
;e3e^TzZ6 T^9o , AUG 2002 MULTIPE ACCESS METHOD AND SYSTEM Field of the
Invention The present invention to a cove! mud spread-spocwm protocol for
wireless sad waveguide communication end radar. MukiQath fading is the
fluctuation is a received signal's amplitude. It is caused by >nterference
between two or mere versions of the transmitted signal that arrive at a
ceceiva at di$aceirt times. This interference results from reflections from
the ground sad nearby structures. The amount of multipath fading depends on
the intea4ity and propagation time of the reflected si~Is sad the bandwidth
of the transmitted signal. The received signal may consist of a large
number of staves hsving different amplitudes) sad phase and angles of
arrival Thex components combine vectaally at the roceive and cause the
received signal to fade or distort. The fading sad diatartan chuye as the
receiver std ama objects is the rsdio mviroomeut mava These mukipath
effects dapaod on the bandwidth of the sigosl being tinaaraimed. If the
transmitted sigtrl has a narrow bandwidth (i.ar.) the donation of fhe data
bits trammittad a Ionsa~ than the delry restrttiay from muh~ reHaa~~ then
the received signal exhibits doep fiuda es the cnceivar moves in a muldp<th
eavironmeat. 'Tltia is Imowa as flat fs~. A sib amamt of power co~oi (e.g.
incxtasiag the transmit povrc aodlor the receives gain) is needed to
comp~msaso fa deep fade. is addition) bw data-rate signals expaieace
distortion if the characxeristics of the radio environment change
sigaifi~ty during tile of a received data bit. The distortion is cmmed
wtiea movement of the cxaiver a nearby objects cnwlb is a Dopplac
fi~eQueocy shift of the received signal that is oompanbb o0 a greater thaw
the bandwidth of the transmit sig:rl. A widebaad signal transmitted is s
muttipa~ aav~rotm~eat rawks in a i~enryxbctive fade. The ovasll iataasity
of the received sigerl has tetatiwly litde variation sa the c~ecsivar move
is a muttipath envfraoment. ~ow~ever. the received signal has deep 6de~a at
oertatin &nqtraaeias, If the d~uatioQ of the data bih is smallest than the
amkipath de4y) the received signtia euperieoce i~a~symbot imaefaaooa raau~
from delayed reQlics: of earlier bits aerivie~:t ttye receives. Froqneocy
Dlvidou Mukipb Acceu (FDMA) typically suffers from flat fadi~ vrhereu
muhiarria~r ptotooob, such as Orts~ooal Frequency Division Multiplaein~
(OFDM~ suffer from fl'aN~Y ~~ CDMA typixxlty suffrts $~om bobs; however the
direct sequeax coding limb the ef~ of mud to deltya less than the chip rste
of the coda Ahw, CDMA's cap.city is limited by muki-user btcfar~ Improved
CDMA sy~ma ux iatarfe~r~aon aacalLtlan to iacraaae apacit5: however) the
required signal pevo~g effort is pc~oQoctioad to at least the robe of the
6andwidttr. Fm~mo~ CDMA is auaoept>bb to erea~fu imerfermce, sad its bag
paa~do-noise (PM code: requie long acquisitlon timat. For these rascal,
OFDM hs hem mar$ed with CDMA. *GOOOOZ*   ~aor~a~oo lolls salrnbal .pae
aur!1 aoa~s<nbo~ Sao! 8 seQ ~r `lanannoH 'a!duns ~t!anrtu(al sT
aorl~lnawa!dun s~l '~cnddoq ~oaanba~ pae aoaanbas ~aanp o~ paredwoo
~onaloc~a qapu~npaeq laq8iq qonw seq ~mddoq aunt 'aoc~aauaa lolls pae
siazisaq~n~is ~taaanba~ xa!dwoo l03 ~nawannba~ aq~ apn!oa! sa8u~a~npesaQ
'saps anya!as-~Couanbar3 pae aonala~ala! p!onE rauaq o~ uials~Cs aq~ snno~
scqs, ~wru~aads aq~,~o sao!7lod p!one sea ~c ~ st ~gaaaq asa~eai8 aqs
'j~ann aoaala3lala! ae3-leas a~pa~q sea umlioads pealds 8a!ddoq-~aanbai3
wuo~anvnn aaaanbas-~alrp pa~eqnno.u~u e, ~nust~ o~ pasn ale ri~ spaeq
~oaanba~ qlp!Mm1 30 laquma a oat pap!n!p s< wn~ads a!q~j~n~ aye `dy~QO
anon-p!nw ul ~slaulea3o ~aqwnu aql o~ ~nba s! are8 8mssaoold aq~ pae
`areuiop ~ouanbal~ ay1 m am~ans;s papoo-Hd a seq ~a8ts 8aylnsa~ aq~ `snqs,
vonanbal3 lauleo ~aala~p a sa~e!npow aouanbas aq1 m drqo ~o~ yard o~ !EUas
wog paalanaoo st aaaanbas 8urpealds a `dy~QO raul~!i!nw ul ~a~isap lamaaa~
aq1$u~jdms snqa `~ua!qoid uopecuya !aau~a ay; sayr!duns anbruqo~ y~Q30 aq;
`no!~rpp$ aI 'notiduxnsaoo !snood laleal~ ai s~!nsal qo~nn `8~nssaooid
p:a8!s 3o ad~C.~ jeuas y~ a sasn wa~s~(s ~QO Ieur!1do ue ut lamaoa~ a~ d
~Scnssaoold ~!s 3o add !a!jrred paads-lannol a wok s~gauaq wa~s~Cs y~Q30 u~
'waists ~QO ~un~do ue m a~ anan!ae oa sa!dwis qonw s! i! `y~Q30. , m
laalaqu! syti!slan!p asn~ag ~(lan!aoai a~ a sannbal qo!qm) yslamp q~ed~jnw
s,wa~s~Cs ~QO !~updo ae 3o aacrinulo3lad acp o~ a!q~dwoa 



s! ~!slantp ~Coaanbal~ y~r~30 3o aouewlo,~ad aqs ~8uqre~ io,~ alesuadwoo o~
~~iaassa s! 8uipoo !auu~a pae mqiuo8r~ aopaaaap a~udo~dde ue q1!nn
aopeun~sa !auusyo poo8 `alo3alaqL ~smooo ~urpe3 ~e~ aoaaq 'nn~ u8!ap~ aq~
~q pa~a~ st laureo goes 3o apn~t!du~ aqa `lanannoH '~utpg
anyaajas-~(ouanbal~ s~eqmoa pae (de!lano slauleaqns aq~ 3o wnl~ads aq~)
`Coaa~o~a dads q~n! a seq y~Q30 ~~Ol 9~d 1 0   0 l AUG 2Q~~ 2A U.S. Pat.
~(os. 5,519,692 and 5,563,906 describe geometric harmonic modulation (GH11~
in which preamble and tra.~c waveforms are created from multiple carrier
frequencies (tones). The waveforms comprise tones incorporating a binary
ph~a:;e code where signal phases are 0 or -rr/2. The binary phase offsets,
which are applied to th: tones, provide the spreading codes. Orthogonality
of GHM signals is realized upon correlation with a reference signal at a
receiver. A preamble carrier waveform is constructed by summing the tones.
Therefore, the preamble signals are similar to MC-CDMA signals. Each
receiver monitors the preamble signals for its own phase code and then
despreads and decodes the appended tragic waveforms. The traffic waveforms
are products of the tones. The receiver generates a reference waveform from
a product of tones having phase offsets that correspond to the receiver's
phase code. The reference waveform is correlated with the received signals
to produce a correlation result that is integrated over the data-bit
duration and over all tones,. GHM uses binary phase offsets instead of
differential phase offsets. Thus, GHM dots not provide carriers with phase
relationships that enable the superposition of the carriers to have narrow
time-domain signatures. Consequently, received GHM signals require
processing by a correlator) whereas signals that are orthogonal in time can
be processed using simpler signal-processing techniques, such as time
sampling and weight-and-sum. Furthermore, GHM does not achieve the capacity
and signal~ualiiy benefits enabled by time-orthogonal signals. U.S. Pat.
No. 4,628,517 shows a radio system that modulates an information signal
onto multiple carrier frequencies. Received carriers are each converted to
the same intermediate frequency using a bank of conversion oscillators. The
received signals are then summed to achieve the benefits of frequency
diversity. 1n this case, frequency diversity is achieved at the expense of
reduced bandwidth efficiency. The process of converting the received
signals to the same frequency does not allow orthogonality between multiple
information signals modulated on the same carriers.   0 7 AUG 2002 2H Each
communications protocol presents different benefits and disadvantages.
Benefits can be increased by merging different protocols, but only to a
limited degree. There is a need for a protocol thatsolvrs all or most
problems, especially those associated with fading. Summary of the Invention
The principle object of the present invention is to provide a protocol that
achieves the combined benefits of the previously mentioned protocols.
Another object is to present a spread-spectrum protocol that is
specifically designed for mobile communications. These objects are
accomplished by interferome2ry of multiple carriers. The protocol enabled
by the present invention is Carrier Interference Multiple Access (CIMA). In
CIMA, the frequency and phase of each carrier is selected so that the
superposition of the signals results in a pulse (constructive interference
resulting from a zero-phase relationship between the carriers) that occurs
in a speciSc time interval. The resulting signal has side lobes whose
amplitudes are far below the amplitude of the pulse. Thus, orthogonality is
achieved in the time domain.   0 7 AUG 2002 Hacxtrsa the carriers exist
within the time interval where superposition yields a negligible signal
level, it can be coxluded that flee pulse exists in a different phase
space. This pie space is defined as s time (phase) oPbat between the
carriers. The oPJxt eaabla the pulse to be observed is a specific time
intarvsl. A receives tuned to muhiple plisse spaces can geaaate multiple
sataples of the C1MA signal. 'Thus, CIMA taables sigusls to be processed
simulfsaaously as both low sad high data-rate signals. This mitigatm the
muhipeth problems inherent is both claaeea of sigash and emblea the system
to fiu~ctioa with subetaat;ally reducsd signal power levels. Furthermore,
if the CIMA ar<iers are pulso-amplitude modulated such that the
superposition does net rowtt in a pulse is zao-phase space, then the CIINA
signals are visible only tc CIMA raaivas tuned to a troozco-phase spaae.
Conveatioaal radio roceivcs can not detect these signals. In a disparsive
medium) such a: an optical fibs) the phase space of a C111SA trammission
may be 



selected to match the chromatic dispersion along a pcad~efu~ed length of
the medium. 'The effxt of the dispersion is that the pt~ses of the carriers
align, raul:mg is a pate oxurring in tfie medium at a predeiyned position.
The time~dep~ndas aattu~e of CIMA plwne space also enables auntie scanning
of m adenss amyra beam patoera If each element of as alma ansy traa~nrts a
ClI4iA curia, the sways bar panoern xar~ with a period that depeew~ on the
freque~y spacing of the carris~s sad the separstian bet.vem the aateana
elemeota. CIMA n>:y be uxd to ache any of the protocols pnvionsly
meatiooed. It is as objecoive of the preens invention to provide moods sad
appaeama for tn~mitting sad receiving CIMA signsb. To this end, the
following abjerxiva aro rchievad: Act objective of the invaation a to
reduce the affect of muhiQath fading and iutarfaaoce. A coosequmee of this
objective is the rednc:i~ in nequa~ad traaamiaaion power. Anotda objective
is oo prW de saa~re cammmuni~atioas !~ weatiag traasmissiom ttiat are
diffiask to inteccxpt beauae they an nearly ble to dedea. The tow power
reQui~emamn of the arrias sad the transmission of the c~rrids in
nao~a~o-phase ,panes aooompGsh tl>;s. Aac~ar objective of t6s iov~tioo is
to reduos interference to other systems sad minimize the susoep~ic~r of the
ooasmunicstioa system oo all typo of radio ia~faw. Another objective att6e
iaveohoa is to minimi~oa sad compaoaate fa oo-channel i~aferaoce that
accva~s wrhen the ooamauaieatioo syatmr servos multiple users. Anomar
objecdve is to p~rwide a >~d-spectrum caamuniaxion protocol that is not
only compsdble with adaptive aa~ma ataya, hot enabtee snbsaumtisl adva~ in
aat~matar~ray txhnoiogis. Anotha~ objective is m enable a nvm communication
~ to have the pQfa~aace bme$h of a ra~ourcelianitad sy~, the capacity and
graoefhl d~adatioa benefits of as ioterfereoes. limited :yatem, sad t6s
ab~ity to pe~owids the bmef~ of both sy~u simn>tmeoasly) Fttrthar ob~ivd
and b~ of the invention wgl become apperast is the Daaipefoo of the
Preferred Embodiment:.   0 7 AUG 2002 Hn~i~D~' ~tion of the Drawing FIG. 1
is a schematic of a tnasa~itta~ that generates CIMA signals. FIG. 2 is a
socond embodiroeat of a trensm'rtta that geruraees C1MA signals. FIG. 3 is
a achemst~c of a transmitter tdat genQatd CI1~LA careers emitted by an
antenna army. FIG. 4 is a plot of a plurality of CIMA carriers and a
superposition of the carriers. FIG. SA is a plat of eight CIMA carriers
that shows the relative phases between the carriers as a function of time
and illustrate ttie phase spaces rtprasaxad by the relative plsases. FIG.
SH is a tiaro-domsin plat of a suparpasition of the ~ signafa shown in FIG.
SA. FIG. 6 a a polar plot in time of a supa~position of the carriea shown
in FIG. SA. FIG. 7 is a lbw diagram fa a roceivar that raceivaa a CIHIA
signal and samples the signal in multiple P~ ~ FIG. 8 shows past of a
froqneacy profile fat a group of CIMA carrier. FIG. 9A tdrough 9I show: a
beam psttan produced by the trammitter in FIG. 3 at dlffeteat times. FIG.
10 is a fiequeocy-shiitad feedback cavtty tbsl includes a t<svelia~wave
av'rty tad a fraqumcy_ shi$ing device through which optical sigoah ero
circu4ted. 



FIG. 11 shows different CiMA signaler as they propagate down err optical
fibs whore the phase offsets of the carrirrs are matchod to the chromatic
disparaion properties of the fibs. FIG. 12A is a plot of the relative
6roquency-v~us-amplidsde pmflle of CIMA carriers that gona~ate a dirxt
sequence CDMA drip sequence is the time dom<m. FIG. 12B is a time-doenaia
represeatstioa of a direct sequence CDMA signal gaonated by the CIMA
carriers shown is FIG. 12A. FIG. 1 shows a Sow diagram of a CIHIA
traaamitter that oonvarts a bexbaad information signal fa a single user is
to a CIMA signal fa transmission Data rectived fi~om an ia~put dais some 12
tmoduhta a ~mb~ae N of CibtA cart~ian) which have different carries
lrequenciee. T6ie modulsboe occurs at a plrarality of carrier mixers 14n.
In this case, the fmquanciee of the CIMA signals are incaramlty spaced by a
shit! 5 eqneocY ~. I3o~avQ, oon-unifacm of ttb frequaociea may also be used
to achieve :peci~c banefab daecribad in U.S. Pat. Appl. Q091022,950; which
is incarpotated herein by refa~eoce. The nrric frequaaciee are typically
choaau to be artbogonsl to each other: r~ J~~c~~+~x~~~+~~~=0 0 where T~ is
the chip dwuiao, ~, and a~ errs the is and f ~ curia freq~cia) and ~, and ~
are arbicrsry phaaa. A aignsl in the j'a frequency bawd doaa not cause
iatarfareaoe is tl~e i'a fi~quancy band. Hawevar) arthogcoa6ty of t5e
waveforras is not requaed if ttie signals traasmi~ted are resource limped.
0 7 AUG 200t The phase of each CIMA signal is set with respect to a
predderroined receives time iataval and phase space in which the CIIHA
signals constructively combine when received by a CiMA receives. An
incrrmental phase offset of e"~~ is applied to each CIMA carries by one of
a plurslity N of uses-interval delay systems 16n. Each CIMA carrier has its
gain adjusted by as aatpiitude-control system 18a The amplitude control 18n
provides a pin profile to the CIMA sigmls. This profile may include a
taperedamplitude window with rapacx to the frequency domain, compensation
for fat fading of CIMA carriers in the communications channel, and
pulse-amp lirude modu Iation of the C LIMA ca~riaa (which limits the
existence of tire carriers to temporal regions near a predetermined
receives time interval For each carries). The gain-adjusted CIMA signals
are su~mrned by a combining system 20. A frequency coavata 22 may be used
to convert the CIMA signals to the appenpciate transmit &~equencies, which
are conveyod to a output ooupla 24. The output couple 24 is any devico that
couples CIMA transmit signals into a communications chsaael from which CIMA
signals are eaeivod by a receives. For radio communications, the output
ooupla 24 may include one of mere antenna elamayts (not shown). For optical
commuaicatiam, the output coupler 24 taay be a leas a simple coupling eleat
that couples ligl~ into as optical fiber. Alt~ugh this disgeam illustrates
the geaarstioa of CIMA tran>onissioa signals as step-by-sup ptoc~s) a
pre~femd bodimeat for accasnplbhmg these pr~oeeSSas is to use digital
signal-proceuing techNqua, such as Disa~eet Fouria Tnasfarma. The order of
some of these procasas toay be switched. Far example, modul:tioe of each
C1MA carribor by the input data caay be the final step before combining.
FIG. 2 shows a flow diagram for geaaadag CIMA signals. Each of these
procesam is similar to the shown in FId. 1. The di$'areace between the
diagama is that in FIC?. 2, the C1MA signals are not combined until they
are transmitted into the commaniatioas camel. An illu~atioa of this is
shown in FIG. 3. FIG. 3 shows a data stream from the dot; source l2 being
used to moduLte a phuality of CIMA carriers at s pluralay of moors 25n. A
CIMA atrriar with a specific fraluency, phase rcVtiomrhiQ sad gain profile
is input to each estates 25a ach bit $~om the data source 1? tnodnlrtes sll
of the CI~tA carrier) Frach mixes 23a it cooneaed to oos of a phaality of
aatmas-array alemaa~b 24a; thus, oath antenna siemant 24a ~hs only oas CAA
arriQ. Although the cdlecxion of C11HA carriers has data redundancy due to
tire same bit being modulated onto multiple carriers) the 6roqveacy sad
phase rdaitiioo~i~pa bdweaa the cmriars catty arthogooaliry in urns
(illustrated by the Iavarse Fourier Transform of the CIMA cxriQS in the
fi~equmcy doania). This arthogooal'rty negates the tYP~ is bandwidth
el~cieacy caused by data redundancy and ret~s tbs benefits of fi~er~ncy
diversity. The artho~slitY result from catstructive sad dive iatafetmx
bavvxa the CIMA carriata. Conatnredve iata~fermce cau:ea narrow tia~adomain
pubes ~h a repetition rate pcvpoctional to the iavsrss of the
cmrier-6~eqtmocy >;.   0 7 AUG z002 FIG. 4 iltustrat4 liow the phase lionts
of C1MA carriers ere aligned at a specific time. At ocher times, the
carriers combine destructively resulting in undetectable signal levels. A
coanposite signal 130 rrsuits from the suromatioa of the carriers. The
composite signal L30 shows a pulse envelope occurring in a pcedetav~ined
time interval 135. In the ctse where there is no amplitude tapering (i.e.,
a rectangular window) and the C1MA carria~s err unifarmty spaced in
trequeocy, a composite C1MA signal is: ~ N 



p/r) _ ~ el~~~ei~r ~~~ al which tiss a magnidrde of (e(t~ 3 sia(N(m t + ~ I
Z ~(~~~+4)l2) ~ The C1MA signals are periodic with period ll~ far odd numbs
of carries N and with period 2Jf, fa even number of carriers N. 'The main
lobe has duration 7JN~ sad the N-2 side lobes each has a duration l/Nf,.
The emplittide of the la side lobe with respect to the male lobe amplitude
is: _ 1 A(I) N sna(~r(I + 112)l N) Hxause the period and width of the pube
envelaQe don ttie amplitude; phase) and fi eque~ooy separatim of the C1MA
curlers, the frequaicY of each carrier may be changed witbouot wing the
pubs envelope as long as the amplitude) phaa~ and freqaeacy sapsratioa are
preserved. Z'h~, frequency hopping and fi~equaacy shifting of the carriers
does not a8'ax the tempatal chsractaistics of the composite signal t30.
Providing a tapQOd amplitude distn'budon to the C1MA carrion b:uad~an the
main lobe width sad reduces the amplitude of the side fates. FIG. SA
illma:'aat the phase space of the camas shoran is tr IG. 4. As time moves
forward) the phase retatiooahip between the C)biA carriers changes. A
straight he 113 iadiato a zao-phase rdstiomhip bdwem the carriers. 'The sum
of the carriers are viewed is a speci$c phase spacer A poise occurs whey
these is a Deco-phase re4tiamhip brtvveen all the cmrias, yet the arrears
can east in ether time doaisisa eves if oo pats is visible. Whm the pulx
maven inm this phase space (which it doer w a periodic of timed the puLae
become' visible. Za~o-phw is the phase apse i~ which all oonvaotieoa!
tsceivera operate. This p6~e space is illus:~ed by the sum of curia
amQiiwda along say straight tine that r~ol~t about a fixed point 112. The
sum of the amplielids of ttie waver abng the line 113 as 'rt rotvee a
sbo~wu is FIG. 3B and iu a polar plot t'lb>at~ed by FIG. 6. In FIG. SA, a
cnrv~ed lice 111 ilhiatta~ea aoe of the many phase ~ in which a pubs may be
observed. This ptiax:pave t t t aoc:QS wiothin a time interval that is
bounded by lines 115 sad i 17. In this time iceaarval, the amplib~ide of
the eam~pasite sigaat 130 (ahowa is FIG. 3B) is negfigzble. However, a
receiver may tune to a spxitic phase spur by xlactiveiy delaying each of
the received curiQS by a   0 7 AUG 2002 predetartamed amount before summing
the carriers. In this way) a receiver may deters a pulse that is othawisr
invisible in zao-phase. FIG. 7 shows a single-user phase-space rocoiva that
is capable of sampling in multiple phase spacd. A received CIMA signal is
detected fi~om the communications channel by a receiving element 52 and
down-converted by a mixer 54 before being separated into its N component
urrixs by a ~equency fittQ 56. Depending upon how the trarnmit signal msy
have been aitced by the communications channel, one of a plurality of gain
compaasatocs (dot shown) may apply a gsin comQeasation to each component a.
Then mch gaizrcompenstted component is split into a number M of de4y
compaoann, each of which is delsyed by a pb:ae-space delay cod 60mn. The
output of each m-aumbabd delay component a summed at a combining step 62 to
racoostrud pulses observed in outer Abase spsces. Each pulse may be delayed
at a dehy step 64m to syxironiae the pulses before being summed is a
dxisioa step 66 that outputs as atiamte of the original transmit signal In
practice, the delay step 64m may be inte~sted into the decision step 66.
'Ibis receiver obattm multiple samples of the pube bocasae it tracks the
pulse through diffireot Abase space. Thus) the mceivar baQefib fi~om the
relatively slow data rate (i.a') Puke Period) of the CIMA arriers which
combine to cue the pules. T6i.~ remedies the multi~ problem of iraar'ymbol
intafa~aoce. The abort duration of each pulse allows the receives to avoid
the fading and disbartion problems inherent is systems ttiat receive slowly
varying signet and the flat fading associated wits aanbwband signals.
Ahhough the pulse is comprised of many narrowrbaad CIA carriers, flat fang
(which csuses very dap Eider) ~ avoided beauue the CIMA pulse depends at
the iata~farence patoan between a large Qumber of CtMA carries. FurW are;
if tlse numbs of sad spacing betw~oea the CIMA carria~s are ap~opri~ety
cbaera, it is unlikely that non than one CIMA carrier is loc~Led in a deep
fsde~ Thus, ~aqueocy diversity is ac~vad. Each uxt is can shtt~e tba
communication raonrce through a unique seleQion of the phase offset (i.e.)
timing offxt) while empfoyiog the same carriers as ottsar nears. If N
armogona! carries are shared by each use k, than N usara may use ttie
resource wi~out co-channel carfaraoca~ In thin can) there s s unique
oombiswtioa of pbne space witkh respect do time fa eu~ user k. Saailarty,
fears emplayiag diffe~aat C1MA earrien may me the same phase space with
reapacx to time witlSout ao~ch~l istaferaoee. 8acsuse tlae pule
characterisha depend ao the f rreqwocy and p6~e reLtianships bata~eea the
CiIMA attics, tlde f~nency sad phase of each CIMA sigtrl may be clsaaged
witbart ailaing the characteristics of the pulse mvelape as long as those
cdrdo~ betrv~ean the C1~I,A carries rmoam unchanged. Tbia e~oabla a
trarom~ar to fi~eqwocy bop oo avoid iataf~ea~ce a Qol'aan seavity. Se~ioa
1; bata~een the CnHA cmriacs far each user may be xieaed as sbovva in FIG.
a such that it ~a~eda the cod bandwidth (i.e., the inverss of the an~ath
~rabon). This ~ is fi~equaocy nor~lertive fading over each carrier. If the
a~jsc~ CIMA carriQS ovarhp in fibqucy by 50%r the ~ c~pacihr increwsa by
two-fold above ttte cSwiaJ liani~aoo izopased by noo   0 7 AUG 2002
overlapping carriers. Such a system does not have iadepeadern
channel-fading characteristics ovc each cattier. Howava) CIMA carriers do
not need to be adjsctat in frequency. The system can attaa~ N-fold
&~equmcy-diversity gain by using a subsd of naiar fiequencies fa each set
of usa~ such that tl~e atria separation f, for each use 1c eacceeds the
coherence bandwidth. For exampl0. is the frequency profile shown is FIG. 8)
a sat of nonadjxexrt carries >aroqumcies 42) 43) and 44 may be selected for
a particulu group of user. This frequency profile allows bath time offsets
and frequency division multiplexin; to optimize bandwidth efficiency. If
the bandwidth of each can; is ~ small compared to the carries separation f"
unauttiotizod interception of the CIMA signal by a broedband receiver is
more diff~cuk. The amount of backgramd raise received by a rxeivc depends
on the bradwidth of the raxive. A CIMA receives may be tuned to receive
CIMA carriers at predetermined narrow bands in which the sigaai.tonoise
ratio (SNR) is relsavety large. However, a bro~nd receiver receives noise
compoa~ in the spacuum between the CIMA camas, resutdag in a bw SNR. If the
number of ura~s lc exceeds the nuarba of CIMA carriers N, the timing offset
of escb user k 



can be selected to position the C~tA pulxs Ln minimize the mean square crow
cocre4tiam batweea the pulaee. User may also be positioned rolatiw to the
typo and prioeity of each users cammuaias;on channel. 'This ensures quality
of service fa specific users a types of traamaissioas. This abo provides
the quality of a resource-limited system m6m the number of users is at a
bebw the chain! limit of a resource-limited sys:em and provides
intafs~ancelimited opa~atiom when demand exceeds tho classical limit.
Although the receiver shown is FIG. 7 is dee~bed as a single-user receives)
a preferred mode of aQastion is mufti-user ddecs~. Unlike diraet sequence
CDMA whore each user ooaor~utes noise to every other user's communi~e~
chaanei, C1MA liimits mniti-use iraarferecrce to user sigzuls (pulse) that
are nearby is the time doaoaia. In the preferrod mode of opaadoo, the
receiver :ampler adjac~ user signaler in as few as tvw naglsbaciag user
slays iatarvah. Then it perfacms a a~eigbt and sort is the dxisioa step 66
to canal those ceaxribtrtiaos m the iateodad user's si~aaL 'I`6e seQacatioa
d bat~eeN the aatas elemams 24n of the trwadmec 70 (shaaa is FIG. 3) resold
in sa aamotbal varirtioa of the beam p~tera producxd by the array 24n due
to the time-depeadaat phaso-spaoe ab~riatie of the CIMA si~rl. In adxr
wae~) a: the phase space of the CAA signaler dtaaga with lima) the boat
pattern of the array 24n eaas. The lane depandmce of the beam pattern's
direceiooality a shown by the following beam-psttan aqus:ion: N D(r). ~a"
coa((~, + rtm,)t + 2m~sin 9I ~") whce a, is the amplitude of each CIMA
awia~r, acv, + om, is the radial frequency of the n`a C1~A sutler) 7l, is
the CIMA curler wavelength, 8 is the aamtamal mgl4 and d is the seps~oion
between the amy elam~s 24a Thin ebracteristic of the CIMA ham pat<ca may
ft~Mr eohaace the diiversrty bmafib of C1MA. Prior art shown that changing
tile beam patmrn of a transmitting aatm~a aide is divatsity   0 Z AUG 2002
9 receptiao. Plots of the beam patte:a cquuioa D(t) are shown in FIGS.9A
through 9L for d ~ 7~, /2 and inaemeatsl values of time t. Different values
for separation d resuk in changes to the number of main lobes aid the rate
at which they scan. Adjusting the frequency separation f, chaagd the
diractioaahly D(t). FIG. LO shove a frequency-shifted feedback cavity
(FSFC) 70 that can be usod to generate CIMA signals. A base-frequency
goneratoc 72 pcoduca m optical bsse frequency f: signs! from which
frequency-shifted sigosb are anted. The base-hequaocy signal is input to s
ZssveUiag wave cavity 74 that includes a ~equet~cy shifts 76. 'The 6~queacy
shifter 76 may be as acousto-optic modulator (AOI~. As light circulates
through the cavity 74) it is shifted in fi~equeacy by as aasouad ~ each
bate it passes through the 8bqueacy shiner 76. The ravelling-wave avity 74
does not xlectively stteavste Sroquerlcies. R,athar, the ascillstioos it
supports are charaaaized by as u<ntwally broad spectral output, that has no
mode structure. A portion of the light is output from the cavity to a
mutdarria prxassor 78. Fa example) an AOM (nit shown) di$racb light passing
through it; the light is rhea fed back into the atvity 74. Art undiffracted
portion of the beam provides a caavenimt output. 'ilk output of the
pcoceasa ?8 is carveyed to an output coapla (nit; shown), fa acam~e, as
tatama,, a focusing elame~ a a oonnecmc b as optical fibs. The output ham
ooosists of multiple beams of filly de4yed, fiequeacy-shifted ljgbt. The
amount of de4y inarrrod by each output beam oooopoaent is idam$ed by the
ijrequaacy of the component. If the cavity 74 does nit cxtne the light to
uadargo a signif~aa amo~mt of ciffotDSflic dispa~ion, the amount of delay
iacarred by as output oompooent is subavaeZially p<aportieml to the amount
of ~equaacy shin the beam has inatrred. T'6e multiarriar procaaa 78 may
include difinCtive optics to wavelength daaaultiplex the output oomponaots.
If the bee-frequency snerator 72 madrrlatea the optical base signal with as
iafarnswtion signal" the outpad of the mn>tiarriQ praaaaor 78 includes
multiQle delayed (and sapatated) vasiom of tile modulated sigrrL Each of
the delayed vecsioos of the modulated signal may be wad to moduhte a ~
signal emi~ed by each oithe ant~as uray elea~ 24n shown in FIa. 3. If etch
gray 24n eats a signal having the same distribution of Srecprea~r, the
dire~arootlity o~f the beam p~ern prodnad by the array 24n does nit change
is time, Rather) the diextiaoality can be ad,~mted simphy by c>tangmg the
kagth of the trsvellf~ wave cavity 74. T'ha FSFC 10 may oho be used as a
receiver fa sampling roceived CflbtA signals in aenxero phase ipaca. This
requites that the 5~equemcy' shidt i, by the frequaocy shiRar 76 mss the
ficaqua4cy srparstion of the reoeivvd C~1~IA siprL. Light output from the
FSFC 70 is sepacattd by wavelength to identify the diffa~mt pha:d.space
stmpks of the received CIlIdA signal Tbeee pbax spaces will be subs~iallyr
linear if tire cavity 74 does not cause ctsramrmc dispersion. Linen phase
space sam~piiag nntchas the phase of the received sigatia provided that ~
N'~.   0 7 AUG 2002 to The FSFC 70 shown in FIG. 10 may be used to generamd
CIMA signals for transmission through an optical fiber a waveguide. In this
mode of operation, the fi~equeacy generator 72 produces an urunodulated
optical bole signal. The output of the travelling wave cavity 74 is a
collinear superposition of C 11V!.4 carrion and is easy to coup le into as
optical fibs. Thus, the mu lticartier processor 78 does ant separate the
components. The tnutticarric procemoc 78 modulates the C~VIA signals with
an infoctastioa signal that has a predeFused duration in the time domain.
The timing and duration of the infortnatioo signal can be chases to
coropauate for chrotnaac dispersion of the CIMA carriers as they propagate
though the fiber. C)uomatie dispersion occurs is an optical fiber as
differem waveleag~s of light trsvol at different speed4. Optical fibs has
diffaatt indices of rofnction fa different wavelengths of light. The speed
of light in the material is iavarsely prvportiooal to the index of . In
cnatarial dispersion, light with a long wavelength travels faster than
light with s shortQ wavelength. This canna distortion (broadettiag) of
optical pulses trammittod through an optical fbar. 



FIG. 4 shows the phase reship between CIMA canters as a CIMA signal
pmpagsoa is a nondispersive medium. Aa the CIMA atria propagate through
sp.ce) C1MA pal=m do not di:toct because the phw roiatiomhipa batweas the
arri~ers da nest change except fa their periodic relatiomhip. Far example a
receiver moving at the apeod of the carrion dotes:: no chaagd in the
relative phase of the carriaa. Another way of dasa~biag this a that twv
stationary receivan may be spaced apart by as integer rnrmber of pnlsa
paiod~, and thty detect the same phase rol:tioaship' bav~rota the CIMA
cawiers, However) is a dtspersive medium, the two smtia~ry dettocs detect
diffae~ pbas~e rolstionshipa because some of the carriers have traveled
ftutha~ in phase. The following equation shower the diffaesare in
wavelength baweea adjaca~t C1MA carriers: Io ~ '~ fr~ Thin a a naoolirxat
rolatiorohip is which the waveka~ di$"a~ance d1 betweao add CIMA carriers
iroxaasae a: the wavelengdt of each c~t~rier iacieases. This is ~l~tra~oed
by a phases profile 123 of cart~iar ~naxistr in FIG. 4. The Breqa~aney
separation f, is xl~eeoed with tespeet to the dispaaioa chara~eristics of
as optical film 150 to m~ the velocity profile of the carrye~s with their
phaas profile. Than pactioas of the arris~s are saier~ed oo eoost;vetivety
cxtmbme to cx~e CIMA pulses a pradetamined lo~dotn aloe the r~.r 1 so. The
CIMA carriers are pulse-ampfrtude modulated is a time intcval 133 in which
the pbax profile I23 aocsua. Itl that tube iatavst 133, the composite
signal 130 re~iag from t~ sum of the carriers is aegli~bla As the carriers
pe~opag~e t5cough the l~r 150, the relative phases of the carriers change.
During a later time iasarval 135, the cmrier signal phaxs lice up at a
specit3c time 123, which results in solve inoarferoaa that causal a pulse
o0 occur in the composite signal 130. At later tome   0 1 AUG 2002
intervals 12? sad 129, the low-wsveleagth carriers have traveled slightly
farther) resulting is distorted phase profiles 137 sad t39, respectively.
The composite signal l30 in these time intervals returns to zero. FIG. 11
shows s plurality of composite C1MA signals along a dispersive optical fibs
150. Thres signals 160) 170, and 180 are input at one end of the fibs l 50.
The phase profile of the fvst signal 160 is seketed such that the CIMA
curios combine coostrucri~tely to produce a pulse 161 at a first node 151.
T'he fast CIMA catruas 160 combine datrtrctivety to prvduca tow-le ~ el s
ignals 162 and 163, at second sad bird nodes 152 sad 153) re~paaiveiy.
Similarly) the carrier phase of the second signal 170 are selected to
produce a constructively interfering signs! 172 at the second node 152.
Likxwise, the carrier phases of the third signal 180 are related to provide
canstivctwe intafaraice l83 at rise third node 153. By making use of the
aonliaeat dbQasioa of light in as optical fibs) it may be possible to
expand the usable bandwidth of the optical fibs beyond classical
limitations. FIG. 12A shows as amplitude distn'bution fa twsaty C1MA
carriers. These cartius prvduae a combined signal shows in FIG. 12B
coosistiag of a pseudo-caadom sequence of positive sad negative CiMA pubes.
Thus) a part;cnlar distn'butioa of carrier amplitudes is the Erequeacy
domain results is a dlrxt sequence CDMA code that is periodic in the time
domain. When CIMA signals a used as the basis fa a CDMA system, the CDMA
system g~ the advantages of reduced mu Itipath sad iatersymbol intarfArarx,
i~ssd capacity) sad reduced co-cham~el i~arfamce, Beatrse CIMA signals are
sic fimcdoas, they have high autooorrelation efficiency. The autocorre4tion
function falb off rapidly when synchronization is lei. _ . The preferred
embodim~s demonstrate a fiw of the many methods for geaasbng sad rexiving
CIMA signals. This was done to provide a basic uada~adiag of the
characteristics of CIMA. With respoct to this uada~artdiag many sspats of
this im~ion may vary; for example4 the methods used to crane sad process
CIMA sigflab. It should be unda~taod that arch variations fall within the
scope of the prcsa:t invention, ib essence lying mere fl~adameatiily with
the design cnlizatioos sad discoveries achieved thaw the para~r deeagd
developed The foregoing di~ion and the ctaime that follow deec~tbe tl~e
pcefarod embodiments of the present inv~ioo. Pw~ tapers to the c4ims, it
sitonld be uademtood that chaaga might be made w>mout dsparri~ 8ram the
essaaoe of the irrvention. In this regad, it is attended that such changd
still fall wrtthin the svope of the present invention. To the adaut such
revisions utilize tbs aesa~e of the pnaeat wsb natmsl>y falh within the
beetath of protaaiaa a~ocampassed by thin patea<. Thin is partit~arly truo
fa the psa~at iavantion because its basic and undasvading~ are fundamental
in r~u~e and can be broadly applied   0 7 AUG. 207 l2 I claim: 1. A method
of transmitting a Carrier Interference Multiple Access (CIMA) communication
signal comprising generating ( 14n) a plurality of electromagnetic carrier
signals having a plurality of frequencies and modulating ( 12) the carrier
signals with at least one information signal) the method characterized by:
phase offsetting ( 16n) each of t,~~e plurality of carrier signals wherein
the phase offsets arc incremental phase offsets, and combining (24) the
modulated) phase-offset carrier signals into at least one communication 



channel to generate interference between the modulated, phase~ffset carrier
signals for providing at least one transmitted CIMA signal having a
plurality of multi-frequency carrier-signal components. 2. The method of
transmitting a CIIvtA communication signal recited in claim 1 wherein the
step of generating ( 14n) a plurality of electromagnetic carrier signals
includes generating a plurality of goups of carriers having identical sets
of carrier frequencies, each goup being assigned to one of a plurality of
users) and the step of phase offsetting ( 16n) the carriers includes
providing a unique relative phase to the carriers of each group to provide
cash group having a unique time offset. 3. The method of transmitting a
CIIvIA communication signal recited in claim 1 wherein the step of
generating ( 14n) a plurality of electromagnetic carrier signals includes
generating a plurality of groups of carriers, each group having a unique
set of carrier frequencies and being assigned to at least one user, and the
step of phase offsetting ( 16n) the carriers includes providing a relative
phase to each group such that each of a plurality of users may receive
constructive superpositions of signals in the same time interval. 4. The
method of transinittiag a CIMA communication signal rocited in claim 1
wherein the step of generating ( 14n) a plurality of eloctromagnetic
carrier signals is characterized by a stop of providing variations to the
carrier fi~equenciea with respell to time wherein the frequency variations
for each carrier in a group of carriers corresponding to each user are
substantially identical. 5. The method of transmitting a CIMA communication
signal recittd in claim 1 wherein the step of modulating ( 12) the carrier
signals comprises a pulse-amplitude modulation being applied to a plurality
of the carriers, the pulse-amplitude modulation having a duration that is
longer than a constructive-interference signal resulting from a
superposition of the carriers, and the step of combining (24) the
modulated, phase-offset carrier signals into at least one communication
channel   o T auc zooz 13 being characterized by generating an interference
signal between the modulated, phase-offset carrier signals having a
duration that is longer than the constructive-interference signal. 6. The
method of transmitting a CIMA communication signal recited in claim 1
wherein the step of modulating ( 12) the carrier signals comprises a
pulse-amplitude modulation being applied to a plurality of t.~x. carriers,
the pulse-amplitude modulation having a duration that is shorter than a
coastractive-interference signal resulting from a superposition of the
carriers, and the step of combining (24) the modulated, phase-offset
carrier signals into at least one communication channel being characterized
by generating an interference signal between the maculated, phase-offset
carrier signals having a duration that is shorter than the
constructive-interference signal. 7. The method of transmitting a CIMA
communication signal recited is claim 1 wherein the step of modulating (
12) the carrier signals is performed in at least one predetermined time
interval relative to the phase of the carriers, and the step of combining
(24) the modulated, phase-offset carrier signals being characterized by
generating a signal having modulated carrier-signal components that occupy
at least one noazero-phase space and combine destructively in zero-phase
space. 8. The method of transmitting a CIMA communication signal recited in
claim 1 wherein the step of generating ( 14n) a plurality of
electromagnetic carrier signals being characterized by a step of tapering a
frequency-versus-amplitude window of the carrier signals, and the step of
combining (24) the modulated, phase-offset carrier signals being
characterized by producing a transmitted CIMA signal having reduced
time-domain side-lobe energy. 9. The method of Oransmittiag a C1MA
communication signal recital in claim 1 wherein the step of combining (24)
the modulated, phase-o~'set carrier signals includes coupling the carrier
signals into at least one of a set of communication channels including a
waveguide and a free-space channel. 10. The method of transmitting a CIMA
communication signal recited in claim 1 wherein the step of phase ogsetting
( 16n) the carriers is performed to match relative phases between the
carriers to a dispersion profile of the carriers in a waveguide such that
the dispersion causes the carrier phases to have a predetermined phase
relationship after propagating a predetermined distance in the waveguide.
11. The method of transmitting a CIMA communication signal recited in claim
1 wherein the step of combining (24) the modulated, phased carrier signals
is characterized by coupling the carrier signals from an array of
transmitter elements into the channel.   0 1 AUG ~DaI I4 12. The method of
transmitting a CLMA communication signal recited in claim 11 wherein each
carrier signal associated with a particular user is transmitted from a
different transmitter element, resulting in an array beam pattern being
generated from a superposition of carrier signals transmitted by each of
the transmitter elements. 



13. The method of transmitting a CIMA communication signal recited in claim
11 wherein a separat:on between the transmitter elements is selected with
respect to carrier-frequency separation to control the shape of the array
beam pattern and the period in which the array beam pattern scans. 14. The
method of transmitting a CIMA communication signal recited in claim 1
wherein the steps of modulating ( 12) and phase offsetting ( 16n) the
carriers results in a train of pulses in the time domain modulated with a
spread-spectrum code. 15. The method of transmitting a CIMA communication
signal recited in claim 14 wherein the spr~eadspectrum code comprises an
information signal and a pseudo-random CDMA spreading code. 16. The method
of transmitting a CIIvIA communication signal recited in, claim 1 wherein
the step of phase offsetting ( 16n) produces at least two received
constructive-interference pulses that overlap in tune. 17. The method of
transmitting a CIMA communication signal recited in claim 1 wherein the
step of phase offsetting ( 16n) includes a decision step (66) that allows
for at least two received constructiveinterference pulses to overlap in
time when the number of users or channel usage increases beyond a
predetermined limit. 18. The method of communication recited in claim 17
wherein the decision step (66) includes a step of identifying the users and
assigning a priority to each user that is used to determine which user
signals overlap in time. 19. In a method of rxeiving Carrier Interference
Multiple Access (CIMA) communication signals comprising receiving (52) at
least one transmitted CIIvIA signal front at least one communication
channel to produce a plurality of received multi-frequency carrier-signal
components, the improvement comprising: combining (62m) the mufti-frequency
carrier-signal components in phase to generate at least one
constructive-interference signal indicative of at least one information
signal.   0 1 BUG 2~u~ is 20. The method of receiving CIMA communication
signals recited in claim 19 wherein the step of combining (62m) the
mufti-frequency carrier-signal components includes providing (60mn) at
least one set of predetermined delays to each set of received
carrier-signal components wherein the cumber of sets of predetermined
delays is equal to a number of different phase space; in which the received
CIMA transmit signal is combined. 21. The method of receiving C1MA
communication signals recited in claim 1 wherein the step of combining
(62m) the mufti-frequency carrier-signal components includes providing
(60mn) at least one set of predetermined delays to each set of received
carrier-signal components to compensate for relative phases between the
carriers in order to combine the carrier signals in phase. 22. The method
of receiving CIMA communication signals recited in claim 21 wherein the
step of providing (60mn) at least one set of predetermined delays to each
set of received carrier-signal components is performed by a
frequency-shifted feedback cavity. 23. The method of receiving CIMA
communication signals recited in claim 19 wherein the step of combining
(62m) the mufti-frequency carrier-signal components in phase includes a
mufti-user detection step (66) in which interfering signals are weighted
and combined with at least one intended user signal to cancel contributions
of the mufti-user interference to each intended user signal. 24. A method
of communication between at least one transmitter and at least one receiver
comprising generating ( 14n) a plurality of electromagnetic carrier
signals) the carrier signals having a plurality of frequencies, and
modulating ( 12) the carrier signals with at least one information signal,
the method characterized by: phase osetting (16n) each of the plurality of
carrier signals wherein the phase offsets are 



incremental phase ot~sets) and combining (24) the modulated, phase-offset
carrier signals in at least one communication channel to generate
interference between the modulated, phase-offset carrier signals for
providing at least one transmitted CIMA signal having a plurality of
mufti-frequency carrier-signal components. receiving (52) the at least one
transmitted CIMA signal from the at least one communication channel to
produce a plurality of received mufti-frequency carrier-signal components,
the improvemeut comprising a step of combining (62m) the mufti-frequency
carrier-signal components in phase to generate at least one
constructive-interference signal indicative of at least one information
signal.   0 7 AUG 200? l6 25. An electromagnetic-wave transmitter
comprising a multicarrier generator (14n) capable of generating a plurality
of electromagnetic carrier signals having a plurality of frequencies, and a
carrier modulator ( 12) capable of modulating the carrier signals with at
least one infom~ation signal, the improvement comprising: a delay
controller ( 16a) capable of applying a plurality of incremental phase
offsets ~to the carrier signals for providing the carrier signals with a
predetermined phase space at a prw'etermined time interval, and an output
coupler (24) capable of combining the modulated, phased carriers in at
least one communication channel to produce at least one CIMA signal having
a plurality of carrier-signal components. 26. The electromagnetic-wave
transmitter claimed in Claim 25 wherein the output coupler (24) includes an
array of transmitter elements. 27. The electromagnetic-wave transmitter
claimed in Claim 26 wherein each transmitter element transmits a different
carrier signal, thereby creating a time-dependent beam pattern. 28. The
electromagnetic-wave transmitter claimed in Claim 26 wherein each
transmitter element transmits a different carrier signal for each of a
plurality of users, thereby creating a time-dependent beam pattern for each
user. 29. The electromagnetic-wave transmitter claimed in Claim 28 further
characterized by a muhx-frequency controller for controlling the
multicartier generator ( 14n) to adjust frequency separation of the
carriers) thereby controlling the scan rate of each beam pattern. 30. The
electromagnetic-wave transmitter claimed in Claim 25 wherein the output
coupler (24) includes a coupler to a waveguide. 31. The
electromagnetic-wave transmitter claimed in Claim 25 wherein the delay
controller (16n) provides a plurality of incremental phase offsets to
carrier signals that arc uniformly separated in frequency. 32. The
electromagnetic-wave transmitter claimed in Claim 25 wherein the delay
controller (16o) provides a plurality of incremental phase offsets to
carrier signals that are non-uniformly separated in frequency.   0 7 AUG
2002 a 33. The electromagnetic-wave transmitter claimed in Claim 25 further
characterized by an amplitudecontrol system ( 18n) for providing a tapered
amplitude window to the carriers to reduce sidelobes. 



34. The electromagnetic-wave transmitter claimed in Claim 25 wherein the
carrier modulator ( 12) applies pulse-amplitude modulation to the carrier
signals and the output coupler (24) cambines~the modulated) phased carriers
in the at least one communication channel to produce at least one
pulseamplitude modulated C1MA signal. 35. The electromagnetic-wave
transmitter claimed in Claim 34 wherein the output coupler (24) combines
the modulated, phased carriers in the at least one communication channel to
produce C1MA signals that occupy at least one nonzero phase spacx. 36. The
electromagnetic-wave transmitter claimed in Claim 35 wherein the output
coupler (24) combines the modulated, phased carriers in the at least one
communication channel to produce CIMA signaL9 that combine destructively in
zero-phase space. 37. The electromagnetic-wave transmitter claimed in Claim
25 wherein the delay controller ( 16n) provides incremental phases to the
carriers to match a chromatic dispersion profile of a waveguide for causing
a predetermined phase relationship between the carriers to occur at a
predetermined distance in the waveguide. 38. 'Ihe electromagnetic-wave
transmitter claimed in Claim 25 wherein the delay controller ( 16n)
provides a plurality of incremental phases to the carriers to generate a
train of pulses, the transmitter further characterized by an
amplitude-control system ( 18n) for providing a predetermined amplitude to
each carrier signal to modulate a spread-spectmm code onto the pulse train.
39. An electromagnetic-wave receiver having a receiving element (52)
capable of receiving transmitted signals from a communication channel for
providing at least one set of received mufti-frequency carrier-signal
components, the improvement comprising: a combiner (62mn) capable of
combining the plurality of received mufti-frequency carrier-signal
components in phase to produce at least ono constructive interference
signal indicative of at least one information signal. 40. The
electromagnetic-wave receiver claimed in Claim 39 wherein the cccciver
further comprises a phase-space delay cornpensator (60mn).   o z au~ 200
41. The electromagnetic-wave receiver claimed in Claim 40 wherein the
phase-space delay compensator (60mn) is a ffequency-shifted feedback
cavity. 42. The electromagnetic-wave receiver claimed in Claim 40 wherein
the phase-space delay compensator (60mn) samples within at least one
predetermined time interval to detect at least one constructive
interference signal in at least one zero-ph~se space. 43. The
electromagnetic-wave receiver claimed in Claim 42 further comprising a
signal estimator (66) that estimates the at least one information signal
from a plurality of samples in a plurality of phase spaces. 44. The
electromagnetic-wave receiver claimed in Claim 39 further comprising a
signal estimator (66) that samples one or more interfering user signals
that interfere with an intended user's signal, weights the sampled
interfering signals) gad combines the sampled interfering signals with the
intended user's signal to cancel mufti-user interference. 45. The
electromagnetic-wave receiver claimed in Claim 39 wherein the combiner
(62m) provides gain adjustment to at least one of the carrier-signal
components to compensate for flat fading. 46. A carrier-interference
multiple-access (C1MA) communication system comprising: an
electromagnetic-wave transmitter comprising a multicarrier generator ( 14n)
capable of generating a plurality of electromagnetic carrier signals having
a plurality of frequencies) and a carrier modulator (12) capable of
modulating the cagier signals with at least oae information signal, the
improvement comprising: 



a delay controller ( 16n) capable of applying a plurality of incremental
phase offsets to the carrier signals for providing the carrier signals with
a predetermined phase space at a predetermined time interval, and an output
coupler (24) capable of combining the modulated) phased carriers in at
least one communication channel to produce at least one C1MA signal having
a plurality of carrier-signal componerns an electromagnetic-wave receiver
having a receiving element (52) capable of receiving transmitted signals
from a communication channel for providing at least one set of received
multifrequency carrier-signal components, the improvement comprising: a
combiner (62mn) capable of combining the plurality of received
mufti-frequency carriersignal components in phase to produce at least one
constructive interference signal indicative of at least one information
signal.   0 1 AUG 2002 19 4?. In a method for generating at least one
spread-spectrum signal having at least one predetermined time-domain
characteristic, the method comprising generating a plurality of carrier
signals) the improvement comprising: phase offsetting (16n) the carrier
siyals to generate a predetermined time-domain profile for a superposition
of the carrier sigl~ls, providing ( 18n) a gain profile to the cattier
signals to provide the at least one predetermined time domain
characteristic to the superposition of the carrier signals, and combining
(20) the modulated, phase-offset carrier signals to generate the
superposition of the carrier signals having the at least one predetermined
time-domain characteristic. 48. The method for generating at least one
spread-spectrum signal claimed in Claim 47 wherein the steps of phase
offsetting ( 16n), providing ( 18n) the gain profile, and combining (20)
the carrier signals generates a direct-sequence code division multiple
access signal. 49. The method for generating at least one spread-spectrum
signal claimed in Claim 47 wherein the step of providing (18n) the gain
profile to the carrier signals includes modulating an information signal
onto the carrier signals. 50. A spread-spectrum signal generator comprising
a multicarrier generator ( 14n) capable of generating a plurality of
electromagnetic carrier signals having a plurality of &equencies) the
improvement comprising: a delay controller ( 16n) capable of applying a
plurality of incremental phase offsets to the carrier signals for providing
the carrier signals with a predetermined phase space at a predetermined
time interval, a gain oocttroller (18n) capable of providing a
predetermined gain profile to the carrier signals, and a combiner (20)
capablo of combining the modulated, phased carriers to produce a spread 



spectrum signal from at least one superposition of the carrier signals. 51.
The spread-spectntm signal generator claimed in Claim 50 wherein the delay
controller ( 16n) and the gain controller ( 18n) provide phase offsets and
a gain profile) respectively) that provides the superposition of the
carrier signals with a direct-sequence spread-spectrum signal. .Aa.A;
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