#Res BH 199 kHz #YBH 3 MHz #Sweep 100 5 (491 prs) [RUEILCIMELDE
Marker Trace H Axis Amplitude Un Ot
1 €17 982.88 MHz -16.84 dBm
2 13 928.88 MHz -32.95 dBm

(1 483,43 MHz 19.84 dBn Marker All Off

[ [o]g]

2 of 2

Test Condition: Channel 1: 903.50 MHz

Test Limit; 20 dBc, Minimum.

Test Indication: 19.84 dBm-(-10.04dBm)= 29.9 dBc

Test Outcome: 29.9 dBc > 20dBc ® PASS

WE HAVE DESIGNSON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
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s Agilent  14:48:31 May 25, 2001 Peak Search
Mkr3 915.26 MHz

Ref 25 dBm Atten 15 dB 23.85 dBm

Meas Tools»

Next Peak

% Next Pk Right

MNext Pk Left

Start 982 MHz Stop 928 MHz
#Res BH 100 kHz #VEH 3 MHz #3neep 100 5 (401 pts) Min Search

Marker Trace H Axis Amplitude
1 1 YB2.88 MHz -37.95 dBm
2 1 9238.88 MHz -39.85 dBm

(1 915,26 MHz 23.85 dEn Pk-Pk Search

[ [o]g]
1 of 2

Test Condition: Channel 8;: 915.00 MHz, CW

Test Limit; 20 dBc, Minimum.

Test Indication: 23.85 dBm-(-37.95 dBm)= 61.8 dBc

Test Outcome: 61.8 dBc > 20dBc ® PASS

WE HAVE DESIGNSON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
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w Agilent  14:51:05 May 25, 2001

Peak Search
Mkr3 925.40 MHz
Ref 25 dBm Atten 15 dB 21.1 dBm

Meas Tools»

Next Peak

Hext Pk Right

MNext Pk Left

Start 982 MHz Stop 928 MHz
#Res BH 100 kHz #VEH 3 MHz #3neep 100 5 (401 pts) Min Search

Marker Trace Type H Axis Amplitude
1 1 Freq YB2.88 MHz -39.29 dBm
2 1 Freaq 9238.88 MHz -22.83 dBm

(1) Freq 925.48 MHz 1.1 dEn Pk-Pk Search

[ [o]g]
1 of 2

Test Condition: Channel 15: 925.75 MHz

Test Limit: 20 dBc, Minimum.

Test Indication: 21.1 dBm-(-22.03 dBm)=41.1dBc

Test Outcome: 41.1 dBc > 20dBc ® PASS

WE HAVE DESIGNSON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
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5. 15.247 (d) Power Spectral Density

a)

b)

c)

Test Requirement

The maximum power spectral density allowed in the authorized band is 8
dBm/3kHz.

Pauthorized/BkHZ < 8 dBm/skHZ

Test Configuration

Thetest configuration is presented in section 11-A-1b.

Test Conditions: Equipment Under Test

The equipment under test is tunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a mid-band frequency
and one representing the maximum tunable frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 903.50 MHz

Channel 6: 915.00 MHz

Channel 15: 925.75 MHz

Test indications under these three frequency conditions are presented.

The following conducted power spectral densities are measured for each channel
setting:

WE HAVE DESIGNSON THE FUTURE
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d) Test Conditions: Instrumentation

Thelocalized peak in the emission spectrum is examined using the noise marker
function implemented by the spectrum analyzer. The noise marker method is chosen,
since the spectral lines of the emission are not resolvable and have noise-like
properties. The power spectral density asindicated is measured in a1 Hz bandwidth
and is corrected for measurement artifacts such as noise bandwidth, and logarithmic
amplification weighting. The test indication isthen re-normalized to a3 kHz
bandwidth by adding the following correction factor:

a8 kHzd
10 |ogngZZ§:34.8 dB

2

Center: Center Frequency

Span: Frequency Span

Res BW: Resolution Bandwidth

VBW: Video (averaging) Bandwidth

Sweep: Frequency Sweep time over indicated frequency Span.

Offst: Amplitude Offset, Entered by User to correct for external attenuator and cable

losses. Value determined by Vector Network Analyzer transmission measurement of
cable/attenuator assembly.

WE HAVE DESIGNSON THE FUTURE
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e) TestIndications

14:41:35 May 25, 2001 Marker 3

Mkrl 993.49828 MHz
Atten 15 dB Moise —34.24 dBm(1Hz)

Mkr » CF

Mkr 5 CF Step

Mkr 3 Start

Mkr 3 Stop

Center 963.5 MHz Span 3@ kHz Mkr 3 Ref Lvl
#Res BH 3 kHz #VBH 18 kHz sweep 91,67 ms (481 pts)

Test Condition: Channel 1: 903.5 MHz

Test Limit: 8 dBm/3 kHz, Maximum.

Test Indication: -34.24 dBm/Hz + 34.8 dB = 0.5 dBm/3kHz

Test Outcome: 0.5 dBm/3kHz < 8 dBm/3kHz ® PASS

WE HAVE DESIGNSON THE FUTURE
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14:48:06 May 25, 2061

Atten 15 dB

Marker >
Mkrl 914.98823 MHz

Moise —32.65 dBm(lHz)

Mkr 3> CF

WL

Lo L Mkr 5> CF Step

K

M '
l Mkr 3 Start

MH=

dB

Mkr 5 Stop

Center 915 MHz
#fes BH 3 kHz #YBH 18 kHz

Span 38 kHz Mkr 3 Ref Lvl
Sweep 91.67 ms (481 pts)

Test Condition: Channel 8: 915.00 MHz

Test Limit: 8 dBm/3 kHz, Maximum.

Test Indication: -32.65 dBm/Hz + 34.8 dB = 2.15 dBm/3kHz

Test Outcome: 2.15 dBm/3kHz <8 dBm/3kHz ® PASS

WE HAVE DESIGNSON THE FUTURE
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Mikrl 925.74648 MHz

Ref 25 dBm Atten 15 dB Moise —30.67 dBm{1Hz)

Center Freq
925.746408 MHz

Ty Start Freq

' W T & ' TR 925.731488 MHz
|

K w Stop Freq

925.761408 MHz

et
Hz

Freq Df__fs

@4 Al

Signal Track

Center 925.7 MHz Span 38 kHz
#fes BH 3 kHz #YBH 18 kHz Sweep 91,67 ms (401 pts)

Test Condition: Channel 15: 925.75 MHz

Test Limit: 8 dBm/3 kHz, Maximum.

Test Indication: -30.67 dBm/Hz + 34.8 dB = 4.1 dBm/3kHz

Test Outcome: 4.1 dBm/3kHz < 8 dBm/3kHz ® PASS

WE HAVE DESIGNSON THE FUTURE
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6. 15.247 (e) Processing Gain

a) Test Requirement

The minimum processing gain exhibited by the system must be at least 10 dB. The
processing gain will be determined by measuring the jamming margin across the
receiver pass-band in 50 kHz increments. The worst 20% of the jamming margin
points are discarded for the determination of the processing gain. The worst case
point elimination process is equivalent to the determination of the 20" percentile
value for the processing gain data set.

The processing gain is related to the jamming margin as follows:

G, _J + aeSE + 2 dB(systemloss)
S eNEBER_REF

G, _J + (G;EEE: + 2 dB(systemloss)
S eN Goery 104

The demodulation process is non-coherent FSK and its bit error ratio (BER) versus
signal to noiseratio (S/N) performance characteritic is described by:

The signal to noise ratio associated with the reference BER of 1X107° is:
10log,, gﬁ ::;: 10l0g,(- 2In(24" 10%))=1335dB

If areference BER other than exactly 1X10°isindicated an effective reference
signal noise ratio can be computed for any BER level to correct for this reference
level shift.

10|og10§%%: 10l0g, (- 2In(2>BER)

Therefore, the nominal procesing gain and jamming margin are related by:

G + 15.35dB

_J
S

WE HAVE DESIGNSON THE FUTURE
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b) Test Configuration
Deskt
BER Tes <#> persona
Computer
RS-232
COoM1

Receiver ﬂ

RS-485
Under Test \l

RS-232 to
RS-485
Translator

SMA

MACOM
3082-2’;‘[@23? 20 dB 3082-6184-20, 20 dB
Lsc12 CC000204C
LSC04 RG-316
RG-316 SMA T i---——- SMA RG-316 S\ sryvens B sy v B inry v RG-316
H —WAV———W———WW\—
P N-SMA
5: —< 2 MACOM SMA
RG-316 SMA i ] SMA RG-316 3082-6184-20, 20 dB
(I CC000204C
Two-Section Wilkinson Two-Section Wilkinson Lscos
Coupler900-3 Coupler900-4
HP E4404B Spectrum HP E4432B
Analyzer Digital Signal Generator
CC000221C US38220562
Be Q O ooo e
Q =] 0oo e
i ° =] ooo
- e =] ooog Py
® @ o ® =] oo
3.5 mm -SMA N-SMA

IRL
Transmitter
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c)

d)

Test Conditions: Equipment Under Test

The equipment under test is tunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a midband frequency
and one representing the maximum tunabl e frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 903.50 MHz

Channel 8: 915.00 MHz

Channel 15: 925.75 MHz

Test indications under these three frequency conditions are presented.

The following processing gain tests are measured for each channel setting:

Test Conditions: Instrumentation

The bit error ratio (BER) software is embedded in the radio firmware to emul ate the
base-band packet protocol to be used over theradio link. A standard BER test set
(FIREBERD 6000A) could not be used due to the fact that the asynchronous data
rate of 57.6 kbps exceeded its asynchronous measurement capability.

The BER software generates a packet data stream and the receiver receives the data
and the data comparison is performed by the receiver firmware. The results of the

bit-error-ratio test are sent out of the receiver on an RS-485 lineto a ANSI terminal
emulator running ona persona computer.

The firmware performs a bit-by-bit comparison of the received packets and

calculates the instantaneous bit-error-rate for the incoming packet and also calculates
the cumulative BER over all the packets transmitted in the test interval.

The cumulative BER is used as a set-point in the adjustment of the jamming signal
level (and consequently the J/Sratio). The set-point or reference BER is1X10™. If a

dlightly different BER isindicated, its value is noted such that the reference signal to
noise ratio can be corrected for offsets from the reference BER.

WE HAVE DESIGNSON THE FUTURE
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e) Procedure

1. Referring tothetest set-up presented in part b of this sub-section, note that there
are two Wilkinson couplers. These couplers have a maximum amplitude
imbalance of 0.1 dB and maximum phase imbalance of 1 degree over the test
frequency band (s-parameters on record).

2. Thefirst coupler is used to combine the desired signal and the tone-jamming
signal.

3. Thesecond coupler is used to sample the composite input signal to the receiver.
A spectrum analyzer samplesthe signal. The cable lengths on the output of the
sampling coupler are of the same type (RG-316) and of similar length. However
due to the amplitude balance of the coupler, the J/Sratio in each arm of the
coupler will correlate to within 0.1 dB.

4. Using theintegrated channel power measurement function, the desired signal
power is set to about —50 dBm at the sampled port. Thelevel at the receiver will
be very close to this sampled level.. The desired signal is adjusted by means of
the two step attenuators. The transmitter is placed in the CW mode during this
step. Ensure that the jamming signal generator is disabled.

5. Thetransmitter is disabled and the jamming signal generator is enabled and set
to the transmitter carrier frequency and is measured by the spectrum analyzer
using the integrated channel power function. The jamming power is set to the
exact level (to within 0.1 dB) of the previous reading of the desired signal. Since
the desired and the jamming signal levels were measured under the same
conditions, the J/Sratio at receiver given these settingsisat 0 dB.

6. Giventhejamming signal generator absolute amplitude reference setting
established in step 5. The signal generator amplitude setting is normalized to
this absolute level using the amplitude reference function on the signal
generator. Therefore, the generators indicated setting isrelativeto the 0 dB J/S
setting. Further settings are recorded as atest indications of the J/Sratio. With
every set of test indication, the absol ute reference indications are al so presented
to ensure the confidence of the 0 dB J/S setting.

7. Withthejamming signal attenuated substantially (-30 dB J/S), enable
transmission and reception of the packet data, the BER should indicate O (error
free operation) over a short test interval of 30 seconds.

8. While monitoring the BER, increase the jamming signal level until the BER
indicates closeto 1 X 10°. Record the relative amplitude level setting on the
jamming signal generator, thisisthe J/S ratio per the normalization method
presented earlier. Record the BER level for possible reference signal to noise
ratio corrections.

9. Repeat across the pass-band of the receiver in 50 kHz increments, recording the
JSratio at every frequency. Repeat for minimum, mid-band, and maximum
channel frequencies.

WE HAVE DESIGNSON THE FUTURE
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f) Test Indication Organization

For each channel setting, the test indications presented will be asfollows:
1. Referencedesired signal and jamming signal levelsat 0 dB J/S.

2. Numerical JS dataand conversion to processing gain. The values are for
nominal reference levels and BER-corrected reference levels.

3 20" percentile value for the processing gain data set for indication of
processing gain for 20% of worst indications removed. The test indications
are shown for both corrected and uncorrected data.

4. Plot of processing gain over pass-band of receiver. Thetest indications are
shown for both corrected and uncorrected data.

WE HAVE DESIGNSON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
Email: eng@lsr.com www.Isr.com



'ivl [ L.S. RESEARCH Inc. #301164-DCM I -appD 320745

HIGH TECHNOLOGY ELECTRONIC CONSULTANTS Confidential

g) TestIndications Channel 1 (908.50 MHz)

% Agilent  12:16:18 May 17,

Meas Setup

Ref -35 dBm Atten 5 dB Avg Number
Samp ) 19
Log O

16 .
dB/ T Mﬂ\

N u.a,.m%wm M
A |

—

Center 983.5 MHz Span 18 MHz
#Res B 108 kHz #WEH 1 MHz Sweep 5 oms (401 prs)

Channel Fower Results {measuring..) Avg 16/10

Channel Power Integration BH  2.000 MHz
-47.27 dBm

Density -118.28 dBm/Hz

Test Indication: Channel 1: 903.5 MHz, Desired Signal Reference Level Setting

% Agilent  12:20:11 May 17,

Meas Setup

Ref -35 dBm Atten 5 dB Avg Number
Samp 16
Log On
19 i
dB/ ;f tegration BW
1Hz
i

i Ay ol Chan Pwr Span
it 10 6000006

Center 9083.5 MHz Span 18 MHz
#Res BH 1008 kHz #WBH 1 MHz Sweep 5 ms (4081 pts)

Channel Power Results (measuring..) Awg 18/18
Channel Power Integration BH  2.000 Miz
-47.22 dBm

Density -116.23 dBm/Hz

Test Indication: Channel 1: 903.5 MHz, Jamming Signal Reference Level Setting
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Frequency JIS Gp BER S/N Corrected Gp'
902.50 7.2 22.60 9.00E-05 12.37 21.57
902.55 3 18.40 2.00E-05 13.06 18.06
902.60 -0.7 14.70 8.00E-05 12.43 13.73
902.65 -1.1 14.30 8.00E-05 12.43 13.33
902.70 -2 13.40 9.00E-05 12.37 12.37
902.75 -4.4 11.00 5.00E-05 12.65 10.25
902.80 -2.5 12.90 8.00E-05 12.43 11.93
902.85 -2.1 13.30 4.00E-05 12.76 12.66
902.90 -2.1 13.30 6.00E-05 12.57 12.47
902.95 -2.7 12.70 2.00E-05 13.06 12.36
903.00 -3.4 12.00 2.00E-05 13.06 11.66
903.05 -4.7 10.70 5.00E-05 12.65 9.95
903.10 -1.6 13.80 7.00E-05 12.49 12.89
903.15 -1.7 13.70 9.00E-05 12.37 12.67
903.20 -1.6 13.80 6.00E-05 12.57 12.97
903.25 -1.5 13.90 5.00E-05 12.65 13.15
903.30 -1.5 13.90 2.00E-05 13.06 13.56
903.35 -1.5 13.90 2.00E-05 13.06 13.56
903.40 -1.5 13.90 2.00E-05 13.06 13.56
903.45 -1.2 14.20 1.00E-05 13.35 14.15
903.50 -1.3 14.10 4.00E-05 12.76 13.46
903.55 -1.1 14.30 7.00E-05 12.49 13.39
903.60 -1.2 14.20 7.00E-05 12.49 13.29
903.65 -1.7 13.70 3.00E-05 12.89 13.19
903.70 -2.8 12.60 9.00E-05 12.37 11.57
903.75 -4.2 11.20 9.00E-05 12.37 10.17
903.80 -4.7 10.70 7.00E-05 12.49 9.79
903.85 -5 10.40 4.00E-05 12.76 9.76
903.90 4.1 11.30 9.00E-05 12.37 10.27
903.95 -3.7 11.70 8.00E-05 12.43 10.73
904.00 -3.4 12.00 9.00E-05 12.37 10.97
904.05 -3.5 11.90 3.00E-05 12.89 11.39
904.10 -4.3 11.10 9.00E-05 12.37 10.07
904.15 -3.8 11.60 5.00E-05 12.65 10.85
904.20 -3.1 12.30 6.00E-05 12.57 11.47
904.25 -2.9 12.50 2.00E-05 13.06 12.16
904.30 -2 13.40 7.00E-05 12.49 12.49
904.35 -1.4 14.00 8.00E-05 12.43 13.03
904.40 -0.8 14.60 8.00E-05 12.43 13.63
904.45 0.4 15.80 4.00E-05 12.76 15.16
904.50 2.2 17.60 6.00E-05 12.57 16.77
CHANNEL 1 903.50 |MHz
80% percentile Gp 11.7 dB Gp' 10.85

Test Condition: Channel 1: 908.5 MHz, J/S and Processing Gain

Test Limit: 20" Percentile Processing Gain: 10 dB, minimum.

Test Indication: 20™ Percentile Processing Gain = 10.85 dB

Test Outcome: 20" Percentile Processing Gain = 10.85 dB > 10 dB® PASS

W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400
Email: eng@Isr.com
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Channel 0 Processing Gain

25.00

20.00 \

15.00

Processing Gain (dB)

—i— CH1
/ —o— CH1 Corrected
10.00 Y Y
5.00
0.00
902.00 902.50 903.00 903.50 904.00 904.50 905.00

Frequency (MHz)

Test Indication: Channel 1 Processing Gain versus Frequency.

WE HAVE DESIGNSON THE FUTURE

W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 - 414-375-4400 - FAX 414-375-4248
Email: eng@lsr.com www.Isr.com



mr L.S. RESEARCH Inc. #301164-DCMI-appD

HIGH TECHNOLOGY ELECTRONIC CONSULTANTS

35 o0f 45
Confidential

h) Test Indications Channel 8 (915 MHz)

4 Agilent 63
Ref -35 dBm Atten 5 dB

Samp
Log

10 |
de/ ule \h"\

AT e

Center 915 MHz Span 18 MHz
#Res B 108 kHz #WEH 1 MHz Sweep 5 oms (401 prs)

Channel Fower Results {measuring..) Avg 16/10

Channel Power Integration BH  2.000 MHz
-46.56 dBm

Density -109.57 dBm/Hz

Test Indication: Channel 8: 915 MHz, Desired Signal Reference Level Setting

% Agilent B8 y 18,
Ref =35 dBm Atten 5 dB
Samp
Log
1@
4B/ fl \\

AN

R ol LA ]

W 1l
MER RN}
Center 915 MHz Span 18 MHz
#Res BH 1008 kHz #WBH 1 MHz Sweep 5 ms (4081 pts)
Channel Power Results (measuring..) Awg 18/18
Channel Power Integration BH  2.068 MHz
-46.56 dBm

Density -169.57 dBm/Hz

Marker

Select Marker
1 2 3 4

Normal

Delta

Band Pair

Stop

Test Indication: Channel 8: 915 MHz, Jamming Signal Reference Level Setting
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Frequency JIS PG BER S/N Corrected |Gp'
914.00 12.2 27.60 2.00E-05 13.06 27.26
914.05 8.8 24.20 3.00E-05 12.89 23.69
914.10 55 20.90 4.00E-05 12.76 20.26
914.15 3 18.40 9.00E-05 12.37 17.37
914.20 0.2 15.60 7.00E-05 12.49 14.69
914.25 -1.8 13.60 6.00E-05 12.57 12.77
914.30 -2.6 12.80 5.00E-05 12.65 12.05
914.35 -2.7 12.70 1.00E-05 13.35 12.65
914.40 -3.1 12.30 1.00E-05 13.35 12.25
914.45 -3.1 12.30 3.00E-05 12.89 11.79
914.50 -3.1 12.30 5.00E-05 12.65 11.55
914.55 -3.1 12.30 3.00E-05 12.89 11.79
914.60 -3.3 12.10 1.00E-05 13.35 12.05
914.65 -3.8 11.60 4.00E-05 12.76 10.96
914.70 -3.7 11.70 2.00E-05 13.06 11.36
914.75 -2.2 13.20 4.00E-05 12.76 12.56
914.80 -2.3 13.10 3.00E-05 12.89 12.59
914.85 -2.5 12.90 3.00E-05 12.89 12.39
914.90 -1.7 13.70 4.00E-05 12.76 13.06
914.95 -1.7 13.70 3.00E-05 12.89 13.19
915.00 -2 13.40 6.00E-05 12.57 12.57
915.05 -1.8 13.60 5.00E-05 12.65 12.85
915.10 -1.5 13.90 8.00E-05 12.43 12.93
915.15 -1.1 14.30 8.00E-05 12.43 13.33
915.20 -1.7 13.70 4.00E-05 12.76 13.06
915.25 -2 13.40 6.00E-05 12.57 12.57
915.30 -2 13.40 6.00E-05 12.57 12.07
915.35 -2.5 12.90 6.00E-05 12.57 11.87
915.40 -2.7 12.70 9.00E-05 12.37 11.67
915.45 -2.7 12.70 3.00E-05 12.89 12.09
915.50 -2.8 12.60 1.00E-05 13.35 12.45
915.55 -2.9 12.50 2.00E-05 13.06 11.36
915.60 -3.7 11.70 2.00E-05 13.06 12.26
915.65 -2.8 12.60 4.00E-05 12.76 12.16
915.70 -2.6 12.80 7.00E-05 12.49 12.39
915.75 -2.1 13.30 6.00E-05 12.57 13.07
915.80 -1.5 13.90 3.00E-05 12.89 13.99
915.85 -0.9 14.50 7.00E-05 12.49 13.59
915.90 -0.9 14.50 3.00E-05 12.89 14.79
915.95 -0.1 15.30 2.00E-05 13.06 15.36
916.00 0.3 15.70 5.00E-05 12.65 14.65
CHANNEL 9 914.50
80% percentile Gp 12.5 Gp' 12.05

Test Condition: Channel 8: 915 MHz, J/S and Processing Gain

Test Limit: 20" Percentile Processing Gain: 10 dB, minimum.

Test Indication: 20™ Percentile Processing Gain = 12.05 dB

Test Outcome: 20" Percentile Processing Gain = 12.05 dB > 10 dB® PASS
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Channel 8 Processing Gain

30.00 -
25.00 \

20.00

15.00

—— CH8
—e— CHB8 Corrected

Processing Gain (dB)

10.00

5.00

0.00
913.50 914.00 914.50 915.00 915.50 916.00 916.50
Frequency (MHz)

Test Indication: Channel 8 Processing Gain versus Frequency.
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i) TestIndications Channel 15 (925.75 MHz)

= Agilent  13:18:00 May 13,
Ref =35 dBm Atten 5 dB
Samp
Log
16 h‘ﬁ
dB/ f
I
Iy
rNETIE plilny F |l . MA.P!LM
N Ui [ 1ol M
MH= !
I
Center 925.8 MHz Span 18 MHz
#Res B 108 kHz #WEH 1 MHz Sweep 5 oms (481 pts)
Channel Fower Results {measuring..) Avg 16/10
Channel Power Integration BH  2.068 MHz
-48.58 dBm
Density -111.59 dBm/Hz

Test Indication: Channel 15: 925.75 MHz, Desired Signal Reference Level Setting

% Agilent  13:11:52 May 13,

Ref =35 dBm Atten 5 dB
Samp
Log
18
ey f \\
TR
.J i LJM I'JW. W‘U‘Wﬂ mm'ul 1!.“':“'“
I il M
10 ' MH R
Center 925.8 MHz Span 18 MHz
#Res BH 1008 kHz #WBH 1 MHz Sweep 5 ms (4081 pts)
Channel Power Results (measuring..) Awg 18/18
Channel Power Integration BH  2.000 MHz
-48.58 dBm
Density -111.59 dBm/Hz

Span Zoom

Full Span

Zero Span

Last Span

Zoner

Test Indication: Channel 15: 925.75 MHz, Jamming Signal Reference Level Setting
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Frequency JIS PG BER SIN corrected Gp'
924.75 10.1 25.50 8.00E-05 12.4 24.53
924.80 7.2 22,60 | 8.00E-05 12.4 21.63
924 .85 2.5 17.90 | 4.00E-05 12.8 17.26
924.90 1.1 16.50 5.00E-05 12.7 15.75
924.95 -2 13.40 | 3.00E-05 12.9 12.89
925.00 -2.1 13.30 | 8.00E-05 12.4 12.33
925.05 -2.6 12.80 | 4.00E-05 12.8 12.16
925.10 -2.7 12.70 3.00E-05 12.9 12.19
925.15 -3 12.40 9.00E-05 12.4 11.37
925.20 -3.3 12.10 4.00E-05 12.8 11.46
925.25 -3.1 12.30 6.00E-05 12.6 11.47
925.30 -3.5 11.90 4.00E-05 12.8 11.26
925.35 -2.9 12.50 9.00E-05 12.4 11.47
925.40 -1.8 13.60 | 3.00E-05 12.9 13.09
925.45 -1.8 13.60 9.00E-05 12.4 12.57
925.50 -1.8 13.60 4.00E-05 12.8 12.96
925.55 -1.7 13.70 4.00E-05 12.8 13.06
925.60 -1.7 13.70 3.00E-05 12.9 13.19
925 .65 -1.6 13.80 | 2.00E-05 13.1 13.46
925.70 -1.6 13.80 | 4.00E-05 12.8 13.16
925.75 -1.5 13.90 | 2.00E-05 13.1 13.56
925.80 -1.4 14.00 | 4.00E-05 12.8 13.36
925.85 -1.3 14.10 | 3.00E-05 12.9 13.59
925.90 -1.7 13.70 | 8.00E-05 12.4 12.73
925.95 -1.6 13.80 | 5.00E-05 12.7 13.05
926.00 -2.9 12.50 | 6.00E-05 12.6 12.37
926.05 -2.2 13.20 | 4.00E-05 12.8 11.46
926.10 -3.3 12.10 | 7.00E-05 12.5 11.09
926.15 -3.4 12.00 6.00E-05 12.6 10.87
926.20 -3.7 11.70 4.00E-05 12.8 11.76
926.25 -3 12.40 4.00E-05 12.8 11.96
926.30 -2.8 12.60 4.00E-05 12.8 11.56
926.35 -3.2 12.20 3.00E-05 129 12.79
926.40 -2.1 13.30 6.00E-05 12.6 12.57
926.45 -2 13.40 6.00E-05 12.6 12.37
926.50 -2.2 13.20 | 3.00E-05 12.9 13.09
926.55 -1.8 13.60 7.00E-05 12.5 13.69
926.60 -0.8 14.60 3.00E-05 12.9 14.89
926.65 0 15.40 8.00E-05 12.4 15.33
926.70 0.9 16.30 | 7.00E-05 12.5 16.09
926.75 1.6 17.00 | 8.00E-05 12.4 14.43
CHANNEL 15 914.50 MHz
80% percentile Gp 12.4 dB Gp' 11.56

Test Condition: Channel 15: 925.75 MHz, J/S and Processing Gain
Test Limit: 20™ Percentile Processing Gain: 10 dB, minimum.

Test Indication: 20™ Percentile Processing Gain = 11.56 dB

Test Outcome: 20" Percentile Processing Gain = 11.56 dB > 10 dB® PASS
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Channel 15 Processing Gain

30.00

25.00 "
20.00
o
h=2
c
5
= 15.00 ‘ CHIS
@ —e— CH15 Corrected
8
<
x
10.00
5.00
0.00
924.50 925.00 925.50 926.00 926.50 927.00
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Test Indication: Channel 15 Processing Gain versus Frequency.
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j)  Test Set-Up Photographs for Jamming Margin

Test Configuration — Wide View
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Test Configuration — Right Hand Side
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Test Configuration — Left Hand Side
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Equipment List

EQUIPMENT DESCRIPTION LSR Serial Number Serial Number Calibration
Agilent E4432B Signal Generator CC000213C On Record 7/30/1998
Hewlett Packard E4407B Spectrum Analyzer CC000221C On Record 8/11/2000
IV. Equipment Uncertainties
Specified Characteristic Specified Probability Specified
Density Uncertainty
HP EE4404B Spectrum Analyzer
Total Absolute Amplitude Uncertainty Uniform +/-0.35dB
Wilkinson Power Couplers
Amplitude Imbalance Uniform +/-0.1 dB
Adglinent E4432B
Absolute Amplitude Accuracy Uniform +/- 0.5 dB
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