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1, INTRODUCTION

The RXA/RDA series radios are afamily of spread spectrum transceivers which operate in the 902
to 928 MHz band . The radios are designed to operate at data rates of 121Kbps over the RF link.
Several models are available: the RXA-100,RXA-300, RXA-1000, RDA-100, RDA-300 and RDA-
500. Allfour models are essentially idenfical with the exception of their.output power capability and
their data interface {refer 10 the respective reference manuals for details on the interface). The RXA
models have a synciironous serial interface  while the RDA models have an 8-bit parallel interface.
The output power capatility is 100 mw for the RXA-100 and RDA-100, 300 mW for the RXA/RDA-
300, 500 mW for the RDA-500 and 1W for the RXA-1000.

This manual contains a detailed technical description ¢f the proprietary elements of these Proxim
radios, The information contained here is confidential and is not found in the general RXA or RDA
Serigs Reference Manual. The RXA or RDA Serigs Reference Manua! should be consulted when
addressing other issues pertaining to the specification, installation or operation of the RXA/RDA
radic models.

Tne reader of this manual is expected to posses a basic knowledge of spread-spectrum systems.
.

2. OVERVIEW

The RXA/RDA Family of radios use a direct sequencing approach to spread-spectrum. There are
several modulation techniques applicable to spreading a carrier with a pre-described code. Among
the most common ones are BPSK, GAM, MSK etc. The RXA/RDA radios use avariafion of the
MSK approach in which the modulation index is increased from the MSK value of 1/2 to a value of
1. By doing so the shape of the transmitied spectrum resulisin a flat distribution of power,
minirmizing the power density { mMW/Hz) across the modulation bandwidth. th contrast, the MSK
resultant SIN2(x)/x2 spectrum tends to concentrate the power about the carrier frequency resuiting
in greater power density over this region. Proxim's radios benefit from most attributes found in
MSK systems. The benefits which most impact the Proxim system are:

1.- MSK has no AM component 1o it and therefore can be passed through non-linear (Class C)
ampiitiers without causing distorfions which, ameng other things, couid result in spectral
regeneration.

2.- MSK spectrum sidelobes can be reduced greatly, to insignificant levels, by appropriate
fitering of the chipping sequence before applying it to the carrier. Having no sidelobes
reduces the potential of interference to other ugers in or outside the frequency band in
use,

J.- MSK can be demoduiated in one of several ways { 1Q Demodulator, PLL Demodulator , Fi
Discriminator etc) providing flexibility in the design of the receiver.

Following are some of the key specifications of Proxim's spread-spectrum implementation:

Quitput POWER. .o e, 100 MW, 300 MW, S500mW or 1W
Data Rate! ..o vvenenen. 121 Kbs

Spreading Factor: ......vviiininen 11

RE Bandwidth..........c.ccco i, 1.4 MHz

Chipping Sequence Length............. 11

# Codes Available.......ccccceeveeevaeennn. 1

Scrambling Sequence Length........, . 31

Processing Gain.....c...c.ccccevcvevieenne. 11 dB

Jamming Margin.......cvvinn e . -1 dB
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3. BLOCK DIAGHRAM

- Chipping Sequence ;

Fundamentaf to the design of the radio Is the choice of a chipping sequence. To meet the
processing gain requirements of 10 dB imposed by the FCC, the chipping sequence rate must be
at least ten times the data rate of the information (spreading factor >10). Proxim chose an 11 bit |
Barker code sequence as the basic signaling waveform. An information bit with z value of *1* is
transmitied as the Barker code { 10110111000} whereas an Information bit with a value of "0" is
transmitted as the inverse of the Barker code (01001000111).

The Barker code was chosen for its low DC component as well as for its unique seif and cross
correlation properties { cross correlation with its own inverse). Infact, it was found that its correlation
functiom’s main kobe fo side lobe ratio was superior to those of lbonger sequences (such ag a 15 bit
maximal length sequence). The net result is greater achievable processing gain and better
synchronizing capabilities.

As will be discussed later in rnure?iatail, Proxim's system emplays a combination of an.11 bit Barker
code and a scrarnbler to meet the randomization requirements imposed by the FCC. This approach
enabrles the use of a "matched filter” type of receiver which results in a self synchronizing system
{i.e. synchronization is achieved with every hit of transmitted information). A self synchronizing
system is more robust and has the advantage of not requiring lengthy synchronization pre-amblas
on every packet transmitted, .
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Transmifter

The general signal flow through the transmitter section of the radio goes as foliows. Data to
be transmitted is clocked into the TXDATA Input at a posilive transition of the TXCLK output. The
THCLK sutput nuns gt a 121 Kixs rale . The data is then passed through a scrambler and coded
with the chipping sequence on the spreader. Before modulation, the output of the spreader goes
to a signal conditioning block which prepares it for driving the FSK modulator. The FSK modulator
superimposes the modulation ento a carmier in the 802-928 MHz band.  The culput of the
modulator is amplified, filtered and sent to the antenna connector for transmission.  The following
seclions describe each of these blocks in more detail.

a.. Scrambler:

The BF spectrum of a data stream of all zeroes ¢r all ones chipped with the 11 bit Barker
code sequence consists of a series of spectral ines spaced /11 of the chipping sequence rate. In
our case these spectral lines would be spaced 129 KHz  apart resulting in a concentration of the
transmitted power at these frequencies. ‘In order 10 avoid this and distribute the power more evenly
throughout the spectrum {under the fikely case of an all zero or all one data stream) the RXA/RDA
radios scramble the data before it is chipped.

The scrambler used is a self synchronizing 5 stage scrambler with anti-lockup circuitry. Anti-
lockup circuitey Is cotnmonly used to ensure that certain periodic sequences not send the
scrambler into a lock-up condition. The scrambled oulput is ensured not to repeat in at least 31 bits
of the input sequence. The figure 3a shows in detail the major components of the scrambler.

PLOLYNOMIAL GENERATOR 4+
IMPLIT l_

<00 S [P R O
"OTEEE

LOCK-LUP DETECTION SIRCLIMRY

r
SCRAMBLED
CUTPLIT
Figure 3a
SCRAMELER

b.. Spreader:

) Ongce the data has been scrambled, it is fed to the spreader block. The spreader block
simply takes the scrambled data and superimposes the 11 bit Barker code sequence onto it. If the
scrambled data has a value of 1, the output of the spreader will be the chipping sequence. If the
scrambled data has a value of 0, the output of the spreader will be the inverse of the chipping
sequence. Figure 3b-1 shows a block diagram of the Spreader depicting ite major components.
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Figure b1
SPREADER

The 11 bit shift register is Idaded with the Barker code at the data rate of 121 kbs (8MHz +
11x6 ). The bits are then shifted out at the chipping rate of 1.33 MHz (8MHz +6). The 11 bit
chipping sequence in combination with the 5 stage scrambler gives an equivalent sequence
length 341 bits long. The resulting power spectra  will have components spaced 1/341 x
chipping rate (3.9 KHz ) apart. In most cases, there will be some additional degree of randomness in
the input data itself making the spacing smaller.  (See Appendix A for resulls of the comparison
between Proxinr's 11 bit sequence/scrambler combination versus a 127 Bit chipping sequence
only approaches)

C. Data Conditioning:

Prior to modulating the carrier, the chipped data goes through the data conditioning tiock.
Two functions are served in this block. The first one is to provide the appropriate sighal levels into
the L.O.'s FM input. This is important to ensure that a deviation index of 1 is achieved ressulting in
anoptimally flat spectral shape. The second function is to filter the signal into the 1..O.s FM input
with a Gaussian response. This reduces the level of the spectral sidelobes markediy, supprassing
any out ot channel emissions below the allowable levels needed to meet desired adjacent channel -
rejection goals (55 dBc).

Figure 3c-1
Output Power Spectra
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The out of Band suppression achieved is significantly better than that required by the
FCGC {20 dB of suppression). Once the medulation has heen conditioned appropriately, it is
applied to the FM input of the Local Oscillator. The net result is a modulated RF carrier with a flat
spectral shape and rapidly decreasing sidebands {see figure 3c-1).

d. Modulator:

The Local QOscillatoris phase locked fo the 8 Mhz master clock with afaidy narrow loop
bandwidth. This enables the modulation to be applied to the L.O. outside the loop bandwidth
without distortions. The low DC content of the chipping sequence discussed earlier ensures that
very littie of the energy from the modulation will fall within the bandwidth of the loop.

. High Power Amplifier {HPA):

The HPA takes the outputof the Local Oscillator and amplifies if to the desired output level.
The HPA final stages are Class C and use power much more efficiently than linear type of amplifiers.
Harmonic content from the HPA is suppressed within the limits allowed by the FCC by a jow pass
filter at the cutput.

The RXA-100, RDA-100 and the RDA-500's ouiput amplifier designs are practically
identical. The RXA/RDA-100's deslgn is optimized for Sv operation and minimum current draw
{essential for battery operation) with an output power capability of 100 mW. The RDA-500's output
stage is intended to be operated from a 9v supply and is capable of a maximum of 560 mw of output
power. The RXA-1000 output amplifier has an additional stage and it is designed to operate from a
nominal 7.5v supply. An ALC loop ensures the output does not exceed 1W under any condition.

RECEIVER

The general signal flow through the receiver section of the radio goes as follows. The
sighal received by the antenna is fed though the Tx/Rx switch and the bandpass input filter to the
low noise ampiifier. After amplification, the signal is mixed down to the first IF where it is further
amplified and filtered. Then, it is mixed down once again to the second IF where it is filtered and
ampliied. The output of the second IF is demodulated and then de-spread {or de-chippgd), The
output of the de-spreader is used by the clock and data recovery circuit to recover the data and the
clock. Both of these signals are finally fed to the RXDATA and RXCLK outputs of the radio.

f. Front End:

The receiver frant end consists of a Tx/Rx switch, an RF filter to reject image {requencies as
well as other spurious inputs, a low noise amplifier and a two stage down-converter. The first
down-conversion stage translates the RF to a first IF frequency of 44 MHz whiere it its amplified and
fitered. The second stage further translates the first IF to the second and final IF frequency of 12
MHz. Once again, the resulting signal is amplified and filtered. The 2nd IF output is fed to the
demodulator.
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g. Demodutator:

The demodulation process consists of two steps. The first step converts the IF signal into &
baseband signal. This is accomplished with an FSK type of demodulator, The pufput of the FSK
demodulator, on a noiseless channel, woukd correspond {o the transmitier's. modulation input. The
next step in the demodulation process is to remove the chipping sequence from the data. Thisis
accomplished by the de-spreader, data extraction and clock extraction blocks. These blocks in
essence perform & digital matched filter function necessary to corelate the incoming signal with the
receiver's copy of the chipping sequence.

h. De-spreader

The de-spreader consists of an A/D converter and a digital matched filter which is matched
to the 11 bit Barker code. . The A/D converts the output of the FSK demodulator to its digital
representation. This value is then shifted into a 66 elemant shift register at the system's clock rate.
The shift register is divided into 11 buckets of 6 elaments each. Each bucket corresponds to one
chip of the spreading sequence (ifi figure 3h-1 a bucket is represented by a block labelled "6* D",
Each element of every bucket is muftipliedby a +1ora- according to the chipping sequence
value assoclated with that bucket.

& Miz
FROM 66 STAGE SHIFT HEGISTER
FE DEMOD ‘
DEMOD [ o -—IE'D 0 [a*n |s*u o ko e 's-u B0 F*D 8D
I lﬂ T T T T EK
FEi
DATA
DATA DE-
"]mupmmun —"*| cKaDATA SCRAMOLER
.r
VANDOW | |reite - 1-
“Dloomepanator :x
SLK
Figure 3h-1 :

DE-SPREADER, CLOCK & DATA RECOVERY CIRGUITS

The outputs of all 86 multipliers are then summed fogether to complete the matched filter's
correlation operation. The factor of 6 oversampling used in the correlator gives the resolution
necessary for proper synchronization. During every cycle of the system clock the cotrelator
repeats the full correlation operation to calculate a new value. Once on every data bit, the sampled
output of FSK demodulator, as it is shifted through the shift register, lines up with the chipping
sequence (as defined by the multiplier's weights). The corretator's cutput will peak at this point
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and drop down to a background noise level, also referred fo as sidelobe level, every where else
{see figure 3h-1).

The polarity of the peaks will depend on whether the transmitted data was a "1* or a "o".
the relative value of the peak-to-sidelobe ratio is dependent on the correlation properties of the
chipping sequence as well as the length of it. It also affects the ability to detect the peaks in the
presence of noise. A higher peak-to-sidelobe ralio will reduce the likelihood of noise or
interference causing invalid threshold crossings (thresholds are discussead in the following section)
which could result on errors. Proxim's code ls optimal for its length as the level of its cormrelation
sidelobes are the smalfest achigvable.

Figure 3h-2 is a photograph of the output of the correlator {node labelled "A* in figure 3h-
1) as seen through a D/A converter. kt should be noted that this node is not generally available for
monitoring by radio users as it exists only inside Proxim's spread-spectrum ASIC, This photograph
was taken by assembling special hardware that allows the output of the correlator {node “A" to be
monitored outside the ASIC. The correlator output was fed to a fast 8 bit D/A converter 1o yield the
waveform showr.

Figure 3h-2 Figure 3h-3
Cormrelater Cutput Correlator Output in the presence of
Noise/Interference

In the presence of noisefinterference main lobe-to-side lobe ratio begins to decrease.
Figure 3h-3 depicts a condition of heavy noise. It can be noted that timing information is cleary
discernable inthe correlator output. The clock extraction circuitry will use the time when the
correlator output peaks {+ or -) asthe sampling instant, The separafion befween the positive and
negative peaks, at the sampling instant, then determines the error rate.

—

i. Processing Gailn:

Processing gain has been defined in a number of different ways in the literature mostly
depending on the application, For receivers using correlation detection technigues, asin this case,
processing gain is given by the main-fobe to side-lobe ratio out of the correlator.  This figure can be
calculated by taking the difference befween the positive and nggative correlation peaks and
dividing this number by the difference between the minimum and maximum side-lobe levels,

The 11 bit Barker code sequence used in this design has the spacial propesty that the
main-lobe 1o side-lobe ratio is 11 (or 11 dB) as can be seen in figure 3h-2. This processing gain
enables the correlation peaks to be clearly discernable even under severe interference/moise
conditions ({ig 3h-3}. The clock and data recovery blocks ¢an then process the output of the
corrglator to cleanly extract the data from the signal. _
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j Data and Cltock Extraction:

The cotrelator's output contains the information needed to determine the transmitied data.
To arrive at this determination this signal is processed by the clock and data exiraction circuitry. The
correlator's output s compared with pre-determined thresholds. A window comparator generates
the clock needed to sampla the output of the data comparator at the correct instant {the center of
the comelation peak).

[n addition to generating clock pulses in response to corralation peaks, the ¢lock extraction
Gircuitry will estimate the location of peaks in cases where noise or interference cause the
correlation peaks to drop below the threshold lavels. This allows the radio to take full advantage of
the correlation properties of the Barker code and continue to aperate correctly in a heavy noise or
intetference environmeant

k. De-scrambler:

Following the de-spreader, the d‘?ﬁla output from the data recovery circuit is de-scrambled. The
function performed by the de-scrambler is inverse of the one perfiormed by the scrambler. The
Circuitry used is very similar o that of the scrambler.

The output of the de-scrambler is gated priorto feeding the RXDATA fine. Controlling
the gate is the Carrier Detect signal {_CD}. The _CD signal is derived from the output of the
correlator and, when active, it indicates that a Proxim compatible RF signal is detected at the input
of the radio. When inactive, the data output from the radio is gated off,
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4. APPENDIX A

a.- 11 Bit Sequence / 31 bit Scrambler vs 127 Bit Sequence:

The Federal Communigations Commission requires manufacturers of spread-spectrum
products covered under part 15.247 of theé Code to provide proof that the degree randomness
achieved from the radio under consideration be equivalent {or better) than- what would be
achieved if the chipping sequence used were 127 bits in length.

For the purpose of this comparison, Proxim has conducted the following expetiment; an
RXA-1000 radio was modified fo take a 127 bit leng output from apseudo random sequence
(FRBS) generator {instead of its intemally generated 11 bit Barker code} as the radio's chipping
sequence. An RXA-1000 was arbifrarily chosen for this experiment. The results presented below,
fiowever, exiend to the full family of RDA/RXA radios (since their spread spectrum architecture is
identical].

The PRBS generator is of the maximal length kind and was based on the standard

polynomial 1+X3+ X7 uysing a 7 stage shift register with feedback from the 1st.4th and
7th_stages, for its implementation . The resulting pseudo-random sequence then replaced the
SPREADER cutput as the input to the radic’s Data Conditioning Block (refer to block diagram).
The PRBS used is shown in figure A-2 and can be contrasted with the 11 bit Barker code normally
used in Proxim radios and shown in figure A-1,
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Figure A-1.- 11 Bit Barker Code Figure A-2.- 127 Bit Maximal Length
Sequence Sequence '

The output of the radio, operating in this mode, was monitored with a Tekironix spactrum
analyzer model 452P. The following six figures are photographs comparing the output of this
modified radio with that of an off-the-shelf RXA-1000. The column on the ieft depict resuits from
the off-the-shelf radio tests whiie the column on the right depict results from the modified radio
tests.  Inboth ¢cases the data input to the radio was constant stream of "1*.

RXA-1000 RXA-1000
NCORMAL OPERATION 127 BIT CHIPPING SEQUENCE
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Figure A-3.- Measured power spegtra of rigure A-4.-  Measured power spectra of the
of the off-the-shelf RXA-1000 . the modified RXA-1000

N
Figure A-5.- Zoomed-in look at figure A-3. Figure A-6.- Zoomed-in look at figure A-4,

Note resolution bandwidth is now § KHz. - Note resolution bandwidth is now 1KHz.



proxim COMPANY CONFIDENTIAL

RXA-1000 RXA-1000
NORMAL OPERATION 127 BIT CHIPPING SEQUENCE
™~
Figure A-7.-  [ndividuai spectral componhents Figure A-8.- Individual spectral components
can be found every ~3.9 KHz. Thisis the can be found every ~10.5 KHz as expected
the result of the 1.33MHz chipping rate divided froma 1.33 MHz chipping rate and a 127 bit
by 341 {the effective tength of the 11 hit sequence. .
Barker codefscrambler combination). ' -

In surmmary, spectral lines on the off-the-shelf fXA-1000 output power spectra were spaced
closer tngeihar than those on the H){A 1000 madsf’eﬁ wlth the 12? I:ut chlpp:ng sequence.
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5. APPENDIX B:

Inthe Aeport and Order adopled by the Federal Commmunications Commission on June 14,
1920 (Docket No. 89-354), the Commission amended section 15,247 goveming spread-spectrum
use of the ISM band. One of the tule changes was to require manufacturers of spread spectrum
radios to have a processing gain {Gp) equal to or greater than 10 dB. In addition, the Report and
Order describes the methodology to be used to measure processing gain. The Mmeasurement
described is based on the ratio of the system's SNR with the spreading function tumed on and off.
Unfortunately, manufacturers opting for. fopologies in which the spreading/de-spreading functions
are dane inside Custom Application Specific Integrated Circuits {ASICS) may not have access to
the nodes where the SNR is to be measured according 1o the procedure outlined by the
Commission. Proxim's architecture falls into this category . For applicants such as Proxim, It is
therefore necessary to use an altemnative method to show that their system meets the processing
gain requirement . Proxim proposes the method described below.,

a.- Processing Gain (Gp)

The biggest motivation for using the spread-spectrum lechniques covered by section
15.247 ofthe FCC Rules is to ingrease the efficiency of utilization of the frequency spectrum. By
spreading the transmitted power,~the power density is reduced decreasing the potential for
interfering with existing users on the band. Conversely, receivers with processing gain are capabie
of tolerating higher levels of interference from these same users. Qur analysis will show that
Proxim's spread-spectrum architecture exceeds the FCC requirements both from a transmit and
receivg standpoint.

Processing gain has been defined in a number of different ways in the literature depending -

oh the particular application. The most commenly used definiion1/2 expresses processing gainin
terms of the information rate and the occupied RF bandwidth:

Gp = BW/R (1)

According to this most comman definition, Proxim cleatly meets the Gp requirement with a
processing gain of 11.4 dB. While this definition is a good indicator of the level of interference
reduction spread spectrum transmitters will potentially cause it does not address the susceptibility
the equivalent spread-spectrum receivers will have to external interferers.

b.- Determining Gp: The Jamming Margin Method

Cur propesed approach involves determining processing gain from real_jamming margin
{i.e. interference rejection) measurements. Interference rejection measurements are easiy made
injecting a controlied amount of CW interference inte the communication channel while the Bit Error
Rate (BECR) is being monitored. The [evel of the interference is then decreased until the BER
reaches a specified limit {1E-5 in our case). At this point the power levels of the interferer and of the
desired carrier are measured. The famming margin is the maximum interference to cardgr ratio (1/C)
tolerable at the receiver.

The jamiming margin is related to processing gain by3,

jamming margin = Gp - | Lesys + (SN)gq [ =Mj (2)

1.- Marvin K. Simon, Jim K. Omura, Robert A. Scholtz, Barry K. Levitt, Spread Spectrum
Cammunications Volume Hi, Rockville; 1985, p. 5.
g.— Robert C. Dixon, Spread Spectium Systems, New York: Wilsy Interscience, 1984, p. 10.
- Ihid, p. 10.
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where (S/N)gy is the Signal-to-Noise ratio needed at the data detector to achieve the specified
BER of the system and Lsys are systeimn losses resulting from non-ideal implementations of the
receiver. Jamming margin depends not only on the processing gain but also on the kind of
modutation/demodulation used. For example, a coherent PSK demodulator requires {ideally) an
inherent lower (S/N),,: than a QPSK demodulator to achieve a given BER. Forthe same
processing gain, the PSK demodulator will {agath ideally) have a better jamming margin than the
QPSK demodulator.  Curves relating BER o SNR for different types of demodulators are readily
available in the literature? 2, Therefore, knowledge of system losses and actuat jamming margins,
atagven (S/N),, (orgiven BER which can be related to {(S/N),; by the well known curves) is

sufficient te determine processing gain.

Proxim’s architecture is based on non-coherent FSK demodulation with discrisiinator
detection. Figure B.1 shows typical BER curves for three types of FSK demadulators: cohgrent,
non-coherent and discriminator detector3. These curves depict the performance for ideal
implementations of the stated systems- (i.e they . assume opfimum modulation index, hoise and

modulation bandwidths). Real systems will have somewhat poorer performance than that showns.
However, this degradation will become part of the system losses {Lsys) term in eguation (2).

~
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Figure B-1

The measured jamming margit of Proxim's spread-spectrum transceivers is -1.5 dB. That
is 0 say that they achieve the specified 1E-5 BER performance with an I/C ratio of -1.5 dB.
Procedural details of the test methodology used in measuring jamming margin {including the
gquipment fist) can be found in Proxim's "RXA-1000 and RXA-100 Production Test Manual”.

Tne second term needed for equation (2} is the value of (S/N),+ required to achieve the
specified BER. Figure B-1shows that an FSK system with discriminator detector |, such as

1.- Robent Gagliardi, introduciion to Commurications Engineenng, New York: Wiley Interscience,
1878, Ch7.

2.- Kamilo Feher, Advanced Digital Communications, New Jersey: Prentice-Hall, 1887, pp. 327-
329,

3.- Gagliardi, introduction to Communications Engineering, p. 308.

4. Tieng T. Tihung and Paul H. Wittke, "Canier Transmission of Binary Data in a Restricted Bang",
IEEE Transactions on Communications Technology, pp 295-304, August 1970,
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Proxim's, would require a 13.5 dB of {S/N), ¢ for a BER of 1E-5. An ideal honcoherent FSK

demodulator would require 12.5 dB for a BER of 1E-4 and 13 dB for a BER of 1E-512. For our
calculations we will use 13 dB at the specified 1E-5 which is a conservative figure given Proxim’s
diseriminator detector approach.

The final term in equation {2} is Lsys. Since Lsys corresponds to actual physical losses in
the system it must be = ¢ dB. in calculating Gp, the worst case Lsys occurs when it eguals 0 dB.
Since Lsys can not be measured without knowledge of Gp we will use this worst case value.

With values for jamming margin, - (SMN}gn ,and Lsys at hand we can solve equation {2) for

processing gain:
15d8= Gp - [ 0¢B + 13dB]

The resulting Gp Is 11.5dB. If we had used the discriminator detector curve with larger
required inherent {S/N),,+ and some more realislic non-zero system loss, the resulting processing

gain would be slightly larger.

c.- Conclusions ",

From the preceding analysis it can be concluded that Proxim's architecture perferms-at least
as well, in the presence of narrow band interferers, as an ideal spread-spectrum system with 12 dB
of processing gain using FSK non-coherent ideal modulation/demodulation. Since the main
purpose of the receiver's processing gain is to provide jamring margin, Proxim's systems moets
with ample margin the letter and the spirit of the tules in section 15.247 of the FOC Code.

Proxim's use of discriminator detection in conjunction with post detection correlation
outperiorms systems with similar modulation but using pre-detection correlation {or a front end de-
spreader). This is because post detection correfation enhances the capture effect inherent in this
kind of FM detection. FM capture effects are lost in the front end de-spreader and. make namow
band interfering scurces look like noise to the FM detector.

In Proxim's architeclure, the maximum processing gain achievablg is limited by the FM
capture effect of the detector. The jamming margin will notincrease linearly if the processing gain
of the present system were to be increased. For this reason, Proxim's system does not attempt to
spread its signals the full bandwith available as this would result in diminishing retums in terms of
processing gain and unnecessary waste of the spectrum.  Proxim transceivers, instead provide
several frequency channels, limiting their exposure to interfering signals that might exceed their
jamming margin. Had Proxim chosento spread the full 902-928 band, avoiding these cocasional
but real interferers (e.g. amateur radio, anti theft device etc.) would have been impossible.

The set of trade-offs incotperated into Proxim's spread spectrum fransceivers arein full
comphance with the intent and the tetter of the FCC rules while providing Proxim's users with a
reliable and extremely cost, power and size effective wireless data communication selution.

1- John D. Oetting, "A Comparison of Madulation Techniques for Digita! Radic”, IEEE
Transactions on Communications, Vo. COM-27, No. 12, Dec 1979.

2.- Gagliardi, Introduction to Communications Engineering, 309.



