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2. Description of Related Art

15 Spread spectrum communication techniques are finding broad
applications. For example, spread spectrum originated in the military where
communications are susceptible to detection/interception and vulnerable to intentionally
introduced interference/jamming. However, a host of commercial applications for
spread spectrum has evolved, particularly in the area of wireless communications, such

20 as cellular mobile communications.

The basic concept of spread spectrum is cohtrary to long standing
communications practices. Particularly, conventional practices focused on minimizing
the frequency bandwidth of an information-bearing signal in order to fit more signals
onto a communications link (channel). The goal of spread spectrum, in contrast, is to

25 substantially increase the bandwidth of an information-bearing signal. Indeed, a spread
spectrum communications link occupies a bandwidth substantially greater than the
minimum requirements for a standard communications link. That is, a spread spectrum
signal typically occupies a bandwidth well beyond the bandwidth that is required to
transmit digital data according to the Nyquist theorem. As discussed in greater detail

30  below, this bandwidth increase helps mitigate the harmful effects of various forms of

interference.



2 In a spread spectrumsystem a transmtter spreads (increases) the

bandwi dt h of an information-bearing signal prior to transm ssion. A

recei ver ,wopoene74recei pt of the signal, despreads (decrease€sy/usazodaandw dt h
by substantially the same anount. ldeally, the despreaded received signal
is identical to the transmtted signal p prior to spreading. However, the
communi cati on channel regularly introduces sone formof narrow band
(relative to the spread bandwi dth) interference. One general type of spread
spectrum systemis gl £CdrS&RAYSREEmS BB aSREHE &p 1@§§5 ()mre\é\!ésﬁ‘ tBSSS
systens the spreading is achieved by mul ti plying the "digital data with a
bi nary ps®gudviddi o€ a@e@ﬁ@m@on{bnam@q sighdleprigy to" mnsm@mor) Am;:@herwpms

Synol 1 v SR R RS [ R P B 5 TR OB 4 8 e nce

synbol r atagousgt. m&yl @i@&ie@;&’e&cﬁﬁ rebgvedhsipndl dt edenfiost t@hﬂha ptahgmitedesigil
i ndependent. of the data and includes a redundant bit pattern for each bit

that i% upalﬁw speadingheHeweesr, fhy empeericationeapadesenirdy tipdoliiees seae
signal’ ARFSRy s in the 15 pattern
are damage défljl ng th t %ﬁg{neetggﬁﬁﬁmddheaggﬁdg@ngﬁgﬁgggécan be recovered due
to redundancy i n t Hénd paresal tgsd oﬁspréacbsmttumnwsm mdueatcxeqmemcaspqulence

f chi Ly | d
of nps valued aiecT ond (ke o1 D and T (honcolor) il poscess
direct sequant@ata" VA » b‘i’?rih‘r?ﬁ%u%@%ls'é WRAucAle SPRNRaGIdAge’t SCHINIHE) %E@ are

several types of well known pseudo-noi Se sequences Wwhich can be used with
DSSS Kyst emltem@tﬁveéy(&nw@ as phpseeeeriodem sepace odebippimgdcodkawhose syorhed; each
type of s enc r w n own. p character.i §Lhe The
nunber of ?%Ellﬁslﬁ%% le}] 8 ed{‘f[asma]falt epgeéa m@dse(‘]f{l%ncgf b°§ ratgd% For
i nstance, somfetlmemanécetﬂee Chipsiatpl em@echisp ﬂ%|doti@|1$ dfidépehdend ¢fi Mgl @tdah@ bit

t
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Fig. 1 illustrates a conventional direct sequence (“DS”) spread spectrum

20  spreading technique. There are several types of well known pseudo-noise sequences

which can be used with DSSS systems, for example, M-sequences, Gold codes, and

Kasami codes; each type of sequence or code having its own peculiar characteristics.

The number of chips within one code is called the period (V) of this code. For instance,

if a complete PN-sequence is multiplied with a single data bit (as in Fig. 1, with N=7),

25  the bandwidth of the signal is multiplied by the factor N, which also is referred to as a

processing gain. In other words, the processing gain in spread spectrum

communications is directly related to the length of the sequence. Referring to Fig. 2A,

the effect on the power spectrum is that the power spectral density has the shape of a

sinc*(x) function, if a M-sequence code is used.
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great commercial utility. From the perspective of commercial applications, spread

spectrum communications allow multiple users to communicate on the same frequency

band. When used in this manner, it becomes an alternative to either frequency division

multiple access (“FDMA”) or time division multiple access (“TDMA”) and is typically

20  referred to as either code division multiple access (“CDMA”) or spread spectrum

multiple access (“SSMA”). When using CDMA, each signal in the set is given its own

spreading sequence. FDMA requires that all users occupy disjoint frequency bands but

are transmitted simuitaneously in time. TDMA requires that all users occupy the same

bandwidth by allocating unique time slots to each user within each channel. In contrast,

25  with CDMA the different waveforms are distinguished from one another at the receiver
by the specific spreading codes they employ.

CDMA has been of particular interest for applications in wireless

communications.  These applications include cellular communications, personal

communications services (“PCS”), and wireless local area networks. The reason for this

30  popularity is primarily due to the performance that spread spectrum waveforms display
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allows spread spectrum communication links to work at much lower signal levels than

conventional radio links.
Conventional spread spectrum systems, however, have several
20  drawbacks. One problem with conventional wireless systems is that they have
considerable RF transmitter power requirements. Particularly in portable hand-held
cellular devices, it is believed that these power requirements and the associated strong
electromagnetic signals of the device may negatively affect human physiology. Another
relevant drawback with conventional systems is the short battery life of portable devices
25  1in certain applications. Additionally, conventional spread spectrum systems require a
large communication bandwidth and the number of users on each bandwidth is limited
by the number of spreading codes.
Another drawback is that spread spectrum is subjected to the NEAR-
FAR effect. This problem is caused by the fact that a receiver may receive several

30  signals with unequal powers from multiple transmitters. Generally the transmitted signal
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perfornms the steps of encoding a digital data signal with a primary coding
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15  sequences to produce an enhanced and robust communications technique that can be

implemented in a broad variety of applications, including point-to-point or point-to-
multipoint wireless communication systems.

In one preferred embodiment of the invention, a wireless communication

system includes a transmitter and a receiver station. A bi-sequential parallel spread

20 spectrum method that includes the combination of a primary and a secondary code

sequences is utilized. In accordance with the invention, the transmitting station

performs the steps of encoding a digital data signal with a primary coding scheme, such

as an orthogonal Walsh coding scheme; spreading the encoded signal with a secondary

sequence, such as a PN-sequence; modulating the spread encoded signal, using for

25 example, DBPSK modulation; and transmitting the modulated signal. The receiver

station, in accordance with this preferred embodiment, performs the steps of

despreading the received signal using a stored secondary sequence; demodulating the

despreaded signal; and decoding the demodulated signal using the primary coding

scheme.



25 exanpl e, DBPSK nodul ation; and transmtting the nodul ated signal. The
receiver station, in accordance with this preferred enbodi nent, perforns

t he st epswofo2/06m3pr eadi ng the received signal using a stoPeld/Sevodary
sequence; denodul ating the despreaded signal; and decodi ng the denpdul at ed
signal using the primry coding scheng WO 02/067479 PCT/ US02/04438 6 The
use of nultiple short spreading codes in parallel layers radically
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recei Mer tabpliqutiﬁp@‘i/e bit-error rate performance. 20 A further advantage of
the invention is th ed Lo e Lo Lhe use of
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allowing enhanced link security.

A still further advantage of the invention is improved bandwidth

15 efficiency. For example, the invention typically provides more than five (5) times

greater bandwidth efficiency than conventional spread spectrum techniques with
identical processing gain attributes.

Another advantage of the invention is that forward error correction
algorithms can be implemented at the receiver to improve bit-error rate performance.

20 A further advantage of the invention is the use of a reduced acquisition
period due to the use of short PN-sequences.

The foregoing, and other features and advantages of the invention, will
be apparent from the following, more particular description of the preferred
embodiments of the invention, the accompanying drawings, and the claims.

25
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the invention, the objects and
advantages thereof, reference is now made to the following descriptions taken in

connection with the accompanying drawings in which:



enbodi nents of the invention, the acconpanying draw ngs, and the clains. 25
BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understandi ng of the
i nventi orwotoa@ery ect s and advant ages thereof, referencePCI/usomo4¥dtlie t o
the follow ng descriptions taken in connection with the acconpanying

drawi ngs in which: WD 02/ 067479 PCT/ USO72/ 04438 7 Fig. 1l illustrates a
conventional direct sequence spread spectrum spreading technique; Figs.
2A-2D il lustrate frequency spectra in a conventional direct sequence

spread spectrum comphi qatjiRRagySh eBnventddl drebt | LghdRE e@r_@adp%g)@étf'ﬂ
spread spectrum conmuni cation system according to an enbodi nent of the

i nvent i onsp®ading echhiqust rates a process for transmitting a parallel spread
spectrum signal acgordi n tE%bo i ment of the.invention. Fig, 5
Prust rates o pr oceddhs P s e JEelRhy Spediy dha chubEMiorel kst 10
accor di ng s¢quedfe PrERAtpBRAIM 0bmbdi@idaAvestedn); Fig. 6 illustrates a signal

di agram of parallel spreading of data according to an enbodi nent of the

i nventii on; Fig. 7 i HigisBrBluisates ¢i pglbelc prrasb|spprrual | commiprestions stk um
transm tt%cor&iﬁgttc?% 8%88&1%{}9051[ 1%Qdi ment of the invention; 15 Fig. 8
es a e

illustrat rdware conpon nﬁe %B’ggr am of a QPSK differential encoder

according to an enbdig.nenllustfates heptooys ot eRnsthitidgng 9 pardlles tsprbe Spectpai al | el
spread spectrumreceiver systemaccqrding to an enbodi ment of the
i nvent i onsigpplpcearding to ggrenihodiment @hthepnydiencorr el ati on and decodi ng
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accorldi ng at@rding ¢corbroanbedimenf ofttheirvextmnt;i on; and
Fig. 6 illustrates a signal diagram of parallel spreading of data according
to an embodiment of the invention;
Fig. 7 illustrates a single channel parallel spread spectrum transmitter
system according to an embodiment of the invention;
15 Fig. 8 illustrates a hardware component diagram of a QPSK differential
encoder according to an embodiment of the invention;
Fig. 9 illustrates a parallel spread spectrum receiver system according to
an embodiment of the invention;
Fig. 10 illustrates a Walsh code correlation and decoding circuit
20 according to an embodiment of the invention;
Fig. 11 illustrates a hardware component diagram of a differential PSK
demodulator according to an embodiment of the invention; and
Fig. 12 illustrates a dual channel parallel spreading system according to
an embodiment of the invention.
25
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The preferred embodiments of the invention are now described with

reference to Figs. 3-12, wherein like reference numbers indicate like elements and the
left most digit(s) of each reference number corresponds to the figure in which the

30 reference number is first used.



Fig. 12 illustrates a dual channel parallel spreading systemaccording to
an enbodi ment of the invention. 25 DETAILED DESCRI PTI ON OF PREFERRED

EMBODI MENVB o02l0e74pe ef erred enbodi ments of the invention ar@Cmasoziesss i bed
with reference to Figs. 3-12, wherein like reference nunbers indicate |ike
elements and the left nost digit(s) ofgeach reference nunmber corresponds
to the figure in which the 30 reference nunber is first used. WO 02/067479
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data. Wien&REBhNeHhi HikaafdPRad CROFfRlib®NEFECANNGd othdUBnedins laayer ed
paral |l el Spreading of the data stream occurs. The Tnvention w dens the
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Referring to Fig. 3,~a spread spectrum.conmuni cati.on system 300 .is.
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310 20 conmmuni cates a parallel_spread s;l)ectrum signal 330 to receiving
stati on 37k uji§zing byte by byte [B X B] or multiple byte [MB X 'MB] parallel spreading of an

input digital data. When combined with a DSSS communications channel, a dual

15 layered parallel spreading of the data stream occurs. The invention widens the
bandwidth requirements and increases the processing gain for the link.

Referring to Fig. 3, a spread spectrum communication system 300 is
depicted according to an embodiment of the invention.  System 300 comprises
transmitting station 310 and receiving station 320. Transmitting station 310

20  communicates a parallel spread spectrum signal 330 to receiving station 320. To
facilitate bilateral communications, receiving station 320 acting as a transmitter would
transmit a parallel spread spectrum signal 340 to transmitting station 310 acting as a
receiver. One of ordinary skill in the art will recognize that parallel spread spectrum
signals 330 and 340 can be transmitted via a wireless network (not shown), such as a

25 cellular phone service network or personal communications services (“PCS”) network.
For example, transmitting station 310 and receiving station 320 can be in the same cell
or different cells of a cellular network or in cells of two different networks. The cellular
network can comprise one or more base stations, which each operate in a respective cell,
and a central office referred to as a mobile telephone switching office (“MTSO”). Each

30  base station can comprise one or more transmitters and/or receivers that relay parallel



facilitate bilateral communications, receiving station 320 acting as a
transmtter would transmt a parallel spread spectrumsignal 340 to
transm t twog286ar9 on 310 acting as a receiver. One of oracmarsy2/edss| in
the art will recognize that parallel spread spectrum signals 330 and 340
can be transmitted via a wirel ess netwayk (not shown), such as a 25

cel l ul ar phone service network or personal communi cations services ("PCS")
network. For exanple, transmtting station 310 and receiving station 320
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synchronously multiplied across the complete primary sequences with the requirement
that the secondary sequence must be an integer multiple of the length of the primary
sequences. For example, if the primary codes are eight (8) bit Walsh codes, the

20 secondary code must be a integer multiple of eight (8), for example, sixteen (16),
twenty-four (24), thirty-two (32), forty-eight (48), or sixty-four (64), etc., bit PN-
sequence. Upon completion of secondary encoding, the signal is modulated (step 430)
and then transmitted (step 440) to receiving station 320.

Fig. 5 illustrates a process 500 for receiving parallel spread spectrum

25 signal 330 according to this preferred embodiment of the invention. Parallel spread
spectrum signal 330 is first received (step 510) at receiving station 320. The parallel
spread spectrum signal 330 is digitized (step 520) and then despread (step 530) using a
stored secondary sequence corresponding to the secondary sequence used by

transmitting station 310. Upon completion of despreading, the signal is demodulated



sequences. For exanmple, if the primary codes are eight (8) bit Wl sh codes,
the 20 secondary code nust be a integer nmultiple of eight (8), for exanple,
si xt een (WO6)02/0647ent y-four (24), thirty-two (32), forty-eiPgRtUSOQABM38 or
sixty-four (64), etc., bit PN sequence. Upon conpletion of secondary
encoding, the signal is nodul ated (step,430) and then transnmtted (step
440) to receiving station 320. Fig. 5 iPI ustrates a process 500 for
receiving parallel spread spectrum 25 signal 330 according to this

preferred@gbadoyeid tith E&DED&BS i580) ublap ahé @kheiy Qﬁglo_F%@EiﬁttfdﬂBihﬁﬁﬁg‘a' 330
is first received (step 510) at receiving station 320. The parallel ~spread

spect rum staaaB1B30 is digitized (step 520) and then despread (step 530)
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decoded (step 550) using the schene err@ég{)ed intransmtti n%l station 310.
C
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t echnol ogyurréhtgechololglust rat es a si gnal di agram 600 of parallel spreaded

data according to an enbodi nent of the invention. As shown, an egght (8)
bit orthogonal code ¥ ilkistrates & pigaal dliagam 690 pf parallejtsprepdes) datp pecertng | e

o seaoncs of huk L LS &y oL Syt tennit e gl 400, s
t he clhosenpilecetpyla foftytdight @48hinig paaliclckideeqicach6dataubingliola G4llel spept ead by
spectrum data signal 630. As previously stated, the parallel sequence must be an integer
multiple of the chosen length of the orthogonal code. Each data symbol 640 is spread by
six (6) bits 650 of a parallel spreading sequence resulting in a potential processing gain
of 7.78 dB (10 log 6). Once the appropriate orthogonal and parallel PN-sequence are
20  chosen they are fixed for the duration of a communications session. CDMA
communications can be achieved when each receiver is allocated different orthogonal
PN-sequences with or without varied lengths.
In essence, a large parallel spreading sequence is used over multiple data
bytes. The spreading sequences utilized can be, for example, M sequence, Barker, Gold,
25  Kasami, or any type of PN-sequence. The parallel spreading in accordance with the
invention can utilize differential encoding of the data stream in the transmit path to
simplify data recovery in the receiver. If the parallel spreading scheme is applied to a
M-ary modulation link then both in-phase (I) and quadruture (Q) channels can be spread

using different PN-sequences to enhance channel security.



six (6) bits 650 of a parallel spreading sequence resulting in a potenti al
processing gain of 7.78 dB (10 log 6). Once the appropriate orthogonal and
paral | el WB-02e6uence are 20 chosen they are fixed for thePdarsnren3vf a
conmmruni cations session. CDVMA conmuni cations can be achi eved when each
receiver is allocated different orthogepal PN sequences with or w thout
varied lengths. In essence, a large parallel spreading sequence is used
over nmultiple data bytes. The spreadi ng sequences utilized can be, for
exanpl e, M sequence)g rKfoﬁula%gystelgssséﬁﬁsrﬁd%qnféhn%f)éfﬁ?an@ﬁnt%ﬁ's‘iﬁﬁ'ﬂence
The parallel spreading 1n accordance with the invention can utilize
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securlty WO 02/ 067479 PCT/ US02/ 04438 11 Mary nodul ati on systens send
more inf olhkeblen- per transmtted signal transition (synbol) than binary
systens. Since 1og2(M bits ar i sect one of Mpossibilities,
each waveform conveys 10g2(M ? tgggfl(/le%?’orrﬁ?ﬁ on. Each transnmitted

wavef orm represents a 1092( MEdiyt synbol . MexdndglonsSebembt afy schemes are
illustrated 5 in Tabkle 1. Table 1: Mary schepes.Mary Mdul ati on Schene
4 QPSK 8 8 PSK 16 16 QAM 64 %4 QAM I n an errb@@'ﬁﬁent of the i nvention,

Wal sh encoding of the primary gata provides nggka spreadi ng and codi ng
gain. An eight (8) bijit Wal sh encoder wjl | provi 10 a potenti al
processing gain of 9|dB and coéli ng gain of 1. 86@BMThe |ink uses an
advanced protocol and—data—+is—conveyedin—packetformat \ preanbl e
signifies the start |of transffssion tof ini t| QﬂWacqw Si ti on at the
receiver. Differentiat—bimary phase-snift

In an embodiment of the invention, Walsh encoding of the primary data

provides initial spreading and coding gain. An eight (8) bit Walsh encoder will provide

10 a potential processing gain of 9 dB and coding gain of 1.6 dB. The link uses an

advanced protocol and data is conveyed in packet format. A preamble signifies the start

of transmission to initialize acquisition at the receiver. Differential binary phase-shift

keyed (“DBPSK”) modulation is initially utilized for the preamble and DQPSK for

subsequent data packet transmission. Differential refers to the fact that the data is

15  transmitted in the form of discrete phase shifts A9, where the phase reference is the

previously transmitted signal phase. This method reduces the complexity of the
demodulation process as an absolute phase reference is not required.

Fig. 7 illustrates a parallel spread spectrum system 700 with a single

channel according to an embodiment of the invention. Incoming data 772 is scrambled

20 by ascrambler 710 to spectrally whiten and remove any DC offset from the data. In this

embodiment of the invention, orthogonal Walsh functions are used to encode and spread

the data stream with a Walsh encoder 720. The resulting data is segmented into four (4)

bit nibbles with three (3) bits defining magnitude and the remaining bit designating sign.

The magnitude bits identify one of eight (8) Walsh codes and the sign bit defines



keyed ("DBPSK"') nmodulation is initially utilized for the preanble and DQPSK
for subsequent data packet transmssion. Differential refers to the fact
that the wet/0sm745 transmtted in the formof discrete pirazasetifsss 06,
where the phase reference is the previously transmtted signal phase. This
met hod reduces the conplexity of the gnodul ati on process as an absolute
phase reference is not required. Fig. illustrates a parallel spread
spectrum system 700 with a single channel according to an enbodi nent of
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enbodi nent, each channel utilizes a ferent parallel spreading sequence

to gridat | yherdbartbe detadniick aneedadi usyng mitlaagpnbli codes g ermbe feplemgnied VBOK™ )
ool 01 iy GRS, ARG SIS P, PSSEGBRSROGEEATS . o
(" QVBAK") cbéihgBgain Thish tigphewed Uhe deike bt @Sorarat€ (UBRR Y dkffomdtined thrpebves
the link hit_error, rate ( BER') perfarmance through inplepentation of FEC
al gor i t hmematemeREtiop o K 2leoridhngs ot &1e 1eiReo dhersrd K ppdailation;igi ent
LA S PRI ol A RS b 0 gl e RS 19
the 15 BER
It should be noted that Walsh encoding can be implemented as part of the
preferred embodiment with the above-identified benefits and advantages, but in
alternative embodiments it can be circumvented with additional processing gain being
obtained directly from parallel spreading. Walsh encoding is preferred because of the
20  orthogonality of the codes and the FEC attributes that can be achieved. Walsh codes
exhibit zero cross-correlation only when there is zero phase offset or perfect
synchronism. When offset, Walsh codes exhibit much larger cross-correlation values
and much worse auto-correlation than PN-sequences. Hence, the overlaid parallel PN
spreading sequences are used to extract the phase and timing information necessary to
25 coherently decode the Walsh sequences at the receiver. Unencoded preambles are
initially transmitted in order to achieve initial acquisition at the receiver. A preamble
generator 740 generates the preamble then signals via signal 774 the medium access

controller (“MAC”) (not shown) to send the packetized data for Walsh encoding. The
MAC controls the flow of data between the host system and the radio section.



preferred enbodi nent with the above-identified benefits and advant ages, but
in alternative enbodinments it can be circunvented with additional

processi Mgogiosr4bei ng obtained directly from parall el spreadisayo449&l sh
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and 820 connected to two-bit adder 830. The operation of circuit 800 woul d
be apparent to one of orkatleryDifkirential Eneadsr gequeng@PEK2: Differenti al
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10 1 0 0 0 0 1 1 1
15 Referring to Fig. 7 again, a data buffer 750 holds the data byte(s) prior to

parallel spreading and ensures that the data and PN-sequence can be synchronized. For
example, Walsh encoder 720 provides synchronization pulses to a synchronizer 732. To
ensure that the Walsh codes and PN-sequences are aligned in time, synchronizer 732
provides timing information to data buffer 750, a PN-sequence generator 760 and a

20  parallel spreader 770. PN generator 760 is programmed to generate short through to
very long PN-sequences. The PN-sequence spreads the data in parallel via parallel
spreader 770 with multiple PN bits per data symbol. Output data stream 776 is
modulated using a digital modulation scheme such as BPSK or QPSK.
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0111 15 Referring to Fig. 7 again, a data buffer 750 hol ds the data

byt e(s) pwoar/067@79 paral | el spreadi ng and ensures that thePdatisoang3s

PN- sequence can be synchroni zed. For exanple, Wal sh encoder 720 provides
synchroni zation pul ses to a synchronizgy 732. To ensure that the Wl sh
codes and PN sequences are aligned in tine, synchronizer 732 provides
timng information to data buffer 750, a PN-sequence generator 760 and a 20
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i s illustratedyshilyin thewever ot her channel s may be used. The operation of
circuit 1000 woul d be apparent to one of ordinary_ skill in the art.
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val ues corihesperieitag93® sigaddas Gler 240, @tlﬁénemvaﬂﬁfc@nwle&rwﬂmrdoww) t he
950, and a complex multiplier 920. A NCO is an oscillator which generates digital

15 sample values corresponding to sinusoidal or other waveforms. The purpose of the
DPLL is to remove any carrier offset that would be attributed to tolerances in the RF
down-conversion process. A quadrature NCO multiplies the received samples to remove
this carrier offset prior to correlation. A secondary DPLL error signal is derived from
the demodulation section. This phase aligns or synchronizes the samples introduced to a

20 PN matched filter correlator 960 to optimize receiver performance.

PN matched filter 960 comprises a uniquely programmable multi-stage
serial sliding correlator. In operation, PN matched filter 960 computes the cross
correlation between the input and the programmed PN maximal sequence. The
correlation peak is utilized to initialize a parallel accumulate, integrate, and dump

25 sequence which, in turn, extracts both the multi-byte samples and byte timing
information. The product from each of the bit accumulators in PN matched filter 960 are
fed in parallel to a correlation and symbol tracking processor 970 where correlation of
each bit is confirmed and the symbol timing information is extracted from the extracted
data samples. Correlation is achieved by computing the magnitude of the sums of the I

30 and Q channel correlation sums approximated by the equation, Max [ABS(D)* ABS(Q)]



DPLL is to renove any carrier offset that would be attributed to tol erances
in the RF down-conversion process. A quadrature NCO nmultiplies the
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P &> dot(k) =Tx ‘Tes + Qx- Qs and,
CI'OSS(k) = QK . IK-I — IK QK-L

where [ and Q are the In-phase and Quadrature samples for the current, K, and previous,

K-1, symbols. Examination of these products in the complex plane reveals that this

20  method will correctly demodulate differentially encoded QPSK signals in the format
illustrated in Table 2.

A hardware implementation of a differential PSK demodulator 1100
according to an embodiment of the invention is illustrated in Fig. 11. The operation of
demodulator 1100 would be apparent to one of ordinary skill in the art.

25 The dot and cross products can also be utilized to generate an additional
error signal for the initial DPLL function. This automatic frequency control (“AFC”)
error signal reflects the sine of the phase difference between the present and prior
symbol after correcting for the estimated phase increment between symbols due to the
PSK modulation. Mathematical analysis yields a close approximation which can be

30  applied using dot and cross products. The equations are:



nodul ati on both the "dot" and "cross" products are necessary to determ ne
the phase 15 shift. Mathematically, the dot and cross products are given
by; dot (kwo02l08479 | K-1 + QK ' K-1 and, cross(k) = K ' PKTWS02/04438 K- 1,
where | and Q are the In-phase and Quadrature sanples for the current, K
and previous, K-1, synbols. Exam natiofy of these products in the conplex
pl ane reveals that this 20 nethod will correctly denodul ate differentially
encoded QPSK signals in the format illustrated in Table 2. A hardware

i mpl ementation of a diffarentiadl P{ﬁSKcQ@gg’D@MD@{] 110@pg,according to an
enbodi nent of the inventionTis illustrated 1n Fig. 11. The operation of

denodul at or 1100 woutRC Haraipmardfirosso SignéDet]) ofapiayignl§kessl),in the art. 25
The dot ilq t it |
The oL g5 PRSP Wl bR, BNt

control ("thE@ajalleeproResstigyetainnelefake cdmbinbe aad necraged befophbsarg did freseihce
between the present and prior synbol, after correcting for the estinmated
phase ? ncri8faeRP BEeuOethe ol Thif danctign iegientiplby reraQNes Aningh TeRingE fEPTSc al

anal ysis yigl SorRS S rRRRT AXLTBL b 2R &h can be 30 applied using dot
and cross %r ok%écc:t sl. quI'éEepequa%l)éolns %r e: WO 02/ 067479 PCT/ US02/ 04438 16 AFC

ErrorBPSK = Cross Silmietotdredhahd Qdaaks rateh@P8iKo pafallebmsseri®i gpny@er§.) In- ( Dot
Sign[ Cr tively, for BPSK and. QPSK nodul ati. . T

S onals 1 r itk SRR o s Hivetict A BOTE e A EP L AR (SRR Het B |
aver aged bglemendagicndtet@blest iR eeibBtin® Wl 4268erb. ThedatatalipPesNeouthhit &

function essenti al | renoves mnor fre ueg&il errors and hence ensures
opti mf reresilledd 1362 et Rakdd. busyes to adb o FERd 2¢9 ghe duplschpanet parglleht o
parall el t rial, _conver | ; . empodi rent of the invention,
addi ti onal S%é?sagr? Ctlburn gcs:%sg%nl%%é%syﬂ ucsét?a?g&c]{tl}lielilgdf%?o accommodat e i nterfaces

W th existing Wal sh ke Wigdtscorieigionati énsdiliiods and EEQUiptdssésniepOndan dld el
11202 and Q 1204 busses to a Wal sh code FEC 1210 of a dual channel_ parall el
spread speRdalghdsyreating sendions to cpuettlyatea Ve farey fregpiency and phase offsets.

The symbol timing processor from the parallel despreading section also provides the
15 phase reference needed to coherently correlate and decode the Walsh code sequences.
FEC processor 1210 examines the I 1202 and Q 1204 data bus and
compares the received bytes with one of sixteen (16) possible byte patterns. Intelligent
processing is used to correct bit errors within the received I and Q symbols. FEC 1210
operates in conjunction with Walsh decoder 1220 to ensure optimal performance. The
20  orthogonality property of Walsh codes enhances their FEC attributes and hence
minimizes BER across a link.
The output from the FEC process is applied to a bank of sixteen (16)
correlators (not all shown), eight for each I and Q channel, which multiply the input by
the corresponding Walsh code, accumulate, integrate, and dump over the byte period. A
25 “Biggest picker” 1230 for the I channel and a “biggest picker” 1235 for the Q channel
analyze the correlation peaks from the respective eight correlators and output the
corresponding data for the determined Walsh code to a sign correction and data
serialization 1240. The Walsh decode information is routed back to FEC processor 1210
to confirm the Walsh decoder and FEC processes. Irregularities between processes will

30  result in secondary reprocessing of the input sample. Failure of this process will result in



The Wal sh correl ati on, denodul ati on, and FEC processes depend on the
paral |l el despreading sections to correctly renove carrier frequency and
phase of fweti/0674The synbol tim ng processor fromthe paralPcalusdzeqseadi ng
section also provides the 15 phase reference needed to coherently correlate
and decode the Wal sh code sequences. HEgC processor 1210 exanmi nes the |
1202 and Q 1204 data bus and conpares the received bytes with one of

si xteen (16) possible byte patterns. Intelligent processing is used to

correct bi en%fa'h@ﬁ%f ‘éhteﬁ'of‘ sTohf, AR 4R beluti®Rel RitBUADRAR prdf&%l 12 HfkialpREr at es
in conjunction with Walsh decoder 1220 to ensure oFtlna erformance. The

20 or t hogorsstransiitplggrishmy Quice the Wilsb sddes asnasressiulithddcodrEel andi Quietss and
hence m nj ut fromthe FEC process is

o F ™ o B iR Ang EhRRR ik anl B (1o BT Shown Cerent for

each | and Q channel Thavdagahstraaht hsoaysctmlemmumgb;yolyﬁdmap@mﬁ&pmdldygleV\al sh
code, accurml ate, integrate, and dunp over the byte period. A 25 "Biggest

pi cker® 12rsdundsncy gheckingnGkR&T) aﬁaeréomtﬁdggbﬁxe ctﬁfacR@rket 'zmsia%desmén@
channel — apg yge: tth%ctC?ﬁfL(f"ﬁ{e' 8412 REAKS [Pt Jtet%p teto% glgtwe

correlators and output t correspondi ng data for t et ermn

code to a mtgmeramperationi on and data serialization 1240 The Wal sh decode
information is routeg back to.FEﬁ rocessor \%é nflr{pthe Val sh
decoder and FEC pr oc®&leduOst| gritical, PIoGepiing 35ea @tﬁs SB%@ gl Pioceygesul t

i n secondafoyy#8RERE B5 Bl HecHerl B8y Wro R84S @yclé:ﬁbﬂnt!ﬂfﬁ aBhuikinbe 1R6AGERS Wi | |
result in 02/ 067479 PCT/ US02/0443 17 generation of an error signal,

whi ch18an Ma mcpwrz/@houkdtbt ipderhénied pr O# ocQl wherei Qicgialb itheeacguisitiont imasm t

al gorithm sh codes a uccessf yl deco and data
i s det erm']r:férd %%%8‘% ﬂ‘?&lga{hﬁﬁ é’[eléit Qll iybllteg %lhgprggcfgg SEFERM i
descranmbl eglykigdtag cBHx‘pYéﬂé’fEc&kre LS 1@&€ui@é/(?‘l7vﬁhm5l $ gdundancy checki ng
("CRC") is performed on the a packet by a data descranbl er and CRC

detect 1250. The dat ?.Eh¢ @rQSh@tnms’emtuml Isya ogv@uparalizl apivad spectoomphden arde
1200 VT RGIELL PR, TABATR: Ao, RESRERS DB, PHRF, L s 06
cycl e 15r ompdPiIaaU chirhttefisticdr 68 FN-k&uences to produce a robust communications
technique that can be implemented in point to point or point to multi-point
communications links. Independent parallel spreading sequences can be allocated
within a network to implement CDMA. In an embodiment of the invention, parallel
spreading is dynamic in that the Walsh encoder is programmable and the parallel
20  spreading code length can be varied. A user can determine maximal processing gain for
a fixed data rate within an allocated bandwidth.

The example illustrated in the foregoing description and figures utilizes
an eight (8) bit Walsh encoder and a forty-eight (48) bit PN-sequence to achieve a
system processing gain of 18.4 dB (9 + 1.6 + 7.8), which potentially increases the
25  effective range of a PSS link over a conventional link by an eight fold figure.
Alternative embodiments of the invention can have different size Walsh encoders and
PN-sequences. It is preferable to use smaller length codes in order to maximize

acquisition speed and minimize design complexity.
In another embodiment of the invention, further layered spreading

30 sequences can be implemented to enhance the processing gain and CDMA



10 data recovery should be inplenented in 0.4 x Q where Q equals the
acquisition tine. For a El data streamutilizing the forty-eight (48) bit
paral | el wproeadisng exanple illustrated, conplete recei vePCRrusOB8EBNg i S
required within 1.5 s. The present invention is a novel parallel spread
spectrum system and nethod that conbinﬁ§ t he orthogonal properties of

Wal sh codes with the close 15 correlation characteristics of PN seguences
to produce a robust comruni cations technique that can be inplenmented in
poi nt t0 PERPdctHstiBL! Hor (RaiiPlel it BNINbN 16 ANIBBhIERY lspaRdibb '},géuenl:@dﬁﬁﬁﬂﬂent
paral l el spreading sequences” can be allocated wthin a network

i mpl ement  SONPRCC MaYAPE mﬁ@@pm}w vafh ﬂlhenmwsemdmmanmcmdaey Squqmoaadl ng is

dynamic in that the encac rannab e and t

spreadi ng code | engt c%o hebre va mé?fl "2@ &Ve%té?‘fl &8 é?%%éncﬁgéﬁ%ﬁﬁlls used

pr ocessi ngicd@dgatef the neddl foir Mefbrelaiad eicdidghgi Th hiternanvabhbedinedisba widiabed The
exanple illustrated in the fore%plng descrlptlon and figures utilizes an

ei ght £8) 8 ¢odad|osthogonad deausney divisien piplinlghtechudpgpistusplias dguapddation
achieve a (g¥sfem processing gain of 18.4 dB (9 + 1.6 + 7.8), which
potentially 1'ncreases the 25 effective range of a PSS |ink over a
conventional |ink byAdthoeglgtie ifredndiohilgsibeen pﬁltimdaﬂyltshmen ant ddsaribad :with‘ t he

i nvention c n have diff renj size | sh _encoders, an u

pref er abl e™ ¢ FR L0 ﬁ%{’ief rPIPIEHGE 1 ents, t nl?fr‘ﬁ‘étI 1t g1 go%fg o @P?el on
speed and ginédiZ@e @ﬁsthgtnva‘%ﬁﬁp El%iﬂg%é’ in fopmanatdaesils eRost ﬁ‘iﬁ@é tHfeit RBthout

i nvention, further %fred spreading 30 sequences can be inplenented to

enhand® t héen@rtmge&@nrﬁ gaiihengradoEDMRh s DveRi@epAlRene thsoppadadelains
characteristics. For exanple, in addition to a secondary spreadi ng
sequence, a third sequence may be used in parallel with the primary codi ng
and secondary sequence. |n another enbodi nent of the invention, coherent
denodul ation is used to negate the need for differential encoding. In
alternative enbodi ments, a QAM based 5 or coded orthogonal frequency

di vision multiplex technology is used as the nodul ation schene. Although
the invention has been particularly shown and described with



reference to several preferred enbodi ments thereof, it will be understood
by those skilled in the art that various changes in formand details nmay
be nmade tweroeiosr4n# t hout 10 departing fromthe spirit and ®capsSovbs4she
invention as defined in the appended clains. WO 02/ 067479 PCT/ US02/ 04438

19 What is claimed is: 1. A method of fpding data for spread spectrum data
conmmuni cations conprising the steps of:” encoding data with n-bit

ort hogonal codes; multiplying a mbit spreadi ng sequence across the encoded
data, wher ¢yyut biSidéd ist Nt eger multiple of n. 2. The nethod of claiml1,
wherein said orthogonal codes are Wal sh codes. 3. The nethod of claim 2,
wherein n is ei §imethad offerlimpddio bropreed speeiram defeeanmusighidonsposwisng
sequence iél asge even ordered code. 5. The method of claim4, wherein said
even ordered c8d8 i s sel ected fromthe group consi sting of: M sequence,
Bar ker code, Cobstodigalatd@ERAIbICOUDgORSRYAE; NOi se sequence, or a

conbi nation thereof. 6. The nethod of claim1, wherein said encoded data is
one or nore ortWeYENENE agwhsprepding spqiiceriacspssdhs encareddatarghereina Spead
spectrum cglg%p{n%ﬁg 1988, System the method conprising the steps of.

encodi ng a a stream according to a primary encodi ng schenme enpl oyi ng
primary cofles; @henstirodadictagmtlhehpreimeaid oghegodeldodas arewbleh aodscondary

sequence, erein a hit length of said secondary sequence is an integer
mul tiple o)f(\(na_ b%rrﬂe F’@ﬁb’@f?fﬁfa“g‘a?i’&’%ﬁﬂ%ﬁﬁg odes. 8. The nethod of claim?7,
further cogpri siRGn{clRdTIRRIMAL wheid 84 §RtiBhg &BORINT a8 8V &) fatRdSt ream
and scranbling said data stream prior to said steps of encoding and

spr eadi ng. code.
5. The method of claim 4, wherein said even ordered code is selected from the

group consisting of: M sequence, Barker code, Gold code, Kasami code, pseudo-noise

sequence, or a combination thereof.

6. The method of claim 1, wherein said encoded data is one or more orthogonal
codes.
7. A method of spreading data in a spread spectrum communications system, the

method comprising the steps of:

encoding a data stream according to a primary encoding scheme employing
primary codes; and

spreading the primary encoded data with a secondary sequence, wherein a bit
length of said secondary sequence is an integer multiple of a bit length of said primary
codes.
8. The method of claim 7, further comprising the steps of:

differential encoding said data stream; and

scrambling said data stream prior to said steps of encoding and spreading.
9. The method of claim 7, wherein said primary codes are orthogonal Walsh codes.
10.  The method of claim 9, further comprising segmenting said data stream into
multiple bit data packets representing one of a number of true or inverted Walsh codes.
11.  The method of claim 9, further comprising:

providing synchronization pulses to synchronize said Walsh codes and said



9. The nethod of claim7, wherein said primary codes are orthogonal Wl sh
codes. 10. The nmethod of claim9, further conprising segnenting said data
stream i nwo 02061479 pl e bit data packets representing one ofPCa/usorbbass of true
or inverted Wal sh codes. 11. The nethod of claim9, further conprising:
provi di ng synchroni zation pul ses to synghroni ze said Wal sh codes and said
WO 02/ 067479 PCT/ US02/ 04438 20 secondary sequence, and hol ding said data
streamin a data storage buffer prior to spreading said data streamwth
sai d secongaordS9QLRRGEe, add. The nethod of claim8, wherein said
differential encoding is differential encoding for BPSK nodul ation. 13.
The met hod of chaldingssaidasn sirepns iy aidadd stoeage hufien prémde dprseding sad Upfer ent i al

encodi ng f%ea%%h@ﬁ legéﬂ.edgﬂ' sgﬁﬁencl—.he nmet hod of claim 7, wherein said

secondary sequence I's s e romthe group consisting of: M sequence,

Bar ker codée2. GColTlle axtiend dfadaim 8, cvirtesin psié differaretiab encod@puie difsreratal a
conbi nation thereof. 15. The nethod of claim?7, further conprising the
steps of : Cchdinslor BESKanadWatiohd data stream and transmitting said

modul ated gata shEaamModlEE clin ® Wikthih Qe{id?lﬁtg@mngitaﬁg%éo?g}%@hﬁfér&tﬁhpar al | el

spread spectrum comuni cations  system t rising the steps of:
recei vi ng angalirg foe QPSEr madulgpact r um conmuni cation signal; and recovering a

data st f i | l.el d t i cat ignal . 17.
The et hod 11 " oita Arctafegasid 7 SieRaN s SRR R PG SeleP it et et cam
from sai dghahabhsbtifnifead ssERAES, PR THA) Gold EQIRS Katamialods PBidsesisd he

steps of: “converting said received signal into a digiti zed ‘data stream
conput i ng &eaveness ot eebinetiomthseoleen sai d digitized data streamand a

progr ammed 1389Y§HE Kethod of claim 7, further comprising the steps of:

modulating said spread data stream; and

transmitting said modulated data stream.
16. A method for communicating data in a parallel spread spectrum communications
system, the method comprising the steps of:

receiving a parallel spread spectrum communication signal; and

recovering a data stream from said parallel spread spectrum communications
signal.
17.  The method of claim 16, wherein said step of recovering said data stream from
said parallel spread spectrum communications signal comprises the steps of:

converting said received signal into a digitized data stream:;

computing a cross correlation between said digitized data stream and a
programmed sequence;

utilizing said cross correlation to extract multi-byte samples and byte timing
information;

extracting symbol timing information from said extracted multi-byte samples;
and

de-modulating said extracted multi-byte samples.
18.  The method of claim 17, wherein said programmed sequence is a pseudo-noise

sequences.



utilizing said cross correlation to extract multi-byte sanples and byte
timng information; extracting synbol timng information from said
extract edwouRisHbyt e sanpl es; and de-nodul ati ng sai d ext Pagtusd2/m4Bs i - byt e
sanpl es. 18. The nmethod of claim 17, wherein said progranmed sequence is a
pseudo-noi se sequences. WO 02/067479 P&/ US02/ 04438 21 19. The nethod of
claim 16, further conprises generating said parallel spread spectrum
comuni cation signal including the steps of: encoding data with n-bit

or t hogonal j90deghembihddPbidiMth Bo, Rurktiek c%bﬁ%ﬂ!g@ﬂerﬁﬁﬁgl@ﬁwgaraﬁél@ﬁﬁcaé ai d
encoded data, wherein inis an integer multiple of n. 20. A nethod for
comuni cat iSpestmnpearamiaicatiq Bkl Sisdekrg e sopmofi cation signal in a

cel l ul ar networ Iéngo ; %{iﬁgggﬁhrr{_@gghﬂwgﬁw%gal | el spread spectrum
irs v

conmuni cati on sigha rec r;dand relaying said received
paral | el spread nafgplyingna mciimpieadaty fusicy Batbsd @idencededdata, veteedin et is 21.
The net hod of cl ai m 20, Omgrei n said first receiver is a base station. 22.
The met hod 2BANEEMHyIBple rein said first receiver is a nobile tel ephone

switchi Ng oS! e nkihod Ffcdihifaits AN %ﬁg#@%&@%@ SRt £Rn YenbP! ayi ng

conprises: transmtting said recei par a communi cati on signal
to sai d sedwmadellulaoeiwerk corprisige net hod of claim 22, wherein said second

receiver is a ceIe I u‘;.ar devhg@. éS. _JThe nethod of cl.ai §0 . Wer.%i n said
Step of el ayi ng B Bl prRAd o P RUCE PR PG it TS 5o
communi cat i;gg signal into a converted conmmunication signal.
relaying said received parallel spread spectrum communication signal to a
second receiver.
21. The method of claim 20, wherein said first receiver is a base station.
22.  The method of claim 20, wherein said first receiver is a mobile telephone
switching system.
23.  The method of claim 20, wherein said step of relaying comprises:
transmitting said received parallel spread communication signal to said second
receiver.
24, The method of claim 22, wherein said second receiver is a cellular device.
25.  The method of claim 20, wherein said step of relaying comprises:
converting said received parallel spread communication signal into a converted
communication signal.
transmitting said converted communication signal to said second receiver.
26. The method of claim 25, wherein said second receiver is a cellular device or a
land-based telephone device or network.
27.  The method of claim 20, wherein said parallel spread spectrum communication
signal is generated by a generation method comprising:
encoding data with n-bit orthogonal codes;
multiplying a m-bit spreading sequence across one or more orthogonal codes

encoding said data, wherein m is an integer muitiple of n.



transmtting said converted conmunication signal to said second receiver.
26. The nethod of claim 25, wherein said second receiver is a cellular

devi ce orwe 02/o6md® based tel ephone device or network. 27. TPoa/user/mads of
claim 20, wherein said parallel spread spectrum comrunication signal is
generated by a generation method conprisging: encoding data with n-bit
orthogonal codes; nultiplying a mbit spreadi ng sequence across one or nore
ort hogonal codes encoding said data, wherein in is an integer nultiple of

n. WO 02/ 068479 APRAthEPRR A4 438 truscottinurficARhalel RE cSRpAGHgSPECt rum

communi cati on device conprising: an encoder for encoding a data stream
according to a phiehendgr Evicoendieg & ddiesesam agrgrding sy @pideeryfencodipg eeginteg sai d
encoded dataa streamw th a secondary sequence. 29. The device of claim 28,
wherein saladprinary encodi ng schene enploys n-bit orthogonal Wl sh codes.
30. The device afspfaddrToPshreatiies Ridiervaiel s spinh@ith aGeesitiary ssqdenebi t
pseudo- noi se sequence. 31. The device of claim30, whereininis an

i nt eger mulPi pl dhgreyice obdaim vheysin saigorigagy gropding seherpe eployppitdi ng: a
nmodul at or; AfRGeor@1 WakhSTakd er- 33. A parallel spread spectrum communication
devi ce conpristng: an encoder for encoding a data stream according to an
or t hogonal 3é8ncodhadevise hfeieim 29, spireecid isaid spegdiap cequgacesatmbit ppegdnaciat € a
spreadi ng sequence; and a spreader to spread said orthogonal encoded data
strean1mjtﬁ“ﬂﬁpﬁispreading sequence. 34. The device of claim33, further

compri sing3a, Syngbidewicd 8t ¢iafin BOAMeReih M isHNEREGhERIBE 3l d or t hogonal
encoded data
32.  The device of claim 28, further comprising:

a modulator; and
a transmitter.
33. A parallel spread spectrum communication device comprising:

an encoder for encoding a data stream according to an orthogonal encoding
scheme;

a spreading sequence generator to generate a spreading sequence; and

a spreader to spread said orthogonal encoded data stream with said spreading
sequence.
34.  The device of claim 33, further comprising

a synchronization module for synchronizing said orthogonal encoded data
stream with said spreading sequence; and

a data buffer to temporarily store said orthogonal encoded data stream.
35.  The device of claim 33, further comprising

a differential encoder to differentially encode said orthogonal encoded data
stream prior to spreading with said spreading sequence.
36.  The device of claim 33, further comprising

a scrambler to spectrally whiten and remove DC offset from said data stream.
37.  The device of claim 33, wherein said spreading sequence is selected from the
group consisting of: M sequence, Barker code, Gold code, Kasami code, pseudo-noise

sequence, or a combination thereof.



streamw th said spreadi ng sequence; and a data buffer to tenporarily store
sai d orthogonal encoded data stream 35. The device of claim 33, further
conpri si nyoaz@sf4rer enti al encoder to differentially encodecyaisd2/owushogonal
encoded data streamprior to spreading with said spreadi ng sequence. 36.
The device of claim33, further conprisihag a scranbler to spectrally whiten
and renmove DC offset fromsaid data stream 37. The device of claim 33,
wherein said spreadi ng sequence is selected fromthe group consisting of:
M sequence,3gBar kg deoile of Sahif 39 0 BercHaa R o268 al cgﬁggéhéﬁ% &fiplog£quence, or
a comnbi nation thereof. WD 02/ 067479 PCT/ US02/°04438 3 38. The device of
clai m 33, wiibpgonal $lsh endehogonal codi ng schene enpl oys orthogonal Wal sh
codes. 39. par el.s spectru onmuni cat i on _devjce conprising: a
recei ver f(;"ra' re(f‘g#’;\‘/r?ir%%l Sﬁ%@%ﬁ? el €p r'lggﬁgé%o c ervtljc%cgomr?%ﬁ{ﬁ%wti on signal; and
means for recoverktgve foiatedeisingeairiiledspreal shepimiinalcbRimbpdatiad sBRelc khdim
communi cations signal. 40. The device of claim 39, wherein said neans of
recovering conpri®es forgeenvgring 2 datarsgpars dioperaid Reralleli sreed SBFURER si gnal i nt o

a digiti Ze%ﬂ%ﬁlﬁﬁ&ﬁ%ﬁ@ gimeans for conputing a cross correlation between
said digitize ata stream and a programmed sequence, utilizing said cross
correl ati o0t o &tierdagice wifictaim B9 ehaaimrarksmeansdf bycoeeringwongpriseé:or mat i on, and
extracting synbol .tinmng informati on fromsaid. extracted nulti-byte

carpl 65 and o QeHBAAFIEE PG R RDCH SR R G el SR AT byt o
sanpl es. 41. Th@néiﬁh’h”&%oﬁ%uﬁh%b@ﬁ@cpﬂ\aﬁﬁﬁi bervabisa Qg RdaSaeManee 1S a
pseudo- noi se sequences. 42. The device of claim39, wherein said parall el
spread sped@tnrogreeoradisgiiesnce.otilliziigganl crpss aguslatian édetiachmylnbytasimnleset hod

conprising ‘an§ @%q{ngﬁg qgitoﬁnggic}n? atl g)icéacglrlé Qﬁ%)orﬁllmﬁg %ﬁ‘gfmation from said

extracted multi-byte samples; and

a demodulator for de-modulating said extracted multi-byte samples.
41.  The device of claim 40, wherein said programmed sequence is a pseudo-noise
sequences.
42.  The device of claim 39, wherein said parallel spread spectrum communication
signal is generated by a generation method comprising:

encoding data with n-bit orthogonal codes;

multiplying a m-bit spreading sequence across one or more orthogonal codes
encoding said data, wherein m is an integer multiple of n.
43. A system for communicating parallel spread spectrum data comprising:

means for encoding and spreading a data stream according to a first encoding
scheme;

a differential encoder;

means for generating a spreading sequence;

means for synchronizing said differential encoded data stream with said
spreading sequence;

means for spreading said differential encoded data stream with said spreading
sequence;

a phase-shift key modulator;



mul tiplying a mbit spreadi ng sequence across one or nore orthogonal codes
encodi ng said data, wherein in is an integer nultiple of n. 43. A system
for conmmwomawsTg paral |l el spread spectrum data conpri si n@CT/Useztt3§ or
encodi ng and spreading a data stream according to a first encoding scheng;
a differential encoder; neans for generaging a spreadi ng sequence; neans
for synchronizing said differential encOded data streamw th said
spreadi ng sequence; neans for spreading said differential encoded data
stream wi th sai ¢ spEeagding sequence; a phase-shift key nodulator; WO

02/ 067479 PCT/ US02/ 04438 24 a transmtter; a receiver; and neans for
recovering said adatavest mslm from sai d recei ved data stream 44. The system
of claim43, further .conprising.a.scranmbler to.spectrall iten and
Cerve any do oftEs Kt sang (G REh Hord Qi RGNV G S Cl o 43,
wherei n SaMd.”Eﬂnﬁs&ﬁ&nQﬂQQ@hng,ﬁﬂdwﬁ&ﬁ%@ﬂmﬁga&xﬁﬂbﬁmuﬁée&@ﬂb&ﬂﬁ@ﬁd&ﬂg to a
first encodi ng schene is an orthogonal | sh encoder. 46. The system of
clai m 45, fepevRmydsmifsesiem a $tEeMr ovi di ng synchroni zation pul ses to

ensur e thatyzsai r i i - li.gned in
time, and ésdatgmgggégagﬂggﬁﬁé?faﬁg?ﬁ$ﬁ21§€éﬁgﬂ#%gmg%%%%?§§§%&ﬁ§?gﬁ%'said
spreadi ng segaumacordingac pdiestdnesiingchemie dquanathogdBal Whish sysidem of cl ai m 43,

further conprises: neans for generating a. preanble conprising timng
infornatioﬁ6for%ﬁﬁéﬁﬁﬁﬁﬁgCﬁﬁ&é&eﬁ“@ﬁﬂ“@%@f fing said preanble into each

data packet. means for providing synchronization pulses to ensure that said Walsh encoder

and said spreading sequence are aligned in time, and

a data storage buffer.
47.  The system of claim 43, wherein said spreading sequence is a pseudo-noise
sequence.
48.  The system of claim 43, further comprises:

means for generating a preamble comprising timing information for each data
packet and inserting said preamble info each data packet.
49. The system of claim 43, wherein said spreading sequence is selected from the
group consisting of: M sequence, Barker code, Gold code, Kasami code, pseudo-noise
sequence, or a combination thereof.
50.  The system of claim 43, further comprises:

means for converting said received data stream into a digitized data stream;

means for computing a cross correlation between said digitized data stream and
a programmed sequence stored at said remote location;

means for utilizing said cross correlation to extract multi-byte samples and byte
timing information;

means for extracting symbol timing information from said extracted multi-byte
samples; and

means for de-modulating said extracted multi-byte samples.
51.  The system of claim 43, further comprising means for removing carrier offset

from said received samples.



49. The system of claim43, wherein said spreading sequence is sel ected
fromthe group consisting of: M sequence, Barker code, Gold code, Kasam
code, psewoo2/06i43® sequence, or a conbination thereof. 5@®CTNsE2/8443%8 em of
claim43, further conprises: neans for converting said received data stream
into a digitized data stream neans fokrsconmputing a cross correlation
between said digitized data stream and a programmed sequence stored at
said renote |ocation; means for utilizing said cross correlation to extract
nul ti-byte ssanplgg s?ﬁgmbiftcﬁlmt%mxlﬁgreiﬂgaﬁf mgfaﬁﬁnem&a{i&wware@s&m%dw
symbol timng information fromsaid extracted multi-byte sanples; and
means for dequended ati ng said extracted nmulti-byte sanples. 51. The system
of claim 43, further conprising neans for renoving carrier offset from
sai d received sanples. WO 02/067479 PCT/ US02/ 04438 25 52. The system of

cl aim43, wherein said programmed sequences are pseudo-noi se seguences.



