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pri nter,Yand with a mass 18 data storage device, such as a file server.

19 : mund cations network, such as a LAN, enploys a

20 tr%nsm’ﬁm gRH %? m?&lﬁ%ni cate data signals anong the pl u’ral ity

of data 21 devCompuied comiunRhubrisknetiika fbyalldwifg EéxﬁEﬁt!E‘rsst%'c%ﬁnﬂFrHéH@ IS
t

| at they can present

a network of wires. 22 “Wres can be cunbersone Tn
routing $robl & to and from ethareompers have decome common! For example a useriof a

inhibit §h i L d he 24 k. .25
To over cone St ok chtl SO AR KELRe ARG Foh i B 15 ang £r0IE 4 @etia* 56
transm $8i on compuen. A Jotalrared bgtwiirk F@ANN) IS @B’ SoraAin{atioke detivdrk

conmuni f?t e ) ) . . . .
which provides computer communications among a plurality of computers situated

12 within a common locale. For example, a LAN is typically used to interconnect
13 personal computers or workstations within an office or school building, or to
14 interconnect computers situated in several buildings of a campus or office park. The
15 computers connected to the LAN typically communicate among one another, and
16 usually also communicate with one or more centralized or specialized computers,
17 such as a host computer, with an output device, such as a printer, and with a mass
18 data storage device, such as a file server. o

19 A computer:.. communications network, such as a LAN, employs a
20 transmission medium to communicate data signals among the plurality of data
21 devices in the network. Usually, the transmission mediun'i is a network of wires.
22 Wires can be cumbersome in that they can present routing problems, occupy space,
23 require installation time, and inhibit the mobility of the computers connected to the
24 network. : | S o o

25 To overcome the bxgblems“és"sbciaﬁéd with using_a-.systen; of wires as the
26 transmission medium, a plurality ':c:)f radio traﬁsGF?.iveré-ban t;e used t0 communicate
27 radio signals for carrying_data mégéages _gmoné \t}u: combuters in the computer
28 communications network. Use of radio tra;riséeivers_has gained i'i'ttle éc‘ceptance SO

29 far due to low data transmission rates and/or uhreliability. Typically, if the data

[ty



27 « radio si gnals for carrying data nessages anong the conputers in the

comﬁ_‘uter 28 comruni cati ons network. Use of radio transceivers has
gainded little acceptance sa 29 far due to | ow data transm ssion rates
andfor unreliability. Typically, if the data -2- 1 transmni ssion rate

Is lowered, the reliability can be inproyed. Alternatively, high data 2
transm ssion rates can be achieved, albeit wth reduced reliability. 3

The principle barrier to high data rate comuni cati ons between conputers in
4 a_ W r el esansinissidon mateis lowerad; the reliability narcbd improved. pHenmativety) highl datsl
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One or nmore synbols can be conbined to forma 17 message that conveys

neani ng. 1Bach” wilkinserfergswithy moge prament signalsag the-dalaved signals astiyg at thegegaivared
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13 the earliest version of a transmitted signal arrives at a receiver, and the moment that

14 the latest version of the signal arrives at the receiver.

15 To understand multipath effects and the instant invention, it is helpful to
16 discuss the term "symbol". One or more symbols can be combined to form a
17 message that conveys meaning. Each symbol must be uniquely recognizable, and is

18 selected from a set of possible symbols, referred to as a symbol alphabet. The
19 ~ number of symbols in the symbol alphabet is referred to as the " order;' of the symbol
20 “ alphabet. For example, the letters "a", "b", and "c" are symbols from the English"
21 alphabet, where the order of the English alphabet is 26. The numbers "0" and "1"

22 are symbols of the binary number system, which is of order 2.

23 It is possible to represent a sequence of symbols from a first alphabét with
24 a syinbol from a second alphabet, such as representing the binary symbol sequence
25 "101" by the symbol "a". This binary symbol sequence consists of three binary
26 symbols. Since each binary symbol can be either one of two possible symbols, in a
27 sequence of three binary symbols, there are eight possible unique binary symbol
28 sequences. Thus, an alphabet of order eight is required to represent the eight
29 possible unique binary symbol Sequences of three symbols each. In general, an

30 alphabet of order M = 2N is required to represent the M = 2N possible unique

31 binary symbol sequences of N symbols each.
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21 - al phabet, where the order of the English al phabet is 26. The nunbers
"0"Tand "1" 22 are synbols of the binary nunber system which is of
order 2. 23 It is possible to represent a sequence of synbols
froma first al phabet with 24 a synbol froma second al phabet, such as
representing the binary synbol sequence_2pH_ "101" by the synbol "a".
This binary synbol sequence consists of three binary 26 symbol s. Since
each binary synbol can be either one of two possible synbols, in a 27
sequence a&f three biwstiray binarpsignallingeran ter refarraghto qsdssnybélglalﬂmg]wasighalbing
synbol 28 se uen es. Thus n al habe; of ord Is required t

represent 2t he SYYFR B4t reprei;ggss Peselgment “Eﬁ%a?yfp nsﬁ enggsqlgé e BMRA ee
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representS‘,S thrgg&‘e“fy B‘éng @psgﬁ’ft?&%’b gquences using a synbol 3
al phabet @ order eig fgtenéral redighdlftig dyStedd tidt FéptethB e Nl-él&nedtrbmh? symbol
t erm nol ogy of 4 communi cati ons S{stem desi gn; an, 8- ar
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error 12 12 cccbneaﬁomcbdmgiamgnamemead)bm)head bits).

13 In binary sighalling, the equivalent binary data rate is equal to the symbol
14 rate, i.e, R = S, because when M = 2, the number of bits per symbol N is one.
15 Consequently, "bit" and "symbol" are often used interchangeably in discussions of

16 binary signalling.

17 In radio communications, a transmitter includes a modulator that provides a
18 transmitted signal representative of information presented to the modulator.
19 Conversely, a receiver includes a demodulator that receives the transmitted signal
20 and ideally provides the original information represented by the transmitted signal.

21 Commonly, the information presented to the modulator includes a plurality of

22 symbols, where each symbol is selected from a finite set of symbols. For each
23 symbol presented to the modulator, the modulator generates a corresponding symbol
24 waveform selected from a set of discrete symbol waveforms, the symbol waveform
25 then being transmitted over a communications channel to be received by at least one
26 receiver. -
27 Each symbol waveform that is transmitted is subject to distortion and noise,
28 thereby making each received symbol waveform differ from the corresponding
29 original transmitted symbol waveform, and become more similar to other symbol
30 waveforms that were not actually transmitted. Consequently, it is necessary to decide
31 which symbol of the discrete set of known symbols was most likely transmitted. This

32 decision is performed in the demodulator of the receiver, the output of the
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13 , In binary signalling, the equivalent binary data rate is equal
to the synbol 14 rate, i.e, R =S, because when M= 2, the nunber of
bits per synbol N is one. 15 - Consequently, "bit" and "synbol" are often
used interchangeably in discussions of 16 binary signalling. 17 .

In radi o comruni cations, a transmtter-i4nel udes a nodul ator that provides a
18 transnitted signal representative of information presented to the
nDduIator Conversely;. a receiver includes a_denodul ator that
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transmtted. Consequent Iny, f’tﬁ}es necessa‘r’y to decide 3 &5 whi ch synbol of

the discPete set ode<fnmtlmr sljmfboths oeaeeptof multipath yltcrfemmm tonsider the sasezof
decisio S perforned dul a of, .t he [ e lver..the ou of the
T3 0 G B B SR eyt WSS vt i Bfsssoun
set of symbol gymBol constsBadf 4 ﬁ%l@%ﬁ”%é{ﬂ’tﬁ ﬁﬁ?ﬁpaﬂﬁﬁmﬁ‘%lazrkpﬁéadtlbﬁmger than
transmtted synbol sequence. deci de whi sequence

has beenlZ r ansks duzationfofra svanbol twaveform, tsgohbol waveforms of the first version of the

13 received signal overlap non-corresponding symbol waveforms of the excessively

14 delayed versions of the received signal. This phenomena is called intersymbol
15 interference (ISI).
16 For example, in a typical indoor or campus radio network environment, the

17 time-delay spread can be greater than 500 nanoseconds (ns). Since in binary data

18 modulation, data rate is the multiplicative inverse (reciprocal) of symbol duration,
19 a time delay spread of 500 ns implies that data rates even much less than two million
20 bits per second (Mbps) will result in significant data errors due to intersymbol
21 interference.

22 In addition to intersymbol interference, some multipath reflections may
23 exhibit time-delay spreads that are less than the duration of a symbol waveform. This
24 form of multipath interference is referred to as intrasymbol interference, and such
25 interference can cause a significant degradation in the amplitude of the total received
26 signal. | -

27 In intrasymbol interference, the multipath time-delay spread is shorter than
28 the duration of a symbol waveform. Thus, symbol waveforms of the first received
29 signal version overlap non-corresponding portions of corresponding symbol
30 waveforms of the delayed versions of the received signal. Consequently, reflected
31 signals of significant amplitude will cause periodié amplitude nulls in the frequency

32 spectrum of the total received signal due to coherent cancellation at particular



4 . ‘synbol, the denodul ator processes the correspondi ng received synbol

waveformfor 5- a period of time called a coherent integration interval.
It is essential that each 6 coherent integration interval be coincident
wi th each received synbol waveform 7 t her eby providing correct
syhchroni zation. In the absence of correct synchronization, 8 t he
synbol content of the received waveform®i-I| be msinterpreted. 9
To_further clarify the concept of nul tipath interference, consider the case
of 10 message .tr tted bi nar ata nodul atlon wavef orm
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15 fade independently, and are combined in one of several known ways to take
16 advantage of this. Since this method employs an independent receiver for each
17 diversity channel used, it can be quite costly to implement.

18 There are known methods for reducing. intersymbol interference due to
19 multipath effects while preserving high data rates. A first method employs highly
20 directional line-of-sight microwave links with high antenna gain, since signals having
21 the longest delays often arrive at angles far from the central axis of the microwave
22 antenna. One problem with this method is that to obtain high antenna gain, the
23 antennas must be lafge, mounted on fixed platforms, and must be carefully pointed.
24 Such antennas are therefore complicated and expensive to install and move. Large
25 antennas are particularly unsuitable for short range indoor or campus environments.
26 A second method for reducing intersymbol interference due to multipath
27 effects while preserving high data rates is to use echo canceling techniques
28 implemented using adaptive filters. However, the expense and computational
29 requirements of adaptive filters is prohibitive at the high data rates required in the
30 highly dynamic environment of radio communications.

31 A third method is to channelize the transmitted waveform into multiple

32 channels, each channel being of different carrier frequency and of lower bandwidth



31 . signals of significant anplitude wll cause periodic anplitude _nUI S

tn the frequency 32 spectrumof the total received signal due to
coherent cancellation at particul ar -5- 1 frequenci es. The bandw dth
~of 4 he anplitude nulls istnversely proportional to the 2 del ay of the

correspondi ng signal that is causing the interference. This phenonenon 3
is known as "frequency selective fading% -and it substantially i mpai rs the
reliability 4 of conmuni cation between a transmtter and a receiver.
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13 example, one of many approaches includes the use of M-ary frequency shift keying

14 (MFSK) modulation to encode the high-order symbol alphabet into one of M

15 frequencies. Orthogonal signaling would still require a diversity receiver to overcome
16 intrasymbol interference. Furthermore, orthogonal signalling requires excessive
17 bandwidth to implement as compared with a conventional communications channel,
18 and is therefore typically prohibited by govemmetit regulation.

19 ‘All of these approaches for reducing intersymbol interference due to multipath
20 effects while preserving high data rates must, in general, also include means for
21 diversity reception to reduce the intrasymbol interference, and consequently must
22 employ duplicate receivers.

23 Direct-sequence spread spectrum (DSSS) modulation is a multiplicative
24 modulation technique that can be used for resolving and discriminating against
25 . multipath interference. A common but unsatisfactory approach to mitigating
26 multipath effects is to employ direct-sequence spread spectrum modulation in
27 conjunction with binary data modulation, where the direct-sequence spreading
28 function of the DSSS modulation is a pseudonoise (PN) waveform. This approach
29 is unsatisfactory because it cannot provide sufficiently high data rates to support
30 LAN throughput requirements when sufficient processing gain is used for

31 overcoming multipath effects.



22 .  antenna. One problemwith this nethod is that to obtain high antenna

gain, the 23 antennas nmust be |arge, mounted on fixed platforms, and
nmust be carefully pointed. 24 Such antennas are therefore conplicated
and- expensive to install and nove. Large 25 antennas are particularly

unsui table for short range indoor or canmpus environments. 26

second net hod for reducing intersynbol interference due to nultipath 27
effects while preserving high data rates is to use echo canceling
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14 spectrum. Walsh-function modulation is used to provide separable signals. It is
15 difficult to ensure this separability because of limited processing gain, and hence
16 precise transmitter power regulation is usually required. Further improvements in
17 gain would be desirable.

18 Gilhousen, US Patent 5,103,459, specifically teaches a cellular telephone
19 systerh that employs spread spectrum encoding to discriminéte among the signals of

20 multiple users. This capability illustrates a well-known CDMA application of spread
21 spectrum signalling. Reduction of multipath interference is not addressed. In the
22 forward channel, Walsh-function signalling is used for improved CDMA
23 performance, not for data modulation. Furthermore, Walsh-function signalling is not
24 used to increase the CDMA processing gain by extending the symbol duration, but
25 only to provide a better CDMA waveform than pseudo-noise DSSS would alone
26 provide, because the treatment is such that the orthogonality property occurs between
27 multiple users sharing the same frequency band, and not between data symbols.

28 Although Gilhousen 459 discusses the use of Walsh-function data modulation in the
29 reverse channel, Gilhousen *459 clearly states that the purpose of the Walsh-function
30 sighalling is to obtain good Gaussian noise performance in a Rayleigh fading
31 multipath channel. Consequently, use of a modulation, such as binary phase shift

32 keying, that requires a coherent phase reference signal for demodulation is
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~ the dired - sequdiliousar 8859 6foWaBh-fundtionCdigrealling fdrhdatDmS8ulation lis irideperident.

. pseudonoi se (PN) waveform This approach 29 . IS unsatisf ac}_o,ry because it
cannot prbvi deofdhe psectherein of spread pactum eneeding, Gilhgusen 499 expliciixgtates that

- throughp r equi £ e r ' hRad f

overcom iy mul S itoRpill Sbuittnk ofloRbrid) 5P tbrdif plaseTeftaite s ot

~ bi nar é de@ g- ngﬁwh-@lﬁdds pThedecivert dasonibely iif GHilino@sen '45Psreghizes diat dhofentibe

- spreadin andwi dt h of the DSSS npdul ation_.to the data 3 bandw dt h, The
~ spreadi ngo bandfrwan snd backward (Flﬁlp{l%cpedefgllng t%&WQ‘?yé‘FaWWCﬁB?)gB’E” ,jojts. In
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Loweri ng I nary data rate”i ncreases processing gain an
consequei2| y rTharefonesthe dystem disclosed by Gilhousen ’459 is clearly a time-synchronous

13 CDMA cellular telephone communications system, and is not intended for, or
14 useable as, a high data-rate radio-frequency inter-computer communications system.
15 Kerr, US Patent Nos. 4,635,221 and 5,001,723, describes a system that
16 utilizes the bandwidth available in a surface-acoustic-wave convolver, which

17 generally has a much higher processing bandwidth than the bandwidth available for

18 - signal transmission. A received signal is multiplexed onto several carrier frequencies,
19 and each is processed independently in the convolver. The convolver is used to
20 simultaneously compare the received signal to M orthogonal reference waveforms,

21 composed of Walsh function and PN-DSSS waveforms. The *723 patent describes
22 a variation that uses orthogonal sinusoids instead of Walsh functions, as taught by

23 the *221 patent. The scope of the teachings of these patents is narrow in that they

24 specifically address a method of demodulating a plurality of signals using a
25 convolver, and do not disclose any means for implementing a high-data-rate wireless
26 local-area-network suited for use in a multipath environment.

27 Groth, US Patent No. 4,494,238, discloses use of pseudo-noise direct-
28 sequence spread spectrum across multiple, non-contiguous carrier frequencies that
29 are coherently processed at a receiver. Walsh functions are used in this system to
30 generate signals within the receiver, such signals being used to perform phase
31 computations, but not for signaling over a communicatfons channel corrupted by

32 multipath interference.



6 <« 'sacrifices rate of data throughput. 7 : The ability to reduce
both intersynbol and intrasynbol interference due to 8 mul tipath

ef fects depends on the processing gain of the spread spectrum waveform9
and- recei ver, whereas the ability to resolve adjacent paths is a function
only of the 10 spreadi ng bandw dth,_rpt of the synbol rate. 11

It is known to use WAl sh-function waveforns to inplenment code division 12

mul ti pl e ,access ( . CDMA.is used to inprove the channel capacity of a
plead specmf@fé gbmUshRatentN.14.87% 182 cprowikies & methorhfar detrsmining

3 S
frequency 14 , us'éﬁﬁﬁréc’frus@nijgmaﬁﬁ'ﬁ?%hﬁ{ﬁg@qggﬁtﬂegﬂf%@ V2B do .i’{nﬁ%%;go%s

separ abl e signal s. sur I’s separ
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power requlation is usually required, Further i1nprovenents in 17 gain
woul d be*desi TREGHEM rénce’ code, Wb@% H@l?éﬁgatﬁsrqﬂ&tseﬁ?t@,l £590ding) is used for
speci fi csl |y COMACHuOSA, |l bl B Rl 9 ySit §1Bet i ead
spectrum encodi ng tg g)l scfi m nat eﬁéam)ng t he (S:IDévI’I]§| ?Egiatz%@hc%hﬁﬂﬁgﬁéé&
users. TRis c¥msli-funciion |hodiaticness asedelkd -spevifyn cGibhdd mforinatiani for sthnsipgead
21 spectrum si | i ng. Redyction of |tipath interference i s not

addr essed. |naY%igg[£%requeﬂg¥ \ﬁé‘?‘g "E?‘l‘iﬁﬁ@?f:“ ﬂgf'{‘-cy&%q i‘%ﬁ?"é‘ﬂgnal ling is used
for inprgved CDVA 23 per formance, not for data nodul ati on. Furthernore,
Wl sh-function signalling is not 24 used to increase the CDVA

processi fg gamme symbol durati-on, but 25 only to

provi de better CI#\QA veformt ha seudo- noi se DSSS woul d_al ne&éﬁI
provi de,lﬁbecause t estgrl\geaﬁ%@rﬂ%}chogg%wrﬁ@f “W?Eg%l} %B@HF%?W‘%SB ff
occurs ldt weethe2fpe desdﬂlbbﬂlﬂﬁt%vaﬁz@ftﬁsﬂi@%ﬂomnﬁshﬁtﬁ@ﬁﬁofEzﬁg!lency band, and
not between data synbols. 28 Al t hough G | housen ' 459 di scusses the use

of wal sH2f uncti on 18 specific bjests oftherpresegt inventioneinclide ipraviding Giwirelessen

' | qar | h Wl sh-f ion 30 . signalli
a0  onon o LY e Bl o BUEPERE pils fle PRIl SO ARG forithypicaiol™™ || M
nul ti patitd channel . Aottses @bfet bf thelifierfionds fPekEredme htersyfiboladdinfasymiiase

shift 32 keyi ng, that requires a coherent phase reference signal for
denmodul 3P on imerference resulting from multipath effects, and to thereby provide a higher data

16 rate with more robust performance than previously possible.
17 Another object of the invention is to provide a practical means for

18 ot implementing a high-reliability, high-data-rate, wireless local-area network.

19

20 Summary of the Invention

21 The invention provides an apparatus and method for providing high data rates
22 in a wireless local-area network data communications environment, even in the
23 presence of multipath interference. To achieve this, the invention combines a
24 higher-order signaling alphabet, such as an orthogonal signal set, with direct-
25 sequence spread-spectrum modulation (DSSS) to provide processing gain for
26 suppressing both intra-symbol and inter-symbol interference due to multipath effects,

27 while also providing the high rates of data throughput required of a wireless LAN.
28 Furthermore, the use of DSSS in this high data rate application reduces intrasymbol

29 interference effects to the extent that the need for diversity methods is significantly
30 diminished. '
31 Use of a higher-order signalling alphabet results in a symbol waveform that

32 is log,M times longer than an equivalent binary signalling waveform, where M is the



-8, 1 precl uded. G | housen " 459 states that differential phase shift

keying will not operate 2 well in a Rayleigh fading nultipath
envi ronment, and sone neans of orthogonal 3 signalling is required to
overcone the | ack of a phase reference. Mreover, since 4 the multipath

channel discussed in G| housen '459 is f§qyleigh fading, G| housen '"459 5
does not resolve and discri m' nate against nmultipath interference. Further,
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nodul at i bn i sondatiefthna higher-prder sigpalling elphabett Fhe longercduraiiomsyintgl svaveforms

encodi n Gl es th n rth onal

Si gna: I |gng al ékg%\?\gl ?%e%%??ﬁxsgé%ﬁg%épﬁﬁé B"ﬁa%oe %’8’?‘8‘#’8 gj‘ aﬁfﬁé&o WSY m S0 pe
required3 Theasf@&ﬁ'bVﬂé ifGreset pRctessinghinGos & Biveh T Ritd R witout hﬁ’dreésﬁl%]ﬁi%ti re
10 forward backward channel be utilized to tine-synchronize

mobil e ufits. snrﬁadlipectmﬂhtr@nsrmsg@n dandwidtlp aEhedineregsadgprogessing gainregplisriad t o

G housen, - astoes: BRESRRRed S, aunt e, ap i RS RcGuy t*@%wﬁ@‘ PP BB one

conmuni cétlonwmlesiemNand is not intended for, or useabl e as a high

dat a- ratg radi o-frequency inter-conputer comruni catlons system
Kerr, US’Patent No¥Or omigsapplicationg, theynse 9d3 nopserthogosal é%l&by%lidé?nﬂgﬁlaﬂu%

utilizesgt he | |
whi ch- 178 | o ARES: st (R abcBlablc Perforhtibbé S AERNY Y HBF ICRMEH ¢ for
bandwi dt B avaal giber sigimal-idBnoise satio.a Examples nofs aon-orthégorat esynﬂxdal ssegnﬁiclude

mul tipl exed onto, several carrier fre nci es, and e ocessed
i ndepeng nt | yavairainee appliyc modulpten &SMIWI ?@E@Qé@%aﬂfg&-m ase shift

si mul t aRgousl e n‘aﬁ.&ﬁ reference
wavef or Eg Keﬁﬁggg&rrpgglgﬁ Vﬁﬁ@tﬂgtﬁho%a%é%ﬁw%%ggpmvef ornms. The
‘723 patlént descrl hna pzﬁ‘erred embodimeat,i theyhighex-oxder slpbatich dapd it sediisn osuially

ot oo BT 160 BN BB PR g 6EP°

14 alphabet is norr_nally prohibited by the narrowband channel allocations available; to

15 convey n bits per symbol, the bandwidth required is M times the symbol rate, where
16 the value of M is 2". The fine structure (high frequency components) required to

17 support M orthogonal waveforms, as expressed by the exponential relationship
18 between n and M, leads to exponentially increasing bandwidth requirements. For
19 example, for a given symbol rate, increasing the number of bits transmitted per

20 symbol from 4 to 5 results in a 25% increase in throughput (data rate), but requires
21 a 100% increase in transmitter bandwidth.

22 An example of an orthogonal signalling set that fits within, i.e., is supported
'23- by, the bandwidth of a direct sequence spreading code is the Walsh-function

24 waveform set. As a high-order alphabet, these waveforms can be directly modulated
25 . by pseudo-noise spread spectrum modulation, without exceeding the obcupied
26 transmit bandwidth required for spread spectrum signalling alone. Since spread
27 spectrum frequency allocations and spread spectrum transceiver equipment are
28 inherently wideband, the Walsh-function waveform set does not require additional
29 bandwidth when used in conjunction with DSSS encoding, even though it reqﬁires
30 more bandwidth than the signal to be encoded when only Walsh-function encoding

31 is used.
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24 . -~ specifically address a nethod of denodulating a plurality of signals
using a 25 convol ver, and do not disclose any neans for inplenenting a
hi gh-data-rate wirel ess 26 | ocal -area-network suited for use in a
mul ¢i pat h environment. 27 G oth, US Patent No. 4,494, 238,

di scl oses use of pseudo-noise direct- 28 sequence spread spectrum
across mul tiple, non-contiguous carriér }requen0|es t hat 29 are
coherently processed at a receiver. Wil sh functions are used in this system
to 30 1 generat eCoh@yabsiyi fidei Hf HRE woRdeHs }S?éadu&“%lﬂ S*&é}ﬁk&a:ﬂg 0% ¥sgd to
perforn1£hase 31 conput’ations, but not S|gna over

comuni c&t i ontterpeatekds rchtnugtce@owatm and remmokali, mpd:ctwalye of 2 Di8Sencodingd- 1

McRae et aI 82, . provi des .a met.ho deternm.ning 2
a usef ul frequenctg a%ﬁlt\%fr 8’b gt f§ 15 ﬂl‘éﬁ“ﬁ‘? éﬂu@l‘?@?’“&gd&be 6Brﬁ§‘ﬁnp§§§| ons
3 negwor kwateforin! eRethédasd of aWalshifigdioRYwivelorlsS §H 9 WARIRFith that is less
direct- sequence eq%eead 4 spectrum reference code, which Inplies ﬁ

spread spect r thanethe dndwidth Qfs@@ p&ss &ncodlnmeﬁampd;hest,enevepreaﬂmgg hmtihe

term " COyR" i | ned. sh-function nodul ation is
used to Specif SdeQ]g (@ﬁ hﬁkforuﬁ@%sgor? 13,8 %ﬁ%ﬁqnﬁ’ﬁ st S€I5%-ai | abl e frequency
bands un%il a usef Uhefﬁﬁﬁmﬁﬂméni@m h SWaRHFinctdnd wavefolRl] 8¢t §1aPfindiies a
| nvention 10 eneral object of the present invention to

provide & wi rellue%lsty qumwaily orthagepalk hisaryd savefopms witich caw dec synshraniously

probl emsgof the S _of
present |9nvent | on | ncﬁl@d{a#ad 5?358“13{1 %’drxgﬁ{laég%igh b‘ﬁ%ﬁ*ﬁ“ﬁ%@ﬂ&&ﬁg@g@ﬁ
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Anot her ?bj ect r%f the invention is to overcone intersynbol and intrasymibol
a transition of a common clock signal. The clock signal frequency is selected

12 so as to support the finest possible pulse structure in each Walsh-function and spread
13 spectrum waveform. The finest pulse structure that can occur in a waveform
14 determines the bandwidth of the waveform. Therefore, the clock rate establishes the
15 bandwidth of the waveform. As long as a waveform signal transition occurs at a
16 clock edge, a multiplicative composite of a Walsh-function and spread spectrum
17 waveform will not require additional bandwidth beyond the bandwidth of its two
18 constituent waveforms.  Consequently, Walsh-function waveforms having a
19 bandwidth less than or equal to the bandwidth of the DSSS waveform can be used
20 without any increase in bandwidth of the Walsh-function/DSSS composite waveform.
21 In another preferred embodiment, the orthogonal signal set is supplemented
22 with an antipodal signal set to form a bi-orthogonal signal set, further increasing the
23 data rate achievable at a given DSSS processing gain. Other embodiments include:
24 noncoherent signalling across two symbols, as in differential phase shift keying

25 (PSK), to perform the bi-orthogonal signalling; coherent and noncoherent M-ary
26 phase shift keying, combined with orthogonal signalling within a single symbol; and
27 differentially encoded coherent phase shift keying across two symbols, with

28 orthogonal signalling within a symbol.
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15. -interference resulting fromnultipath effects, and to thereby provide

a higher data 16 rate with nore robust performance than previously
possi ble. 17 Anot her object of the invention is to provide a
practical nmeans for 18 i npl ementing a high-reliability, high-data-rate,
w rel ess | ocal -area network. 19 200 _ fummary of the Invention 21

The i nvention provides an apparatus and nethod for providing high data

rates 22 in,a W.rel ess Iofc?ll reg network data communi cations

envi ronrreln_t, M%MMe of multipath interference. To
achi eve this, the 'méeﬂweﬂﬁbrpm'lféeﬁm?e iy unddisd88 Froh 46 fSSBRRL! dMhiled

al phabet, such as an orthogonal signal set, wth direct- 25 sequence
spr ead- spect r ulescriptiom, dn comui@easyith chepaosonganying figeres,ngheraim f or 26
suppressi pg both intra-synbgl and inter-synbal interfer.ence du

nul ti pat h‘{]ef fects, n%‘?‘ 138 ematg regye Bioﬁa WW@W%H@%@@E“@A@%@Q by

t hroughpu$ reqguilpathOintetferdrce] €ss LAN. 28 Furt hernore, the use of DSSS
in this high data rate application reduces intrasynbol 29 i nterference
effects t® the ext efig. 2higta plet ofidime vensusithedogiafymensered dmpulsesiespanke ofirat | y

30 di4mnis . €.,.0f hi.gher-order si |l ing, al ph t
results i?\n a s‘?ﬁg%‘ %5@@? rﬁn{lﬂg:%tlﬁﬁgnnei‘ieéhﬂg WM ARtees ‘%ﬁ@le?“ ansH Bof
equi val eng bi niaterfesérgegal | i ng waveform where Mis the - 10 - 1 or der
of the higher-order_signall ig{g@a_l phabet. The | enger-durati on synbol .
wavef or ns? 2 of Fige 3ip gHdeckodiagrams plyp spread spesirpmfrmasmities and timerdemaing
wth a DRSS 3 Lfde increased processing gain for a
gi ven da?g r\gfl\eé,ﬁe\%\né%%%ls (l)fna(ﬁoecgaz?&ngla?%fgﬁhg spread spectrumtransm ssion

bandwi dt b1 The i ncrBigsddispd bk sdisgragnboitheasoteltionrprbeess uséd iatreceiver to

erformance at a data rate that is sufficientl high to provide a practical
P 1% despread a line-of-sight (LOS) signal encodeg by DSSS, agd then corru;?ted by

13 communications channel interference, thermal noise, and multipath effects;

14 | Figs. 5A, 5B, and 5C are, respectively, a time-domain signal plot of line-of-
15 sight and reflected signals, a block diagram, and a correlation process output plot,
16 together showing a correlation process operating on the sum of the line-of-sight and
17 reflected signals to produce a correlation process output trace; _

18 Fig. 6 is a plot of time versus the log of measured-impulse response showing
19 the elimination of the significant intersymbol interference provided by DSSS

20 encoding of each symbol;

21 Fig. 7 is a chart of LAN types showing rapid synchronization requirements;
22 Fig. 8 is a block diagram of a spread spectrum transmitter;

23 Fig. 9 is block diagram of a spread spectrum receiver having a rapid
24 synchronization circuit which provides a timing signal to a correlator demodulator;
25 Fig. 10 is a schematic of a spread -spectrum receiver having a sliding serial

26 correlator for performing synchronization;

27 Fig. 11 is a diagram of an example of a data packet structure;

28 Fig. 12 is a schematic diagram of a correlator demodulator that employs
29 bandpass direct-sequence (DS) remo{/al;

30 Fig. 13 is a schematic diagram of a non-phase-coherent correlator
31 demodulator for orthogonal signalling that employs baseband DS removal and

32 noncoherent DPSK;
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6 . wreless LAN. 7 . "For sone applications, the use of a _
"non-orthogonal high-order signalling 8 al phabet results in acceptable
performance, as neasured by a low bit-error rate for 9 a given

sigrmal -to-noi se ratio. Exanples of non-orthogonal synbol sets include 10
quadrature anplitude nodul ation (QAM sigpal constellations, and Mary
phase shift 11 keyi ng sets, when transmtting nore than two bits per
synbol . 12 In a preferred enbodi nent, the higher-order al phabet
that is dsed is nutfigd 14 is13 schempticrdiagram of aphasgseohesenirenrelawr idempsindtor

signaling to i - -qrder 14 et | el | . :
pr ohi bi tgd by f{;ﬁéﬁﬁ%&g%gﬁ%h%g{r?ﬁg{n%gqylso@ﬁb%%s@w;%gﬁggg?Iéd;.'g?l})eri[gyPSKtonvey
16 "t ha val o o NS Lo E] e i o i o 1 Bquancy aedather e
conponenti) r&ﬁYFmstiBaiandlﬂgsWﬁbqufdm orthogonal waveforns, as expressed

by the exponential gl a i ' : Y
exponent ?le ly incr effe{g'l %%ﬂﬁ%\%\ﬂ%?ﬁ grg%ﬁﬁ%ﬁ%&e@@ﬁ?%g&tﬁﬁﬂ%%ﬁ%%%}ntfdgFa a
gi ven syr@ol rpatlket versus signabto-ineerferedver ratio ot DPSKnsighdlingd anér oithbgonal
synbol from4 {o ﬁ_resul ts ia a 25 %increase in throughput (data rate),
but requires SBnAUINZAtVIHONS AMRLAEE i n transnmitter bandwi dth. 22

An exanplg of an org:poger ' |4 if:s Wkithin, i.e., is
supportec?e23 by, élﬁég‘ggﬁ wéiéltg{?gfﬂogaocf?rgfegl{er}g%tq%feﬁ 'ewgbr eadi ng code is the
Wal sh-furfcti on 24 Fig. WBiefnrimegmited discuit hayght dingmm af pheblarge, tramsferedevice

wavef or can .be directly nodul ated 25 . by pseudo-noi se spread spectrum
modul at i Bh, W‘WM?CMMT%&CE%‘ Bﬁét?p‘méﬁm?é? ‘transnit bandwidth
requiredyf or spreadsjgpggtig H@l:l%e'ngiﬂﬁ'dia QR hodRlabdrechiP cRAH Y for usé Rﬁgxta{ um

frequency allocations and spread spectrumtransceiver ‘equipnént are 2
i nherent12/ wi dwberedt carnier-phdse ireference isignaljavef orm set does not require

T S L

when onl y4 VAl sh- f ungjgi 00 i€ e@ehiatic dlagram bf tHéRhodulator chip circuitry for use with

15 a carrier signal of unknown phase, wherein both in-phase and quadrature-phase
16 channels are processed, and wherein the combining circuitry of the demodulator chip
17 is shown schematically;

* 18 Figs. 21A and 21B are schematic diagrams showing a preferred partitioning
19 of the éircuitry of Fig. 20 into two chips, or for reaiiziné a cascadeable structure;
20 Fig. 22 is a’ schematic ‘diagram of a basic cell for computation of Walsh
21 coefficients; and
22 Fig. 23 is a schematic diagram of a plurality of the basic cells of Fig. 22
23 interconnected in a tree architecture, for computation of Walsh coefficients.

24 |

25 Detailed Description of the Drawings

26 - The invention provides an apparatus and method for reducing multipath
27 interference effects, while also providing high data rates in a local-area network data
28 communications environment. The apparatus and method of the invention combines
29 a higher-order signaling -alphabet, such as an orthogonal signal set, with direct-
30 sequence spread-spectrum (DSSS) modulation.

31 As recognized by the invention, an orthogonal signalling set that requires no

32 more bandwidth than the bandwidth of the spreading code of the DSSS modulation



(A . Consequently, use of the words 'spreading' and 'despreading'
are to be 2 interpreted as referring to nodul ati on and renoval,
respectively, of a DSSS engoding 3 wavef orm whether or not there is a
change in bandw dth due to the DSSS 4 waveform In the case of a

Val sh-function waveformof a bandwi dth that is |ess 5 than the bandw dth
of the DSSS encodi ng waveform the term spreading' and 6 ' despr eadi ng'
may be upderstoqd in a nore con tjonal sense. 7 .. The invention
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waveform The finest pulse structuré that can occur in"a waveform1
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of a Wl gh- f ug@véformand spread spectrum 17 waveformwi || not require
addi ti onal bandw dth beyond the bandw dth of its two 18 consti tuent
wavef orm8.  Conseqdd@athapdwigth of-# wavefosm isedeteraringd By the dingst) possible pudsgi dt h
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waveforml 21 transition, theldlockngitd) estallishés tHecins3tripostibie pulse tshRciré REGOSighal
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keyi ng 29 gignkl., to performthe bi-orthogonal signalling; coherent and

noncohergent M ar :
1% Y There exist other ways to provide an orthogonal signal set for use with spread

16 spectrum techniques. Instead of using a separate multiplicative orthogonal signal set,
17 such as the Walsh-functions, in conjunction with a single pseudo-noise spreading
18 - code to implement the signaling, the symbol waveform can be chosen from among

19 a set of nearly orthogonal pseudo-noise (PN) spreading codes, or phase-shifts of

20 these spreading codes. Modulations that transmit a variety of shifts of the same code
21 include pulse position modulation (PPM), and cyélic code shift keying, for example,
22 but these time-shift modulations are unsuitable because the demodulation can be
23 ambiguous when subjected to multipath time delays. Modulations that send one of
24 a set of PN spreading waveforms to relay the data also have several problems.'

25 Only PN waveforms that are cyclic, maximal-length sequences without data
26 modulation exhibit the  requisite nearly orthogonal cross-correlation properties.
27 Randomly chosen PN waveforms exhibit average cross-correlation values (between
28 different pairs of waveforms) that are equal to the processing gain of the PN
29 ' waveform. It is difficult to derive a subset of waveforms that have good cross-
30 correlation properties. The number of required waveforms increases exponentially

31 with the number of bits per symbol that must be transmitted. These waveforms,



26 . phase shift keying, conbined with orthogonal signalling within a

singl e synbol; and 27 differentially encoded coherent phase shift
keyi ng across two synbols, .with 28 . orthogonal signalling within a
synbol . 12 - 1 Brief Description of the Draw ngs 2 The

invention will be nore fully understood jsromthe follow ng detailed 3
description, in conjunction with the acconmpanying figures, wherein: 4
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11 By contrast, according to the invention, Walsh-functions do not exhibit these
12 problems. The regular waveform structure of the Walsh-functions allows a set of
13 waveforms of any order to be readily synthesized. In the receiver, the invention .
14 exploits a decomposition property of the Walsh-function waveforms that allows a
15 correlator to be constructed from a plurality of identical elements, to be described
16 below. Thus, according to the invention, Walsh-function orthogonal data modulation
17 is the preferred form of data modulation to be used in combination with spread
18 spectrum modulation. _

- 19 However, any means for providing the correlation against each of a plurality
20 M of Walsh-function waveforms will also suffice. Other examples, such as the fast

21 Walsh transform (also known as the fast Hadamard transform) are equally useful

22 when used in combination with spread spectrum modulation.

23 An orthogonal signal set is characterized by the property that each waveform
24 has no projection on any other waveform in the set. By contrast, an antipodal signal
25 set is characterized by the property that a waveform car have a negative projection
26 onto another waveform. By combining the two signal sets, a bi-orthogonal signal set
27 is formed, wherein both orthogonal and antipodal signals are possible. As a benefit,
28 bi-orthogonal data modulation provides an extra data bit per symbol, without
29 increasing the transmission bandwidth, or decreasing the processing gain. The
30 accompanying slight increase in required signal-to-noise ratio is insignificant.

31 A bi-orthogonal signal set can be implemented in the Walsh-function

32 demodulator, as illustrated in the exemplary embodiment of Fig. 14, wherein the
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21 . - Fig. 7 is a chart of LAN types showi ng rapid synchronization

requi renments; 22 Fig. 8 is a block diagramof a spread spectrum
transmtter; 23 Fig. 9 is block diagram of -a spread spectrum
recei ver having a rapid 24 synchroni zation circuit which provides a
timng signal to a correl ator denodul-atier - 25 Fig. 10 is a

schematic of a spread spectrumreceiver having a sliding serial 26
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12 previous pair and a new symbol, just as in binary DPSK.

13 Just as coherent PSK can be used on each symbol if a phase reference is
14 created at the receiver, multiphase phase shift keying can be used with orthogonal
15 signalling to increase data rate. However, the bit error rate performance of this type
16 of modulation degrades rapidly as the order of the signal set increases. Furthermore,
17 multilevel DPSK, such as differential quadrature phase shift keying (DQPSK) can
18 be used, which sacrifices bit error rate performance for improvements in data rate.
19 Several embodiments of the invention provide robust wireless LAN

20 performance. One such embodiment employs a different PN spreading code for each

21 successive symbol in a sequence of transmitted symbols. Errors due to high cross-
22 correlation sidelobes in multipath between transmitted symbols are thereby
23 randomized. ;

24 In a preferred embodiment, to further reduce error rates, error correction
25 coding can also be employed. Error correction coding can be used to compensate for
26 the portion of the error rate due to_the high sidelobes that can occur under some
27 multipath delay conditions, as measured at the output of the demodulator.

28 In other embodiments, the same PN code is repeated every consecutive
29 symbol. Use of repeating PN codes c;m help to reduce the peak cross-correlation
30 sidelobe levels, whereas changing codes cause some randomization of the levels

31 between symbols.



12 . " coherent carrier-phase reference signal; 13 Fig. 19Ais
bl ock di agram detailing the add/subtract block of Fig. 19; 14

Fig. 20 is a schematic ‘diagram of the denodulator chip circuitry for use
W t-h 15 a carrier signal of unknown phase, whereih both in-phase and
guadr at ur e- phase 16 channel s are processed, and wherein the conbi ning
circuitry of the denodul ator chip 17~ s shown schenmatically; 18
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the invention combi nes 29 a higher-order signaling al phabet, such as an
orthogoral signal set, with direct- 30 sequence spread-spectrum ( DSSS)
nodul at igQn. . . ecogni zed by the invention, an orthogonal
signal | ithg s &ulsipath ?%‘Gﬁ?ﬁes‘ﬁno 32 more bandwi dth than the bandwi dth of

the sprendi ng coderefrringetoDGeS1mtds ugéfub®o distingulish fvo maﬁcﬁ',.tyges“ ofitulfipah t he
set of Wl sh-function waveforns. As a high-order al phabet, t hese

wavef or b carintgeferanspi neliesrinh multipathy bnerferenqepiy caised dy &y gristeace fead
11 reflected version 28 of a line-of-sight (LOS) 26 signal that has travelled only a small

12 distance further than the direct line-of-sight signal 26, thereby causing coherent
13 cancellation and deep fading of the signal power of the received signal, which is a
14 combination of at least the reflected signal 28 and the LOS signal 26. This type of
15 reflected signal is delayed with respect to the LOS signal 26 no longer than the
16 duration of one data symbol of the LOS signal 26, and so the interference resulting

17 therefrom is referred to as "intra-symbol" interference. This type of multipath
18 interference results from a signal travel path that reflects off a surface such that it
19 is incident upon the receiver at a small angle with respect to the LOS signal 26.

20 Various frequency components of the LOS signal 26 and the reflected signal
21 28 destructively interfere at the receiver, resulting in nulls in the received frequency
22 spectrum. For example, if a narrowband signal, i.e, a signal occupying a relatively
23 narrow frequency range (commonly used in traditional communications) is used to
24 modulate a carrier signal of a frequency that falls within a null in the recéived
25 frequency spectrum, and the narrowband signal traverses both an LOS path and a
26 reflected path to a receiver, the amplitude of the received modulated signal will be
27 substantially diminished. It is even possible that the amplitude of the modulated
28 signal will be diminished to an amplitude less than the amplitude of the noise
29 introduced by the communications channel, resulting in data errors. This effect is

30 known as multipath faﬂing.
31 For example, where a receiver is disposed at a distance of 200 meters from

32 a transmitter, and a signal reflector is disposed at a perpendicular distance of 45 -
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16 previously existing limitation that far-out multipath interference imposed on the data

17 rate of binary communications.

18 When the reflection of the signal corresponding to a first data bit overlays the

19 direct path signal corresponding to a second data bit, intersymbol interference (ISI)

20 results. ISI can cause data recovery errors at the receiver. For example, if the

21 transceivers are separated by 200 meters, and a reflector is disposed at a

22 perpendicular distance of 150 meters from the line-of-sight path and equidistantly

23 with respect to each transceiver, there is a reflected path that is 160 meters longer

24 than the direct path traversed by the line-of-sight (LOS) signal. Thus, the reflected
25 signal arrives at a time that is about 535 ns after the arrival time of the LOS signal.
26  Binary signalling would be limited to much less than 2 Mbps in this operating

27 environment.

.28 Fig. 2 shows a plot of a typical filtered impulse response measurement of a
29 wireless LAN communications channel. Here, T represents the duration of the
30 symbol. The initial (filtered) pulse represents the line-of-sight response to an
31 impulse that is transmitted. All later responses are due to reflections. Both the

32 intrasymbol and intersymbol interference are apparent for this value of T.



30 . -correlation properties. The nunber of required waveforns increases

exponentially 31 with the nunber of bits per synbol that nust be
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generated with independent PN generators, because each 2 waveformis
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equal | y 18sef ulreferred to as a chip 40, to distinguish it from a bit, which refers to the smallest

14 possible pulse of a data signal. The PN-DSSS spreading code 42 phase-shift-key
15 modulates the waveform 36 within a second modulator 44, resulting in many more
16 phase inversions within each data symbol of an output waveform 45. The output
17 waveform 45 of the second modulator 44 has a bandwidth that is equal to the
18 bandwidth of the PN-DSSS code. The order of application of the:modulations of

19 modulators 34 and 44 can be reversed, and the mociulations can also take the form
20 of minimum-shift-keying, or various other continuous-phase-shifi-keying waveforms
21 that are known in the art.

22 Referring to Fig. 4, within a receiver 46, the spreading code 42 is removed
23 by a correlation process, such as can be implemented in a matched filtering or serial
24 correlator 48, using a reference code 49. The correlation process implemented by
25 the correlator 48 provides a linear decomposition 50 of the individual propagation
26 paths that make up the receivéd ~sigr;a1. The decomposition is inherent in the signal
27 processing and requires no feedback. Therefore, wideband channel dynamics can be
28 handled without computational strain, in contrast with adaptive equalizer systems.
29 As depicted in Fig. 4, the correlation process 48 within the receiver 46
30 performs a cross-correlation of the local reference code 49 and the received signal
31 47 after it has been corrupted by transmission through a communications channel.

32 The correlation process output 50 is depicted for a range of relative displacements



22. - when used in conbination with spread spectrum nodul ation. 23
An orthogonal signal set is characterized by the property that each.

wavef orm 24 has no projection on any other waveformin the set. By
contrast, an antipodal signal 25 set is characterized by the property
that a waveform can have a negative projgction 26 ont o anot her

wavef orm By conbining the two signal sets, a bi-orthogonal signal set 27
is forned, wherein both orthogonal and antipodal signals are possible. As a
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14 negligible signal energy, i.e., no appreciable signal spike.

15 Referring to Fig. 5, PN-DSSS spread spectrum modulation of the reflected
16 signal 52 and the LOS signal 54 allows them to be resolved in time at the receiver
17 = using the correlation process 56, thereby eliminating multipath interference. After

- 18 the correlation process 56, each signal 52 dnd 54 is represented by a displaced
19 correlation spike 52a and 54a, respectively, each spike having an amplitude which

20 represents relative received signal strength. In fact, the output of the correlation
21 process, as the relative code alignment is swept out, approximates the impulse
22 response of the communication channel resolved to the spreading bandwidth, as it
23 is the linear sum of the autocorrelation functions of éll of the signal paths.

24 According to the invention, a benefit of the use of PN-DSSS spread spectrum
25 signél';l_lg is the mitigation of severe far-out multipath ISI. In a preferred
26 embodiment, this is achieved by changing the spread spectrum waveform on each

27 data symbol so that the ISI from each data symbol does not correlate with the DS

28 code on any following symbols.

29 . Fig. 6 is a plot of the correlation process output for the channel impulse
30 response of Fig. 2. The far-out multipath.portion of the channel impulse response
31 58 has been truncated beyond the symbol time because each data symbol is

32 modulated by a different PN-DSSS waveform.
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13, - Just as coherent PSK can be used on each synbol if a phase.

reference is 14 created at the receiver, multiphase phase shift keying
can be used with orthogonal 15 signalling to increase data rate.
However, the bit error rate performance of this type 16 of nodul ation

degrades rapidly as the order of the signal set increases. Furthernore, 17
mul tilevel DPSK, such as differential-cgéhdrature phase shift keying (DQPSK)
can 18 be used, which sacrifices bit error rate perfornmance for
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peak cr ogs co?qhﬁegfl?'o‘?f Q‘ﬁ)“’c"lﬁ {i' q“é“) scohgrrof-iniesration, dnisrrals dkBergause
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Anot her enbodi nent of the 1 nvention uses a pulse-shaping filter on spread 2
spect r ulk® codesymiwhl) dtffeora detectioguintervale ibaigial detectionqisi nmda(ﬂne\a:dh ithey serdal
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sidel obgg, prawhelasof MRtedfi6AliRvals that must be checked is the determined by the

13 uncertainty in code timing and the amount of oversampling of the chip timing. For
14 example, if timing is completely unknown and the detection portion of the preamble
15 is a repeated sequence of sixteen chips, with a correlation every half chip for
16 oversampling to prevent straddling loss, then no more than thirty-two detection
17 intervals are required to achieve the proper timing for detecting a received signal.
. 18 If the detection interval is ten symbols long, the transmitter must send a preamble

19 that is 320 symbols long before sending any data. Furthermore, since the DSSS

20 sequence is repeated within the preamble, and detection can occur on any repetition,
21 after signal detection occurs, frame synchronization must be obtained to determine
22 which symbol is the beginning of the data stream. Since there is sufficient signal-to-
23 noise ratio for detection, frame synchronization can be accomplished using a simple |
24 frame sync bit pattern structure that is easily recognized. )

25 It is commonly known that a matched filter synchronizer, or an equivalent
26 device, can test all code timing relationships in a single detection interval, and
27 therefore can serve as a fast synchronizer. The matched filter synchronization will
28 be wvnambiguous in timing, in contrast with a serial correlator. Various
29 approximations to a full-scale matched filter include a binary-quantized-inpﬁt
30 matched filter, or a matched filter that includes some non-coherent processing, or a
31 matched filter that performs the full timing search in several steps (but not to the

32 extent of a serial correlator).
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travelled only a s di stance further than the direct

| i ne- of - 3i ght " si gngllieZShOl%e‘?f ghether ston Jise o eFUFRlater; or a gatehed| filtepnfosnd

deep fadihng o I g%

comgl nat :zog o% %‘{B??rgiagit&ﬂtdﬁ eo g&? Eé}ﬂgc%gﬁxgiﬁggrrﬁlhgﬂﬁgm%géﬁgg v}zén dThi S
type of B5 lesef techmodopys idgparidents  Ae nayetebdwiltar rlesqmuputatmnhhys in@gsegnAl 26
no | onger, than the 16 dur.at.i on of one data nmbol the LOS nal

and sogt fe i nFB‘Fthléfoér‘fe’ébF B§‘%‘I ?phgfpfgcatxonto‘a‘g F‘&?W%ﬁof‘% sY @&‘OP(S’VEI%

"I ntra- symol ‘or ifhefel i€ aGRGRs tof idthd YBEctRIn éésk s, ajsﬁxtable Hﬂ&qg&%ﬂﬁﬁ‘éﬁl

results froma signal travel path that ref ects of surface
19 i s6 nci dent upon the receiver at a small angle W|th respect tot he

LCS sign 0 frequency conponents of the LOS signal
26 and tHe re]ltogglf%aa Negwork %mepi%sﬁgéw‘f%tivel y interfere at the
receiver.g resul ting b&nﬂmhicatmis-élﬁﬁna%@syﬁfwd&mhf gl%cedure§mséﬂaﬁres For
exanple, if a narrowband signal, i.e, a signal occupyi ngﬁg relatively 23

nar r ow f Sequemagltiplgrigers(te @ms\ayaom ¢ommunigations ghannebnfar-axempie; ris some

nui | i Bhe  coBROtAEnS Okpluftas 8. & plied b1 Bathils, b ofe Setpbal
traverseg bot oginddiSations Fregihci bafd, a comftfunRatiGsh-dhahhel tadceds E)S?@d:dle basedhe

anplitude of the received nodul ated signal will be 27 - antirally
di mi ni shigd. | upps tbm@ghmtssrsqtur@mmﬁmnd semmupidationretraffict mormU reguéngs that

?‘]lo'gggl 2\313“ b ?%gtcggngﬂyh%ﬂ? 1'%? 5J"‘§ cnamt:tLt rlésuldt g r'llo({iaet%‘ge

errors. fHis aidgedlodks o’leata coinpﬁwﬂ commniinidatipnd protcdisnefiendbreak the data infoor

exanpl e, where a_receiver is disposed at_ a distance of 200 neters from
15 smaller blocks called packets and send these. The packets are re-assembled at the

16 receiver. Packetizing the data allows multiple users to share the communications
17 channel fairly and efficiently. |

18 Fig. 7 compares six known protocol types with respect to the speed of the
19 synchronizer circuit required. The protocol that is used affects which speed
20 synchronizer is required because synchronization overhead affects average data
21 throughput. For example, signal detection in a serial correlator synchronizer is slow,
22 in general, but its speed can be improved by using prior timing information if such

23 use is supported by the protocol. The timing information can be determined by long-

24 term tracking of timing at coarse resolution to minimize the timing uncertaintj/ on
25 each data packet. Alternatively, the timing information can be determined by central
26 control of timing through broadcast transmissions from a timing hub. This type of
27 communication system will be referred to as "time-slotted" to suggest the
28 synchronous nature of the control information.

29 If the channel is not time-slotted, but is instead random access, then the
30 length of the data packet used is critical. If the data packets are much longer than the
31 preamble required for serial correlator synchronization, then the preamble will not

32 affect the communications channel throughput efficiency. However, if it is desirable
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32, "~ atransmtter, and a signal reflector .is disposed at a perpendi cul ar
di stance of 45  --18 - 1 nmeters froma line-of-sight path between the
receiver and the transmitter, a reflected 2 signal_that originates at
the transmtter, and is reflected towards the receiver by the 3

reflector traverses an additional 20 myihth respect to the distance
traversed by a line- 4 of -sight (L signal. Thus, in this exanple,

the refl qctedcs| I 5 d ns) Jl.ater than the
0B s gnar . 1 £0 B2 Bhuglop ot B8 Bhos? e snopf RRBAES I e oPGhmst, B2

t he anpl 2t ude sphchirdiizérembSChe dsedl @NPlesEd chmeafﬁdexﬁ?ushohcuawga&ets are
anplitude of the LGOS, thereby causing deep nultipath fading. 8 )

"Far - out '3 mul SPMgkRes rRauited feneptimgizing watfis o apcordiag te ghesiyga Af datasthat &s a 9
di st ance gsuf fi.ci ater .t ' : '
i me-of - & ght "4 P8 HaptmMeohst e fidabtobleA 37 of BUAARE P bl uertorence

dur ati on 50of oweaviledmemy.nbol. The interference 11 that results is called
"intersynpbol interference"” (I1Sl). The causes of_ reflection can 12 be

( .

sinilar o the caudkd emmeplyduiqwshthaha masghed; Hiterjynelgaizar, ofian egnivalent
geonetry -of t : : pver . - st h T e f i ng
i faces or catsuey, vl SHAPERe B FabhGRAD "y WRRRT el Wi, £
beyond t 8 synherkfodeicat sayve bed fase synchronizanf It i ess¢rtigl it the syathrenizat ased
bel ow t he, anpl.i tude of the LOS signal. The,invention renoyve he 16
P evi 0us ISy ex i {45 GIqZH 1 LRI e AP aizafoR OYGFarK] 1AL 6 SBOT 98 e
on the dgf a lhackets hle@f binary communications. 18 VWen the
reflection of "the signal corresponding to a first data bit overlays the 19
direct phlth signal Amthersyppraichds a netwosk based odanessdgetswiichingrinstedsbof packet
interfergnce (ISl). 20 results. ISl can.cause data recovery.errors at
therecelder . HAPhiSEafEssaEs Sy g, SomEtyGRGE uhFists PEEEHD SRLFSH 5 200
neters, pnd a grehe SnREl transHiG RRSSEes ! wherd €ach meRasPRRHAiIdes h 3ridl GitacR&s Of
150 neters fromthe line-of-sight path and equidistantly

14 and no other user can interrupt a message. The synchronization does not need to re-

15 occur in each packet as it does in packet switching where each consecutive packet

16 can be transmitted by a different user. As seen in the chart of Fig. 7, only the packet

17 switched, random access protocol that uses short packets requires a fast
18 synchronizer. '
19 If the transmissions are message switched, or if the packets are longer than

20 the clock stability or Doppler shift will allow, then a time-tracking loop must be used
21 to maintain synchronization throughout a transmission. As an example, assume that

22 a data rate of 5 Mbps and a packet length of 200 Kbits are used, resulting in packets

23 of 40 ms duration. If the required time alignment must be held to within 20 ns
24 (which must be substantially less than the duration of a code chip) of the initial
25 synchronization timing, then a net clock offset of 20 ppm is required between the
26 transmitter and receiver. Alternatively, a delay-locked timing control loop can be
27 used to maintain the reference code alignment with the received signal. Alternatively,
28 an automatic frequency control (AFC) loop can be used to lock the clock
29 frequencies. g .

30 An embodiment of the transmitter for the wireless LAN communication
31 system of the invention is shown in Fig. 8. A computer interface 60 provides a

32 stream of binary data which is first divided into a sequenceé of data words by a
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23 . Wi th respect to each transceiver, there is a reflected path that is
160 nmeters longer 24 than the direct path traversed by the

| i ne-of -sight (LOS) signal. Thus, the reflected 25 signal arrives at a
tire that is about 535 ns after the arrival time of the LOS signal. 26
Binary signalling would be limted to nuch less than 2 Mops in this
eperating 27 envi ronnent. 28 - 24 - Fig. 2 shows a plot of a
typical filtered inpul se response neasurenent of a 29 wirel ess LAN
conmuni gat i OBpmB&IaBRRAbingHRoBule 167, CRicR SR Swdrll GrepiesstiingNa QHmibBE vafhe. The
synbol. The'initial (filtered) pulse represents the [ine-of-sight response
to an 32 sympel| wduesiyaay beoptinalilipassed thraugh paeagodee 66 o egoneerreniiont o

e Tectons. oD g i GBI PN,
Advant ages 2 with symbols mithdd to ieanodiflaticntalphabet. For bb oo umabsignaling, Reed-

di rect - sequence spread spectrum 3 . techni ci.;,es_ (PN-DSSS) enploy a
nul ti pl Pcat i velameueedes san deaised gaelusively r phathybrid fkeed-Solompp/binary tacding

signal qver e g f L€ | t | S 5
eaui el to Lok tal 808l whERH M IRAN Walte")s (T S PRI o
phas eh shift- o&hogona}l}-dyx?]lﬁﬂ?luﬁm ﬂoeese;mﬂibgmalry comédtion 1s lisﬁdi?xfsiyhﬁiol-mldyrhb a?jlor deh
34. The output 36 of the first 7 nodul at or, 34 has .a frequenc andw dt
that isB%n { BOAEEUeTSION Semodplation, (Rrawie (degoding, whershy; poigntal SHOTSTRE
shar p siggnal ;td4; y t:d ! ' | : : S a
phase irig\gersiu(&)(&e}%gd g?%{-]%eﬁﬁcn% fJItbgtEegd |gffé’l‘%§%m/§2ca§?‘g?§%° ?g’o out}cfnéflgllﬁole
transf diOm t loptioy ,with eitidracrthdgonalr e birorfiogonalr signaiing. FHoglexhmplg) e symbolnal

11 conmponents withjin the signal ndwi.dth. 12 The finest pul se
st uct e 20 SFigr s Pk dnsEoecquiRogenal demodilation Fouid e pyspes the Vil o€ ¢ o
as a chip 40, fipsdiRfetdsticdsibd ulihg MePcdttdsportdihg Brrbhidots Sykbot.ne smal | est

13 More specifically, error correction coding commonly strives to correct a large
14 number of correctable errors within a group of symbols. The group is called a
15 "coding block". The Reed-Solomon coding block comprises a set of the original data

16 symbols concatenated with some "check" symbols that appear the same as the data

17 symbols but actually contain the coding information. As more check symbols are
18 included with the data, more data symbols which are in error can be corrected. The
19 ratio of data symbols to the total group size is called the "coding" rafe. For example,
20 "rate 1/2" coding means there are an equal number of data symbols and check
21 symbols. Rate 1/2 is considered a low rate code. As a result of low-rate coding, the
22 minimum signal-to-noise ratio in a Gaussian noise environment that the demodulation
23  can effectively operate upon is reduced, and tolerance to bursts of errors can be

24 achieved.

25 The apparatus and method of the present invention can use coding for a
26 somewhat different purpose, and thus an aspect of the present invention is to include
27 a coding approach that is geperally considered unsuitable for the more common
28 coding applications, such as for satellite communications or for correcting errors on
29 hard disk drives used in computers. Those applications generally require low rate
30 codes and large coding blocks to achieve the desired performance. In fact, there are
31 integrated circuits available that implement the common coding approaches and they

32 were found to be unsuitable for this application. As a unique problem of the wireless



14 ~ possible pulse of- a data signal. The PN DSSS spreadi ng code 42
phase-shift-key 15 nodul ates the waveform 36 within a second nodul at or
44, resulting in many nore~16 phase inversions within each data synbol
of* an out put waveform 45. The out put 17 wavef orm 45 of the second
modul at or 44 has a bandw dth that is-e@sal to the 18 bandw dt h of the
PN- DSSS code. The order of application of the nodul ati ons of 19
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the multipath problem in the wireless data communications network.

15 The high rate error correcting code may be aided by changing the direct
16 sequence code on each symbol, which randomizes the effect of the multipath on each
17 symbol, even though the muitipath is static between symbols. Furthermore, a short
18 coding block is preferably used. The short coding block allows the high rate code

19 to provide robust packet performance even with a small amount of correctibility
20 within each block. There are other reasons that the smaller coding block is
21 desireable: a smaller library of direct sequence codes may be used from which codes
22 are selected for changing on each symbol within a block; less latency occurs between
23 the demodulator and the computer; there are less computational requirements, and
24 less data storage is used while the correction is invoked.

25 For applications which must be tolerant to bursts of errors, only a large
26 coding block can be used. For random errors, on the other hand, a given code rate,
27 and hence tolerance to some average error rate, may be achieved by different block
28 sizes as long as the ratio of check symbols to block symbols is the same. Because
29 longer code blocks offer somewhat better performance, conventional coding designs
30 normally employ long blocks. The term "short block” as used herein means a block
31 size small enough that a given average random error rate may be tolerated with only

32 the ability to correct a single error. While conventional coding implementations must
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becaus%Ge aChsfig%ﬁngs y(’&z?&' eitﬁer, coherent or noncoherent demodulation). For Walsh-Bi-

17 Orthogonal signaling (coherent or poncoherent demodulation) it is necessary to
18 provide for correction of the binary element of the data in addition to the Reed

19 Solomon coding. At the symbol signal-to-noise ratios required for orthogonal
20 modulation, errors in the binary portion of the waveform are several orders of
21 magnitude less probable than orthogonal-signaling errors, and hence, can be
22 tolerated. If occasionally a transmitted packet of data is lost due to a random binary
23 bit error, this will occur, on the average, much less frequently than packets being
24 lost due to too many orthogonal-signaling errors (more than a single orthogonal error
25  ina 15-symbol block using RS(15,13)).

26 The effect, on binary signaling, of having made an orthogonal-signaling
27 error, however, is not negligible because the orthogonal demodulation is used to
28 select the processing channel upon which to perform the binary portion of the
29 demodulation. For coherent bi-orthogonal, for example, the occurence of an error
30 in the orthogonal waveform decision will cause a 50% probability of error for the
31 corresponding binary bit. On the other hand, for noncoherent bi-orthogonal

32 signaling, the occurence of an orthogonal-signaling error will cause a 50%



32. ° nodul ated by a different PN DSSS wavef orm - 211 The
correl ation process can be inplemented by using a serial correlator or 2
a matched filter, or an approximation to either. A serial correlator (also

cakled a 3 sliding correlator) tests for signal detection after a
period of processing called the 4 detection interval. A detection
imterval is typically |longer than a datd synbol 5 because nore signal
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14 are likely to appear in pairs. Because random binary errors can be ignored, it is
15 assumed that a single error can occur in either binary data group (even or odd) and
16 the location of the binary bit that is suspect is known when an orthogonal-signaling
17 error has been made. Hence the pair of parity bits is sufficient to correct the binary
18 data.
19 ~ Referring again to Fig. 8, the data modulator 66 trénslates its input data into
20 corresponding Walsh function symbol waveforms, and an appropriate phase change
21 is then optionally added between symbols. The data modulator 66 translates its input
22 symbol value into corresponding Walsh-function syrhbol waveforms by selecting
23 from either a stored set of waveforms, or by selecting corresponding logic in a
24 digital waveform generator. For the bi-orthogonal or differentially bi-orthogonal
257 modulation, the phase inversion control is accomplished by either complementing or
26 not complementing the binary Walsh-function output so as to increase the
27 information content of the symbols, thereby increasing the data rate. An exclusive
28 OR logic gate 72 then combines the resultant waveform with a PN-DSSS waveform
29 69 generated by a direct sequence pseudonoise generator 70. The output of the logic
30 gate 72 drives an RF modulator 74 that provides a transmit signal 76, ;:vhich is then

31 amplified by an RF amplifier 78 for broadcast over an antenna 80 as packets of data.
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23 . noi se ratio for detection, franme synchronization can be acconplished
using a sinple 24 frame sync bit pattern structure that is easily
recogni zed. 25 It is commonly known that a matched filter
synchroni zer, or an equival ent 26 device, can test all code timng

rel ati onships in a single detection inhggval, and 27 t herefore can
serve as a fast synchronizer. The matc Tilter synchronization will 28

be enanbjguous in timng, in contrast wth a serial correlator. Various 29
approxi mhti ons to &b¢ grder of applicatien akdremodudations, prayided-py the modules 70, 72,
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t echnol ogy dependent. A matched filter is conputationally intensive. A 4

correl at6r can be Thedataimdduintenfd canancopporaterany phaseahift inodglaigmchrdditioat i on
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procedures that ena mul tiple users to access a conmon )
communi cQt i onarycR8lknedn bé-useddwdngrease data stmwhe signaletorneise rativiis sefficiently

envi rongnt s, ere a plurality of transmitters . use the same 11 .
cormunt OBt 1 onbit eRRBBEl HrtPr cs PegtOr e InEcH S e ar o caRBBwon Wi Bste
based 133 URfddulafion 4okmKds. r equi rement s and conmuni cations traffic
priorities, requires that 13 each of a plurality of transmtters take
turns trd3nsnitting Vil reference toaliige O, imenesembodiment of the invention, a receiver 84

13 includes a rapid synchronizer 82. The output of the rapid synchronizer 82 controls

14 the timing of the combination Walsh-function and PN correlator 86 and the PN

15 reference generator 83. Various implementations of a Walsh-function/direct sequence
16 correlator, such as the Walsh-function/pseudonoise correlator 86 of Figs. 9 and 10
17 are provided in Figs. 12, 13, and 14. Schemes for fast synchronization are well-
18 known in the art, and can be used in a variety of forms with this invention. One
19 example is a matched filter. Another. example is an aided-acquisition correlator. The .
20 -rapid synchronizer 82 must include a detection circuit with a detection threshold
21 level. The threshold level may be fixed or it may be determined as a function of
22 received signal'level.

23 The correlator 86 drives a demodulator 88 that performs a maximum
24 likelihood decision, or an approximation thereof. The correlator 86 has a plurality

25 M of outputs, the number M of outputs being equal to the order M of the M-ary
26 signal 85 to be demodulated. The_particular output of the M outputs having the

27 largest magnitude will most likely correspond to the reference waveform that
28 matches the waveform that was transmitted. Accordingly, the M outputs of the
29 correlator 86 drive the demodulator 88, which selects the largest magnitude output
30 from among all the correlator 86 outputs.

31 Any phase shift data modulation that is used in addition to orthogonal

32 modulation can be ideally demodulated by correlating against all possible waveforms



14 . large bl.ocks of data, conputer conmunications protocols often break
the data into 15 smal | er bl ocks call ed packets and send these. The
packets are re-assenbled at the 16 receiver. Packetizing the data allows
multi ple users to share the comuni cations 17 channel fairly and
efficiently. 18 Fig. 7 conparegg six known protocol types wth
respect to the speed of the 19 synchroni zer circuit required. The 4
rotocol {hat j t ' e . A Lzer is require
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If the channel is not tine-slotted, but Is Instea om access,
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23 - 1 for ration of the data packet to bé short conpared to the
pr eanbl ell t henTke euiput of the comelaton that cortainad the largestsaputfop eachesymbot waoube |

efficiengy. S ts .are sopetd reqyired for optim zing
traffic ffow 2‘2‘%‘%}’%%@1’5@5&5&@ ?‘{ﬁﬁ%f%Ffeasﬁ g @‘%a‘%éﬁae%"&ﬂ?mf'o be transnitted,
for re-ti:nsm ssi onlic@etdettoduRtorf 88, aBRedaibdlatioh RlUetforinel Sédch! ftiulated

14 symbol is then decoded for errors, if error correction coding was employed in the

15 transmitter. The decoded symbols 89 are then concatenated within the data interface
16 92 to form a binary data stream to be received by a computer.

17 Note that no delay-locked timing control loop is included, because it is
18 . assumed that the packets are short enough to require rapid synchronization.
19 However, a delay-loéked loop or an AFC loop can be included if the packets are

20 nevertheless too long for the timing drift specification, or if a variable length packet
21 is desired. |
22 With reference to Fig. 10, an embodiment of a receiver of the invention is
23 shown that uses correlator synchronization, and includes an optional delay-locked
24 time-tracking control loop 90. Any of the Walsh waveforms can be used as a
25 synchronization signal transmitted at the start of a packet. As an illustrative example,
26 the lowest order waveform W, will be used. In this case, the correlator 86 performs
27 a serial correlator search for the PN code timing, using timing information as an
28 _input from a timing control module 87. The output signal W, is detected by a
29 comparator 93, which can be analog or digital, depending upon the implementation
30 technology of the correlator 86. The output signai of the comparator 93 is received
31 by a synchronization detector 95. The synchronization detector 95 then prevents

32 further searching for a signal and enables the demodulation process.



5 . -environnents. 6 It is commonly known that a.matched filter
synchroni zer, or an equivalent 7 - device, will test all code timng
relationships in a single detection interval, and 8 . therefore can serve
as.-a fast synchronizer. It is essential that the synchronizer used 9 IS
fast enough to obtain the | ow synchroni 3ati-on overhead required when short
data 10 packets are used. 11 Anot her approach is a network
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or if the® pacHKBieEiertnce papgRin the rreetvsr. In the,absence of nojsggndintprigrenss, iy poe
shift wily allgvhe Eﬁkﬁ‘ﬁﬁﬁ 96! vitind b aktived H%ﬁglkﬁfnel?ﬁgféé%? ndise andtiﬁieltf@#erﬁég' n
synchroni zati on throughout a transm ssi on. an exanpl e, assune tha

a data rad e ofis5Sintimblenanda theaefore eheln of lthe fchaffeliI9t 5 activeu se dome esxteiiti Ng

in packets 23 of 40 nms_duration, If t equired tinme alignnment nust be
held to W thi nc%bwgzﬁ““mbef(%ﬁ‘%“ﬁ chﬂé‘{e‘%%e dipye napeeharens averagie of the paise
durationi@f a ' f LNkt ; i ' td Mefdeqh hEN
a net cl (l)gk of%‘i{sacej'?n t%x}[?ér%(})nc@ r?Hég drfgtkqﬂlﬁ ?%c(??%gt %gﬁygﬁ%’egg ﬁ&bi{%sdm@e%gognd
recei ver 11 Al t ethreshoMeleyel thatdadapts- toonkipthin iameagy constamns| false giarma mat e whgre a
used to intalp the reference code .alignment wth. the received signal.
Alternat el y, 148§ Alarm js 3l Srronenns (psEEabon o, opise QEaPRRFTIFIEgEe B8 AnHutiseq
to lock the clagfeldfn si%nﬁf. cudiRcC s@fultadéous correlations”Afn edij&wébﬂﬁnbhﬁ{enelé‘%

transmtter for the wirel ess LAN comuni cation 31 system of t

i nventi obdi s ststablish therdetectign thresholg levek isisnpeasior de smeg®ds whi¢hiaverage the level
15 of a single correlato;;, over a period that straddles multiple output samples because
16 such methods experience transient response problems.
17 The demodulator 88 of Fig. 10 is the same as the demodulator shown in Fig.

18 9. Note that the optional time-tracking function 90, used to maintain synchronization
19 . during long packets, is explicitly indicated in Fig. 10, whereas the time-tracking
20 function is implicit in Fig. 9. Methods for implementing the time tracking module
21 90 are well-known and include early/late correlation and time dither, and also
22 include AFC if the source of timing drift is clock offset or Doppler.

23 An example of a data packet structure 100 that can be used with the invention

24 is shown in Fig. 11. The data packet structure 100 includes a header portion 101,

25 a data portion 102, and a trailer portion 103. The header portion 101 includes a
26 preamble 104, a source address 106, a destination address 108, éﬁd a packet length
27 110. The preamble includes the synchronization signal, and optionally includes
28 signals that the receiver can use to verify that a detection event occ1__1rred. The length

29 of the preamble 104 is determined by the type of synchronization used. The
30. preamble 104 can also be followed by other control information, such as error
31 correction type or error checking on the control information itself. The body of the

32 packet holds the data 102. The trailer 103 includes a cyclic redundancy check code



32. ° streamof binary data which is first divided into a sequence of data

words by a -.24 | synbol groupi ng nodul e 62, each data word
representing a synbol value. The 2 synbol val ues nay be optionally
passed t hrough an encoder 64 for error correction 3 codi ng. For

orthogonal signaling, Reed-Solonon errog,correction codes may be used 4
with synbols matched to the nodul ation a} phabet. For bi-orthogonal
signaling, Reed-,5 ol onon, codes n be used exclusively, or a hybrid
Reed- Sol ofron/ bf%rfyrc I('!f‘}\?n Br detecf‘@ﬁhr%ﬂ!?ué’aél% Q38 éé%d‘"ﬁh‘g? efgknpyledgmishit non
codi ng i spusedigfmeiohaqY rEdifdi i if 6 d

bi nary correct‘i on | soused rf%‘? %5%605‘1“-9%&3?@8%@8“ pegég@rﬁ\?é@m kels,
denodul at 3on. ®isisuknewheasotpiggybacited! abknqwitdgements.errors are 9

i ndi cated,in the degoder, based for exanpl e | Lnf or mat | S
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t he corre@pondpwposs philhsuation oy, thesegexamples will usehane8-ape Walshcmiofiylation tor
correction coding. nly strives to COLrect | arge .14 unber of .
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original data 16 sg_rrbol s concatenated with sone ™check"” synbol s that
appear th8 saninchuling,bingst erthogonal sigeah@es but actual |y contain the coding
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dat a syrt)s whi o SreuoRses (BRT aRuBkE GB) pe el Birthly" oh iy ibclhecitlt 2
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14 per Walsh-function clock cycle), then the bandpass filter 116 can filter to the Walsh-

15 function bandwidth, resulting in a partial correlation. In this case, the bandpass

16 filter 116, which can be implemented as a surface acoustic wave (SAW) filter,
17 provides a square-shaped impulse response that filters the input waveform so that it
18 falls within the bandwidth of the Walsh-function modulation. This filtered signal 117
19 is then split and sampled in [ and Q channels by respective mixers 118, low pass
20 filters 120, and A/D converters 122 thereby forming a complex representation of the
21 signal 117, the I channel representing the real component, and the Q channel
22 representing the imaginary component of the signal 117. The output of the A/D
23 converters 122 is rédéived by the Walsh-function demodulators 124 that correlate the
24 signals with a reference Walsh functions. The outputs of the correlators 124 are
25 envelope demodulated in a combining circuit 126 that provides an envelope output

26 for each set of the eight sets of complex (I and Q) channels for the 8-ary modulation.

27 The eight envelope outputs are compared in a 8-way comparator 130 to provide a
28 largest magnitude index indicating which complex correlator 124 yielded an envelope
29 output having the largest magnitude. The largest magnitude index indicates the most
30 likely data symbol transmitted, as determined by the linear correlation process
31 performed in the correlators 124. The data decoder 132 receives the largest

32 magnitude index and the eight envelope outputs, and performs either a direct



23, - can effectively operate upon is reduced, and tol erance to bursts of

errors can be 24 achi eved. 25 The apparatus and net hod of the
present invention can use coding for a 26 somewhat different purpose;
and thus an aspect of the present invention is to include 27 a coding

approach that is generally considered unsuitable for the nore conmon 28
codi ng applications, suh as for satelli%% —comunications or for correcting -
errors on 29 hard disk drives used in. conputers. Those applications
gener al Iy r edigtoding dw a dimargGtream b thes selexied Wajsh-funtitiog driroiiter teavelope eve
the desiyed performance. In fact, ther re 31 L.nt.eqr d circuits
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that err®rs gpagsn dotreldtiond eeAlsbgossibRab peffofifi FN réféval at basebadihusth@agl to
noise ratios. 6 To solve this problem a high rate code is used.

That is,7 a sriarlogriowiiplicasionprior te WdBrconyersians(npeshown) aThe demodulater et pebl vy

enpl oyed, Thi ' Y CPLH i i n ir '

error r 22} e V\Iht;ﬁ? LeégllrxrlgiLli ttﬁ?rﬂeﬁﬂg’d@@h@n@%ﬁsﬁ‘éﬁ%t &%’ 8t %ri)e%l@u??iéﬁéﬁggﬁg?hghe
Wi r el ess9 dat aaddedTbenwest syafibols.e TN Forml bf tsipallinigeiscedliddnthi Onon-colRaénitgbi-
approach were used, the irreducible errors would be elimnated, but at the
11 clt oforthogepdl signalling., ibecanse DRIK s88ut, and a severe increase in

nar duar g1and 12 . T8 RHESA S BRRk eblohulaf66 il oifbut 953 01 BPE Gy Shadlifige

present 1 nventi on, € suc COStS are of fen deermed necessa
ot her appl i catangpasison mddulend30, delsich addald determnines thg largest correlator output, is

13 used in selector 146 to multiplex to its output, from among the 8 complex amplitudes

14 145, the complex amplitude 147 of the largest signal, which complex amplitude 147
15 is to be used in the DPSK demodulation.

16 The DPSK decision is made using the selected outputs of two successive
17 symbols in the complex multiplier 158 by using a symbol delay 154, taking the inter
18 product of the largeSt amplitude correlator outputs and deciding the sign of the
19 result. Independently, the index of the largest of each symbol is saved in a symbol
20 delay module 156 as the correct value of the Walsh-function signaling. The data
21 decoder 160 receives the Walsh demodulation result from the symbol delay
22 module 156 and the DPSK demodulation result from the complex muitiplier 158.
23 These results are combined in the data decoder 160 by concatenating the single-bit
24 DPSK answer with the 3-bit Walsh-correlator answer to obtain a 4-bit output (16-ary
25 alphabet) on each symbol. Optionally, the data decoder 160 applies an error
26 correction algorithm. The data decoder 160 then converts each resulting symbol into
27 an equivalent binary data sequence for processing by a computer (not shown). The
28 data decoder 160 serves to invert the operations performed by modules 62, 64, and
29 66 in Fig. 8. Note that symbol delay 156 is optional in accordance with which
30 particular symbol aligns with the transmitted DPSK modulation. With symbol delay
31 module 156 in place, the DPSK result aligns in the data decoder 160 with the Walsh-



14. ~ the nultfpdth problemin the wreless data comunicati ons network. 15
The high rate error correcting code may be aided ‘by changing the direct 16
sequence code on each synbol, which random zes the effect of the nultipath
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14 Walsh bandwidth in the PN correlator 176. Because the phase reference signal 164
15 is used, only a single channel (channel I) is required in this correlator. A sign

16 stripping module 180 strips the sign bit from the digital signal provided by the walsh

17 correlator 178, and an 8-way compare module 182 determines which correlator
18 output of the correlator 178 is the largest. <Since the pha e reference signal 164
19 preserves coherence, optional PSK modulation can be used to provide coherent bi-

20 orthogonal signalling. Demodulation requires that the sign bit of the largest value be
21 selected in the sign register 184. A data decoder 186 optionally performs error

22 detection and correction, and disassembles the symbol groups of the signal provided
23 by the 8-way compare module 182 into a binary data stream for processing by a
24 computer (not shown).

25

26 Walsh-Function Signaling .

27 The first eight Walsh functions are shown in Figs. 15A-15H. The lowest
28 order Walsh function is shown in Fig. 15A, and the other Walsh functions are shown
29 in ascending order in Figs. 15B-15H. The lowest order function is referred to as W,,.
30 Since in a communications environment the Walsh functions are a function of time,
31 the Walsh functions may also be represented as W(n,t) or WAL(n,t), where n is the

32 order of the particular Walsh function, and t represents time.



5. As a preferred enbodi nent, the high rate code is a _
single-error-correcting 6 Reed- Sol onon code whereby only one synbol in
each codi ng bl ock may be 7 corrected. -Thus a sinple inplenentation of a
decoder may be built that ™uses a 8 si npl e synbol wi de feedback shift

rregi ster or a |look-up table containing the entire 9 decodi ng operation
when the encoded. signal is received,-a¥ described in greater 10 detai |,
hereinafter. A coding block that is 15 synbols long with 2 -check synbols 11
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occasi orfal | y thait a asiainirh elirpoak eslledfa Wadish ¢idp.l ost due to a random bi nary 23

bit error, this wll occur, on the average, nuch |ess frequently than
packet sihei ng 24 For each gjimbal pf; 3 dnessrge. Amenel thiess dgitpl Avaveiormas 628 Benor e
than a g ngl reor, s Jalhpdt - I Usj 13)).
26 B "0 SgRENP BoABincg b an eXchusiverbrtof BAF N B SfforiSithol Splen

or t hogotfal - sispecthim godrto createanaiher digivad waweform tha cambe hisegli thiphatremedisiatet he

ort hogopal denodul atiop i s used, to sel ect the processing channel upon
whi ch t perfao‘l’wl%g‘abﬂ’f‘?a Y Mqlgﬁfgy the,messgge.  denpdul ati on. For

coherenfq bi -ortho a : § oN the
ort hogoin4al wav ef o%%gdthag iséﬁsn%??ﬁb?gﬂ%%%ﬁg%% S%Egg{l?t??;ﬁgl%elg rgg?w§ \(")Hre t he
31 cH r esprobibilityfreargctly demoddiatinigen Hd24ebit packek off data nsing ORSKe spread-

bi -ort hi)é;onal

spectrum signaling as a function of normalized signal-to-interference (S/I) in decibels
17 (db). Three additional curves, denoted by the data rates (in bits per symbol) 8 b/s,
18 4 b/s, and 2 b/s, show the probability of correctly demodulating a 1024-bit packet
19 of data using M-ary orthogonal s‘ignalling with 8, 4, and 2 bits per symbol,
20 respectively. It must be stressed that M-ary orthogonal signaling is a form of coding;

21 if the DPSK modulation were combined with coding, it would also shift to a lower
22 required signal-to-interference ratio.
23 Fig. 17 shows the same curves on an expanded scale. Note that the use of 4-

24 ary orthogonal (2 bits/symbol) is substantially equivalent to DPSK, and that a higher
25 signaling alphabet (4 b/s or 8 b/s) significantly improves performance. For an
26 uncoded link, the above curves imply that, for a given bandwidth, the S/I ratio that
27 can be tolerated at the receiver by combining M-ary (M > 2) orthogonal signaling
28 with PN-DSSS spread spectrum is larger than the S/I ratio that can be tolerated by
29 combining PN-DSSS spread spectrum and either binary (M = 2) signalling or
30 DPSK. Conversely, for example, a transmission using 4 bits/symbol and a PN-
31 DSSS bandwidth of 80 Mhz can tolerate as much interference at the receiver as a

32 transmission using DPSK and a direct-sequence bandwidth of about 130 Mhz!
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32. "~ signaling, the occurence of an orthogonal-signaling error will cause
a 50% - 27 - 1 probability of error on the two DPSK bits which use
that conpl ex anplitude in<2 form ng a DPSK deci si-on. Fortunately, the
st¥ong correl ati on between orthogonal - 3 signaling errors and binary
errors nakes erasure decoding attractiyg,_and erasure 4 decodi ng
requires fewer check bits than for randomerror correction.
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error cah ocdmportanicfeature obitheasignalatie dploudis¢imananbuseddfdy dentbdéifation, tie

| ocation, of the binary bit that is suspe I s_known an

or t hogonal - s @%@F‘Pﬁﬁ?‘%’?‘nﬁ?m&@a&s rwagpﬁﬁe s e AE Ek, ISRt Preferable 19y
Dits | S1GUrl ik QB of WA flthiodsR Phfiftipherd Evironfighe. 19 Referring
again to Fig. 8, the data nodulator 66 translates I1ts input data into 20
cor r espbhdi ng Wl st the handwidthssxpbodiomdue foothesgrtimganal rsignaling s imich spiadier

CL00% o b T B Sy 5 el o B
Vial sh-fymcti oncouehieht YIS Rt BY toié 6| Mlary FSK) which is demodulated using
14 a fast Fourier Transform (FET) technique after the spreading code is stripped off.
15 However, when the spreading due to the orthogonal signaling approaches that due
16 to the DSSS modulation, the actual transmission bandwidth depends upon both the

17 direct sequence and orthogonal modulation since the pair of modulations cannot be
18 . synchronously superimposed in any way because they are drastically dissimilar
19 modulations.

20 Even though both CCSK and Walsh functions have the property that the

21 bandwidth required for orthogonal signaling can equal the direct-sequence bandwidth,
22 without further expansion of the signal bandwidth over that of the PN-DSSS, CCSK

23 cannot be used effectively in a muitipath environment. Thus, for the purpose of
24 limiting bandwidth and enhancing performance in a multipath environment, the
25 Walsh functions are preferable to CCSK.

26 -

27 Walsh Function Correlation Processor

28 For this discussion, assume a received signal has been modulated using both

29 PN-DSSS and Walsh functions. Also assume that, in the receiver, the reference PN-
30 DSSS code for demodulating the received signal is properly aligned with the received
31 signal, where synchronization is achieved by using, for example, a matched filter or

32 a time-sliding serial correlator. Further, assume that the received signal and the



23 ~ fromeither a stored set of waveforns, or by selecting corresponding
logic in a 24 digital waveform generator. For the bi-orthogonal or
differentially bi-orthogonal 25 nodul ati on, the phase inversion control
| s« acconpl i shed by either conpl enenting or 26 not conpl ementing the
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13 processor (e.g., modules 86, 124, 144, 178) is to implement a fully parallel fast

14 Walsh transform. This approach becomes attractive only as the order of the Walsh
15 functions becomes. large. A preferred method for executing a fast Walsh transform
16 is to exploit the mathematical structure of the Walsh functions by computing the
17 Walsh function coefficients using a plurality of basic cells, shown in Fig. 22,

18 interconnected as a tree structure having successive stages, as shown in Fig. 23. The
19 clock rate of each successive stage is reduced by half with respect to the previous
20 stage, and each successive stage has twice the number of cells, thereby keeping the
21 computation rate per stage the same at each stage. The power consumed per stage,
22 mostly dependent on computation rate, is therefore also nearly constant.
23 Furthermore, the number of computation elements is faf fewer than the number

24 required in the fully parallel fast Walsh transform.

25 The parallel fast Walsh transform requires M(log M) computation elements
26 per M-ary output. By contrast, the free structure shown in Fig. 23 uses 2(M - 1)
27 | computation elements per M-ary output. Therefore, at larger values of M, the tree
28 structure of Fig. 23 is superior to the parallel architecture (not shown) for calculating
29 the Walsh fransform, because the number of computation elements per M-ary output
30 is significantly less in the case of the tree structure. Both structures perform the

31 same number of computations per symbol. The tree structure provides an tradeoff



15. .. reference generator 83. Various inplenmentations of a

Wal sh-function/direct sequence 16 correlator, such as the

Wal sh-functi on/ pseudonoi sé correlator 86 of Figs. 9 and 10 17 are
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t hat 28 matches the waveformthat was transmtted. Accordingly,

out put s7of t inpupsamples,candrtbe ather s@apldof e outputcpainid uhatiffer@se oftthese twiol ect s
t he Iargest na rt1itud1e out put 30 fromanong all the correlator 86

out puts.” 31 1 sampes.Any phase shift data nodulation that is used in

correl ating against all possible waveforns - 29 . t
denodullft or &8&ctions Vaat Weel Note pihat shronglt tthé applieation obk aoithmetic soms odngr ent |
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an exenpl ary enbodi nent, for DPSK conmbined with Mary orthogonal
13 the result. In fact, the specific square-wave function for each path'is a product of

addi tiog to orthoggnal3 shdws a tréE0EH2 GFbiasie cémilﬁfdggl@@ddliﬂg dﬁfl‘%&‘ﬂ%’ﬁghﬁWaﬁ
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14 Rademacher functions, whose products are known to generate the Walsh functions.
15 Also note that the tree structure naturally conserves power because each
16 successive stage includes twice the number of elements as the previous stage, but

17 runs at only half the clock rate of the previous stage. Further, layout of the design

18 on an integrated circuit is simplified, because the higher fanout signal distributions
19 operate at proportionally lower rates. Therefore, slower circuits are connected by
20 longer signal routes, as is desirable in an integrated circuit. _
21 The Walsh function correlation ‘i')rocessor can _be implemented using a field
22 programmable gate array, although the detailed implementation technique is not
23 relevant. Field programmable gate array implementations are facilitated by the tree
24 structure because the higher fanout routes of such an implementation, being longer,
25 can operate more slowly. Alternatively, the processor can be implemented entirely
26 in software executed by a digital signal processing microprocessor. For high
27 bandwidths, the processor can be efficiently implemented using a charge-transfer
28 device (CTD).

29

30 Charge-Transfer Device Implementation

31 Charge-transfer devices (CTD) include charge-coupled devices (CCD),

32 acoustic-charge-transfer (ACT) devices, and bucket-brigade devices (BBD). Each of
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conpar al®r 93Highiet @m?unﬁbﬁt@naiw ossmdl 1§ topbratilg pvddidegiced G pzhenel and

i mpl enent ati on 30 echnol ogy of the correlator_ 86. The output signal of
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signal and ena I 'ONn process.
16 A Walsh demodulator can be configured using a CTD 190, as shown

17 schematically in an exemplary embodiment in Fig. 18. The electrical input to a CCD

18 190 is connected to signal charge injection wire 191 which is bonded to the surface
19 of the substrate at input electrode 192. A clock signal on the clocking electrodes 195
20 transfers the sampled charge packet serially along the row of charge storage cells

21 193. After each clock period, during which period, each charge storage cell receives
22 the charge packet previously stored in the charge storage cell to its left, the signal
23 sensing electrodes 194 read the level of charge stored in each cell. |

24 Alternatively, in an ACT, signal samples are handled similarly, but the
25 clocking electrodes of the CCD are replaced by the electric potential of a traveling
26 surface acoustic':' wave. In a BBD, _the clocking of signal charge is effected via
27 clocked pass transistors, but the signal treatment is analogous.

28 A Walsh demodulator requires sample delays for providing storage of
29 waveform samples, as is provided in the charge storage cell 193 that is within the
30 substrate beneath the clocking electrodes 195, and beneath the signal sensing
31 electrodes 194. Walsh combination circuits 198 perform Walsh correlations on

32 signals provided by the signal sensing electrodes 194, thereby providing a plurality
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conparator. 93 is 2 determ ned by the threshold estimtion nodul e 98
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10, whei®as tWalshicwerelation,i daga @€moduldtion; tand atasdécoghingcit in Fig. 9. Methods
for irrphgrrenting the ti tracki ng no,vvnrnd
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exanpl e of a data structure 1 at can be the invention
operating in parallel. If the same chip rate is preferred for both synchronization and

14 demodulation, and if the preferred chip rate is higher than 25 MHz (for a 50 Msps

15 device), parallel CCDs may be used, combined with a multiplexing structure to
16 implement a matched filter.

17 Alternatively, the ACT technology could be used because of its higher
18 inherent sampling rates. As another alternative, since there is no baud rate
19 requirement for synchronization, a longer symbol can be used With a lower PN-

20 DSSS code rate, thereby preserving processing gain.

21 ' The number of code chips in the matched filter can be further increased so
22 as to provide a robust synchronization preambie. Precise timing can then be achieved
23 in a sequential operation. In this way, for example, a spread spectrum code rate of
24 25 Mhz can be used for synchronization, while a Walsh chip rate of 25 Mhz can be
25 used to encode data modulated by a 75 Mhz spread spectrum code that can be
26 removed in the pre-correlator. g

27 An important advantage of CTDs is that all associated support circuits and
28 - the storage cells can be integrated ¢n the same device. Since modern CCDs use

29 storage that resembles a dynamic RAM, CCD technology has benefitted directly
30 from advances in packing density and speed of DRAM technology.
31 The magnitude and 8-way compare circuit 200 and the detection and data

32 decode circuit 202, (and optionally timing and frequency control loops), for example,



24. is shown in Fig. 11. The data packet structure 100 includes a header
portion 101, 25 a data portion 102, and a trailer portion 103. The
header portion 101 includes a 26 preanbl e 104, a source address 106, a
destinati on address 108, and a packet |ength 27 110. The preanbl e

i ncl udes the synchronization signal, anggoptionally includes 28 signal s
tHat the receiver can use to verify that a detection event occurred. The

| engt h 29 of the preanble 104 is determ ned by the type of

synchr oni kat i e ustegratabléhdir8€tly on the alewisk coutiint, teerebyl greathe siroplifyived otyput

ot her conjrol information, such as error 31 correction type or error
checki ng ‘on t FEOEST ol infornmation itself. The body of the 32 packet
hol ds theydata 102. The trailer 103 includes a cyclic redundancy check code
-31-1 112 for final error detection. The trailer can also include
acknow edynentDigital Implemeniationon 114 regarding the successful or

unsuccessful recei of, .preyi.ous packets: . this i1s known as o
" pi ggybacied" ackn(%&ee ﬁﬁﬁ‘%\ugéjmﬂgo is‘based’on é“’rbua&‘g .cgliﬁr,l& %ﬁ? s%%n?ffslﬁgﬁl 22
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and the data denodul ator bl ock 88 of Figs. 9 and 10. For 6 _ purpose of
i lustrat{on ohfigld prageamasbiegrieArray| QFP%y@, &HIcg itls yegiEE NtenstNgl and; teee-like 7
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nunber of9bi t sthpewicey tHeohmo@nt of cirtitrydasnyis Prevading tigep ahe ddtess s@pélis nghly 10

Pseudonoi se (PN) renoval can begperformed directly on an internmediate 11
frequency® or Aukerkta pperaleias halfihe spepdeofcis prsceding stages tThepowsrdistributionnd
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bandw dt b2 (i . espeed-intérivévescitcuityareaetived. Coasdgbently, thelldgher-spegd Mplitstagesiean i on

clock ¢ e), then the bandpass filter 116 can ter to the | sh-
y% ) use opturI;llze routing. Also, the last stage, w fc operates relatlv\ég slowly and

14 which requires many routing channels due to having the highest adder fanout, can

15 be placed without constraint.

16 Communication over a non-Gaussian communications channel requires that
17 a digital signal processor receive a wider input word than communication over a
18 Gaussian communications channel. In a Gaussian channel, good signal normalization
19 can be used to reduce the number of bits pef input word to as low as one, thereby

20 providing substantial hardware savings.

21 With reference to Fig. 19, to accommodate non-Gaussian interference, and
22 to reduce the accuracy required of the signal normaliiation circuits (e.g., automatic
23 gain control), the embodiment of Fig. 19 uses 6 bit per word input samples 206 (5
24 bits plus a sign bit). A series of clock signa'i- dividers 205 provides progressively
25 slower clock signals. The input samples 206 are clocked into an input register 207.

26 The first stage add/sub module 208, shown in detail in Fig. 19A, operates on the

27 six-bit two’s-complement input 209 with sign extension to produce a seven bit output
28 211 |
29 To support 10 Mbps 8-ary signalling, the add/sub block 208 must operate at

30 a 26.67 MHz clock rate. This is because a symbol rate of 3.333 Msps (million
31 symbols per second) is required with eight Walsh chips/symbol (for 8-ary
32 modulation) to achieve 10 Mbps with 3 bits/symbol.



15. function bandwi dth, resulting in a partial correlation. In this case,
t he bandpass 16 filter 116, which can be inplenented as a surface
acoustic wave (SAW filter, 17 provi des a square-shaped i nmpul se response
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magni t ude i ndex indicating which conplex correlator 124 yiel ded an envel ope
29 ot put Qlackimgy t he Iargest magni tude The | argest magni tude i ndex

I ndi cat e;rthe nost 30 I|k data nsmtted, as. detﬁ@é
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after anal og-to- d| ital conversion, and inmediately prior to perform ng
wal sh- 13 Similarly, the second stage Add/Sub blocks 212 operate on a pair of output samples

14 211 of the first stage Add/Sub block 208. The results must be latched out to the

15 next stage before next input samples arrive.

16 The third stage add/subtract modules 214 have been modified so that the
17 output register 216 is placed after the 8-way compare 218, thereby eliminating an
18 extra frame delay, as well as eliminating M-1 registers (where M = 8, in this

19 example). The third stage add/subtract modules 214, and the 8-way compare circuit
20 218, operates at one fourth the input rate. If double buffering were used at the input

21 to each stage, the computation rates would be halved, because an extra set of
22 samples would be stored while awaiting processing.

23 There is typically some skew (delay) between the arrival of the clock signals
24 at the latches of the inputs and the outputs of each stage. The difference between
25 the latest arrival time of the input clock to the earliest arrival of the output clock, if
26 positive, must be added to the maximum delay path of the logic to determine
27 clocking rate. Excess delay may be added to the output clock to increase the speed,
28 provided care is faken that minimum hold times are met for the shortest possible

29 logic delay path.
30 The 8-way compare circuitry 218 is shown as an inverted binary tree
31 structure having one half as many elements in each successive stage as in a previous

32 stage. Since a single receiver channel is shown, the coherent carrier reference case
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6 - function correlation. It is also possible to performPN renoval at

baseband using an 7 analog nmultiplication prior to A/D conversion. (not
shown). The denodul ator can be 8 the sane as the denodul ator 130, 132
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si gnal i n§. ~ THRPTERsPendIng correlator 4 iterprried By dhe, ido-8 scasier 242 6 tbel orthogensl

result fgom t&ﬁa%ﬁ@?ﬁ asl 2 modul e 156 and the DPSK denodul ation
result fromthe conp el>% rru?t%é}lgl ier 158. 23 These results are conbi ned
in the d8ta decoder 160 by concatenating the single-bit 24 DPSK answer
wth thi 3-bié Ish-cg{re@ornﬁnsmr .to obtain a 4-bit output (1l6-ary 25
al phabet® on _ e%'Wﬁ)_ r fuphyg IPTOCES$IRE dat a decoder 160 applies an error
26 cqgrection apppf .t72'0‘,“theT pefifdPardRtQARE dQivel §7 FIONYE id &u@%s&d for

resulting synbol into ah equi val ent binary data sequence r
processildg bythe @ chgnnek whenein theheivaujtry fdréh@Band Qatharneticare dembirgd, withvtbs t o

i nvert e opgrations perforned by mdul 62,. 84, and 29.. 6.in FHg 8.
Not o ¢ hiB sy T ATERAS Suhie g8 one 8T 5600, HredSiipen Figy 2D stigls b
parti cullar SyspbRkaratd QfRndY dofhbislifi i [ ftinks SsbilPBK wantowd AbroMiaRof ol
del ay 31 m)dualle 156 in p ace,gthe DPSK reéu t aligns in@ﬁ% datg
decoder 1360 widding the ongpusiof the largest value of the I 230 or Q 231 channels on each output

16 pair to one half the output of the smaller value, in the combine I and Q blocks 232.

Ol

17 Therefore, the sign stripping, as performed by a sign strip module 220, is still

18 necessary on each channel.

19 According to the invention, the circuitry of Fig. 20 can be partitioned so as
20 to provide a plurality of identical or nearly identical integrated circuits, the integrated
21 circuits each being a cascadable structure suitable for combining with similar

22 integrated circuits to form M-ary Walsh demodulators of arbitrary values of M.

23 The most direct way of accomplishing this partitioning, such that it becomes
24 possible to partition the circuitry of Fig. 20 into FPGA chips, or into multiple
25 custom or semicustom i'ntégrated circuits, is to place a single Walsh correlator on
26 each chip. Additionally, the I and Q combining circuits are placed on a third chip
27 that also includes 8-way compare circuitry. This approach to partitioning requires
28 that each Walsh correlator chip include 64 output lines (8 bits by 8 channels), and

29 that the combiner chip include 128 input lines. This amount of I/O is excessive,
30 resulting in high cost and reduced reliability. -
31 Referring to Figs. 21A and 21B, the partitioning approach taught by the

32 invention is to divide the circuitry into an upper segment 240, shown in Fig. 21A,



33.- 1 function synbol that was transmtted during the |eading synbol of

t he DPSK synbol 2 pair. 3 Fig. 14 shows a single channel _
denodul ator for use with a coherent phase 4 reference signal 164. An IF
signal 166 is filtered by a bandpass filter 168. The 5 filtered IF

si.gnal is multiplied by the coherent phase reference signal 164, which is 6
provided by a carrier recovery | oop (noﬁ3shomn) The resulting signal is-

| aw pass 7 filtered by a low pass filter 170, and is then converted to
a digitall si gnaql ablowen segment %ﬁ?aISbgwnandFlgt 4B, keeping the I r.ﬁameTﬁéMzmdth i ng
difgital signal, is el at or 176

refer enc? codé& ﬁ%fi%gﬁdﬁa%g E%IE}F"B\# Wée%rs eéa samg £hp-1 o T uggert .'H'gﬁll\cl)wer

Vil sh-funct i ogeginemeohatd 242 areVVibiStbrneEl® uikip lafidr the AN Q&m%iﬁ%oﬁb@tvﬁlell
described techniques for PN renoval and Wl sh-function denodul ation can be
12 apd i ed comparisaarirasc248o The upperisegmontinguits 244 canthe piaceslpmeqm ahip.cande i s

BN can b col IMiosr PayrR birde A ah BE phCed Bn AR nn® " o kol Bl 86T
Because téhe phings areciegiiétT o conibét thd 6o thips. is used, only a single channel

(channel 1) is reqwred in this correl ator A sign 16 stripping nodul e
180 strips the sigAnihe -ﬁﬂb?ﬁquﬁé'ﬁh%‘m’éﬂl’lﬁ @Aarplﬂiﬁ @@er firgtestagel, seveny

To  output apefRLeRR T HEY bl TRAIRE for Merfihl A PL LR, 806 W6~ O

ref erence® si gmafnplcﬁ:4c619elatorso(wer246$ ac@hmlﬁdadeon mpthxpnarheFfBKr rIDahd #uroQ can
be used to provi de coherent Dbi- ortho onal signallin Denodul ati on

requires 1Q hat comslatory (24412469 er@ch&h@e%fte idenitical fnothode in Figa| 20 thay relate; e
sign register JJgdyn R {aide dsﬁ‘é@tgl?é S tFlQ. 'Xft?reﬁ{eofoﬁf Ieaﬁfdo ults are

detecti on and C rrect I on, | sassenb e synbol groups o gnal
provi dedi23 conﬂ»mddhen Savin\chipo nthey aremeldticed JtSZa isivigle ¥arpest arajued & a 4{wayam

for pr OCle3SSI ng n%i)a?e 2rrf'odule 223 nq'ﬂxse[argeg?tvafue an 8-bit amplitude), along with two

14 decoding lines, is exported to the other chip where it is compared to the result from

15 the other half of the comparison tree, whereupon the largest of the two values is

16 decoded. The result is a three bit word representing a demodulated symbol.

17 The circuitry may be further subdivided by parsing each section 240, 242
18 similarly into two smaller chips. Similarly, the chips may be cascaded in the case of
19 higher order alphabets, i.e, higher values of M. It is also possible to form a more
20 symmetric partitioning by having one chip serve as a front-end source that feeds
21 individual segments of the tree. For improved operating speed, necessary for higher

22 alphabets, the number of signal lines between chips can be traded against speed of
23 a speed-optimized front end. The symmetric front-end source is obtained by splitting

24 the first stage Add/Sub block with the sum output feeding the upper segment and the

25 difference output feeding the lower segment. A single input line can determine
26 whether that stage is an adder or subtractor. |

27 This approach allows use of multiple FPGA technology chips, or the use of
28 multiple custom or semicustom integrated circuits, while maintaining modest size and
29 interconnect complexity in each chip to increase yield and reliability. This approach
30 allows a single chip of common circuits to be cascaded vertically and horizontally

31 by a user to create arbitrarily large alphabets.
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25.26 Wal sh- Function..Si gnal i ng 27 The first eight Wl sh
functions are shown in Figs. 15A-15H The | owest 28 order WAl sh
function is shown in Fig. 15A, and the other Wl sh functions are shown 29
in~ascending order in Figs. 15B-15H The |owest order function is referred
to as [err] 30 Since in a comunicajjons environnent the Walsh
functions are a function of tinme, 31 the Wal sh functions nay al so be
represented as VVﬂdH% or WAL(n t), where nis the 32 order of the
particul & Walsh fMoer adify &ﬁﬁoxts w)égmmr%atwﬂl occur $o thoge skilled in the arhe

Wal sh functio b%ﬁE I v e taal h

wth resp@ect gﬁ(t)t hgr& % t\F/l\r/aweleP.I ném% eaglﬁf gréecﬁge oryrfldtltlajl?'l 1\%\1%%%%%1“ i Eﬁlﬂgé'
therewi t13 3 Accoidirgly, thecatiove eigsarlpttoh is mot pmerdisd tto ditniathe inwentithl &ttept as
functi ons, of dléfer nt orgﬁ? bel equal to zero. The order of each
Val sh funtti orPHIgatEd i, the, W@“h of binary 5 transitions exhibited
by the function. For exanple, WAL(O t) does not have a binary 6

transition, whereas WAL(2,t) has two binary transitions. Equivalently, the

Wal sh 7 functi on wavefornms can be viewed as having one or nore binary
states over the 8 duration of the waveform wherein a binary state can
be of a duration no greater 9 than a m ninum duration, called a Wil sh
chip. 10 For each synbol of a nmessage, one of these digita
wavefornms can be 11 | ogically conbi ned by an exclusive-or |ogic gate
with a direct-sequence spread 12 spectrum code to create another digital
waveform that can be used to phase nodul ate 13 a carrier that has been
nodul at ed by the nessage. 14 Fig. 16 shows four probability

curves. A curve denoted by DPSK shows the 15 probability of correctly
denodul ati ng a 1024-bit packet of data using DPSK spread-



16 - spectrumsignaling as a function of normalized signal-to-interference
(S/1) in decibels 17 (db). Three additional curves, denoted by the data
rates (in bits per symbol) 8 b/s, 18 4 b/s, and]?2 t he

probability of correctly denodul ating a 1024- b|t pagma m of data using

M ary orthogonal signalling with 8, 4, %[ld 2 bitsp E ﬁ“l)l’
respectively. It nust be stressed that ary orthogonal ¢si ‘la form
of coding; 2&] i f the DPSK nodul ati on were conbi ned with codi ng, *it would
al so shift t&'BRtIpERImedIS:  required signal-to-interference ratio. 23

Fig. 173shows the jsanme . : t ha of 4-
24 ary ort hogonal #?@syn@l?gﬁ?@ﬂlgg%éﬁg%i&f%@ee u&vgﬁaétnfw?o aL{)'PSK
and thaf a hidgviees, 2be appasatgnadmprjsiagphabet (4 b/s or 8 b/s) significantly
I mpr ove§ performance. For an. 26 uncoded |ink, the above curves inply

r

t hat a gi ven TES fPLRqquinngdas fmﬂhﬁldétatqlﬁt‘c% can be tol erat ed at
the recaiver by CouyngirsiOrepk ééﬂhrgg'\ﬂh dgaa %ﬁ?@ﬂ@ofsdl '\b{’&éf ) symb

PN- DSSS spread spectrumis |arge an t ratio can at ed
by 29 5 coths digital Wmsypb@adiemgesetecmmfmnl acset that uiclum:s Yndrdlthan #yo

si gnal | izng or 30 SK. . Conve sel nsm ssion using 4
bi t s/ syrbol gd'g%t_aPvaeform %ﬂnﬁyﬂ@’aﬂbt@g &hapagtegizedn ch
|nterfer7enceb9ta $yhebdI MpdtiRF as a 32 transm ssion using DPSK and a

di rect - sequence bandwi dth of about 130 Mz! -3 -1 A

rotati o8 of the Pmmsg)rcmraﬂnaca/\ﬁir%-smnc&spreadesmhtrnm emopding GESK) , 2

provi deg an orthogo set with of. t he dV’Lnt es of usi t he WAl sh

functi o%s glatﬂgglglq%én%p&rt com Yng Bﬁmﬁg‘tﬂuﬁn%&ar d Spestrum

or t hogagal Sbﬁﬁtﬁllmgqﬁgﬁﬂ'vrtﬁﬂﬂ@'se ence & gﬁélrv%ifef i tmt I dtDprafindipout
over a e

further _expansi on of the signal bandW| d PN- DSSS
code. Ude of signek results in a correlator out put 6 waveformthat is
pul se-pgsi tion mogulaned. (REM ¢ R A | rcl,afanertmsllénaif A Naccordance with the
13 transmit signal to provide a modulated signal; and
14 means for transmitting the modulated signal.
2. The apparatus of claim 1, wherein the direct-sequence spread spectrum
2 er_lcoding signal is a pseudonoise direct-sequence spread spectrum encoding signal.
1 3. . The apparatus of claim 1, wherein each of the unique digital waveform
2 symbols is orthogonal with respect to each other unique digital waveform symbol in
3 the set.
1 4. The apparatus of claim 3, further including means for applying
2 differential multiphase phase shift keying to each pair of sequentially neighboring
3 symbol waveforms so as to produce a waveform modulated by a combination of
4 differential M-ary PSK and M-ary orthogonal function modulation.

1 5. The apparatus of claim 4, wherein the means for applying differential
2 multiphase phase shift keying includes means for applying differential bi-phase shift
keying.



7. environnent, the PPMIike behavior of CCSK can%mlm_ic\gggause
an 8 | nportant feature .of the signal, the delay :discrimnant use
dernpdul ati on, can 9 be incorrectly interpreted as ’i“ U”ﬂ"u)m t he
use of CCSK is not preferable to 10 t he use of V\a I"I

mul tipath environment. 11 I £ &@e bandw dt h expan5|on "dué to the
orthogonal signaling is nuch snaller than the direct- sequence
spreading, then any ort gonal set e u |n this case 13

conveni ent choi cer}iys apg. af‘f?n%@ g ra‘P “@Sﬁ)‘“‘%ﬁ?é‘?ﬁl’é’bﬂmﬁ‘ﬁat ed

using 14 Bolcién E&Hx‘ é(ﬁ{ecﬁbﬁ Radm &% mﬁcﬁ@ynﬁ}b%‘? Wﬂb&ﬁgn af { el f3Cos ﬁéﬁ@ﬂi{' g

code is stripped off Howeve en“the spreadi ng due to

ort hogordal sbymaywn@rappﬁdanhethbaxdﬂuhﬁm@nnﬂxndnphBeBBESkqndglatlon t he
actual transni ssion bandw dth depends upon both the 17 di rect seqguence
and orthogonal nodul ation since the pair of nodul ati ons cannot be -18
synchronpusly supey.i rmomedappm&ﬁsy oPRIAIREE, awﬁeeims{d ?d&n@' i I‘ég?c@érkhﬂng the
dissimlar 19 nodul ati ons. Even t hough and Wa

functi ok haviata iepresentp emtiydatahatat fdast one codmgialndm@t faid quul Sdonmmrcodmg

or t hogongl akin .the direct-sequence ba mndth 22 wi t hout
Further exparSnBtes e 2ol etifbaring Snita St B8 B Geil Mot pibtacodliee 2
cannot bge USQ!énﬁirfsﬂfgt depétate patit bildlappliet td SewianaMRE6Ed gldups of addiffeRitial

pur pose of 24 i mting bandw dth and enhancing performance in a
mul ti path enhimbaseeshift kejmgadata. Wal sh functions are preferable to CCSK. 26
27 Wal sh Function Correl ati on Processor 28 For this

di scussi on, assune a received signal has been nodul ated using both 29

PN-DSSS nd Vel sh §. unct TR Sippdate 65 slaim 3,h&irther NintRidinge fRANE for tapplying
reference PN- 30 DSSS code f.or denodul ating the received signal is

proper | y2 al i greliphaserphasrshift keyipg o eaeh symbplgyayeforphio as teprrdvice Aivvarefam i s

acht eveds by UsbAfael by X Hifinaribn B CDRMhy | PSKChn® MRy orflobdrff. SLEALN

seri al correl a her assune t recelve
4 modulatlon.

Q. The apparatus of claim 8,wherein the means for applying multiphase

2 phase shift keying includes means for applying antipodal bi-phase phase shift keying.
1 10.  The apparatus of claim 8, further .including means for applying Reed-
Solomon error correction coding to each symbol waveform, and means for applying

3 binary error correction coding to the multiphase phase shift keying.

11.  The apparatus of claim 1, wherein the set of digital waveform symbols

2 includes Walsh-function waveforms.

1 12.  The apparatus of claim 11, wherein the chip rate of the Walsh-function
2 waveforms is substantially equal to the chip rate of .the direct-sequence spread
3 spectrum encoding signal.

13.  The apparatus of claim 11, further including means for applying Reed-

2 Solomon error correction coding to each Walsh-function waveform.



- 36 -1 | ocal reference signal are multiplied tog_iatrler\m#eLma\
despread signal; and that the 2 despread signal is t/’I’MI DASS .
filtered to facilitate processing the highest-order 3 /A //ﬂm@ .
(For exanple, the highest-order Walsh function can have a 4° Mh
that only includes frequencies that aresless than the DSSS chip rate.)* The
5 despreadi ng operation has the effect of renoving the PN-DSSS code,

| eaving oply 6 e I

di-scussi oE bel ow coin‘gl d\e/?islé?%ﬁﬂﬁggsgp g@%&h?%?%geség rﬁeanslfgrénﬂ_%%mag tge

i mpl ementat i ordatgrapc@enmrsaldeiatqoﬂnas feastsonecoding\bloukk lmdvsaldﬂzted-Sbmmdm cading

converted,to 9 ha e and cl_lljadrature channel s, th |n phase
processi n des‘B?]luSESde ricorregfing only 2 $ingle SEror in a 50 “&H fol | owed by
envel ope conbi ning of the corresponding 11 anpl i tudes before dat a
decision. 12 One way to obtain the required correlations in the

Wal sh funttion corrBl.ati 'Bheam)aratuwﬁxdmbt faether. mclnduiglrmnsﬁ)rusmgacmﬂng

178) is t | el t, 14 Wal sh transform

appr oach %ecgﬁelg&g%?ta@tf é?l Sﬁ e}’a gmir%rs“@le £FOr regtiag will F%E‘Etl Bns
becones |ar ge. suffigies AihB 6‘1951‘?&‘3 ihQf df% ‘iﬁbﬁdt tHatthé i‘)’i&ke\(\ffhﬂ‘rettrafé’@fil‘i’ et 6
Is to exploit the nmathematical structure of the Wal sh functions

conput i ngtt he System spepiflcationsanct i on coefficients using a plurali ty of basic
cells, shown in Fig. 22, 18 i nterconnected as a tree structure having
successi ve stages, as shown in Fig. 23. The 19 clock rate of each

successi ve stage is16.eduthél apyaraais fofvéliith 1 e w@Redin tthe bhigtiflyRigl Mdans’theludes
stage, and each successive stage has twi ce the nunber of cells, thereby

keepi ng the 21means fopgynphsenoyslymauliplying e aqmm%ofs@géalava\@m sxralg@ls amfle

Chereror S ar ot oF A icrrsogiot Yl RERIAR ARGRTLALIS By 6 6t
conmput ati én el maerths trdnsindy sigaselis ichavactefiged byber batdwidth h@Ogtesefl thin tdhe

fully parallel fast Walsh transform_ L.
5 bandwidth of the pseudonoise direct-sequence spread spectrum encoding signal.

17.  The apparatus of claim 1, wherein the pseudonoise direct-sequence
2 spread spectrum encoding signal is periodic, and the encoding signal has a code

period that is longer than the symbol duration of each digital waveform symbol.

1 18.  The apparatus of claim 1, wherein the means for representing the data
2 as a sequence of digital waveform symbols includes:

3 means for grouping the data into a sequence of groups of M bits each, each
4 group representing a symbol selected from 2™ possible data symbols; and

5 data modulation means for representing each data symbol as a digital
6 waveform symbol so as to form the sequence of digital waveform symbols.

1 19.  The apparatus of claim 1, wherein the means for representing the data
2 as a sequence of digital waveform symbols further includes:

3 error correction encoding means,- responsive to the means for grouping, for
4 providing error-correction-encoded data symbols.



25_ The paral l el fast Wal sh transform requi W

conput ati on el enents 26 per Mary output. By cont mumm
structure shown in Fig. 23-uses 2(M- 1) 27 conpu 'f
M ary output. Therefore, at larger values of M the! tree 28 L M srueture

of Fig. 23 is superior to the parallet 48chitecture (not shown) for

cal cul ating 29 the WAl sh transform because the nunber of conputation
el’'ement sy per M ar y2ut pPhe 38pparatu$ 6f O¢laink CaNt fuythee Shciuding€a C @fR-@mhie
tree structure. Both structures performthe 31 sanme nunber of

conput at? ons PHse-shapisg filtehe r@SrP@éS@@r@cttnﬁ— anyfiplying qneanst rfapeproviding - thg7 -
1 t hat l.e t,
o "B an AR SRR el ! EIRA Dnd 1R B PG AR oBHDEH

rate. 3 4 domamlahﬁﬁcrermjcsto Fig. 22, a basic cell 250 accepts input
sanples serially at input 4 252 at a rate fin, and generates two out put
sanples in parallel at outputs 254 and 256 5 at arate [err]. Thus, a
serial pair of in | es.
One out put sanpl ep%# KB %?B{J?foggﬁe?m@t Aéfsmﬁ‘?’nﬁgi éa%tegﬁgér glrﬁmﬁ‘élaﬁedo ggll‘l al
7 i nput sbetpkasat bast tlmedm Idevxcemrthd: mudﬁlatddesxgmﬂl (beingpef thel type hacoded

differeneof t e two ut sa sho
ree 2eodof bUUh G Famsnee SRAEAd GoBaTD Dhading, and dnciidinguflzidl; pavetom

functiong [er£3]mbol§ ?élE&ted Ik o Sidloft SUsGBRNdichel dRRfbAR SyRbOR!, BE ia ?BQFaHSC

suns and 11 erences, each path through the tree“represent
mul tipli8ati ommpnsmga | nput 12 sequence by a specific conbination of

Ji

(bi nary) _square-wave fu tIODS. and su the.result. I.n fact, the
speci 1 ¢6squar o- waPERRS HETPRRY %sﬂ%apﬁ%wlg@éo BrOMEEn gpeoming signal;
Radenmacher functlo%am%oﬁﬂm Sighmiown to generate the Wl sh
functions. 15 Al"'so nof’e that tﬁe free structure naturally

conserve8 power bedespseadingf¢ormedation mm;gssnp@srgcatgetm nghing esignaliand tohthe
nunber 05 el enents as t o‘%e%ﬁ Qus st

incoming signal, removing the pseuaonoxse direct-sequence spread spectrum
10 encoding from the incoming signal, and for correlating the incoming signal with each
11 digital waveform symbol of a set of possible digital waveform symbols so as to
12 provide a plurality of despread correlation signals;
13 most-likely symbol means for receiving the plurality of despread correlation
14 signals, and determining therefrom a most-likely transmitted digital waveform
15 symbol so as to provide a sequence of received symbols;
16 means for converting the most-likely transmitted digital waveform symbol

17 into a digital data sequence so as to provide a digital data stream; and
18 means for providing the digital data stream to a data device.

22.  The apparatus of claim 21, wherein the modulated signal is of the type
encoded with pseudonoise direct-sequence spread spectrum encoding, and the

despreading/correlation means includes means for removing a pseudonoise direct-

AW NN =

sequence spread spectrum encoding from the incoming signal.

23. The apparatus of claim 21, wherein the means for providing a timing
2 signal includes means for synchronizing to the incoming signal so as to provide the

timing signal in synchronization with the incoming signal.
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17 -~ runs at onIy hal f the clock rate of the previous stage. Further,

| ayout of the design 18 on an integrated circuit is sinplified, muse
t he hi gher fanout signal distributions 19 operat'e,ﬂummn)m l"

| ower rates. Therefore, slower circuits are connect dd WBE ,y
signal routes, as is desirable-in an integrated crrdurt $ * The

Wal sh function correl ati on processor carf be inpl ement ed usr ng a field 22
prograrmabl e gate array, although the detailed inplenentation technique is

not 23 rel evant24.Fi eTHe pppuyatasoil#m0zs, SwRerERYthe HRaAET6E AcBPGhiANE to
facilitated by the tree 24 structure because the hi gher fanout routes
of such ﬁ mpibe HRsAmINg signabinchigdes argyehedofilter synehronigpier at e more sl owl .

Al ternati veI y, the processor can be inplenented entirely 26 in software

executed by a digital signal processing mcroprocessor. For high 27

bandwi dt h, the pr 02535so'ﬁ‘heappdmuefoffrcMmrm,ywhéfeinemeriﬁﬁﬁs f6t B¢hchronizing to
charge-tr nsfe (r‘e 29 30 Char ge- Transfer Devi ce
| npl ement 4t i on 11ncom1ng 51gna é atﬁeé‘ﬁ%F@'Felﬁ‘@%bé%Q syagippnizag Widemeans for

char ge- cogipl edy ey §r§qH}’ th@, ti c-charge-transfer (ACT)
devi ces, and buc%tr&grr gade devi grelsas(agg . Each of - 38 -1 t hese

technologres represent srgnals as eIectronic charge, and process the
signals b

% puI ﬁl eI ect gﬁﬂr; e. CTD t.echnol ng es can .
per f orm bbt h synchr |za Apparatu so FiFrein each digitatyavs TyREnbol in
di screte-3i me @eabOS pRsBletRgiRil vd'atvéfdrfh?ﬁnbogs' is ort} Bﬁdﬁpw&qgépegpﬁﬁbﬂ%ﬁhrs

processin and provide the resultrn rgit a” deci si on
out put . nce dlﬂmmvaqumr'symbolandhpamtr ve storage cell, the anal og signal

is 6 i nherently sanpled as the CID input is clocked.. This operation is
simlar to the 7 sanpling capacitor in a sanple and hold circuit.
1 . 27.  The apparatus of claim 21, wherein the set of possible digital
2 waveform symbols includes Walsh-function waveforms. |
1 28.  The apparatus of claim 27, wherein the despreading/correlation means
2 includes:
3 means for direct-sequence despreading of a DSSS encoded signal so as to
4 provide a despread $ignal;
5 means for bandpass filtering the despread signal so as to provide a filtered |
6 signal having a bandwidth substantially similar to the bandwidth of the set of Walsh-
7 function waveforms; |
8 means for splitting the filtered signal into an in-phase signal and a quadrature
9 signal;
10 means for converting the in-phase signal and the quadrature signal
11 respectively into a digital in-phase signal and a digital quadrature signal;
12 Walsh-function demodulator means for correlating each digital signal with a
13 Walsh-function waveform so as to provide a Walsh in-phase signal and a Walsh
14 quadrature signal; and
15 ~ means for envelope demodulating the Walsh in-phase signal and the Walsh
16 quadrature signal so as to provide a plurality of envelope signals,
17 wherein the most-likely symbol means includes:



8 . Alternatively, a digital approach requi re eed DA
converters that are 9 costly. By contrast, the in "m ,"ﬂ”ﬁ",a CTD
supports far nmore processing gain 10 than is neede

application, at sanpling rates of 50 Msps for CCD devi ces 11 ™ td 350 Msps
for ACT devices. These sanpling rates iggcl.ude a factor-of-two 12 '
oversanpling, relative to the signal bandwidth, to prevent excessive
straddling | oss. 13 Hi gher sanpling rates are possible by operating two
devi ces 1% paral | el mgsRs fon Comparingepchisignat afcthe PiErldy of savelppmsibnalaso be to
p_rocesse?%vmthd&a%{lﬂg %ﬁﬁﬁésp rini‘sf mﬁ teﬁJ@ I]i)%551gna1 d”c%h}{ dtgwtgsh eference
si gnal A nodul at of ca rgured usin

190, as 20own waveforms qlnestahkayl toy have aweﬁxmhﬁned, earido dormppdviding Fa glaré&t
The el ectrical input to a CCD 1 190 is connected to sjgnal charge
i nj ecti oflwi r emaghitugsiindex sigml Hﬂ@ﬂat{VG qfifhe darges) apagnigude envstopp ignalyandr at e

at input gl ectrode gvg erfttfé'rﬂ&iﬁssfb ﬁﬂfglt LSOCKI ng el ectrodes 195 20
e seria

transfers the sanpl arge packe ong the row of charge
storage @8l1s 21 dataaacodef meaneﬁmdecédmg(tmelargesi mapnitudgeelape sigral el as

each charge stora e, ceI lves 22 t he charge packet previously stored
in the cR&rge O RPXie b nﬁ 13 $LeMRt ¢ the signal 23 sensi ng
el ectrodes 194 read the level of charge stored in each cell. 24

Alternatively, in an ACT, signal sanples are handled simlarly, but the 25
cl ocki ng él ect rodesZﬁf t Wbe @pjiaraue of ehhn&édvth;rdiﬂnsai@ﬂaatstrbmﬁmlednsiatllea;st a
travel ing ce acopusfic wave, |Ln a t he cl ocki ng, of naI
char ge. | 92ef QR plock,and e agpaans puter Fieliel weumdor fine fiRes
treatnment 3i s apabPEGHStiod For correcting onfy ¥airgle S25PRUY &ddihg bRAK! res sanpl e
del ays for providing storage of 29 wavef orm sanpl es, as is provided in
the charge storage cell 193 that is within the 30 substrate beneath t he
cl ocki ng el ectrodes

194. \al sh conbi nat Péh CI gg?é)aggqe_’gtg the8$ ﬁ?@%{ﬁlgfﬁ %ﬁdj’{lpg/gﬁgre %gtfge%%gs
; : gp:: ;St SQOV' dagthey ihdiedes! Heimk féﬁﬁx%'vﬂﬁngfhQﬁkéQ%ﬁlpk&Aamﬁlﬁ@deeﬁgnﬂr f¢ foslg a
likely symbol means further includes means for providing a largest magnitude index

| signal, -and the apparatus further comprises:
means, responsive to the largest complex amplitude signal and to the largest

magnitude index signal, for binary DPSK demodulating the sequence of received
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symbols.

—

31.  The apparatus of claim 30, wherein the apparatus further includes:
2 means for Reed-Solomon error correction decoding and means for binary

error decoding.

32. The apparatus of claim 31, wherein said data stream includes at least
one data block, and said apparatus further includes means for using a Reed-Solomon

~error correction for correcting only a single error in a coding block and erasure

SN

decoding of the binary stream.

33.  The apparatus of claim 32, whererin the erasure decoding includes
2 means for using seperate parity bits applied to the even and the odd groups of a

3 differential bi-phase shift keying data for the correction.



- 3% -1 of envel ope outputs. Then, a magnitude ciircuit and M way

conpare circuit 200 2 provide a |argest magnitude i mﬁmmlﬂnﬂmﬂm '

i ndi cating which correlator of the 3 Wl sh - conbi ndt

yi elrded an envel ope output having the |argest 4 magni't utle.* THe I*ar §est
magni tude i ndex signal 201 is provided to a detect/data 5 decode circuit
202 whi ch perforns data denodul ati on upd%ltﬁe signal. 6 If the

PN-DSSS code is of a higher bandwi dth than the CTD can support, the 7
bandw dt hjof the reggive % dics ' : y
the CID 8 by renovi ng¢thﬁg Pl\l-nlil)gs Slﬁg%l% at'i o%n:?ﬁé(ggsgrreg&ég&?eeg‘t?@rﬁ?ga er
DS chip t2ni ngalsaprovides bdargestseamples hatplitudei signal ) ehes wroshliksly zsgiribob radaekse.
The CTD can th er.f olrcrln ngl 10 f Wal sh coryel ati ons, (geita denodul ati on,
and data decoding. T fRUdes means 1z progj ‘%ian&r%%?hﬂﬁgm fndsx vgpalgaad the
per forned4i n t fspatahd fiitHeh @bmByisay: 12 reconfiguration of the denodul ation
CTD channels, or by a separate CTD channel 13 operating in parallel. If
the sanme ehip rate Mmsapy,gesponsive fopthedangastspmpieamplithide sigaalcanti4to the largest

L S A
mul tipl exi7ng sgymisslsire to 16 I npl ement a matched filter. 17

Al ternatively, the ACT technol ogy coul d be used because of its higher 18
i nherent sanpling rates. As another alternative, since there is no baud

winalober P 205 pateRRa R AR, ofher SRR aIS, BB SRNEES,

21 2 The nuprdeans fir epid@ofiettish détolifig. mat ched filter can be further
i ncreased so 22 as to provide a robust synchroni zation preanble. Precise
timng can then be achieved 23 In a sequential operation. In this way,

Synchr o at i on. i Fe. o SRPLpaRr B QARE2fwiteipe dbs MR ERoRRIABR el

encode daRa noihchmtessd by a 75 Mhz spread spectrum code that can be

3 means for bandpass filtering the incoming signal so as to provide a filtered
4 signal baving a bandwidth substantially similar to the bandwidth of the set of Walsh-
5 function waveforms with DSSS encoding; _ i
6 means for splitting the filtered signal into an in-phase signal and a quadrature
7 signal; ) |
8 means for converting the in-phase signal and the quadrature signal
9 respectively into an in-phase digital signal and a quadrature digital signal;
10 means for direct-sequence despreading each digital signal and correlating each
11 digital signal with a Walsh-function waveform so as to provide a despread Walsh in-

12 phase signal and a despread Walsh quadrature signal; and

13 means for envelope demodulating the despread Walsh in-phase signal and the
14 despread Walsh quadrature signal so as to provide a plurality of envelope signals, |
15 wherein the most-likely symbol means includes:

16 means for comparing each signal of the plurality of envelope signals so as to
17 determine the largest magnitude envelope signal indicating a Walsh-function
18 waveform most likely to have been transmitted, and for providing a largest
19 magnitude index signal indicative of the largest magnitude envelope signal, and

20 wherein the means for converting includes:



26 renoved in the pre-correlator. 27 An i-Aportant advant age of
CTDs is that all ‘associated support circuits and 28 | the storageces_
can be integrated on the sane device. Since nodern CCD#ZEE Im rage
t hat resenbl es a dynanmic RAM CCD technol ogy has benefi ’mﬂﬂ'ﬂﬂf
from advances in packing density and spseed of DRAM technol ogyt 31 s ="
The magni tude and 8-way conpare circult 500 and the detection and data 32
decode circuit 202, (and optionally timng and frequency control | oops);

for exarql e, - dbta-dedoder nidads Kot R@oding thelatisseMbgninde eh%lo%ﬁi'gﬁﬁ seusput ,
therebyrﬁreatly sinplifying output 2 processing. 3 4 i gI'tal

| npl enerféat i ofP Brovide a binary dafa SHBB- ar chitecture is based on the basic cell
and tree structure of Figs. 22 6 and 23. This architecture is
efficiently achieved as in an integrated circuit (1C or as 7 a field
progranmmdbl e gate 37ray TheBppgratus ofickimh B6] wheérefi thé despreadipidortelAidt means
tree-like 8 infaorm A benefit of the tree architecture js that, even

t hought éach SPERsE includesqmgans for providing g largestromplex smplinde sigagh, the mest-j ¢ s
di na- st t ' | ' | f
ItOLgcgp:agg gf a?itf(glyp gl('?lggl ng s§ ager. hﬂ}%@%)%hv?e&l?sf fgg(?ﬁ%itk}%?g%&?sfqggéﬁ%ge denghi p

i s thereldy eveignyl,dindithé bppacatys further cotpniges: equi rement s of the nost 12

speed-intensive circuits are yeduced, Consequently, the, higher-speed input
stages can 13 uSEPRBbIeSRORSIYe i8S (peeeshpamplex pmblinde Signaband i e fargest

oper at es ¢ el atphasainides itk sighY & bi%ryvlbl"ﬁﬁ %e%rﬁi&hfaﬁ%%rfg?g%%ugﬂéé Bﬁ ré&dafrael s

due to having the highest adder fan can d w t hout
constrai nt. 168ymbols. Comruni cati on over a non-Gussi an conmuni cati ons
channel requires that
38.  The apparatus of claim 37 ,wherein the apparatus further includes:
2 means for Reed-Solomon error correction decoding and means for binary

error decoding.

39.  The apparatus of claim 38, wherein said data stream includes at least
one data block, and said apparatus further includes means for using a Reed-Solomon

error correction for correcting only a single error in a coding block and erasure

S T

decoding of the binary stream.

40.  The apparatus of claim 39, wherein the erasure decoding includes
2 means for using seperate parity bits applied to the even and the odd groups of a
3 differential bi-phase shift keying data for the correction.

41.  The apparatus of claim 36, wherein the despreading/correlation means
also provides a largest complex amplitude signal, the most-likely symbol means
further includes means for providing a largest magnitude index signal, and the
apparatus further comprises:

means, responsive to the largest complex amplitude signal and to the largest

magnitude index signal, for M-ary DPSK demodulation of the sequence of received

LN I~ SR ¥, S N U R

symbols.



217 - a digital si gnal processor receive a w der input
communi cation over a 18 Gaussi an conmuni cati ons channe
channel , good signal normalization 19 can be used to re @F m'aﬂill

of "bits per input word to as | ow as one, thereby 20 - prow

substanti al hardware savings. 21 Wth reference to F|g 19 to
acconmpdat e non- Gaussi an i nterference, %hd 22 to reduce the accuracy
required of the signal nornalization circuits (e.g., automatic 23 gain

control)y the eﬁbom.ﬁenthéﬁ%@r&us &9 clBR 1 wWhekeiR e wﬁm&m&&mﬁ&é 206
(5 24 bits plus a sign A series of clock signal dividers 205

provi des? pr ogr essi medns 5 error cghmmn ddcodingsi gnal s. The i nput sanpl es 206
are clocked into an input register 207. 26 The first stage add/sub
nmodul e 208, shown in detail in Fig. 19A, operates on the 27 si x-bit

two' s- coppl enent Im?put THOappabdtuSoOiaig k2 E RPeRintiie M¥sprdugiag osRYRIdnhéans
out put 28 211. 29 To support 10 Mops 8-ary signalling, the
add/ sub Bl ockinghidesiyst operate at 30 a 26.67 MHz clock rate. This is

because symbol t S
requi I‘ed§WIth ei ghél ‘@\Sﬁ ‘% S%Pei%é{ntdfr %%]nlg %gﬁ)ﬁm%gzp?g{;{uﬁg &%
achi eve 40 Mogsrslhtohinhidingsd phardliny of basiddells, dach basic cell haviag aninmg aho twbg.
9A, clock signal Ais twi ce the speed of cl ock si ghal B, 2 havi ng been

di vi ded By a Puputsy thsrcellsbeigg l%te@pa&%teﬁ Griarma mne&ﬂr@mcmwm W 3
dd 210 I
an adder g Apéégﬂ)é?pgcﬂflg{ogg{ugget &é@&%‘%@ft h kheP2 ﬂ.{c{u‘é‘ fuﬁ& dﬁf dt’ﬁe%

of outputs 4 rate |npu rrp es
presented to tdynermiisrthy prolviding a pluratityl ¢f @ftput sﬁmi‘)le sequéime.kl ng

44.  The apparatus of claim 43, wherein each the basic cell accepts the
input sample sequence serially at a first rate f;;, and generates first and second output
sample sequences in parallel at a second rate f;,/2, such that the first output sample
sequence includes the suin of a current serial pair of input samples of the. input
sample sequence, and the second output sample sequence includes the difference of
the current serial pair of input samples of the input sample sequence, wherein each

output safnple sequence can be provided as an input sample sequence to another basic
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cell.

45.  The apparatus of claim 43, wherein the tree structure is partitioned
into a plurality of circuit segments for fabrication as a plurality of individual
integrated circuit chips, _

wherein each circuit segment includes an in-phase channel and a quadrature
channel of at least a subset of the set of Walsh-function correlators disposed on the
same integrated circuit chip, and '

wherein each integrated circuit chip includes means for receiving output

signals from a plurality of chips so as to perform a full set of Walsh-function

O 0~ O L A W N e

correlations, thereby demodulating the received modulated signal.

f—y

46.  The apparatus of claim 27, wherein the despreading/correlation means

2 includes:




~

8 . After a pair of input sanples are |oaded into an input register
208A of the 9 first add/ subtract nodule 208, the results of adding—and

subtracting operations 10 performed by nodul es 210A ?’mﬂ _
respectively, are |atched out upon the arrival 11 0 I ﬂﬂgﬂlﬂﬂl{mw
sanpl e. Thus, even though the add/subtract nmodul e 208 opérafest 12 s a
pair of sanples at a tinme, the result -mgat -be ready in a single sanple

time. 13 Simlarly, the second stage Add/ Sub bl ocks 212 operate on a
pai r of qutput samples 14 211 of the, first e Add/ Sub bl ock 208. The
resul ts nust be | atBf#5d %‘Eﬁﬁse‘t‘@‘loﬁ@ dfg’readm%\%ﬁ‘i Dgéggﬁc%‘@@ 8igBakoas 1 pRide

sanpl es & ri vQ.dekfread signal; _ 'he third stage add/subtract nodul es 214 have
been nodified so that the 17 output register 216 is placed after the
8-way corfpare 218, méamsdby babdpasnfitterimg the dBpread signahsd asine powlide/a fiterad! |

i mnating. M ' M. =8 .inthis 19 . I T
Third otabe adisfelbiid R oABtRlLRRantal Sivlar s G JoBriguy o F SELA Walbh-
218, operat es fahctmewivigbinks;t he input rate. If double buffering were used

at the input 21 to each stage, the conputation rates would be hal ved,
because extra sdaneaps fopheterodypimglte basebandithedilterast signalhwithea gokgrentphase

processi ng. 23 . s typjcal Q skew (del ay) between the
arrival (r)? thge%elre&cﬁ sggn&hglgg §)4p1$ov1é/e24n Walsgtﬂgﬁ@s of the inputs and the
outputs ¥ each st afiéans¥oe coveliig tieeinihveapnad Snto 2 digRall Al fifbe sighhyal tinme
of the input clock to the earliest arrival of the output clock, if 26

posi tivell nust be aWalsh-functionederasduwaray sepns, fq5aomrelating{he digjtad signaliaidy #i ne

27 clpcki t C, - ad 0. t i out ock to
I ncreas ei?he sr\ggfesg',fﬁﬁ%% ﬁﬁﬁfgﬁ gégggé'apgo%iuge %gfaelgnh Hﬁ%ﬁs%glﬁg% r%ﬁhol d tines
are net f3r the shantastfopeswsldjeadentbdulating ghe Wikdhayi-phasdisigid] so as to providd he

8-way conpare circuitry 218 is shown as an inverted binary tree 31
st ruct ur & havihBlwRIBY 93 epvelepssighalsl enents in each successive stage as in a

previ ous; g2 st a\?ﬁereﬂ 6 st PG §nltfof He4h! ifcliage! 1s shown, the
re case

coherent carrier erence
16 means for comparing each signal of the plurality of envelope signals so as to
17 determine the largest magnitude envelope sighal indicating a Walsh-function_ .
18 waveform most likely to have been transmitted, and for prbviding a largest
19 magnitude index sigrial indicative of the largest magnitude envelope signal, and
20 wherein the means for converting includes:
21 data decoder means for decoding the largest magnitude envelope signal so as

22 to provide a binary data stream.

1 - 47.  The apparatus of claim 46, the apparatus further comprising:
2 means, responsive to the largest magnitude envelope signal and to the largest
3 magnitude index signal, for M-ary PSK .demodulating the sequence of received
4 symbols.

48.  The apparatus of claim 47, further including means, responsive to the
2 most-likely symbol means, for performing érror correction decoding on the most-
3 likely symbol if the most-likely symbol has been error-correction-encoded.

1 49.  The apparatus of claim 46, the apparatus further comprising:



. . . —\
- 42 -1 is assuned, as shown in Fig. 14. Thus, envel ope detection TS
just a sign stripping 2 function. First, the magnlmnmmm e - bi t
envel ope signal fromthe add/ subtract 3 nodul es 21 "Qﬁ"’fn

the sign-strip nodules 220. Then, magnitude 4 cOrrp’éricsoﬁs 8res *
performed in pairw se fashion at each_stsggg resulting in a single 5

megni tude, of the |argest byte, froma wnning correlator. The val ue of the
| ar gest 6 byt e of each conparison is passed along to the next stage,

whil e thelindex of memmsyresponsivertodholadgesymagninulexnuelops signalemdrtetlangest he
7-t0-3 degoder_ 222 3s .the aorthogonal 8 a dulation result. 9 1
Ar chi t ectUr e fIB?gr’lea? ‘Pd%ﬁlgélp%g’é (i’é%rﬁgp Sﬁadtemog&ggng the Epqyensy) of ggeive
pi pel i neds ar chiyhfylsur e described in Fig. 19 is duplicated for 12 the Q

channel, wherein the circuitry for the | and Q channels are conbi ned, with
the 13 8-way conpare circuitry, to provide full | and Q processi.ng. Fig.

20 shows jhow 14 adr re- I L NI I. erformed. using t

wel | - knovmf: appr oxi mati on’ﬁg‘%J aﬁga%mgggﬁlﬁié{?ﬁe v@gfebrgttﬂ%fnq%ﬂgn%?gfag\ﬁrﬂg%nﬁg of
the | 2302 or GnéstdikeRomathfitt@ldigigifvaietdi syhtbol intd aidigifaPd AR Sedihée inkRides
output of the smaller value, in the conbine | and Q bl ocks 232. 17

Ther ef or €3t hanedngnfost Readptalemon erns ¢asractian ipceding gnd smeans fasdoimary 2oor| s
still 18 4 ne&%&ﬁgy on each channel. 19 According to the
invention, the circliitry of Fig. 20 can be partitioned so as 20 to
provide a plurality of identical or nearly identical integrated circuits,
the integrated 21 circuits each being a cascadabl e structure suitable
for conbihing with | %he apparatus ‘?ﬁ%ﬂ’a%ed"@i'eﬂ% therdespreading/spelation pagans
dermodul ators of .phbi.trary values of M 23 The nost direct way of
acconpl i shi ng tﬁls partitioning, such that it becones 24 possible to
partition3the circumbtans foi behdpas® filterihg thePiBominignsignabiso iantto prowvite al Bltérsd

custom or , sem gustom j nt egr at circuits, is to place.a single Wl
correl atot on s(igna %avmg a w1e substanuaﬁy snmsllar to Ble%andmdth opthe set otS a/alsh-

5 function waveforms with DSSS encoding;

6 means for heterodyning to baseband the filtered signal with a coherent phase
7 reference signal so as t;) provide an in-phase signal;

8 means for converting the in-phase signal into an in-phase digital signal;

9 means fo.r direct-sequence despreading the digital signal and correlating the

10 digital signal with a Walsh-function waveform so as to provide a despread Walsh in-

11 phase signal; and

12 means for envelope demodulating the despread Walsh in-phase signal so as
13 to provide a plurality of envelope signals,

14 wherein the most-likely symbol means includes:

15 : means for comparing each signal of the plurality of envelope sign_:;lls SO as to
16 determine the largest magnitude envelope signal indicating a Walsh-function
17 waveform most likely to have been transmitted, and for providing a largest
18 magnitude index signal indicative of the largest magnitude envelope signal, and

19 _ wherein the means for converting includes:

20 data decoder means for decoding the largest magnitude envelope signal so as
21 to provide a binary data stream.

1 52.  The apparatus of claim 51, the apparatus further comprising:



26 - each chip. Additionally, the I and Q combi ni ngﬂwrgmid
on a third chip 27 that al so includes 8-way conpare circuitry

approach to partitioning requires 28 t hat each Wl s”mmmnu"

include 64 output lines (8 bits by 8 channels), and 29 ’ﬁmﬁ ml ner
chip include 128 input lines. This anbunt of 1/Ois excéessive, 30 S
resulting in high cost and reduced religpility. 31 Referring to
Figs. 21A and 21B, the partitioning approach taught by the 32 i nvention

is to divide the circuitry into an uPper segnment 240, shown in Fig. 21A
43 - 12 and a "FABH. SERAASHYE todbe asgrémagwmegnv@w siged ind o thelargest

B L

until af tder tlspmbollsal conpari son of the 4 conpari son tree 248. The
upper segnent circuits 240 can be placed on one chip, and 5 t he | ower
segnent circuits 242 can be placed on another chip. Only twenty fou data 6
| i nes arq requiredsgo comée ' -y

ci rcui tr;e/1 shown in Stéi' gs. arrrléc}ﬁﬂ\nglgﬁ 2? tv%gre | rﬂ'lsqt néq[ag%g?f Eg{}i&gﬁéﬁ the

| i nes inZ2ach rmdst-ﬂikelyltrmnhlt@dodlgmlewsreﬁarm syanbol intea fligitahdata sequeacoincbides
chi p, and, four ﬁ%ré'gse correl ators §24% 24 ar.e mcli.‘lﬂde on a chip.
The four andm?ab‘ﬁrfob OlUBPT SIEYN (FUTECI9Y, de &Hde‘HE‘H‘sc [p0lQaRy error
identical to tdag&gn%n Fig. 20, but relate to 11 only half the tree
structure shown in Fig. 20. After the four I and Qresults are 12

combi ned on each chip, they are reduced to a single largest value in a
4-way 13 conpar e 248. This |ar i tude),

3 ong with tao a4 echih fpanLer crh 3b e Brtheis Relet hamBERRg' whet o i

i's conpared to the mass| I'es?l s12velid the ldrgést fHa ﬂi&ud‘éfﬁnf/el@f)e 5igRalcMARB the Ritgédtee,
wher eupon t he | argest of the two values is decoded.” The result is a

t hree bi t3 wor dnzgniinée dndaxngigaald dep ddtaay RFK yhmwulatmg the sequence of received
4 symbols.

55.  The apparatus of claim 54, further including means, responsive to the
2 most-likely symbol means, for performing error correction decoding on the most-

likely symbol if the most-likely symbol has been error-correction-encoded.

56.  The apparatus of claim 21, further including means, responsive to .the
2 most-likely symbol means, for performing error correction decodirig on the most-

likely symbol if the most-likely symbol has been error-correction-encoded.

57.  The apparatus of claim 21, including a sliding serial-correlator-based

2 synchronizer, having a signal detector, and being responsive to one of the plurality
of despread correlation signals, for detecting the presence of the input signal.

58. The apparatus of claim 57, wherein the serial-correlator-based

synchronizer further includes a threshold estimator, responsive to a plurality of

despread correlation .signals, for providing to the signal detector a signal

HOOWN e

representative of an estimate of the non-coherent power of the input signal.
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17« The circuitry may be further subdivi ded By parsi

section 240, 242 18 simlarly into two smaller chi T e
chips may be cascaded in the case of 19 hi gher-o’er,mI" Mum :
L *l C

hi gher values of M It is also possible to forma nbre 20 'S
partitioning by having one chip serveqa§7a_front-en‘d"source that feeds 21
I ndi vi dual segnents of the tree. For inproved operating speed, necessary
for higher 22 phabets, the number of signal. lines between chips can
be tradeg agai nst é)eedTB‘F apparatus ¢f claim 37 Surtharigeludinga tigeqtrackigg loop,
symretrig fropks S, L Ser QLR Lt &N : i . st age
A/ SUD. B1 ok ST TR ey 4RSI, SRR nfls, e bheeitng chdfily’ I wingd
di f f erende ouinfermativadirerg at heast oneesigaalgsetected by the mydse-likely sy mtioh eneaas
determ ne 26 whet her that stage is an adder or subtractor. 27

Thi s approach allows use of nultiple FPGA technol ogy chips, or the.use of
28 myl tiple cughom qhe SPPhatat Helaith SA" AVIRTeifi| the WhdsB1ik¥ty 4y@ntBYi ME&AIsNi NY
nodest size and 29 i nterconnect conplexity in each chip fo’increase
yiel d and rel inghides t sn Nlhway agumprxator 3having ad | plumlity gifngwe-vedyi [®oofpacasorson

S S50, PRGESSRER it BB AR Lt Vhoway kit

nodi fi cati onsagipted tBPrEVIBE bR bLPASablitud® Bfabls the 12kt DE twé idpu AmblinidBs bt 2
wi t hout departing fromthe spirit and the scope of the invention as

clained. 53 forapmyiding giny index eofa By largkss of ithe itwn inputhamplimdesndthe Mrwayni t
the i nvepti on SxeeRlor iy adapthd'® $Rb%e R 18 i Me ShelPor . PR 1
7  amplitudes, and to provide the largest amplitude of the M input amplitudes.

61.  The apparatus of claim 60, wherein the inverted binary tree structure
is partitioned into a plurality of circuit segments for fabrication as a plurality of
individual integrated circuit chips,

wherein each circuit segment includes an in-phase channel and a quadrature
channel of at least a subset of the set of Walsh-function correlators disposed on the
same integrated circuit chip, and

wherein each integrated circuit chip includes means fo} receiving output
signals from a plurality of chips so as to perform a full set of Walsh-function

correlations, thereby demodulating the received modulated signal.
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62.  The apparatus.of claim 21, wherein the apparatus includes a plurality

2 of charge transfer devices.

63. A method of communicating data bem)een at least two data devices,
the method comprising the steps of: '
acquiring data from a data device; _
representing the data as a sequence of digital waveform symbols, the digital
- waveform symbols being selected from a set that includes more than two unique

digital waveform symbols, each digital waveform symbol being characterized by a

N N B W N e

symbol duration;



1 1. An apparatus for communi cating data between at |east two

data 2 devi ces, the apparatus conprising: 3 : u, , n]

acquiring data froma data device; 4 neans f mnm,,m m”umhe
datia as a sequence of digital waveform synbols, 5 ot fie Biditdl wWwaveform
synbol s being selected froma set that includes nore than two 6 uni que
di-gital waveform synbols, each digital~ welvef or m synbol being characterized
7 . by a synbol duration; 8 nmeans for generating a

direct - sefjuence sprgeaerating atdireot-ssgnenbengpreaidospactru encoding signalyul ti pl yi ng
nmeans for, conbining the direct-sequence spread spectrum 10 .encodin

signal wilh the sed@aminingsthg;directsseanancer spipacs ¢ @Fecqsiﬂlaﬁ/iswélah“tlﬂargﬁhqﬁt
11 si gwal ; o : ' carrier signal .
i n accor ggnce s\zfe\n&ltleﬁlc% t?g d%tal Wﬂ?&g?}r&x%&gﬁ??&%ﬁﬁfgg‘éﬁgﬂﬁg@g@ﬁul ated signal;
and 14 11 memoduléting 4 camisnsighalrig acturdamdwidt the teingmit! sigrial to provide

2. The, appar at ys, of. cl a'i_m , Wherein the direct-sequence spread spectrum
2 entodi nd gﬁoéwafedi%grg ’paé’éudonoi se direct-sequence spread spectrum
encodi ngi$i gnal . 1 transmitting thedmodulatdSsiggpar at us of claim 1, wherein each

of the unique digital wave?orm 2 synmbols is orthogonal with respect to
each other unique digital waveformsynbol in 3 t he set. 4,

1
Th fclgj further i ncl udi f L ying 2
i1t orentfal mul i pRhse BReEeof bR R, HokgROe pup alinte Bhead pecprup

nei ghbori?ng 3 encodiny &kl Wow SieBdR0iseOdifdet-bQuR O 8adPspbBir@th Untbdmg Wigiagd by
a conbi nation of .41 grSﬁ?ldi ffeg‘{ant i aIl Mlary PSK and M ary orthogona f%ir?ct I on

nodul ation. 1 The apparatus of claim4, wherein the nmeans

5.
PRI 20018 hprapa BRSPSk ek

2 symbols is orthogonal with respect to each other unique digital waveform symbol in
3 the set.

1 66.  The method of claim 65, further including the step of:

2 applying differential multiphase phase shift keying to each pair of sequentially
3 neighboring symbol waveforms so as to produce a waveform modulated by a
4 o combination of M-ary DPSK and M-ary orthogonal function modulation.

67. The method of claim 66, wherein the step of applying differential
2 multiphase phase shift keying includes the step of applying antipodal bi-phase phase
shift keying.

68.  The method of claim 63, wherein the set of digital waveform symbols
2 includes Walsh-function waveforms.

69.  The method of claim 68, wherein the chip rate of the Walsh-function
2 waveforms is substantially equal to the chip rate of the direct-sequence spread

spectrum encoding signal.

70.  The method of claim 63, wherein the step of combining includes the

2 steps of:



v
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- 46 - 1 6. The apparatus of claim4, further includi ng nmeans
for applying Reed- 2 Sol onon error correction codi ”mmﬁmnuﬂmﬁm
wavef orm and nmeans for applying 3 bi nary error c¢o

the differential nultiphase shift keying. 1 7. ¢ the"apparat us
of. claim 6, wherein said neans for repreﬁentl ng the 2 data represents
said data in at | east one codi ng bl ock afd~sai d Reed- Sol onon codi ng 3

i ncl udes neans for correcting only a single error in a coding block and ]
binary caling 4  syaenmBhoElyaul e SAuEAk JHidigita? RAVER ! GndoR i et NE
odd groups of a di ffyerentlall’n ﬂﬂﬁhg phg%e shift éeyl ng 1‘éat a59 €

8. Thet appdadesneise diregtrieguente rSPW@d spestuml iengoding nignaloso ap ymsmge that

I ti h h | ef orm.s
wevef orms © e et B SInkScEREK Y A ne T O BT B 1R B 58 na
function & thﬁpﬁhddahm@eﬂdlréct-sequence spredd spectrling eﬁd@iﬁ@ioﬁ%1E1§al0‘c claim
8, wherein the neans for applying nmultiphase 2 phase shift keying’

i ncludes neans for applying antipodal bi-phase phase shift keylng 1

10. The aratus gf cl u | for.a Reed- 2
Sol onon elralrogr correc |onﬁ(k:o |ﬂ§Jdt éf gg‘c 653”¥'x)}H+rQ [%a%sfe rﬁ’ﬁffoﬁggﬁﬁgﬂ‘b“rm
appl ying 3 spb&aﬂasp;ac&mmcrrnc()&hg&igmris cpeﬂomg tand tehee efitddingd Bipnhal Riaecoabi ft
keyi ng. 3\% apparatus. of claim.1, wherein the set of
digital wavef d?%oéﬁwdﬁ éO%er thani |syEnbel Giaratipn of sash digitabwayeferm symbol.

12. The apparatus of claim 11, wherein the chip rate of the

Wal sh-function 2 wavef or s is substantially equal to the chip rate of
t he direct-sequence’kpr eHak fhethod afpmmﬁﬁnwmwmithgst?p@iﬁaéprfﬁentmg the gata2al3-
The appar tus of clai furth i ncl ud| ng neans for applying Ree

Sol onon ror & HAPERAE; ‘Eflr&g ‘EF%QEH %Il%%uqelﬁﬁéﬁ S8R ofavef or m

grouping the data into a sequence of groups of M bits each, each group

4 representing a symbol selected from 2™ possible data symbols; and
5 representing each data symbol as a digital waveform symbol so as to form the
6 sequence of digital waveform symbols.
‘1 73. A method of receiving data communicated as a modulated signal
2 between at least two data devices, the modulated signal being of the type encoded
3 with direct-sequence spread spectrum encoding, and including digital waveform
4 symbols selected from a set of possible digital waveform symbols, the method
5 comprising the steps of:
6 receiving the modulated signal to provide an incoming signal;
7 providing a timing signal; . _
8- removing the pseudonoise direct-sequence spread spectrum encoding from the
9 incoming signal;
10 correlating the incoming signal with each digital waveform symbol of a set
11 of possible digital waveform symbols so as to provide a plurality of despread
12 correlation signals;
13 receiving. the plurality of despread correlation signals, and determining
14 therefrom a most-likely transmitted digiﬁl waveform symbol so as to provide a
15 sequence of received symbols;



1 - 14, The apparatus of claim 13, wherei nr—sai-d—means—for

representing the 2 data represents said data in: Tale]
bl ock, and sai d Reed- Sol onbn coding 3 i ncl udeswgmaﬂ"m“gﬂlpg
only a single error in a coding bl ock. b - 15+ “clThe appas atus of
claim 14, further including neans for using a coding 2. bl ock that is
short enough such that the single error correcting wll correct a 3

suf fici éat nunber oonvsrting the mpsklilely arapsmitet digitel Wanefopmciyetbol aitb ardigitalt e
wll e 4 system specifications. .1 . . The appar at us of
ol ai m 11 wner 413 SRR, SERE ko PRTRA Rigil date strwamys 2t oand o
synchrongusly nul t brdvidifg the @igheIoata §@eh 1¢lh Gataddevidvef or m synbol s and 3
t he pseudo-noi se direct-sequence spread spectrum encodi ng signal so as to
ensure 4 that the transmt signal is characterized by a bandw dth no

greater than the 5 i p oNnQi | t-seque r ead
spectrumtlencodi ng gﬁgnaﬁg?ﬂtﬁi&pop&aiw?%’. a'ﬁ&%ﬁle 53@%@5@% Swglg'ls:ﬂ?riﬁi%e
wherei n 2he pegsoded avitie psbutiGidiseSdigi3equence spresdsatumPedoting, QR s Jtp
signal is periodic, and the encoding_signal has a _code 3 period that is
| onger tBan tAETePAYEE iacindes be P Bh&EsMeNing apseudonoissy diregirisapence spread

18. The app i hakler e n means for representing the data
2 asga segéjeg#égl gx}cog#r%i@r?x tlvlvagv\e.'/g or i é‘?ﬁ%‘m s includes:. 3 means
for grouping the data into a sequence of groups of Mbits each, each 4
group representing synmhol selected from[err] possible data synbols; and
5 Y dat a mEng ath ﬁn%%eft ¢laim ?@Whémbaeﬁ&p@;ﬁowém a;{iinieg sigealy
digital 6 ix‘(?ﬁ\l’d’e%?rm synbol so as to formthe sequence of digital

wavef orm synmbol s. 19. The apparatus of claim1, wherein the
means foB repr esentsymiprofizing 46 ah® incoming s@gnalespuenteprdfvidd tiet tiningasighalr im
synbol s further incl.udes: err?r correction encodi ng neans,

r esponsi Je to SYW%%?W%\%‘ feoBpemie sige

76.  The method of claim 75, wherein the step of synchronizing to the
2 incoming signal includes: '

using matched-filter synchronization.

1 77.  The method of claim 75, wherein the step of synchronizing to the
2 incoming signal includes:
3 using serial-correlator synchronization and accepting timing information as
4 an input.
1 78.  The method of claim 73, wherein each digital waveform symbol in the
2 set of possible digital waveform symbols is orthogonal with respect to each other
3 digitai waveform symbol in the set._

79.  The method of claim 73 wherein the set of possible digital waveform
2 - symbols includes Walsh-function waveforms.
1 80. The method of claim 79, wherein the step of removing includes the

2 steps of:



4 , providing error-correction-encoded data synbols: - 48 -

20. The apparatus of claim 1, further including ais

pul se-shaping filter, responsive to the mnultiplying "mi""llﬁumil ng
the 3 transmtted signal such that the transmt stgnal thag s
substantially square frequency 4 QO%ql n characteristics. 1

21. Apparatus for receiving data communi cated as a nodul ated signal 2

bet ween at | east two data devices, the nodul ated signal being of the type
encoded 33 Wi t h dirgcestqueace despeesimge afl asPBSS rencoded sighiah go asnd providedang
di gi tal V\%vef o] . nmbol s sel ected froma set of possible, digital
wavef or m ynbd ?pr?ﬂé‘gé‘ﬁ%ar atus 5 conprising: 6 " means for
recei vingsthe modul gdRgadsifRng e ﬁésﬁi/daﬁ%lg%ﬂl smqagf&u&e #hiftkred Signal havin
means for providing a timng signal; spreadi ng/ correlatio
means, re&ponsd bandwidtthsubstantiatly sangdalr tauthe bandwidthoof the setcofniWajshsfunctibn
for both em)V| nQ, 1Bhe .pseudonoi se direct-sequence spread spectrum 10
encodi ng rom‘P’ﬁ ‘ﬁ‘é B ng signal, and for correlating the incom ng signal
with eachgll di gsﬁladmg«emﬁem ssydsipﬁ{to@ﬁmapmé sﬂﬁal&ﬂ&%'dﬂh@raﬂirﬂ isfg@hl; and
waveformsynbols so as to rovide a plurality of despread correl ation
signal s: 3 conveging ﬂ\el«m-l sipeal and the qpedratuee signalwgspaetivelyuintg Rt y

of despr ﬁ?‘% e ing therefroma
nost -1 i kg y tr%ﬁ%@@éé&n‘? iﬁtal Eﬂs}e% so as to provide a
sequenceldf recei vedrhawiibﬁiessteplﬁf correlating 1ncliida§1ﬂ1efs@dfps(2ﬂﬂvert ing the
nost-likely transmtted digital waveform sy into a digital data

|
sequenceldo as to ppeFFladng eachydigital gianal é‘tlﬂlegnwaﬁhtfu&@mn waveform $gahdof or
provi dinggthe g Gideal wARlRiShEEE Veht shd R WaldE e dature signal; and

14 envelope demodulating the Walsh in-phase sigpal and the Walsh quadrature
15 signal so as to provide a plurality of envelope signals,

16 wherein the step of receiving the plurality of despread correlation signals and
17 determining therefrom a most-likely transmitted digital waveform symbol includes

18 the steps of:
19 comparing each signal of the plurality of envelope signals so as to determine
20 the largest magnitude envelope signal indicating a Walsh-function waveform most

21 likely to have been transmitted; and

22 providing a largest magnitude index signal indicative of the largest magnitude
23 envelope signal,

24 and wherein the step of converting includes the step of:

25 decoding the largest rﬁagnitude envelope signal so as to provide a binary data
26 stream.

81.  The method of claim 80, further comprising the step of:
2 M-ary DPSK demodulating the sequence of received symbols.

82. The method of claim 79, wherein the step of removing includes the

2 steps of:



~

1 . 22. The apparatus of claim 21, wherein the nodulated signal
Is of the type 2 encoded wi th pseudonoi se direct _

spect rum encodi ng, and the 3 despreadi ng/ correl at Jﬂﬂmﬂﬂulﬂ":ﬂnmmk‘s
means for renoving a pseudonoi se direct- 4 sequerice ‘spkeal spect rum
encoding fromthe incomng signal. 1 23." The apparatus of claim
21, wherein the neans for providing a"tPfi hg 2 signal includes neans
for synchronizing to the incomng signal so as to provide the 3 timng
signal i8 synchronbaadpasy fitetifg tiikeincoR@iy Ko asi@padvide a filtered signal havifig a
The apparatus _of claim 23, wherein the neans for synchronizing to 2 = the
i ncom ng#si gnBrndvwidih, gulstaptially csimdlar itp 1 e bapdwidtB iz the. set of Walsh-functipn
The appagat USvB@eﬁ@E?iﬁ?DSﬂﬁ%&%&n .he neans for synchronizing to 2 t he
i ncom ng signal includes a serial-cOrrel ator-based synchroni zer with neans
for 3 6 accepti ngplitting ke filtéred rsigriabintaan am-phaggisignal and a quadraturGignal;The
apparatus of claim 21, wherein gach digital waveformsynbol in 2 " the
set of pdssible di §PRETIHERS ’(5‘?&"@?/ ﬁ’&}g]sar}%s‘hﬁr‘l“ﬁ%BH%ISYWfFFsP%%tﬁ@&x IRtg deach
ot her 3 dig; _ f 4 iodal- 27. The

appar at u58 of g%‘lﬂ%&%?ﬁ%\%ﬁg@ %ﬂfﬁgh%fgfqgﬁ%gésflgfﬂé, |dgital 2 wavef or m
synbol s Pncl udes Wdirstt-segnencealespreadihg each digital signal so as28. provifleea despreat us

of claim27, wherein.the despreading/cosrelation.nmeans 2 i ncl udes: 3
means for di r&?@&ﬂ%’r‘éé%’@gb‘?@%ﬂgﬁﬁeﬁq%dﬁé%@% Figpal gnal so as to 4
provi de 1a despread wiegdialthe Step of correlatingBitiiies e feprdpass filtering the
despread signal so as to provide a filtered 6 si gnal having a bandw dth

subst antlZal |'y si m lcarrelating reach aligital ctignabfwitih@  éalshofungéors waveform s6 wascta on

wavef or s provide a Walsh in-phase signal and a Walsh quadratufe signal; and

14 envelope demodulating the Walsh in-phase signal and the Walsh quadrature
15 signal-

16 so as to provide a plurality of envelope signals,

17 wherein the step of receiving the plurality of despread correlation signals and
18 determining therefrom a most-likely transmitted dig';fal waveform symbol includes

19 the steps of:

20 comparing each signal of the plurality of envelope signals so as to determine
21 the largest 'magnitudé envelope signal indicating a Walsh-function waveform most
22~ likely to have been transmitted; and |

23 providing a largest magnitude index signal indicative of the largest magnitude
24 eﬁvelope signal, .

25 * and wherein the step of converting includes the step of:

26 decoding the largest magnitude envelope signal so as to provide a binary data
27 stream.

83.  The method of claim 82, further comprising the step of:
2 M-ary DPSK demodulating the sequence of received symbols.



8 . means for splitting the filtered signal 4x
and a quadrature 9 -signal; 10 means fQ

i n-phase signal and the quadrature signal 11 resgg
i n- phase signal and a digital quadratur®signal; 12 == ==
VWl sh-function denodul ator neans for correlating.each digital signal with a
13 V4l sh-function waveform so as to provide &“Wal sh i n-phase signal and
a Walsh 14 A HGHOPATAGRATE; WERELESS JQGALAREA NETWORK \pophg for envel ope
denodul ati ng I n; phase signal and the Wal sh 16 guadr at ure
signal so as G %I‘g“t.“% ty of envelope signals, 17

wher ei n fthe nost - | iAseAppasatidatd Meidd for eorARBicating 8&ta -befeen at least two HBANS
for conparing each signal of the plurality of envel ope signals so as to 19
det erni né t hed%ﬂzjeﬁlgahig HOT Usg s Elsplosalyaras netwerk.athrinproyides (rebust datat i on

20 vefo PordiBfati | kely .t \Y; can. 11 ' , r..pr.ovi.di a
| ar gest W?l t mgn'@agé}é ?ﬁdé‘x%‘%n%’g ﬁlu}c%g |vgh%4n% he" rt%cgstpprﬂ‘éfﬁ'ip?ﬁ’ge
envel ope4si gnalterfevefice] Particularly at highhdatLtatest Aepreferird ehfbodzaeht ©fF thei@vention

i ncl udes: 23 dat a decoder _neans faor decoding the | argest

magni t ude envEFRIpENE; dafas asspquence of Walshyfuncton yiavefopnhencpderd by pssudeznaisel

29. The app u | ALd032 rel |..d , m.] t, | east
> on® dat SufriiSefindt Bl Bec i hbdbiaflel WA R BATRLARNE P aala 0%
Reed- Sol Gnmon Providesed fomg syatbok dbirationf therebg rallestingthespleadaspsadtngh ensdulation n a
codi ng bl ock. 1 . 30, The gﬁgar atus of_ clajm28, wherein the
despr eading/ c & r BIoYide, [Pogessing, gam IEIRRT  1on Shbtiatialy o pyercare, ayitigaty a

| argest gonpl ex.AoRhEL WRIS| MIE}% tﬁgﬁgﬂﬁﬁ&' rate. In ahbthel ére?%rg%ﬁkm%&iﬂ?em,

further i'ncludes neans for provi argest nmagnitud
10 . Walsh-function modulation is supplemented with various forms of phase modulation,

D)

11 such as coherent PSK for bi-orthogonal signalling, and DPSK between orthogonal

12 symbols for noncoherent bi-orthogonal signalling, théreby further increasing data rate
13 without reducing processing gain. In another preferred embodiment, Walsh-function
14 modulation is supplemented with spectral shaping to allow increased bandwidth
15 occupancy, thereby further increasing the'processiné gain without sacrificing data
16 rate.
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4 . si gnal, and the apparatus further conprises: 5
and to the largest 6

responsive to the | argest conplex anplitude signa

magni t ude i ndex signal, for -binary DPSK denodul ati ng the sequence of

received 7 synmbols.- 1~ 31. The apparatus of claim 30,
-wherein the apparatus further includes; ,2 means for Reed- Sol onon
error correction decodi ng and -nmeans fe&/%Ghary error -decoding. 1 :
32. The apparatus of claim 31, wherein said data streamincludes at | east
2 one ‘data bl ock, and said apparatus further includes neans for using a

'Reed- Sol onbn 3

codi ng block and erasure 4

neans,

error correction for correcting only a single error in a

decodi ng of the binary stream 1

33. The -apparatus of claim 32, whererin the erasure decoding includes 2
means for using seper f§‘9ﬁ&itéwbits applied to the even and the odd groups
of a 3 differenti ﬁ%-—ph se. shift keying data for the correction. -
511 . ﬁ@ atus of claim28, wherein the

despreadi ng/correl ati on meghs 2 al so prowiges plar gest conpl ex
anplitude signal, the st{likely sy Lneans 3 further includes neans
for providing a |arge gni tude index sig and the 4 appar at us
further conpris%%; 5, nmeans, responsive t he | argest 9pqp1ex
anpl i tude signal éﬁd to t/hhe |l argest 6 magni tude in s| gpralLforMary
DPSK denodul & |2292fd%? sequence of received 7 synbol RECEIVER

35. The appo & Iainlgﬂ, whey gk yA Hgyappey at us f urther—retudds: 2

means for error correctlont@%coding.

L06
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1 . 36. The apparatus of claim27, wherein the

despreadi ng/correlation neans 2 - includes: 3 ' means for
bandpass filtering the incoming signal so as to provide a filtered 4

si ghal having a bandwi dth substantially simlar to the bandw dth of the set

of Walsh- 5 function wavefornms with E;/SS encodi ng; 6 means

for splitting the filtered signal into 4 ﬁ]-phase signal and a quadrature
7 signal; 8 nmeangfor converting the in-phase signal and the
guadrature signal 9- respectyvely into an in-phase digital signal and a

qgquadrature digital signal; A6\ means for direct-sequence

despreadi ng each digital siignal \ang& correl ati ng each 11 di gital signal
wi th a Wal sh-function wavefform so<&s to provide a despread Wal sh in- 12
phase signal and a despread \Wal sh&guadrature signal; and 13 means
for envel ope denodul ati ng §he despread WVl sh in-phase signal and the 14

despread Wal sh quadrature l-s0 ag t® provide a plurality of envel ope

signals, 15 vvher%i t heSapstsit kel y synbol neans includes: 16
means for conparing each s$npgpal o=th urality of envel ope signals so as
to 17 determ ne the |arggst negnity envel ope signal indicating a
Wal sh-function 18 wavefofm nBst |dkely to have_been transmtted, and

ndi cati ve of the
ein the nmeans for

for providing a |largest 1% ._- Bt ud® i ndex si gn%l

| ar gest magni tude envel ope signals

converting includes: - 52 21 dat a decoder ans~fox decodi ng
the | argest magni tude envel ope sigmial S0 as 22 to prpvidefa binary data
stream 1 37. The apparatus qf clai iy36, ereinf{the
despreadi ng/ correl ati on neans S N
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2 further -i nclludes neans for providing a | argest conplex anplitude
signal, the nost- 3 | i kel y synmbol neans further includes neans for
provi ding a‘largest magnitude index 4 signal, and the apparatus further
conprises: 5 . neans, responsive to the |argest conplex. anplitude
signal and to the largest 6 nagngégqF -index signal, for binary DPSK
denodul ati ng t he sequence @f.receive 6 s ol s. 38. The
appar atus of claim 37 wherei m\t he par at us§ rther imclyges: 2

means for Reed- Sol onon error—cerreétign decddijng and ans for binary 3
error decodifgn Arnr—-— — ——>PIFRELATIE g%rﬁ s _of cfa\m 38, wherein said
data streamjnckpdaes at | easg PROCESS onje dat a< , ' ar-at us
further includeS neans for using®e Reed- Sol ormon FELATIEE (G@PE correction for

correcting only a single error ina’®toding bl ock ad&/ééi&iiure 4 decodi ng
of the binary stream 1 REFERFHEF The apparatus of claim 39, wherein
the erasure decoding includes Zpgpr neans for using seperate parity bits
applied to the even and the odd groups of a 3 di fferential bi-phase

shift keying data for the c?ggéégf%f;;l éé; 41. The appar atus of
claim 36, wherein the despreddi nd/ &F @l ati#on neans 2 al so provides a
| ar gest conpl ex anplitude signal, the nost-likely synbol neans 3

further includes neans for providing a | argest nmagnitude index signal, and

the 4 apparatus furthersgonprises: 5 means, responsive to the
| argest conpj ex anplitu al and to the largest 6 magni t ude i ndex
signal, for ary Ia%%on of the sequence of received 7

synbol s. . B3 -
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1 42. The apparatus of claim 41, wherein the apparatus further

i ncl udes: 2 means for error correction decoding. 1 43. .
The apparatus of claim 27, wherein the despreadi ng/correlati on neans 2

i nel udes: 3 a Wal sh-function correlator, for receiving an input
sanpl e sequence, the 4 correlatormge%hyding a plurality of basic cells,
each basic cell having an input and t out puts, the cells being

interconnected to forma binary tree structure such that each 6

possi bl e path thrjough the tree structure represgnts a uni que function upon
the input 7 .~ slequence, thereby providing a pljurality of output sanple
sequences. _1 44, The apparatus of clli m43, wherein each the
basic cel | agrafd|¢ e 2 i nput sanple sequenice serially at a first rate
fin, and gen&y ARef$ sanpl e sequences in
paral l el at & seclpn L [e st out put sanple 4
sequence i ncludesfthe suntwt paj r of input sanples of the

f
i nput 5 sanpl g seqguence, 3 d put put _sanpl e _sequence i ncl udes
the difference of| 6 the current setial paW fzﬁﬂ sanpl of the
i nput sanpl e sequence, wherein each 7 out put ae can be

provi ded as an inpput sghpie sgauemnce to anotHer basic 8 cell. 1

45, The apparatus of claim43, wherein the tree structure is partitioned
2 into a plurality of circuit segnents for fabrication as a plurality
of 1 ndividual 3 integrated circuit chips, 4 wher ei n each -
circuit segnent includes an in-phase channel and a quadrature 5 channel
of at |least a subset of the set of Walsh-function correlators di sposed on
the 6 sane integrated FREQUREDI PASINAS YNCHRONIZER her ei n each .
integrated circuit chip includes neans for receivigg{output 8 signal s

froma plurality of chi ps#o>adGh—peM §EMED1 (I PALHKE b SM/SEHERCt i on 9
correl ations, thereby ¢lenodul ati ng the received nmogulated sjignal.. 1
46. The apparatus of jclaim 27, wherein the desﬁéggﬁing/céﬁgﬁgZEion means
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2 . i ncl udes:

- DSSS encoded si gnal

bandwi dth of the set of Walsh- 7

for

ref erence signa
for converting the in-|

Wal sh-function de At or
12 Wal sh-functijon
and 13 mgans

so as to provide 14

wherein the nost-1i

conpari ng each sigr

determ ne the | arge

Wal sh-functi on.

for providing a |arn
=1014

| ar gest
converti

| ar gest nagni

stream 1

si gnal

18

conprising: 2

si gnal

and to the |argegt

al

54 - 3 _
So as to provide 4
means for bandpass filtering the despread signal
fidtered 6

»

means for pseudonpise despreadi ng of a '

a despread signal
so as to provide a

5

havi ng a bandw dth substantially simlar to the
function waveforns; 8

het erodyni ng to baseband the filter
so as to provi

means?4é/ correl atling 1l
hav ef oS EE0KLA(EGN pr ovi

neans

gnal with a coherent phase 9
éhn i n-phase signal; 10 nmeans
ital |n phase signal; 11

kel'y slynpokyommenss i
heRKAEREMAA 1 Y
st maghi t &fERLMel O

of

per/gwgnal

ndex signa

P WLl
ope S|qﬁ%w[ s 22

nmeans

de a vals i n-
Tor envelgpe denodul ating the Wal sh i
envelope si gnal s,

ital signdf with a

15

ase
- phase signa

i gnal ;

means for

of envelope signals so as to 17
indicating a
likely to have been transmtted, and

i ndicative of the

wherein the neans for
'@égpder"@@ans for decoding the
to provide a binary data
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3. magni t ude i ndex signal, for Mary PSK denodul ati ng the sequence of
recei ved 4 synbols. 1 48. The apparatus of claimA47,
further including nmeans, responsive to the 2 nost-1ikely synbol neans,
for performng error correction decoding on the nost- 3 i kely synbol
if the nost-likely synbol has been error-correction-encoded. 1

49, The apparatus of claim46, the apgagrabus further conprising: - 55-
2 nmeans, responsive to the |argest nagnitude envel ope signal and
to the largest 3 magni tude i ndex signal, for binary PSK denodul ati ng

t he sequence of received 4 synbols. 1 50. The appar atus of
claim49, wherein the neans for converting the 2 ost -1 i kely
transmtted digital waveform synmbol into a digkfpl daja sequence includes 3
means for Reed-Sol onon error correction decodi apd freans for binary error
4 decoding. 1 51. The appar at ussPIIY fi m 27, wherein the
despreadi ng/ correl ati on neans 2 i ncl udes: S nmeans for
bandpass filtering the incom ng signal so as to pr de a filtered 4

signal having a bandw dth substantially simlar tojthe bandw dth of the set
of Walsh- 5 function wavefornms wi th DSSS encpdi ng| 6 means
for heterodyning to baseband the filtered si gn& w'gh a coherent phase 7
ref erence signal so as to provide an in-phase 8 means for

convertingg 'ﬁ‘ﬁﬁase signal into an in-phase 3 Al signal; 9
means for 'rgp -seqyence despreading the digitafsignpl and correlating the
10 di gi tla EI§§a| wi th a Wal sh-function wave 50 as to provide a
despread V%ésﬁ\1n-
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11, phase signal;

despread Wal sh in- phase S|gna

envel ope signals, 14

i nel udes: 15

envel ope signals so as to 16

si gnal
been transmtted, andj
i ndi cative of the Iéi
wherein the neans faj

for decoding the Iarg
bi nary data stream
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further including nmeans,

1 ., 55. The apparatus of claim 54,

responsive to the 2 nost-1ikely synbol nmeans, for performng error
correction decoding on the nost- 3 Tikely synbol if the nost-Ilikely
syrnbol has been error-correction-encoded. 1 - 56. The appar at us
of ‘'claim 21, further including nmeans, responsive to the 2 nost -1 i kely
symbol neans, for performng error cor ectqggy@pcodlng on the nost- 3

| i kely synbol if the nost-likely synb has been error-correction-encoded.
1 57. The apayatus of claen ZI, rnclrddi ng a sliding

serial -correl at or - based %i synchrdﬁ er, having a signal detector, and
bei ng responsive to one o t he pIurth&y 3 of |despread correl ation
signals, for detecting thel presence of ¥he input sjignal. 1 58.

The apparatus of claim 57,

synchroni zer further inclu
plurality of 3 desprea
signal detector a signal4
non- coherent power of th

apparatus of claimb57, f

responsive to the nost-1ik
timng 3 information f

erein the serial ZQ;greI at or - based 2

nmost -1 i kel y synbol neans.
wherein the nost-likely sy
having a plurality of two-
inverted binary tree struc
to provide an output anpli
and 5 for providing an
the Mway 6 conpar at or
| argest of M input 7

of the Minput anplitudes.

deg a threshold estlmats§ responsive to a
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i al . 1T 59. The
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60.  Thelapparatus of claim 21,
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1 - 61. The apparatus of claim60, wherein the inverted binary
tree structure 2 is partitioned into a plurality of circuit segnments
for fabrication as a plurality of 3 i ndi vidual integrated circuit
chips, 4 wherein each circuit segnent includes an in-phase
channel and a quadrature 5 channel of at |east a subset of the set of
Wal sh-function correl ators di sposed on ige/é same integrated circuit
chi p, and 7:‘ f &t chip includes neans

for receiving output 8 signals froma pluralitly of chips so as to
performa fdil set of Walsh-function 9 correl atWés(Oither eby

denodul ati ng the received nodul ated signal. 1 The r g4 Us
of claim 21, wherein the apparatus includes a pluralf’ E,oflﬁaﬂ
transfer devices. 1 63. A met hod of communi cating data between
at |l east two data devices, 2 t he met hod conprising the steps of: 3

acquiring+ata froma data devi{ce; 4 repfesenting the data as a
sequence of, digital waveform synbols, the digital form synbol s
h
(N

bei ng sel ettjed from a set that }i ncludes nore than 6 5‘ Ltal
cteri y B
eQui ad

waveform s ol s, each digital |waveform synbol bein

synbol duratTom, 58 - 8 generati ng

spectrum encodi ng signal; 9 conmbi ning the direct-sequence spread
spectrum encodi ng signal with.the 10 sequence of digital waveform
synbols to provide a tfransmt signal, 11 nodul ating a carrier

signal in agcordance with the transmt sf{gnal to p WAE?ZIZU a nodul at ed
?
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13. transmtting the nodul ated signal. 1 64. The nmet hod
of cIa|n163 wherein the direct-sequence spread spectrun12 encodi ng

signal is a pseudonoise direct-sequence spread spectrum encoding signal. 1
65.- The nmethod of claim®63, wherein each of the unique digital waveform 2

synbols is orthogonal wth respect to -gﬂy-ther uni que digital waveform
synbol in 3 /Orthe ' = claim 65 __further

including the step of: 2 ,pplylr dlfferentlal nultlphase phiase

shift keying tol e ¥4 r of [sequerftiali nei ghbori ng synbol

wavef orns so as| t#Efbduce afwavef prm noffufl ated by a 4 combi nat i on| of

M ary DPSK a}d fyncti o pdul ation. 1 67. The
~met hod of cl € Sjep of Japprying drfferentiat—2

mul ti phase phasfe shi ft keyi [ step of applying antipoda

bi - phase phase |3 i i ng. 68. The nethod of clam
[ gl o nbol s 2 i ncl udes
V@l sh- functi gppavef or ns The nmethod of claim68, wherein
the chip rate o t he Val sh-ffunctfon 2 wavefornms is substantrally ual
to the chigpratie of the dirfect- s efrejg¢ spread 3 spect rum encodi ng
signal. 1 & clfaim 63, wherein the step of
conbi ni ng ﬁhclu synchronously
mul tiplyi ngs thers 4
pseudo- noi e di
ensure thatys
greater thé@ th
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6 . the pseudonoise direct-sequence spread spectrum encoding signal. 1

71. The method of claim 63, wherein the pseudonoi se direct-sequence 2
spread spectrum encodi ng signal is periodic, and the encoding signal has a
code 3 period that is |onger than the synbol duration of each digital
wavef orm synbol . 1 72. The net hod of claim63, wherein the step
of representing the data as 2 a seqééﬂd@ of digital waveform synbol s

i ncludes the step of: 3 X grouping the data into a sequence of
groups of Mbits each, eagh gr@%4 pepresenttng a synbol selected from
[err] possible data synbo%;h any represanting each data synbol
as-a digital waveform synSo® s@@ the 6 sequence of digital .
wavef orm synbols. 1 §;,\; B recel ving data communi cat ed
as a nodul ated signal 2 S Ipetwhe eayt two dat 4 devices, the

nodul at ed si gnal Jei ng ofﬁ@e wi t h \di rect - sequence spread
spectrum encod§1@‘ and i né wdi g qi gi't veform 4 synbol s selected .
froma set of &ible di ¥ bol s, the fethod 5 conpri sing

the steps of: = rdcei vi ng\{ ddyl at &d signal to provide an

i ncom ng si gna@&.’? providil i n ng%si gnal} 8

removi ng the pSeHdonoi sg”direct - seque pr ad*sgectr m encodi ng fromthe
9 i nconmi ng<®i gnal /10 at ng%‘he i ngom ng signal with
each digital wayeform synbol / af posSi bl g digital waveform

spriead ¥2 orrel ation signals;
Ar ehdXcar rel ati on signals, and

ransd Wt ed di\git al eform .
ca ved synpol s; % :

synbol s so as t&_provide a plural
13 recei vug the plural
determ ning 14 therefroma npd
synbol so as to proyide a~Jb5
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- 60 - 16

de¥ice. 1

signal is of the type 2
spect rum encodi ng,
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- 61 3 di rect - seguence despreadi ng of a DSSS encoded signal so as

to provide a 4 despread signal; 5 bandpass filtering the
despread signal so as to provide a filtered signal having 6 a bandwi dt h
substantially simlar to the bandwi dth of the set of Walsh-function 7
wavefornms; 8 splitting the/;i/llg.ere signal into an in-phase
signal and a quadrature signal; and g S converting the in-phase
signal and the quadrature~sig. ' digital in-phase
signal and g digital quadrg ure.si WhEReT T T step of
correlati ng:| ncl udes the sgepé?%@ i%g&é:@@ digital
signal withSa Wlstefulst) & W& R dR G4l sh
i n-phase signal and R=\V&lis X Tx%|envel ope
denodul at iy t he| Waljsh «l ature |15
signal so as Jo Jlﬁgv?‘a’é\“% % sigr*a4—s,——16‘
wher ei n t Hegst ep @ I’.e(?éIQi ng tH Qesgégad qorrijati on sigpals
and 17 dat X rfg thgrefyom= y"‘ £ -t t digiit gl vvav
symbol in I‘Erd}es 18, | * thg saps:al: S c r| &9 each [si gnal &
= S S8R
the plural Ty of | @yel opq sRGRES ef eBnVNASP0| S Bhear gest
magni t ude e1ve|ope~s§@l |§d+§f9 - L@Cﬁ%@h \ f&‘: jost 21 .
likely to have bken &dni & ed; S proyi g asl argest
magni t ude i nd¢x signal indfgati Qe TTEGT! t tge 23% enve@e
signal, 24 and fEr el T helsTeqi@® garvey iiég%i\ | udeXy t he
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26, stream 1 81. The nmet hod of claim 80, further conprising

the step of: 2 M ary DPSK denodul ati ng the -sequence of received
synmbols. 1 82. The nethod of claim 79, wherein the step of
renmovi ng i ncludes the 2 steps of: -. 62 3 bandpass

filtering the incomng so as to provide a filtered signal having a 4
bandwi dth substantially simlar to the joggmdwi dth of the set of

Wal sh-function 5 ' eH :
the filtered signal into an {riSpbase.lstgnd
convertin@the in-phasg si

splitting
drature signal; 7
nal respectively into

a8 di@l tal _in-phage si g1a§ a—rﬁ"@a di gitgé ] gnal ; and 9

di rect - se@ience de;_pg adi ng ¢a8h digifta si'g toxprovi de a  despread
10 [ nﬁase di gltark|si gna espread quddrature digital ‘%nal , 11
wher ei n st dp_ol.cdgel atin udes|the sigps of: 12

correl at| ng eadhtd gi | sh-funrction vvavef%rms'BNqs to 13

provi de ES¥Ml.sh &n{pha a Walsh quaé¥ature si gn@h; 14
envel ope|@&joelyl & {ng | 7- Bhasg s| gnalg&pd the val quaddat ure 15
signal 1 sd as}to pi | uRIRBRPf eriz@ ope signals, 17
wherein t st §pof ‘regdei p@r@&'ﬁ%y of despread cofrel aty signal s
and 18 det gr ztn‘ﬁ a @s\t‘ﬁl kely transmtted di git\l waveform
synbol i nctygdes—t9 . g 26— conparing each nal of
the pluralitly of envel gpe sp as §o determ ne
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21 the | argest magnitude envel ope signal indicating a Wal sh-function

wavef or m nost 22 likely to have been transmtted; and 23
providing a | argest magnitude index signal indicative of the |argest
mégni t ude 24 envel ope signal, 25 and wherein the step of
converting includes the step of: 26 decodi ng the | argest
magni tude envel ope signal sg @s to prd@idéSa binary data 27 stream 1
83. The net hod of cl ai m8§§ rt her regrpr+shng the step of: 2
M ary DPSK denodul ati ng the\% Hf S Q,’Lulcq\[ed synbol s.
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- 63 - REPLACEMENT SHEET

A HIGH-DATA-RATE WIRELESS LOCAL-AREA NETWORK

Abstract of the invention

* An apparatus and method for communicating data between at least two data
devices, suitable for use as a wireless local-area network, that provides robust data
communication via a radio communications channel corrupted by multipath
interference, particularly at high data rates. A preferred embodiment of the im;ention
represents data as a sequence of Walsh-function waveforms encoded by pseudo-noise
direct-sequence spread-spectrum modulation. Walsh-function-encoding of the data
provides a long symbol duration, thereby allowing the spread-spectrum modulation
to provide processing gain sufficient to substantially overcome multipath
interference, while providing a high data rate. In another preferred embodiment,
Walsh-function modulation is supplemented with various forms of phase modulation,
such as coherent PSK for bi-orthogonal signalling, and DPSK_between orthogonal
symbols for noncoherent bi-orthogonal signalling, thereby further increasing data rate
without reducing processing gain. In another preferred embodiment, Walsh-function
modulation is supplemented with spectral shaping to allow increased bandwidth

occupancy, thereby further increasing the processing gain without sacrificing data

rate.

(Figure 3)



