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CERTI FI CATI ON OF ENG NEERI NG REPORT

This report has been prepared by Comrunication Certification
Laboratory to determ ne conpliance of the device described bel ow
with the requirenments of FCC PART 15. 247, Subpart C. This report
may be reproduced in full, partial reproduction may only be nmade

with the witten consent of the |aboratory. The results in this
report apply only to the sanple tested.

- Appl i cant: Wrld Wrel ess Communi cations, |nc.
- Manuf acturer: Wrld Wreless Comuni cations, |nc.
- Brand Nane: WAC
- Model Number: 900 SS Direct
- FCC I D NQE- 900DS
On this 30'" day of June 1999, |, individually, and for
Communi cation Certification Laboratory, certify that the
statenents nmade in this engineering report are true, conplete,

and correct to the best of ny know edge, and are nmade in good
faith.

COMVUNI CATI ON CERTI FI CATI ON LABORATORY

Checked by: WIliamS. Hurst, P.E
Vi ce President

Tested by: Roger J. Mdgley
EMC Engi neeri ng Manager
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SECTION 1. CLIENT | NFORVATI ON AND RESPONSI BLE PARTY:

1.1 dient |Information:

Conmpany Nane: World Wreless Comruni cations, |nc.
2441 Sout h 3850 West
West Valley City, UT 84116

Contact Nanme: R ch Saywer
Title: Proj ect Engi neer
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SECTI ON 2. EQUI PMENT UNDER TEST ((EUT)

2.1 ldentification of EUT:

Trade Nane: VWAC
Model Name or Nunber: 900 SS Direct
Serial Nunber: N A
Options Fitted: None

Country of Manufacture: U S A

2.2 Description of EUT:

The 900 SS Direct is a direct sequence spread spectrum
radio. It has an RS-232 interface that can be connected to a
conputer or any other equipnent that has RS-232 capability.

The applications of this radio are limted only by the need
and i magi nati on, sone exanpl es are:

Short/Long di stance telenetry
Weat her Stations

Wrel ess security stations
Renot e data col |l ections
SCADA applications

The 900 SS Direct operates on 9-15 VDC supplied via a 120
VAC to 12 VDC power supply.

This report covers the transmtter only the receiver is
covered under a separate verification report.

2.3 Modification | ncorporated/ Speci al Accessories on EUT:

The foll ow ng nodifications were made to the 900 SS Direct
by the Cient during testing to conply wwth the specification.
These nodifications will be inplenented during manufacturing.

1. C902 was changed from 3.9 pF to 2.2 pF
2. C85 was changed from 3.3 pF to 3.7 pF

Si gnat ur e:

Typed Nane: Rich Sawyer
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2.4 EUT and Support Equi pnent:

The FCC | D nunbers for all

TEST REPORT: 73-6891

FCC I D NQE-900DS
Page 23 of 99

t he EUT and support equi pnent
used during the test (including inserted cards) are |isted bel ow

Brand Nane FCC ID Descri ption Name of
Nunber I nterface

Model  Number Ports/Interface
Serial No. Cabl es

BN. WAC NQE- 900DS Direct Sequence |NA

WN. 900 SS Spread Spectrum

: Radi o

D rect
SN. N A
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SECTI ON 3. TEST SPECI FI CATI ON, METHODS & PROCEDURES

3.1 Test Specification:

Title: FCC PART 15.247, Subpart C (47 CFR 15).

Limts and net hods of measurenent of radio
interference characteristics of radio
frequency devices. Qperation within the
bands 902-928 MHz, 2400-2483.5 WVHz and 5725-
5850 MHz.

Pur pose of Test: The tests were perforned to denonstrate
Initial conpliance.

3.2 Methods & Procedures:

3.2.1 § 15. 247

(a) Operation under the provisions of this sectionis |limted to
frequency hoppi ng and direct sequence spread spectrumintentional
radi ators that conply with the follow ng provisions:

(1) Frequency hoping systens shall have hoppi ng channel carrier
frequenci es separated by a m nimum of 25 kHz or the 20 dB
bandw dt h of the hopping channel, whichever is greater. The
system shall hop to channel frequencies that are selected at the
system hopping rate froma pseudorandomy ordered |ist of hopping
frequencies. Each frequency nust be used equally on the average
by each transmitter. The systemreceivers shall have i nput
bandw dt hs that match the hoppi ng channel bandw dths of their
corresponding transmtters and shall shift frequencies in
synchroni zation with the transmtting signals.

(1) For frequency hopping systens operating in the 902 - 928 Mz
band: if the 20 dB bandw dth of the hopping channel is |ess than
250 kHz, the system shall use at |east 50 hopping frequencies and
the average tine of occupancy on any frequency shall not be
greater than 0.4 seconds within a 20 second period; if the 20 dB
bandw dt h of the hopping channel is 250 kHz or greater, the
system shall use at |east 25 hopping frequencies and the average
time of occupancy on any frequency shall not be greater than 0.4
seconds within a 10 second period. The nmaxi num all owed 20 dB
bandw dt h of the hopping channel is 500 kHz.

Exhibit 6



COMMUNI CATI ON CERTI FI CATI ON LABORATORY TEST REPCORT: 73-6891
FCC I D NQE-900DS
Page 25 of 99

(11) Frequency hopping systens operating in the 2400 — 2483.5 Mz
and the 5725 — 5850 MHz bands shall use at |east 75 hopping
frequencies. The maxi mum al |l owed 20 dB bandw dth of the hopping
channel is 1 MHz. The average tinme of occupancy on any frequency
shall not be greater than 0.4 seconds within a 30 second peri od.

(2) For direct sequence systens, the m ninum 6 dB bandw dth
shall be at |east 500 kHz.

(b) The maxi mum peak output power of the intentional radiator
shal |l not exceed the follow ng:

(1) For frequency hopping systens operating in the 2400 — 2483.5
WMHz or 5725 — 5850 MHz band and for all direct sequence systens:
1 watt.

(2) For frequency hopping systens operating in the 902 - 928 Mz
band: 1 watt for systens enploying at |east 50 hoppi ng channel s;
and 0.25 watts for systens enploying |less than 50 hopping
channel s, but at |east 25 hopping channels, as permtted under
paragraph (a)(1)(i) of this section.

(3) Except as show in paragraphs (b)(3)(i), (ii) and (iii) of
this section, if transmtting antennas of directional gain
greater than 6 dBi are used the peak output power fromthe
intentional radiator shall be reduced below the stated values in
paragraphs (b)(1) or (b)(2) of this section, as appropriate, by
the amount in dB that the directional gain of the antenna exceeds
6 dBi.

(1) Systens operating in the 2400 — 2483.5 MHz band that are used
exclusively for fixed, point-to-point operations nmay enpl oy
transmtting antennas with directional gain greater than 6 dB
provi ded t he maxi mnum peak out put power of the intentional

radiator is reduced by 1 dB for every 3 dB that the directional
gain of the antenna exceeds 6 dBi.

(1i) Systens operating in the 5725 — 5850 MHz band that are used
exclusively for fixed, point-to-point operations nmay enpl oy
transmtting antennas with directional gain greater than 6 dB

wi t hout any correspondi ng reduction in transmtter peak output
power .

(1i1) Fixed, point-to-point operation, as used in paragraphs

(b)(3)(i) and (b)(3)(ii) of this section, excludes the use of

poi nt-to-nulti point systens, omidirectional applications, and

mul ti ple co-located intentional radiators transmtting the sane

information. The operator of the spread spectrumintentional

radiator or, if the equipnent is professionally installed, the
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installer is responsible for ensuring that the systemis used
exclusively for fixed, point-to-point operations. The
instruction manual furnished with the intentional radiator shal
contain |anguage in the installation instructions informng the
operator and the installer of the responsibility.

(4) Systens operating under the provisions of this section shal
be operated in a manner that ensures that the public is not
exposed to radio frequency energy |levels in excess of the

Comm ssion’s guidelines. See Sec. 1.1307(b)(1) of this chapter.

(c) In any 100 kHz bandw dth outside the frequency band in which
t he spread spectrumintentional radiator is operating, the radio
frequency power that is produced by the intentional radiator

shall be at |east 20 dB below that in any 100 kHz bandw dth
within the band that contains the highest |evel of the desired
power, based on either an RF conducted or a radi ated neasurenent.

Attenuation bel ow the general |evels specified in § 15.209(a) is
not required. In addition, radiated em ssions which fall in the

restricted bands, as defined in § 15.205(a), nust also conply

wth the radiated emssion limts specified in § 15.209(a) (see §
15.205(c)) .

(d) For direct sequence systens, the peak power density conducted
fromthe intentional radiator to the antenna shall not be greater
than 8 dBmin any 3 kHz band during any tinme interval of

conti nuous transm ssion.

(e) The processing gain of a direct sequence system shall be at
| east 10 dB. The processing gain represents the inprovenent to
the received signal-to-noise ratio, after filtering to the

i nformati on bandwi dth, fromthe spreadi ng/ despreadi ng function.
The processing gain nay be determ ned using one of the follow ng
met hods:

(1) As neasured at the denodul ated out put of the receiver: the
ratio in dB of the signal-to-noise ratio wth the system
spreadi ng code turned off to the signal-to-noise ratio with the
system spreadi ng code turned on.

(2) As neasured using the CWjanm ng nmargin nethod: a signal
generator is stepped in 50 kHz increnents across the passband of
the system recording at each pint the generator level required
to produce the recommended Bit Error Rate (BER). This level is
the jamrer level. The output power of the intentional radiator
is measured at the same point. This jamer to signal ratio (J/9S)
is than cal cul ated, discarding the worst 20% of the J/S data
points. The lowest remaining J/Sratio is used to calculate the
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processing gain, as follows: G = (S/N)o+M +Lsys, where (p =
processing gain of the system (S/N)o = signhal to noise ratio
required for the chosen BERL M = J/S ratio, and Lsys = system
| osses. Note that total losses in a system including
intentional radiator and receiver, should be assuned to be no
nmore than 2 dB

(f) Hybrid systens that enploy a conbination of both direct
sequence and frequency hoppi ng nodul ati on techni ques shal

achi eve a processing gain of at |least 17 dB fromthe conbi ned
techni ques. The frequency hoppi ng operation of the hybrid
system with the direct sequence operation turned off, shall have
an average tinme of occupancy on any frequency not to exceed 0.4
seconds within a tinme period in seconds equal to the nunber of
hoppi ng frequenci es enployed nultiplied by 0.4. The direct
sequence operation of the hybrid system wth the frequency
hoppi ng operation turned off, shall conply with the power density
requi renents of paragraph (d) of this section.

(g) Frequency hopping spread spectrum systens are not required to
enpl oy all avail abl e hoppi ng channel s during each transm ssion.
However, the system consisting of both the transmtter and the
recei ver, nust be deigned to conply with all of the regul ations
inthis section should the transmtter be presented with a
continuous data (or information) stream |In addition, a system
enpl oyi ng short transm ssion bursts nust conply with the
definition of a frequency hopping systemand nust distribute its
transm ssi on over the m ni num nunber of hopping channels
specified in this section.

(h) The incorporation of intelligence within a frequency hoppi ng
spread spectrum systemthat permts the systemto recogni ze ot her
users wthin the spectrumband so that it individually and

i ndependently chooses and adapts its hopset to avoid hopping on
occupi ed channels is permtted. The coordination of frequency
hoppi ng systens in any other manner for the express purpose of
avoi di ng the sinmultaneous occupancy of individual hopping
frequencies by nmultiple transmtters in not permtted.

NOTE: Spread spectrum systens are sharing these bands on a non-
interference basis with systens supporting critical
Government requirenments that have been allocated the usage
of these bands, secondary only to | SM equi pnent operated
under the provisions of part 18 of this chapter. Many of
t hese Governnent systens are airborne radiolocation
systens that emt a high EIRP, which can cause
interference to other users. Also, investigations of the
ef fect of spread spectruminterference to U S. Gover nnment
operations in the 902-928 MHz band nmay require a future
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decrease in the power limts allowed for spread spectrum
oper ati on.

3.2.2 § 15.207 Conducted Linmts

(a) For an intentional radiator which is designed to be connected
to the public utility (AC) power line, the radio frequency
voltage that is conducted back onto the AC power |ine on any
frequency or frequencies wthin the band 450 kHz to 30 MHz shal
not exceed 250 mcrovolts. Conpliance with the provision shal

be based on the neasurenent of the radio frequency voltage

bet ween each power |ine and ground at the power term nals.

(b) The follow ng option may be enployed if the conducted

em ssions exceed the limts in paragraph (a) of this section when
measured using instrunentation enploying a quasi-peak detector
function: If the level of the em ssion neasured using the quasi-
peak instrumentation is 6 dB, or nore, higher than the |evel of
the sane em ssion neasured with instrunmentati on having an average
detector and a 9 kHz m ni nrum bandw dth, that em ssion is

consi dered broadband and the | evel obtained with the quasi-peak
detector may be reduced by 13 dB for conparison to the [imts.
When enploying this option, the follow ng conditions shall be
obser ved:

(1) The neasuring instrunentation with the average detector
shall enploy a linear IF anplifier.

(2) Care nust be taken not to exceed the dynam c range of the
measuring instrunent when neasuring an emssion with a | ow duty
cycl e.

(3) The test report required for verification of for an
application for a grant of equi pnent authorization shall contain
all details supporting the use of this option.

(c) The Iimt shown in paragraph (a) of this section shall not
apply to carrier current systens operation as intentional

radi ators on frequencies below 30 Miz. In lieu thereof, these
carrier current systens shall be subject to the follow ng

st andar ds:

(1) For carrier current systenms containing their fundamental
em ssion within the frequency band 535-1705 kHz and intended to
be received using a standard AM broadcast receiver: no limt on
conducted em ssi ons.
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(2) For all other carrier current systens: 1000 pVv within the
frequency band 535-1705 kHz.

(3) Carrier current systens operating below 30 MHz are al so

subject to the radiated em ssion limts in §§ 15.205, 15.2009,
15. 221, 15.223, 15.225 or 15.227, as appropriate.

(d) Measurenents to denonstrate conpliance with the conducted
limts are not required for devices which only enploy battery
power for operation and which do not operate fromthe AC power
lines or contain provisions for operation while connected to the
AC power lines. Devices that include, or make provision for, the
use of battery chargers which permt operation while charging, AC
adapters or battery elimnators or that connect to the AC power
lines indirectly, obtaining their power through another device
which is connected to the AC power lines, shall be tested to
denonstrate conpliance with the conducted limts.

3.2.3 Test Procedure

The testing was performed according to the procedures in
ANSI C63.4 (1992). Testing was perforned at CCL's anechoic
chanber located in Salt Lake City, Utah. This site has been
fully described in a report submtted to the FCC, and was
accepted in a letter dated March 1, 1999 (31040/SIT).

CCL participates in the National Voluntary Laboratory
Accredi tati on Program (NVLAP) and has been accepted under NVLAP
Lab Code: 100272-0, which is effective until Septenber 30, 1999.

For radi ated em ssions testing that is perforned at
di stances closer than the specified distance, an inverse
proportionality factor of 20 dB per decade is used to nornmalize
t he neasured data for determ ning conpliance.
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SECTI ON 4. OPERATI ON OF EUT DURI NG TESTI NG

4.1 Operating Environnent:

Power Supply: 12 VvDC
AC Mai ns Frequency: N A

4.2 Operating Modes:

Each node of operation was exercised to produce worst case
em ssions. The worst case em ssions were with the 900 SS Direct
running in the follow ng node. The 900 SS Direct was placed in
the transmt node with the sanme type of nodul ation that would
normal Iy be used during normal operation.

4.3 Configuration & Peripherals:

The 900 SS Direct was placed on the table in the transmt
nmode with the sane type of nodul ation that would normally be used
during normal operation.
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SECTION 5.  SUMVARY OF TEST RESULTS:

5.1 FCC PART 15.247, Subpart C

5.1.1 Summary of Tests:

Secti on Test Perfornmed Frequency Resul t
Range
(MHz)
15. 247 Em ssi on Bandw dth 902 to 928 Conpl i ed
(a)(2)
15. 247 Peak Qut put Power 902 to 928 Conmpl i ed
(b) (1)
15. 247 (O Ant enna Conduct ed 3 to 10,000 Conmpl i ed
Spurious Em ssions
15. 247 (O Radi at ed Spuri ous 3 to 10,000 Conpl i ed
Em ssi ons
15. 247 (d) Power Spectral Density 902 to 928 Conpl i ed
15. 247 (e) Processi ng Gain 902 to 928 Conmpl i ed
15. 207 Li ne Conduct ed 0.45 to 30 Conpl i ed
Em ssi ons
(Hot Lead to Ground)
15. 207 Li ne Conduct ed 0.45 to 30 Conpl i ed
Em ssi ons
(Neutral Lead to
G ound)
5.2 Result

In the configuration tested, the EUT conplied with the
requi renents of the specification.
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SECTI ON 6.  MEASUREMENTS, EXAM NATI ONS AND DERI VED RESULTS:

6.1 GCeneral Comments:

This section contains the test results only. Details of the
test methods used, etc., can be found in Appendix B of this
report.

The 900 SS Direct can operate on four channels, 905 MHz, 910
WMHz, 915 WMHz or 923 MHz. The transmt frequency is set by
adj usting the junpers as shown on page 7 of the users nmanual .
The 900 SS Direct was tested on three different channels (905,
915 and 923 MHz), the results for each channel are shown bel ow.

6.2 Test Results

6.2.1 § 15.247 (a) (2)
Measur enent Data Em ssion Bandw dt h:
A diagram of the test configuration is enclosed in Appendi X
A and a list of reference codes for test equipnment used is
encl osed i n Appendi x B.

Test equi pnment used: 1, 3 and 4.

Frequency Em ssi on Bandw dth
(MHz) (MHz)
905.0 1.96
915.0 1.97
923.0 1.97

RESULT
In the configuration tested, the 6 dB bandw dth was greater

than 500 kHz; therefore, the EUT conplied with the requirenents
of the specification (see spectrum anal yzer plots bel ow).
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Emission Bandwidth
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6.2.2 § 15.247 (b) Peak Qutput Power:

Measur enment Dat a:

The maxi mum peak out put power neasured for this device was
398.0 mMNVor 26.0 dBm Shown below is the nmeasured peak out put
power. The 900 SS Direct can be installed with the three
different types of antennas |listed bel ow, therefore, neasurenents
were perfornmed with the 900 SS Direct transmtting on all four
antennas. The results for each neasurenent are shown bel ow.

Ant enna Type Model Ant enna i n
Centurion Dipole CAF28715 2.15 dBi
Comt el co Yagi Y2283A- 66 6 dBi

Maxrad Omi MFB9155 5 dB

The maxi num directional gain of the each antenna is |ess
than 6 dBi; therefore, the maxi mum output power is not required
to be reduced fromthe val ue neasured.

A diagram of the test configuration is enclosed in Appendi X
A and a list of reference codes for test equipnment used is
encl osed i n Appendi x B.

Test equi pnent used: 1, 3 and 4.

Frequency Measur ed Qut put Power Measur ed Qut put
( MHz) (dBm Power
(mA
905.0 26.0 398.0
915.0 25.7 372.0
923.0 25.6 363. 0
RESULT

In the configuration tested, the EUT conplied with the
requi renents of the specification (see spectrum anal yzer plots
bel ow) .
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6.2.3 § 15.247 (c) Spurious Em ssions:
Measur enent Data Antenna Conducted Em ssions:

The frequency range from3 MHz to the tenth harnonic of the
hi ghest fundanental frequency was investigated to neasure any
ant enna- conduct ed em ssions. Shown below are plots with the 900
SS Direct tuned to the upper and | ower band edges. These
denonstrate conpliance with the provisions of this section.

A diagram of the test configuration is enclosed in Appendi X
A and a list of reference codes for test equipnment used is
encl osed i n Appendi x B.

Test equi pnment used: 1, 3 and 4.

Conducted Spurious Emissions
dBm  Trace A

30 1 893.950000 MHz
V  1.0000 dBm

20 ad

; ]
P
20 L T

o | by ﬁﬂ'ﬂ \\ﬂ / Wwf \w "

=

40 Y
-50
-60
-70
Centre: 902.000000 MHz Span: 50.000000 MHz
Res BW: 100 kHz Vid BW: 300 kHz Sweep: 20 ms
6/18/99 3:18:28 PM SPURL.SPT HP8566B

Spurious Emissions (Transmitting at 905.0 MHz)
Trace A 31.5 dB Offset (30 dB Attenuator and Cable)

Spurious em ssions plot (Transmtting at 905 MHz)
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Conducted Spurious Emissions
dBm  Trace A

32 1 937.100000 MHz
V -10.1000 dBm

22 l“

" Itk
|

Z r\lﬂl‘ ﬂll\
N I

L Y

P e RN

9 i an%
-49
-59
-69
Centre: 928.000000 MHz Span: 50.000000 MHz
Res BW: 100 kHz Vid BW: 300 kHz Sweep: 20 ms
6/18/99 3:33:51 PM SPUR2.SPT HP8566B

Spurious Emissions (Transmitting at 923.0 MHz)

Trace A 31.5 dB Offset (30 dB Attenuator and Cable)

Spurious em ssions plot (Transmtting at 923 MHz)
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The em ssions nmust be attenuated 20 dB bel ow t he hi ghest
power |evel neasured; therefore, the criteriais 26.0 — 20.0 =
6.0 dBm

Transmtting at 905.0 MHz

Frequency Frequency Corrected Criteria

Range MHz Level dBm
MHz dBm
3 - 30 7.4 -42. 1 6.0
30 - 200 30.7 -60.7 6.0
200 - 500 442. 6 -49.5 6.0
500 — 901.9 830. 9 -54.0 6.0
928.1 - 1000 931.4 -29.6 6.0
1000 — 2000 1811.0 -49.8 6.0
2000 - 3000 2716.0 -61.9 6.0
3000 - 4000 3621.0 -50.8 6.0
4000 - 5000 4526. 0 -64.0 6.0
5000 - 6000 5431.0 -66.5 * 6.0
6000 - 7000 6336. 0 -67.0 * 6.0
7000 - 8000 7241.0 -67.4 % 6.0
8000 - 9000 8146.0 -66.8 * 6.0
9000 - 10000 9051.0 -66.9 * 6.0
* Noil se Fl oor

The em ssions nmust be attenuated 20 dB bel ow t he hi ghest
power |evel neasured; therefore, the criteriais 25.7 — 20.0 =
5.7 dBm

Transmtting at 915.0 MHz

Frequency Frequency Corrected Criteria

Range MHz Level dBm
MHz dBm
3 - 30 4.5 -40. 4 5.7
30 - 200 116.0 -61.6 5.7
200 - 500 461. 6 -45.7 5.7
500 — 901.9 824. 8 -52.7 5.7
928.1 - 1000 936. 2 -31.6 5.7
1000 — 2000 1830.0 -43.9 5.7
2000 - 3000 2745.0 -65. 4 5.7
3000 - 4000 3660. 0 -64.5 5.7
4000 - 5000 4575. 0 -70.0 5.7
5000 - 6000 5490. 0 -72.2 % 5.7
6000 - 7000 6405. 0 -67.0 * 5.7
7000 - 8000 7320.0 -67.1 % 5.7
8000 - 9000 8235.0 -67.3 * 5.7
9000 - 10000 9150.0 -65.8 * 5.7
* Noil se Fl oor
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The em ssions nmust be attenuated 20 dB bel ow t he hi ghest

power |evel neasured; therefore, the criteriais 25.6 — 20.0 =
5.6 dBm
Transmtting at 923.0 MHz
Frequency Frequency Corrected Criteria
Range MHz Level dBm
MHz dBm
3 - 30 4.2 -41.5 5.6
30 - 200 114.0 -63.7 5.6
200 - 500 493.5 -49.1 5.6
500 — 901.9 898. 6 -28.4 5.6
928.1 - 1000 937.0 -11.2 5.6
1000 — 2000 1846. 0 -47.9 5.6
2000 - 3000 2769.0 -71.5 5.6
3000 - 4000 3692.0 -66. 6 5.6
4000 - 5000 4615. 0 -72.2 5.6
5000 - 6000 5538. 0 -72.9 * 5.6
6000 - 7000 6461. 0 -67.0 * 5.6
7000 - 8000 7384.0 -67.4 * 5.6
8000 - 9000 8307.0 -66.8 * 5.6
9000 - 10000 9230.0 -66.9 * 5.6
* Noil se Fl oor

Measur ement Dat a Radi at ed Eni ssions Restricted Bands § 15. 205:

The frequency range from3 Mz to 10 Gz was investigated to
measure any radiated em ssions in the restricted bands.

A diagram of the test configuration is enclosed in Appendi X
A and a list of reference codes for test equipnment used is
encl osed i n Appendi x B.
Test equi pnent used: 1, 3, 4, 7, 8, 9 and 12.

AVERAGE FACTOR

The 900 SS Direct transmts continuously therefore, there is
not an average factor for this device.

The 900 SS Direct can be installed with the three different
types of antennas |listed bel ow, therefore, neasurenents were
performed with the 900 SS Direct transmtting on all four
ant ennas.

The results for each neasurenent are shown bel ow
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Ant enna Type Model Ant enna i n
Centurion Dipole CAF28715 2.15 dBi
Comt el co Yagi Y2283A- 66 6 dBi

Maxrad Omi MFB9155 5 dB

Vertical Polarity
Centurion w el bow Mbdel CAS28715 Ant enna

Transmtting at 905.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2715.0 P 17.7 36. 8 0.0 54.5 74.0
2715.0 A 6.5 36.8 0.0 43.3 54.0
3620.0 P 23.3 39.9 0.0 63. 2 74.0
3620.0 A 10.7 39.9 0.0 50. 6 54.0
4525.0 P 20.7 41. 4 0.0 62.1 74.0
4525.0 A 7.8 41. 4 0.0 49. 2 54.0
5430.0 P 11.2 * 45. 5 0.0 56. 7 74.0
5430.0 A -0.8 * 45. 5 0.0 44. 7 54.0
8145.0 P 13.4 * 40. 5 0.0 53.9 74.0
8145.0 A 2.3 * 40. 5 0.0 42.8 54.0
9050.0 P 12.6 * 42. 1 0.0 54. 7 74.0
9050.0 A 3.7 * 42. 1 0.0 45. 8 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 915.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2745.0 P 20.9 36. 8 0.0 57.7 74.0
2745.0 A 8.0 36. 8 0.0 44. 8 54.0
3660.0 P 25.6 39.9 0.0 65. 5 74.0
3660.0 A 8.3 39.9 0.0 48. 2 54.0
4575.0 P 18.2 41. 4 0.0 59.6 74.0
4575.0 A 5.2 41. 4 0.0 46. 6 54.0
7320.0 P 11.2 * 38.9 0.0 50.1 74.0
7320.0 A 1.6 * 38.9 0.0 40. 5 54.0
8235.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8235.0 A 1.8 * 40. 8 0.0 42. 6 54.0
9150.0 P 12.6 * 42. 4 0.0 55.0 74.0
9150.0 A 2.9 * 42. 4 0.0 45. 3 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 923.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2769.0 P 23.1 36. 8 0.0 59.9 74.0
2769.0 A 12. 4 36. 8 0.0 49. 2 54.0
3692.0 P 17.5 39.9 0.0 57.4 74.0
3692.0 A 5.5 39.9 0.0 45. 4 54.0
4615.0 P 14.0 41. 4 0.0 55.4 74.0
4615.0 A 2.0 41. 4 0.0 43. 4 54.0
7384.0 P 11.2 * 38.9 0.0 50.1 74.0
7384.0 A 1.6 * 38.9 0.0 40. 5 54.0
8307.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8307.0 A 1.8 * 40. 8 0.0 42.0 54.0

P = Peak Detection
A = Average Detection

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected wwth the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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COMVUNI CATI ON CERTI FI CATI ON LABORATORY

Hori zont al
Centurion w el bow Mdel

Pol arity
CAS28715 Ant enna

Transmtting at 905.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2715.0 P 14.1 36. 8 0.0 50. 9 74.0
2715.0 A 2.3 36. 8 0.0 39.1 54.0
3620.0 P 21.0 39.9 0.0 60. 9 74.0
3620.0 A 9.8 39.9 0.0 49.7 54.0
4525.0 P 11. 7 41. 4 0.0 53.1 74.0
4525.0 A 0.0 41. 4 0.0 41. 4 54.0
5430.0 P 9.1 45. 5 0.0 54.6 74.0
5430.0 A -1.5 45. 5 0.0 44. 0 54.0
8145.0 P 13.4 * 40. 5 0.0 53.9 74.0
8145.0 A 2.3 * 40. 5 0.0 42.8 54.0
9050.0 P 12.6 * 42. 1 0.0 54. 7 74.0
9050.0 A 3.7 * 42. 1 0.0 45. 8 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 915.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2745.0 P 20.0 36. 8 0.0 56. 8 74.0
2745.0 A 9.0 36. 8 0.0 45. 8 54.0
3660.0 P 21.3 39.9 0.0 61.2 74.0
3660.0 A 10.1 39.9 0.0 50.0 54.0
4575.0 P 10.6 41. 4 0.0 52.0 74.0
4575.0 A 0.0 41. 4 0.0 41. 4 54.0
7320.0 P 11.2 * 38.9 0.0 50.1 74.0
7320.0 A 1.6 * 38.9 0.0 40. 5 54.0
8235.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8235.0 A 1.8 * 40. 8 0.0 42. 6 54.0
9150.0 P 12.6 * 42. 4 0.0 55.0 74.0
9150.0 A 2.9 * 42. 4 0.0 45. 3 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 923.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2769.0 P 20. 3 36. 8 0.0 57.1 74.0
2769.0 A 9.1 36. 8 0.0 45. 9 54.0
3692.0 P 15.3 39.9 0.0 55. 2 74.0
3692.0 A 3.6 39.9 0.0 43.5 54.0
4615.0 P 10. 2 41. 4 0.0 51.6 74.0
4615.0 A -0.9 41. 4 0.0 40. 5 54.0
7384.0 P 11.2 * 38.9 0.0 50.1 74.0
7384.0 A 1.6 * 38.9 0.0 40. 5 54.0
8307.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8307.0 A 1.8 * 40. 8 0.0 42.0 54.0

P = Peak Detection
A = Average Detection

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected wwth the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Vertical Polarity
Comt el co Yagi Model Y2283A-66 Antenna

Transmtting at 905.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2715.0 P 18.7 36. 8 0.0 55.5 74.0
2715.0 A 7.6 36. 8 0.0 44. 4 54.0
3620.0 P 23. 4 39.9 0.0 63. 3 74.0
3620.0 A 12. 7 39.9 0.0 52.6 54.0
4525.0 P 10.0 41. 4 0.0 51.4 74.0
4525.0 A -1.2 41. 4 0.0 40. 2 54.0
5430.0 P 11.2 * 45. 5 0.0 56. 7 74.0
5430.0 A -0.8 * 45. 5 0.0 44. 7 54.0
8145.0 P 13.4 * 40. 5 0.0 53.9 74.0
8145.0 A 2.3 * 40. 5 0.0 42.8 54.0
9050.0 P 12.6 * 42. 1 0.0 54. 7 74.0
9050.0 A 3.7 * 42. 1 0.0 45. 8 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 915.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2745.0 P 23.7 36. 8 0.0 60. 5 74.0
2745.0 A 13.2 36. 8 0.0 50.0 54.0
3660.0 P 18.9 39.9 0.0 58.8 74.0
3660.0 A 7.6 39.9 0.0 47.5 54.0
4575.0 P 12. 4 41. 4 0.0 53.8 74.0
4575.0 A 0.9 41. 4 0.0 42. 3 54.0
7320.0 P 11.2 * 38.9 0.0 50.1 74.0
7320.0 A 1.6 * 38.9 0.0 40. 5 54.0
8235.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8235.0 A 1.8 * 40. 8 0.0 42. 6 54.0
9150.0 P 12.6 * 42. 4 0.0 55.0 74.0
9150.0 A 2.9 * 42. 4 0.0 45. 3 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 923.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2769.0 P 25.1 36. 8 0.0 61.9 74.0
2769.0 A 14. 8 36. 8 0.0 51.6 54.0
3692.0 P 17.2 39.9 0.0 57.1 74.0
3692.0 A 5.8 39.9 0.0 45.7 54.0
4615.0 P 11.9 41. 4 0.0 53.3 74.0
4615.0 A -0.2 41. 4 0.0 41. 2 54.0
7384.0 P 11.2 * 38.9 0.0 50.1 74.0
7384.0 A 1.6 * 38.9 0.0 40. 5 54.0
8307.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8307.0 A 1.8 * 40. 8 0.0 42.0 54.0

P = Peak Detection
A = Average Detection

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected wwth the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Hori zontal Polarity
Comt el co Yagi Model Y2283A-66 Antenna

Transmtting at 905.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2715.0 P 14. 8 36. 8 0.0 51.6 74.0
2715.0 A 4.1 36. 8 0.0 40. 9 54.0
3620.0 P 20.1 39.9 0.0 60. 0 74.0
3620.0 A 9.1 39.9 0.0 49.0 54.0
4525.0 P 10.9 41. 4 0.0 52.3 74.0
4525.0 A -0.8 41. 4 0.0 40. 6 54.0
5430.0 P 11.2 * 45. 5 0.0 56. 7 74.0
5430.0 A -0.8 * 45. 5 0.0 44. 7 54.0
8145.0 P 13.4 * 40. 5 0.0 53.9 74.0
8145.0 A 2.3 * 40. 5 0.0 42.8 54.0
9050.0 P 12.6 * 42. 1 0.0 54. 7 74.0
9050.0 A 3.7 * 42. 1 0.0 45. 8 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 915.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2745.0 P 19.0 36. 8 0.0 55.8 74.0
2745.0 A 7.6 36. 8 0.0 44. 4 54.0
3660.0 P 13.0 39.9 0.0 52.9 74.0
3660.0 A 7.5 39.9 0.0 47. 4 54.0
4575.0 P 10.5 41. 4 0.0 51.9 74.0
4575.0 A -0.5 41. 4 0.0 40.9 54.0
7320.0 P 11.2 * 38.9 0.0 50.1 74.0
7320.0 A 1.6 * 38.9 0.0 40. 5 54.0
8235.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8235.0 A 1.8 * 40. 8 0.0 42. 6 54.0
9150.0 P 12.6 * 42. 4 0.0 55.0 74.0
9150.0 A 2.9 * 42. 4 0.0 45. 3 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 923.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2769.0 P 22.3 36. 8 0.0 590.1 74.0
2769.0 A 11.0 36. 8 0.0 47. 8 54.0
3692.0 P 16.1 39.9 0.0 56.0 74.0
3692.0 A 5.2 39.9 0.0 45.1 54.0
4615.0 P 10. 2 41. 4 0.0 51.6 74.0
4615.0 A -0.5 41. 4 0.0 40.9 54.0
7384.0 P 11.2 * 38.9 0.0 50.1 74.0
7384.0 A 1.6 * 38.9 0.0 40. 5 54.0
8307.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8307.0 A 1.8 * 40. 8 0.0 42.0 54.0

P = Peak Detection
A = Average Detection

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected wwth the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Vertical Polarity
Maxrad Omi Model MB9155 Antenna

Transmtting at 905.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2715.0 P 19.8 36. 8 0.0 56. 6 74.0
2715.0 A 8.6 36. 8 0.0 45. 4 54.0
3620.0 P 24.1 39.9 0.0 64.0 74.0
3620.0 A 12. 1 39.9 0.0 52.0 54.0
4525.0 P 11.0 41. 4 0.0 52.4 74.0
4525.0 A -0.8 41. 4 0.0 40. 6 54.0
5430.0 P 11.2 * 45. 5 0.0 56. 7 74.0
5430.0 A -0.8 * 45. 5 0.0 44. 7 54.0
8145.0 P 13.4 * 40. 5 0.0 53.9 74.0
8145.0 A 2.3 * 40. 5 0.0 42.8 54.0
9050.0 P 12.6 * 42. 1 0.0 54. 7 74.0
9050.0 A 3.7 * 42. 1 0.0 45. 8 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 915.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2745.0 P 23. 4 36. 8 0.0 60. 2 74.0
2745.0 A 12. 6 36. 8 0.0 49. 4 54.0
3660.0 P 22.6 39.9 0.0 62.5 74.0
3660.0 A 11.2 39.9 0.0 51.1 54.0
4575.0 P 12.0 41. 4 0.0 53.4 74.0
4575.0 A -0.2 41. 4 0.0 41. 2 54.0
7320.0 P 11.2 * 38.9 0.0 50.1 74.0
7320.0 A 1.6 * 38.9 0.0 40. 5 54.0
8235.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8235.0 A 1.8 * 40. 8 0.0 42. 6 54.0
9150.0 P 12.6 * 42. 4 0.0 55.0 74.0
9150.0 A 2.9 * 42. 4 0.0 45. 3 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 923.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2769.0 P 23.9 36.8 0.0 60. 7 74.0
2769.0 A 13.6 36.8 0.0 50. 4 54.0
3692.0 P 14.1 39.9 0.0 54.0 74.0
3692.0 A 5.0 39.9 0.0 44.9 54.0
4615.0 P 11.2 41. 4 0.0 52.6 74.0
4615.0 A -0.4 41. 4 0.0 41.0 54.0
7384.0 P 11.2 * 38.9 0.0 50.1 74.0
7384.0 A 1.6 * 38.9 0.0 40. 5 54.0
8307.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8307.0 A 1.8 * 40. 8 0.0 42.0 54.0

P = Peak Detection
A = Average Detection

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected wwth the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Hori zontal Polarity
Maxrad Omi Model MB9155 Antenna

Transmtting at 905.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2715.0 P 13.3 36. 8 0.0 50.1 74.0
2715.0 A 2.1 36. 8 0.0 38.9 54.0
3620.0 P 21.8 39.9 0.0 61.7 74.0
3620.0 A 9.8 39.9 0.0 49.7 54.0
4525.0 P 9.4 41. 4 0.0 50. 8 74.0
4525.0 A -0.6 41. 4 0.0 40. 8 54.0
5430.0 P 11.2 * 45. 5 0.0 56. 7 74.0
5430.0 A -0.8 * 45. 5 0.0 44. 7 54.0
8145.0 P 13.4 * 40. 5 0.0 53.9 74.0
8145.0 A 2.3 * 40. 5 0.0 42.8 54.0
9050.0 P 12.6 * 42. 1 0.0 54. 7 74.0
9050.0 A 3.7 * 42. 1 0.0 45. 8 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 915.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2745.0 P 17.2 36. 8 0.0 54.0 74.0
2745.0 A 5.9 36. 8 0.0 42. 7 54.0
3660.0 P 19. 4 39.9 0.0 59.3 74.0
3660.0 A 8.2 39.9 0.0 48. 1 54.0
4575.0 P 9.1 41. 4 0.0 50.5 74.0
4575.0 A -1.1 41. 4 0.0 40. 3 54.0
7320.0 P 11.2 * 38.9 0.0 50.1 74.0
7320.0 A 1.6 * 38.9 0.0 40. 5 54.0
8235.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8235.0 A 1.8 * 40. 8 0.0 42. 6 54.0
9150.0 P 12.6 * 42. 4 0.0 55.0 74.0
9150.0 A 2.9 * 42. 4 0.0 45. 3 54.0

= Peak Detection

Aver age Detection

P

A

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected with the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer
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Transmtting at 923.0 MHz

Receiver | Correction | Average | Corrected
Fr equency Readi ng Fact or Fact or Readi ng Limt
N dBnV dB dB dBnV/ m dBnV/ m
2769.0 P 19.5 36.8 0.0 56. 3 74.0
2769.0 A 8.3 36.8 0.0 45.5 54.0
3692.0 P 16. 8 39.9 0.0 56. 7 74.0
3692.0 A 4.6 39.9 0.0 44.5 54.0
4615.0 P 9.6 41. 4 0.0 51.0 74.0
4615.0 A 0.0 41. 4 0.0 41. 4 54.0
7384.0 P 11.2 * 38.9 0.0 50.1 74.0
7384.0 A 1.6 * 38.9 0.0 40. 5 54.0
8307.0 P 13.4 * 40. 8 0.0 54. 2 74.0
8307.0 A 1.8 * 40. 8 0.0 42.0 54.0

P = Peak Detection
A = Average Detection

Note 1: All Emissions from3 MHz to the first harnonic that were
with the restricted bands were nore than 20 dB below the Iimt.

* No em ssions were detected wwth the antenna 1 neter fromthe
EUT, the indicated readings are the noise floor neasurenents
fromthe spectrum anal yzer

Sanple Field Strength Cal cul ati on:

The field strength is cal cul ated by adding the Correction
Factor (Antenna Factor + Cable Factor), to the neasured |evel
fromthe receiver. The basic equation with a sanple cal cul ation
i s shown bel ow

FS = RA + CF - AF Were

FS = Field Strength

RA = Receiver Amplitude (Receiver Reading - Anplifier Gain)
CF = Correction Factor (Antenna Factor + Cable Factor)

AF = Aver age Factor
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RESULT

In the configuration tested, the EUT conplied with the
requi renents of the specification.

6.2.4 § 15.247 (d) Power Spectral Density:

Measur enent Dat a:
The maxi mum power spectral density neasured for this device
was 7.8 dBm  Shown below is the neasured power spectral density.

A diagram of the test configuration is enclosed in Appendi X
A and a list of reference codes for test equipnment used is
encl osed i n Appendi x B.

Test equi pnment used: 1, 3 and 4.

Frequency Measur ed Power
( MHz) Spectral Density
(dBm
905.0 7.8
915.0 7.6
923.0 7.4

RESULT
In the configuration tested, the EUT conplied with the

requi renents of the specification (see spectrum anal yzer plots
bel ow) .
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SoftPlot Measurement Presentation
dBm  Trace B

31 2 905.986000 MHz
V  7.8000 dBm

21

11

B T N N T Y

10 UMY;\NWM

-20

-30

-40

-50

-60

-70
Centre: 906.025000 MHz Span: 1.500000 MHz
Res BW: 3 kHz Vid BW: 10 kHz Sweep: 500 s
6/24/99 2:19:20 PM PSD1.SPT HP8566B

Power Spectral Density (Low End of Band)
Trace B 31.5 dB of Attenuation (30 dB Attenuator and Cable)

Power Spectral Density Plot (Low Channel)
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SoftPlot Measurement Presentation
dBm  Trace B

31 1 915.575000 MHz
V  7.6000 dBm

21

11 i

ARG

-20

-30

-40

-50

-60

-70
Centre: 915.590000 MHz Span: 1.500000 MHz
Res BW: 3 kHz Vid BW: 10 kHz Sweep: 500 s
6/24/99 2:43:12 PM PSD2.SPT HP8566B

Power Spectral Density (Middle of Band)
Trace B 31.5 dB of Attenuation (30 dB Attenuator and Cable)

Power Spectral Density Plot (M ddle Channel)
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SoftPlot Measurement Presentation
dBm  Trace B

31 2 923.786000 MHz
V  7.4000 dBm

21

11 Vi

L[ A Ny ST b

10 %w&ﬁ

-20

-30

-40

-50

-60

-70
Centre: 923.810000 MHz Span: 1.500000 MHz
Res BW: 3 kHz Vid BW: 10 kHz Sweep: 500 s
6/24/99 2:31:43 PM PSD3.SPT HP8566B

Power Spectral Density (High End of Band)
Trace B 31.5 dB of Attenuation (30 dB Attenuator and Cable)

Power Spectral Density Plot (H gh Channel)
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6.2.5 § 15.247 (e) Processing Gain:

The m ni num processing gain neasured for this device was
10. 97 dB.

The 900 SS Direct uses a digital spread spectrumtransceiver
chip manufactured by Intellon Corporation. The processing gain
was nmeasured by Intellon Corporation, enclosed below are the
processi ng gai n neasurenents.

The following data shews the proeessing gain of the 8RL-100 spread spectrum
transceiver. Please refer to the attached meme from Intellen eorperation for the
explanation of the measurement method. ‘The 8RI.-100 uses Intellon’s CELINY RF
spread spectrum baseband transeelver IC. The data was taken with a 1 dB signal to
jammer ratio. The attached bloek dlagram shews the measurement setup. The 1 dB
signal to jamuner ratie was verifled by turning off the jaramer and measuring the
trafismitter power, then turning off the transmitter and turning en the jarmrmer and
meadsiring the power:

The data portion of the paekets was 14 bits long. The RF center frequency was
915 MHz. The jaminer was stepped across the 2.2 Mz bandwidth of the desired
signal in 50 KHz steps. The average packet suecéss rutie was 0.9947,

Calculate bit etror rate in terins of packet sueeess rate:
BER = 1 - (Pletsr)(/pking
BER = 1 - (0.9947)!/19 = 3.8 «10¢

a iz

W

)

Caleulate EB/No from bit erfor rate
EB/No = -2*[n(2*BER)
EB/No = -2*in(2+[3.8*10°%]) = 15.753

Calculate theoretical signal to neise rutio
8/N = 10*log1e(BB/Ne)
S/N = 10*log1s(15.753) = 11.97 dB

Calculate process gain from difference in signal to noise and signal to Jam
Process gain = 8/N - S/Jam )
Process gain = 11.97dB - 1dB = 10.97 dB

The processirng gain is 10.97 d8.

— e
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PROCESSING GAIN DATA
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Freq. (MHz)  |Packets transmitted Packet d Packet Success Ratio
19138 10,000 10,000 il
1913.85 10,00 10,000 1
9139 10.000 10,000 1
913.95 10,000 10,000 1 P
914 10.000 10,000 LN
914.05 10,000 9,960 0.996
R EIEE] 10,000 10,000 1
914.15 10,000 9,997 0.9997 _
914.2 10.000 10,000 1
91425 10,000 10,000, 1 o
914.3 10,000 10,000 1 o
974.35 10,000 9,999 . 0.9999
9144 10,000 9.992 § 0.9592 L
914.45 10,060 9,997 _ - 09997 _
18145~ 10,000 9,996 ; 0.9996 N
914.55 10,000 9.988 1 0.9988 o
S 0.9909 Lt
0.9968
1
09939
0.5804
0.964 e
0.9661
0.987
0.9533
0.9731 T
0.9599 o
0.9856 _
0'998 ........
0.998
2
: .
1 -
1 -
1 -
1 - -
1 ——
1 -
1 -
1 —1
1 %
: .
1
1 e
1
1 L
1
1 -
1 e
Average Packet Success Rafio = Tl Tre- 0.9947 '
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'PROCESSING GAIN DATA

Interoffice Correspondence
To:  Fie
From: Jim Vander Mey '

Date: November 2,13992

Re: Bit Error Rate Testing for CEBus Da&a

Summary

- -

Conveadonal methods and eam.pment for bit error rate (BER) testing with CEBus
packets cannot be used. The reason is thar all data senr in CEBus packers is converted to
a symbol" format which typically creates multiple data (symbol) errors for each
communication bit error. Since dara that is measured by any insorumentation will have
be=n subjec: to the symbol encoding techmque. the results will be highly inflated and
invalid. The suggesed method of evaluating bit error rate is  observe the packet error
rate and infer from it the bit error rate. An explanation of various causes of muldple
CEBus dara errors per communicaton bit error'is given below, as well as a method of
inferring the bit error rate from the packet error (or success) rate.

General Description of CEBus Symbol Enceding

CEBus uses four symbols to encode all information in 2 CEBus packet The transmirted
communicarions media data bits (the media 1 and O states) are used to encode the four
symbols "1, "0", "EOF” and "EQP".- The EOF symbol is-used to delimir the end of a
field within a packet and the EOP symbol 10 delimit the end of a packet, while the "1"
and "0" symbols are used to convey the dara informarion.  The symbols are encoded by
the length of dme the wansmission media has the same value or state. Media dara bits are
called "Unit Symbol Times - USTs". A "1" symbol is define as the duration of 1 UST
with the same value (or "state” in CEBus terminology), a "0" as 2 USTs of the same
value, a "EOQF™ as-3 USTs of the same value, and'an "EOP" as 4 USTs (or more) of the v
same value. As an example, the following shows how the symbols could be encoded ina
uamm:?tted bir stream with xx representing eithera 1l ora 0.
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PROCESSING GAIN DATA

"1" symbol xxlbl;\'z or 7 :c:Ole;
"0" symbol - | 5:::.1001,xz o or xx0110xx
< "EOF" symbel = xx10001xx  or - xx01110xx

"EQP" sﬁnbol xxlOO(‘)OXx or . xx0111l1lxx

The advantage of this symbol eacoding approach is. that short variable length fields can
be efficienty handled. Oge side effec: though is that anv single wansmitted bit error
(UST) can create many symbol errors. And since symbols are the way in which
informadon is wansmined within CEBus, a single ansmission error can/will create
many packet "dara” errors. Even worse the occurrerice of a single error-can create
additional instances of symbols that did not exist, or totally delete symbols that did. This
does not represent a problem for CEBus sincé any single error voids the packet anyway,
and the CRC is responsible for protectng against undetected errors at the UST level

Exampies of Multiple Symbol Errors per Transmitted Bit Error

Below are examples of high probability instances in which single errors create multiple
Symbols or errors. T

-+ String of "1" symbols where any single communications error creates an EOF
symbol and deletes thres "1" symbols. There are therefore thres less dara
symbols in the information packet as well as a pew undefined field. The extra
field will generate an unpredictable aumber of additional errors depending on the
interpretation of the new: field (e.g. conrrol or dam informadon?)

- °© USTs -x1010101x  Original Symbols - x11111x
‘ o Error USTs - x1010101x  Resulting Symbols - x1(EOF)1x

- String of "0" symbols, where any single communications error_creates an EOF
symbol, deletes one data symbol and changes the remaining data symbol. Again
as above the actiial number of data symbol errors is unpredicrably larger than this
due to the inroduction of another field. :

© USTs-x1Q011001x Original Symbols - x000x
©  Error USTs -x10D11001x Resulting symbols - x L(EQF)0x
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PROCESSING GAIN DATA

. A sming of alternating "1” and "0" symbols where any single communications
error on 2 "1" symbol will create an EOP symbol theredy resulting in packet
terminadon, loosing (deledng) all remaining data symbols. Or a probabiliry basis
this one error will cause z half a packet full of data symbol errors.

o TUSTs-x01¥J110110x Criginal Symbols -x01010x
¢ Error USTs - x011@110110x' Resulting Symbois -x(EOP).....

There are other combinadons that cause similar problems, but this shouid be sufficieat ©
demonsate that a single communications bit error can and most probably will generate a
large number of "data” errors within a single CEB{ts packer

A Method for Deriving Bit Error\R‘at'e

Since any packet with one (or more) commanications bit errors could potendally create
many data bit errors, normal bit erTor rate measurement equipment cannot produce useful
results. The dara measured by this equipment will have been subject to the symbol
encoding procsss and thus yield highly inflated error results. However, a reliable'method
of calcularing biterror rate can be accomplished by using the packet error rate. In this
instance we know that packets that are successful recsived have no bit errors, while those
that are not successfully received experienced qne or more communications bit errors.

Let the packer success rate (PSR) be defined as the number of error free packets divided
by the total number of wansmiced packets. Then assuming bit errors are independent,
the PSR probabiliry can be expressed in terms of the bit error rate (BER) probability as:

PSR = (1-BER)™*

where PXting is the packer length in communications data bits. The derivadon of this
formula is seen where the probability of any single bit error being error-ires is (1-BER),
and the probabilicy of an entire packet being fres of any bit errors is the produc: of the
probabilites of all the bits being error-free. (This formula can also be found in
communicadons theory literature.)

Conclusion

To measure the bit error rate for CEBus packet communication. Tansmit a stadsdcally
significant number of packess. collect stadstcs on the number correcdy recsived versus
the aumber wansmied, calculate the packet success rate, and then calculate the bit emror

safe per the following formula.

BER = 1-PSR!Peiee
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Appeadix A Deriving Process Gain from Packet Succass Rates

AFadthumRzm(PsR) defined as thosa 5 wved with znybttsrrorsdmdadby
total packets transmiitted, can be derived from the Bit Em:r Rata (BER). Assuming that bit ecrars
are independent, the PSR is given as 2 funcion aof BER:'

PSR(PIng,BER) = (1 - BeR)™™

where Ping is the length of the packetin bits. The dedvation of this formuta is saen whaere the
probabilility of any single bit being eror-free (1-8ER), and the probablility of an entire packet being
free of any bit errars.is the product of the probability for ail the bits being error-frae, leading to the
formula abova. (rhs formulta is atso found in communicagons theory utemwm D

The Packat Error Rate (PER), defined as any pzckef.wrm ane or more errars, is thus defined as:

PER(Ping ,BER) = 1 - PSR(Ping,BER) “.
in 2 non-coheretit imiter basaed FSK demodulator, the theroretical Bit Error Rate (BER) can be
¢=;lculalad for any particular Signal to Noise (StoN) Iavel by the formulas below.

ston | ,
EbNo(Stan) := 10" BER(EbNo) := 0(5 exp{ .szo)

The data portion of the packet (that part in which 3 bit emor wﬂl causa a packet error) for the packets
under test is 41 btt’s This provides a more correc‘. (and :onsefvauve) measurement than using the
entire length of the packet. Therefore we usa:

Piting := 41 -

 The calculated theoretical BER and resultant PSR for a non-coherent limiter based FSK demodulator
over a Signal to Noise range of 10 t0.15 db in .5 gb.increments ts'thus:

StoN := 10,10.5..15 StoJam = 0,.5.5

StoN  StoJam -BER(EBNo(StoN)) PSR(Pking, BER(EbNo(StoN)))

o] f[al 0.00336897] 0.87078418
[fa.s| (0.5 ~ 7000183037 (0.52763795
11| {1 {0.0009231 0.96284337]
[115] 3.5 0.00042824,

2] 2] {o.000v18089

R 12,5 |25 0,00006878 37

3] (3] {0.00002324 0.99904743)
135 |35 0.0000C683 0.99971792
14| [« 0.00000178| 0.99952801 t
145 {4.5] 0.00000038 0.99998445

15| E {0.00000007 0.99’999721!

A minimum 10db procass gain implies that a Signal to Jam rato 10 db lower than the theoretcal
Signal'to. Naise ratio should producs equal or beter performance. Therefore, a Signal to Jam
(StoJam) ratio '10 db lower than tha Signal ta: Noise (StoN) ratios given above that produces an
equivalent or better Packet Success Rate (PSR) demonstrates atleasta 10 db process gain.
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The following test results are used to damonsuate process gain:
Specify Signal to Jam for this test
Stodam =1
Read tast data file <
TstData = READPRN(pgdzm ) sswoinis = last(Ts0ata™”) + 1 i := 0 tstpaines - 1
Put test data in vectors

Fraq := TstDaaa %> PiasTxd 1= TstData“'> PisRed = TstDaw™?™>
Caiculate resuits
Pidsr i LOSRed, c packat ‘ ite from packats tr itted and correctly
’ ' PrasTxd, recaived .

1 .
Ber, = 1- (Phsq Paing Calculate bit error rate ik terms of packet succass rate

EbNg; 1= -2:n l\' 2'8‘eri)~ Caiculata E5No from bit error rate
StoN, := 10-log (EbNoi) Calculate th ical signal to noiss
PreGny = Stol, ~ StoJam Cajculatd process gain from difference in signal to noise and signal
: to jam L
Rasuits

Z (Pa’cGr\I > 10)

i - .100 = 100 Percan( of paints greater than 10 db process gain

tstpoints

- 2 precn
~

= 120722 Average Process Gain

Process Gain by Frequency (in Mhz)

14 T

0865 . 909.75 910.85
Froqy
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Tables of inputdata and results

Stodam' =1
Freq, PkisTxd, PxkisRed,  Pkist; Ber, PrcGn,

{s08.65 10081 10080 0,999900803| | 0.00000242 |- |12.887682742)|
908.75 10074 [10073] 0.999900735| [0.000002421] [12.887436238
g08.85| - {10072} « |100S5 0.998312153], {0.000041201] [11.743380885
908.95 70079 10078 {0.999900784| | 0.00000242 | [12.887612331
$09.05] 10085 10084 0.999900843| {0.000002419| [12.887823519|
909.15 10080 10079 0.999900794| | 0.00000242 | [12.887647538
90925 10083 10081| 0.999804646| [0.000004838| | 12.63453539
909,35 10089 (10072 0.998314997| 10.000041131| [11.744160388
|s09.45 10084| - [10081 0.999702499{ 10.000007257] [12.479297178
909.55 110073 10039 0.99662464 | '10.000082462| {11.410496162]
909.65 10075 10060 0.998511166{ {0.000036338!| |11.800983036
909.75 10079 10042, 0996329001/ ']0.000089697| |11.368355647
909.85 10077 (10037 0.996030565| +{0.000097003| |11.328750399
909.95 10082 10026 0,994445547| [0.000135843| |11.154188745
910.05 10094 9902 0.980978799| [0.000468291| [10.444666838
910.15 10087| {10021 0.993456925] ' {0.000160099|  [11.066409217

' {91025 10078 9930 0.991268109| [0.000213885| [10.907194883
910.35(  |10087 10057 0.997025875| |0.000072645] (11.473239238
910.45{ . [10137 10133 . 10.000009626}  |12.367752486
- 910.55 10078| ~ 10077 "1 0.00000242 | | 12.88757712"
- ~ [910.65 10089 10087 0.000004835} - {12,634759172
910.75 10078| {10077 0.999900774] | 0.00000242 12.88757712
910.85; {10103 10102 0.999901019| |0.000002414] [12.888456268
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6.2.6 § 15.207 Line Conducted Em ssions:

The frequency range from 450 kHz to 30 Mz was investigated
to nmeasure any AC |line conducted em ssions.

A diagram of the test configuration is enclosed in Appendi X
A and a list of reference codes for test equipnment used is
encl osed i n Appendi x B.

Test equi pnent used: 1, 3, 4 and 13.

Li ne Conducted Data - (Hot Lead)

Det ect or Measur ed
Frequency Level Limt
VHz dBmv dBmv
0. 49 Quasi - Peak 39.9 48.0
0. 68 Quasi - Peak 34.8 48.0
0. 80 Quasi - Peak 31.8 48.0
1.03 Quasi - Peak 29.8 48. 0
1.21 Quasi - Peak 26. 8 48.0

Li ne Conducted Data - (Neutral Lead)

Det ect or Measur ed o
Frequency Level laént
VHz dBnyV mv
0. 49 Quasi - Peak 52.0 48.0
0.62 Quasi - Peak 49.9 48.0
0.71 Quasi - Peak 48. 2 48. 0
0. 86 Quasi - Peak 44. 3 48.0
0.97 Quasi - Peak 42.9 48. 0
1.09 Quasi - Peak 41. 4 48.0
1.21 Quasi - Peak 39.4 48.0
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APPENDI X A. TEST EQUI PMENT USED:

Ref er ence Type Manuf act ur er Model
No.
1 Anechoi ¢ Chanber EMC Test N A
Syst ens
2 Wanshi p Open Area CCL N A
Test Site
3 Spectrum Anal yzer Hew et t 8568B or 8566B
Packard
4 Quasi - Peak Det ect or Hew et t 8565A
Packard
Bi coni cal Antenna EMCO 3108 or 3104P
Log- Peri odi c EMCO 3146
Ant enna
Bi coni | og Ant enna EMCO 3142
Doubl e Ri dged CGui de EMCO 3115
Ant enna
9 Pre- Anmplifier Hew et t 8447D
Packard
10 Power Anplifier Hew et t 8447E
Packard
11 Power Anplifier Hew et t 8449A
Packard
12 Power Anplifier Hew et t 8449B
Packard
13 LI SN EMCO 3825/ 2
Anechoi ¢ Chanber
14 LI SN EMCO 3725
Wanshi p

An i ndependent calibration | aboratory follow ng outlined
cali bration procedures calibrates all the equipnent |isted above
every 12 nont hs.
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APPENDI X B. TEST PROCEDURES:

Li ne Conduct ed Em ssi ons:

The |ine-conducted em ssion fromthe digital apparatus was
measured using a spectrum anal yzer with a quasi-peak adapter for
peak, quasi-peak and average readi ngs. The quasi-peak adapter
uses a bandw dth of 9 kHz, with the spectrum anal yzer's
resol uti on bandw dth set at 100 kHz, for readings in the 450 kHz
to 30 MHz frequency ranges.

The line conducted em ssions neasurenents are perfornmed in a

screen roomusing a (50 w50 nH) Line Inpedance Stabilization
Net wor k (LI SN)

Were mains fl exi ble power cords are longer than 1 m the
excess cable is folded back and forth as far as possible so as to
forma bundl e not exceeding 0.4 min | ength.

Where the EUT is a collection of digital apparatus with each
digital apparatus having its own power cord, the point of
connection for the LISNis determned fromthe follow ng rules:

a) Each power cord, which is termnated in a mains supply plug,
shal | be tested separately.

b) Power cords, which are not specified by the manufacturer to
be connected via a host unit, shall be tested separately.

c) Power cords which are specified by the manufacturer to be
connected via a host unit or other power supplying equi pnent
shall be connected to that host unit and the power cords of
that host unit connected to the LISN and tested.

Desktop digital apparatus are placed on a non-conducti ng
table at least 80 cmfromthe netallic floor. The equipnent is
placed a mnimumof 40 cmfromall walls. Floor standing
equi pnent is placed directly on the earth grounded fl oor.
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Line Conducted Emissions Test

Printer Computer
"EMC Chamber
LISN Transiet Spectrum
limiter Analyzer

Radi at ed Spurious Em ssions:

The radi ated em ssion fromthe transmtter was neasured
using a spectrum anal yzer with a quasi-peak adapter for peak and
qguasi - peak readings. A preanplifier with a fixed gain of 30 dB
was used to increase the sensitivity of the neasuring
i nstrunent ati on.

A Biconil og antenna was used to neasure the frequency range
of 30 to 1000 WHz and a Doubl e R dge Gui de Horn antenna was used
to nmeasure the frequency range 1 GHz to 10 GHz, at a di stance of
3 neters fromthe EUT. The readi ngs obtained by these antennas
are correlated to the levels obtained with a tuned di pol e antenna
by addi ng antenna factors.

The configuration of the transmtter was varied to find the
maxi mum r adi at ed em ssion. The EUT was connected to the
peripherals listed in Section 2.4 via the interconnecting cabl es
listed in Section 2.5. These interconnecting cable were
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mani pul ated manual ly by a technician to obtain worst case

radi ated em ssions. The digital apparatus was rotated 360
degrees, and the antenna height was varied from1l to 4 neters to
find the maxi mumradi ated em ssion. Were there were nultiple
interface ports all of the sanme type, cables are either placed on
all of the ports or cables added to these ports until the

em ssions do not increase by nore than 2 dB.

Transmtters are neasured on a non-conducting table one-
met er above the ground plane. The table is placed on a turntable
which is level with the ground plane. The turntable has slip
rings, which supply AC power to the digital apparatus. For
equi pnent nornmally placed on floors, the equipnent shall be
pl aced directly on the turntable.

Radiated Emissions Test

EMGC Chamber

Printer | computer
Antenna
EUT
apdE Pre Spectrum
anaator Amp Analyzer
Turntable
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FCC Sections 15.247 Peak Transnit Power, Em ssion Bandw dth and
Spurious Em ssions (antenna conduct ed)

The EUT was directly connected to the spectrum anal yzer via
t he antenna out put port as shown in the bl ock diagram bel ow.

The neasurenents were perforned on three channels, as per 47
CFR 15.31(n), one near the bottom of the spectrum one near the
m ddl e of the spectrum and one near the top of the spectrum

The spectrum anal yzer’s resol uti on bandw dth and vi deo bandw dt h
were set as foll ows:

Peak Transmt Power

RBW= 1 MHz
VBW = 3 MHz

Em ssi on Bandw dt h

RBW = 3 kHz
VBW = 10 kHz

Spurious Em ssions (Antenna Conduct ed)

RBW = 100 kHz — 30 MHz to 1000 MHz
VBW = 300 kHz

Peak Detection

RBW= 1 Mz - 1 G4z to 10 Gz
VBW = 3 MHz

Aver age Detection

RBW=1 Mz - 1 GHz to 10 Gz
VBW = 10 Hz

Test Configuration Block D agram

=T SPECT RUM
ANAL YZER
O
ANT ENNA cABL E
PORT
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