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SELF- | NTERFERENCE CANCELLATI ON FOR TWO- PARTY RELAYED 5
COMVUNI CATI ON BACKGROUND OF THE | NVENTI ON

The present i gupeidspR relates to a radio frequency or Optlicﬁgﬁsﬁnzsn
communi cation systemin which a relay station is used 10 to a

conmuni cati on between two parties, and nore particularly to an

i nprovenent allow ng nore efficient use of thé avail able channel
resource. Radi o frequency or optical comruni cation between two
physically separate devices using a third party relay station 15 is
illustrated in Fig. 1. The relay station receives a signal fromeach of
the two user devices and retransmts the conposite recei ved signal back
to both of the users, typically on a frequency channel offset fromthe
receiving frequenc channel. Two exanples are: 20 1. Satellite

communi cat i on betSAdeR - 1N T ERFERENG i WELLATION FOR (]L}i(buEAR'HIrRE[MED
or shipboard) ysing a non- 'r'bgent pi pe" transponder
in a binear node. 2. Terrest rqgﬁpﬁﬁé‘ radi o

conmmuni cati on between two termnals, using a reI ay radio to
connect them 25 (such %?\CKBRBUlEﬁt(S?r’ﬂﬁi I by f) a radio
tower). The_relay station nma taneousSly retransmt nany

nor'e signals than the two SRBWRTSFET: gj‘-n"fnt?ﬁé Felajes & & @@dio frgquency or
typically shared apiinglacpmating det il |syatewn inuvhi ¢h ea asflass statibACHE| G5&S
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whi ch use one or T &F“PFﬁé'E@ent AR g i ﬁfﬁb?r’o‘?%t‘%‘i?n of ﬁhéaéﬁabiable
t hese t echni ques,chadmnel resehayeresource is effectively channelized, so

that the receiver Radio frequency or optical communication between two
physically separate devices using a third party relay station

15 is illustrated in Fig. 1. The relay station receives a signal

from each of the two user devices and retransmits the composite
received signal back to both of the users, typically on a
frequency channel offset from the receiving frequency channel.
Two examples are:

20 1. Satellite communication between two earth terminals
(ground, airborne, or shipboard) using a non-
processing "bent pipe" transponder in a linear mode.

2. Terrestrial line-of-sight radio communication between
two terminals, using a relay radio to connect them

25 (such as in a tethered aircraft or a radio tower).

The relay station may simultaneously retransmit many
more signals than the two shown in Fig. 1. The relay resource
is typically shared using any of the well known multiple access
techniques such as Frequency Division Multiple Access (FDMA),

30 Time Division Multiple Access (TDMA), Code Division Multiple
Access (CDMA) or hybrids which use one or more of these
. techniques in combination. In each of these techniques, the
relay resource is effectively channelized, so that the receiver
. can, by tuning in on a specific frequency, at a specific time,
35 with a specific code, or some combination thereof, isolate a
particular received signal from all the others. For
simplicity, the following discussion will be based on the FDMA
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al t hough the apparatus may be used with TDVA, CDVA, or hybrid nultiple
access techni ques. Fig. 2 show2 a pair of signals separated
in the frequency domain between User 1 and User 2. The signal 5

transmtted by User 1 has a center frequency of f[err] Hz and a
bandw dt h of W ertlechniqgilibe &1gnalgh rehes sippaedtby hisebe? il Qeiﬁh TERA! &fpma,
frequency of f2 Hg,apdpha ' Wt h the FDMVA

fehis Mieotd dble Mettlglhe.

approach, the total bandw dto su si mul t aneous

t_ranslm SEI ons frlom the pair p;fg,uge@tgob,gt &Vﬁg{f]éﬁ/\[ﬁr sl—%eggpag'gg 2 hsle
signals being re re assigned to o non- overlappLng ,

bandwi dt hs. Thus ?%%g‘ﬁ%ﬁ%r %‘?glu%cej'%est"‘.esenl Vgered B9 Usex e bhgplERab ¢ he
rel ay. Al thoughSt kranpaigted by Jlaenindias a cepherifremiemgyobft fie Hxlamd a

resource anong a BbaRAREAdeh SBEWSHz.! The signdOitRERISRES! ¥y BSOS thas a
efficient use. 1% i 1L’)ecause of the

| n. tel ephgne_c ni_ cati Qns, ¢
linited bandwi-gtH 5f ffﬁ%“?%%t%éd%gaﬁ? %ﬁ“? ?E}uﬁ & %Fﬁgr'é% oF WeeHzssi Fith
nor'e efficient us&hef FPMR appyoagh ¢ thendwtalhbandwidiikc lrequired tor auspoit
and repei ve Si _gnalsﬁ.m&hleé.ﬁebm ﬁmtﬁ@?ﬁ.\&n@t h?oﬂgﬁ\ﬁézlgjair Cclaft Ws%r%)’ﬁ!é_ %ﬁgﬁ{ Hz.
communi cat i on e e .Sense.q e word used herein,
rather it is pi(')?-n'lt&?{eog)g%?%tgi%%'%%& ﬁ-{gnérelaye i h2I2HRAPRE FOuPERST irRigh
several internedi &¥¢rAsERing bardwidthsyyy Thusntheenumhex oft uselre is limited by
destination. Becauhe bhadwidtisnef the w1Ay.eCRLYRoSIWNHiS AeCUP¥ttRSqReFBrward

bandw dt h, device ; i ed to_separate the c I ned
signals on the m%%g@ﬁroggn? n?%_ % Iqe ]%r%'é_{l s%e?&éﬁ%?rae% 9& 5‘6’?“%’?%8?‘ ERWER e rtt
t hese devi ces *BwAPEhnaressektedha moss efifieienipuate conpany central
offices, do nojcperfectly separate thhe signal S, S0, an upwant ed

consequence is” echoes. The et S ER PSRN SE™ I 3 H D o RESRRSE Of (the Jdmdsed
of the transmttedraadyidth af neke twirred-pmirheircuits, there is of necessity a

more efficient use of the available bandwidth, in which' the
transmit and receive signals share the same bandwidth. However
this type of communication is not relayed, in the sense of the

20 word used herein, but rather it is point-to-point, although the
signal may be routed through several intermediary nodes on its
way from the source to the destination. Because the transmit
and receive signals occupy the same bandwidth, devices known as
hybrids are used to separate the combined signals on the two

25 wires into the transmit and receive portions. However these
devices, which are located at the two telephone company central
offices, do not perfectly separate the signals, so an unwanted
consequence is echoes. The received signal will thus contain
two echoes of the transmitted signal, a near echo from the

30 local central office, and a far echo from the remote central
office.

For data communications, these echoes are iemoved by
an echo canceller, which subtracts a properly scaled and
delayed replica of the transmitted signal from the received

35 signal. Because the signal is not relayed and there no
frequency offset between the transmit and receive signals, the
echo canceller can be implemented using an adaptive filter
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3 approach. The coefficients of the filter can be estimted using

any one of a number of well-known algorithnms such as the LMS
(I east - mean- squar gop:da49.1 iTRE cbePRYEientdlict BRI e8tHef M be esREmBKLENESThg

to the case of a rel ayed mruni cati on system.in which the transpltt
and receiving freted®%e alaenumgﬁg% f".’%@ﬁ?‘ﬁ?"&i F‘?%?’éh@?msﬂﬁﬁc, 5%%‘%#‘@%
cancell ation t Ebeadtrmeamrsgubre bnplasridhim oHoweveéyr thilsapproaghaksnnot

be abl e to shage &R tbapdyi dide of a relayed comifiticdiSidAeadatensid
mechani smto provi df tg{gcrhe JEO effl.g__ nt us% of the _avail abl e channe
resource to suppoftrEhd=Re TERETEFINE A0 RRTRIYAPE ohT PEFERFAPHATE- wi se
connection anong eignifjraantlyf diffevent equiwey er dbpferent teammealdlasiohbr e
specifically, whatediniffd Qdil;sltfsbé%hﬁﬁ;?@fmﬂbfaﬁkchofsrelayéw%%ﬁﬁﬁﬁt t8f be
the nmultiple access, tec nigue |t£l use. 1’? |c{}{deatq:ﬁlndent of the nodulation and
coding of the systRH ard SPARGhEER PR YHENE T Re benefit of any data

conpression techniques  OfnBgefls fUediPsAh REULIAER @ friSiR8! A¥re
station. . SUWARY, OF THE_ | NVENTI ON
According to t¥fe RELgAenh use ofuFBE-Yaiiahls £haspel; yrspuree &o suPPet atvwo-

t he recei ver assowanteslaydd communicatiemsing tagyy, padrtwihse tdunmetiiond among a
received signal CaRche of raild 2cbglehlPBA SAMRAII LerhSALIYET sr@nal , the
conposite  recglyetl SN, G 3L Hfefla 1P 20YhSE AN Y, Fh0ne!
independent of the multiple access technique in use,
15 independent of the modulation and coding of the system and
which is without the benefit of any data compression techniques

or need for special equipment at the relay station.
SUMMARY OF THE INVENTION

According to the invention, a source-transmitted

20 signal is cancelled at the receiver associated with the
transmitter, so that the desired received signal can be
extracted from a composite received signal, the composite
received signal consisting of the source-transmitted signal
relayed from the relay station along with the desired received

25 signal from the other user in the pair, plus additive noise.
The invention takes advantage of the fact that each of the
users knows a priori'the exact structure of its source-
transmitted signal and can estimate the channel characteristics
between the relay station and itself. The device at the origin

30 of the source signal uses this knowledge to help estimate:

. ® The roundtrip propagation delay to and from the
relay station.

. °® Relative signal amplitude, carrier frequency and
phase of the relayed source signal vs. the a priori

35 known source signal.

Once the device at the sending station has



relayed fromthe relay station along with the desired received 25 signal

fromthe other user in the pair, plus additive poise. The i nvention

t akes advantage of the fact that each of the users knows a priori the
exact struct S source- transmtted signal and cgp ,@Ehe t he
channel chargggé?@s?fcs between the relay station and |tseﬁ%

device at the origin 30 of the source signal uses this know edge to help
esti mat e: [err] The roundtrip prépagation delay to and from

t he relay station. [err] Rel ative signa
anplitude, carrier frequency and phase of the relayed source

signal vs. the a qetexmiingdd these paramdtEran itowanessbgnatt a time-, frequency-
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illustrating the operation of a rel ay communi cati on system
FIG 2is a di¥¥gramillustrating the required 15 bandwi dth for conventi onal

full duplex comuni cati on.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating the operation of a
relay communication system.

FIG. 2 is a diagram illustrating the required
15 bandwidth for conventional full duplex communication.

FIG. 3 is a diagram illustrating the required
bandwidth for full duplex communication with the present
invention.

FIG. 4 is a waveform diagram for illustrating the
20 self-intereference cancellation technique.

FIG. 5 is a block diagram showing the relationship
of an interference canceller according to the present invention
to the other components of the transmitter/receiver, for
applications in which the source information signal is digital

25 in nature.

FIG. 6 is a block diagram showing the relationship
of an interference canceller according to the present invention
to the other components of the transmitter/receiver, for
applications in which the source information signal is analog

30 in nature.

FIG. 7 is a block diagram of a specific embodiment
of the present invention.



FIG 3 is a diagramillustrating the required bandw dth for full duplex

communi cation with the present i nvention. . FIG 4 is a
waveform diagramfor illustrating the 20 self-intereference cancellation
t echni que. FIG 5 is a block diagram show ngﬁé{}g

rel ati gnshi p wo”cl) 716{n I nterference canceller according to t A

I nvention to the other conponents of the transmtter/receiver, for
applications in which the source information sisgnal is digital 25 in

nat ure. FIG 6 is a block diagramshow ng the rel ationship
of an interference canceller according to the present invention to the

1(Z.*ther corrpo_nepts of the tranem.t beiélreceax\fééfqrdf Q:ritming PRy &R ti O Lira e WG Chne
e source I ntor A o] LN nat ur, . .
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Lg¥?3§bg?12572 Vo 97/05%&%. 9 is a block diagram gllustrating one FI G
8 is a wavef or mt embagivenyrefintie gelayt payavaker estigwsoll.e traini ng
sequence for use with the present invention. FIG 9is a

bl ock diagrami8|ustrating one enbodi ment of the del ay paraneter
estimator. DESCRI PTI ON OF SPECI FI C EMBODI MENTS

Fig. 3 shows a benefit of the DESERIPDION 'GETESBECIFRE EMBODIMEWSSed
utilization of avail able bandw dth by overl appi ng of

Fig. 3 shows a benefit of the invention, namely, the
increased utilization of available bandwidth by overlapping of
signals. Using the invention, User 1 and User 2 can

10 simultaneously transmit using the same center frequency, £, Hz.
The resulting total bandwidth occupied by the pair of signals
is only W, or W, Hz, whichever is greater, a savings of up to
50% compared to the (W,+W,) Hz required without the invention,
freeing bandwidth for other users. In a TDMA environment, User

15 1 and User 2 may share the same slot, freeing up other slots
for more users. In a CDMA system, users may likewise share the
same spreading code. The invention works because the device
originating a signal has knowledge of the source signal and is
able to estimate the channel characteristics.

20 The concept of combined signals is illustrated in
Fig. 4. 1In trace 1, there is represented a combined signal
S1+S2. Trace 2 shows first source signal S1. Trace 3 shows
second source signal S2. The relay station always transmits
combined signals. The first source signal can be subtracted

25 from the combined signal to recover the second source signal,
i.e., the signal from the other device. While the signal shown
employs amplitude shift keying, other modulations can be used
as well. In this example, it is observed that at various times
the two source signals, S1 and 82, cancel one another,

30 producing a zero level in the combined signal Si+S2. It is
important to note that although the combined signal may be zero
at times, subtracting out the first source signal S1 still
recovers the second source signal S2, and therefore this
phenomenon will not affect the operation of the current

35 invention.
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total "bandwi dt h occupied by the pair of signals is only Werr] or
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there is repr esen% |ne wsh?ana#yﬁ“ﬁg §3ns?rftwgbg sﬁlo?/vs aﬁ%% Be
source 'si gnal S1.*"R Lenentech dagaely $RCRRE S ldaesF ynhrrdparerne &eaosyuzmg
station always tremsttlee invemiibnnednssemad ;s aAlncehhastementd oo S‘dﬁrﬁlingan

oanar, o & MDD diRlpie Rt e A TBRINELG DY FRIC"S SR €5, she
enpl oys anpl i tudecgch’r‘ﬁ ﬁ“}?d-emSPHEFlﬂ%o‘iR%tqb&nénﬁaﬁtb@nu‘sehl depea@ ®al the

In this exanpl e, partsculzecrppdichaioat various tines the two source
signals, S1 and S2, cancel one another, 30 producing a zero level in the

conbi ned signal S1+S2. It i|igig. 5iDPDistiritelso that Eohftdurddieuat the
combined si gnal MEYalSniASd/ reclivblMEin1 %%g%'ngrggat;%gv{#gt 0y 88

signal S1 still recover he 'Secon
this phendifendpPli¢atinn iax mbdcht e obiedg dm ermeheomﬁ#ml igp digital
i nventi on. inWMRONHS57th this case it is more efflcient to delay, or
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I nventi on may be rrpf emenl%e & o\}‘lrrgedilarf?nflatsir%rhzﬁlgnalpfggggg|tr'rréarhaﬁhae °u£put of
firmwvare, or softﬁh? dgnodylagnr 5| F§ugethe repyanmmiasdonapfetye igspunng ®jgnal S1 -
(I'i near) har dwar eth&echgnisdd dpy théhahtéhﬁeféhwtdaﬁaeiaérsﬂé ViehélSsclirce
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5 and 6, the orce o tatron i'nvention ecpend on
t he partlCularlﬁfﬁﬁm%ﬁ&QQNﬁlgnal is analog in nature, the configuration of

Fig. 6 may be preferable, in which the output of the modulator
is the representation of the source signal used by the
interference canceller. If the roundtrip transmission time to

20 and from the relay device is sufficiently small, the choice of
cohfiguration becomes arbitrary.

Whether the configuration of Fig. 5 or that of Fig.

6 is employed, it should be clear that both of the
communicating parties must use a transmitter/receiver employing

25 the current invention. For simplicity, the operation will be
described for the User 1 equipment only. Referring to Fig. .5,
each device 100 has a modulator 102, a transmitter 104, a
transmitting antenna 106 or equivalent signal radiator, a
receiving antenna 108, a receiver 110, an interference

30 canceller 112 and a demodulator 114. Alternatively, the user
device could be configured with a single antenna and a diplexer
in place of the transmitting antenna 106 and the receiving
antenna 108. The modulator 102 converts the source information
signal into a format suitable for transmission. The

35 transmitter 104, through the transmitting antenna 106, directs
a sou;ce_signal S1 to the relay station. Through the receiving
antenna 108, the receiver 110 receives the composite signal



Fig. S5illustrates the configuration of a transmtter/ receiver
enpl oying the current invention for an 10. application in which the source
information signal is digital in nature. In this case it is nore

efficient to r store, the source information sig her. t han
Vb Hgerf TRSiE

t he out put of nodul at or. Thus the representation of

signal S1 that is used by the interference canceller is the source 15
information signal. On the other hand, if thegsource i nf ormati on
signal is analog in nature, the configuration of Fig. 6 my be
preferable, in which the output of the nodul ator I's the representation

of the source sigsal.gmed 6 the intelPéRidd VAGREIBE LI ardd a:[?felgnal
roundtrip transm gsion ti 0_and fromthe rel ay?gfyl ce ls. suffircientl

ne to,2
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Wiet her the confi §igeal orersfesenging 8i' tbraedfonFiay. estimste ofemileogbdnnel
shoul d be C} ear toainsedsiddn Uhggacﬁeﬁﬂgfﬁﬁﬁ Gad ib&ieﬁriﬂa&'@lémfé_ dfls;%hé signal
transmitter/regei enpl.oyin the current .Jnyention. For Si i.City,
t he operation vqﬁe I¥g%%e£@%t%‘&qui'b33 f:?)rrlg?%%e. &%ﬁeeﬁﬁ?ﬁﬁ%rﬁn%‘:lm ¥ignal,
Referring to Fig.t8, obtainzpigaalcreppesentsing B2dul aThe dadmdud atoandnit ter

104, ‘a t r ansné&bwr AN BRs126d01 n fakhatal N s ighANaE r s A1 Yigndl
recei ving antenna_108. a receiye an |£g,erf.ere€ce 30 cancel l ér 112 and

. ré entin errllov s o £
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with a single antBi@a @ridiffafispifarnm the comfigunagioh oficFig arkiusti dgscribed

antenna 106 anb t BAlY €L Mty interaienBe ddibelliRe BBEXLAL Pridl2 KOMIBELS of
t he source i nforr‘r@f1

L on, signal into a,formt suitaple for trans si on.
The 35 transnitter %0%’,‘9??% ou etsﬁggﬁlgngin’ h‘?"hd:%ﬁnf’g RYE 196, the megudator
source signal S1 182t heathsr)t trom. therserpre Hafpzwatidmgeignalant enna
108, the receiver 110 receives the conposite signal WO 97/ 05711
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interference cancehh@é1THFPAILS atShaBAkive SRMAREN! | AOvAPLAPIMRARIE L element
signal SL 452, aNdoSEBLT 8005 R" s SepreBbPAi SRR SO0 HFRTT Q" 2N
modulator/mixer element 22, a programmable gain element 24, a
subtractor 26, and a parameter estimation element 28. The
source signal which is transmitted as S1, or the source
information signal used to produce S1, is provided through the
20 variable delay element 20, then after delay, through the
modulator/mixer element 22, and on to the programmable gain
element 24 into the subtractor 26. The signal representing the
received composite signal S1’+ S2' is fed into both the
parameter estimation element 28 and the subtractor 26. The
25 parameter estimation element 28 is dynamically programmed to
provide time, frequency, phase and gain correction to the
variable delay element 20, the modulator/mixer 22, and the
programmable gain element 24, respectively. The output of the
subtractor 26 is the desired component of the received signal.

30 More specifically, the interference canceller 112
consists of the following major elements:

® Variable delay element 20: This is used to delay
the known source signal an amount of time 7, so that
it aligns correctly in time with the source signal
35 component of the received composite signal.

®  Modulator/mixer element 22: This is used to adjust



transm ssion characteristics and prior know edge of the signal 5
representing Sl, as contained in the source information signal, to
obtain a signal representing S2'. The denodul ator 114 recovers the
desired infor i signal fromthe signal representing the recovered
S2' signal . T@(gg@%ﬂlgurat i on of Fig. 6 differs fromthe BOHPSIRHRi on
of Fig. 5 just described 10 only in that interference canceller obtains

pri or know edge of the signal representing 81 fromthe output of the
nmodul at or 102, rather than fromthe source information signal.
Fig. 7 illustrates an enbodi nent of the interference cancel ler 112. It

has five el ements: a variablgedehayueh&fedtia ﬁla%% X rtﬁé%%ngsncfurff sjgnal

representation of the source signal | at or/ m xer e
programabl e gai n el enent 2£° &ga‘g %Eg]??%cttr% spe IRgI4ensy And gthase of the
estimati on el enent 28. The sougeer skgsalrnedmpuvientt of thansetdivsl aonpbsite

the source i nfor mation sigikma1Usednd Odﬁ%%nglmt héu?& V%Jﬁ%fklt W Ment

the 20 variabl g del ay el ement 20, thepn after .delay, rough t i
nodul at or / i xes5 el enent 22, 1§n5'u8ﬁg'¥’gl?‘ﬁeblbre()j%rJ&%b‘!’@”g%?ﬁ@ is the sathimated

into the subtractor 26. The rsilggaver Epequeney i fiference betwseredHoNMRSM And
signal S1'+ S2' is fed into feiehvehesignaParaieen sCehbNBLE

and the subtractor 26. The 25 paramgte? est i T‘I’(e;&g);egfenent %@a'?ésf?e&%t%fe
dynanical |y programmed to P 35FolrHeSTTHE - 1 cFROPR BMEGR] Hanrl is
correction to the vari a_lﬁt@reél ay therdsiay @lemeatneduintithe ot of? the
and the progr ammabl e gaigpudcemeAforfiat 165 RAGATS! znei{h&;ﬂ“élt%le% WSe

subtractor 26 is the desire of the recei,ved signal. _ 3

More specifically, the int e%tl(e\s%gv%ggfgéﬁ%%ﬁ%er {H'f%mn Sgng#‘%t‘%"q}?la‘ttt?é 106.
foll owi ng maj or el enentgs: errl. Vari abl e delay el enent 20:
This is used to del ay ¢ Programmab{.%eg%&{bvﬁ%eéng&gcaisi ghats Jf Afsehtof

time [err], so that adjust the relapive ampddthgiei of tiipe kudvn tsoarce
source signal 35 SEQHAQNEH! tRit the L¢PV 8dme OFPOShd Sty lsignal
[err] Modul a{g)r/mxer el enent 22: Th'ks I s used t,o adj ust ] %Mgna
97/ 05711 Somponisnt 'Of “the’ compasiEecERPesLed signal.

8 o Subtractor 26: This is used to linearly subtract

the adjusted source signal from the composite
received signal.

o Parameter estimation element 28: This is-used to
20 derive the adjustment parameters, 7, £,, ¢ and G,
each of which may be time varying, that are used to
correctly align the source signal with the source
signal component of the received composite signal.

25 Each of these components has one or more well known
realizations. There are many possible implementations for the
parameter estimation function and the invention does not depend
on any one in particular. An example method for initially
estimating the desired parameters is described below.

30 The relay channel is assumed to be linear, so the
presence or absence of the other user’s signal, 82, will not
affect the reliability of the estimate of any of the four
parameters (t, f,, ¢ and G) needed to modify the stored
representation of S1 to produce the cancellation signal. The

35 parameters can be estimated using conventional open or closed



t he frequency and phase of the known source signal so t hat

It has the sane frequency and phase of the . . sour ce signal
conponent of the received conposite signal. The del ayed
known source gi onponent 5 is multiplied by ere
flerr] is the%gg |§E§ed relative frequency df#ﬁh&%ﬁ%@

bet ween the known and received signals and [err] is the
estimated rel ative phase difference. If the known source
signal is stored in the delay elenment 20 in the formof the
10 source information signal, then this el ement nust

gl so repl ibf:ate t%&pl%@titi&gc%ntﬁpgm mdf.Or F&P6example, corrE@.Eg]i.ént t
rogranmmani € gal e : | us e .
rel ative anpli tu}ee‘!og %E’E'ee skﬁgxnggo%r'ﬁclzoﬁ%eq’hge?er or n°s'f‘| 5 °§ge%h3f’gﬁ“"pl Ry
the same as the SRHRSENts| §hgl onby difference pgipgniehat dif tthe obhpussignal is
received signal. present it hppedrs asSUllaageoholfe coiichent ¥%€€hbOcorrelator

linearly subt rg(:tand thus the dur lt.{]c?n ‘;}% %‘:ﬁeego%g{g&[oé# ?t]rtl;aslt fbrﬁgg]gﬁ,gggged.

conposi te recerved sig : ,
estimation element 28: Thigris ¢ipietk iRiePal estimate o@eEhzéef{;EP ﬁé’%&!ﬁét!@%t
Qf which_nma

araneters, [err flerr,], Jerr]l.a .. eac be
Pine varyingF th!as %9q£5?g£t8 leﬁ%k(%ralnlng PEPTRRY Yy 29 E&H“Fﬁ€a§6ﬁré% Fig.
signal with the sburean be used. In this gmblodiwepbneryt pficdrhagreementd User 2
corPoiite signal.sTppﬁﬁgses tr%ﬁsmis§¥5H1dﬁ ﬂt@egggﬁfﬂnﬂﬂﬁﬁﬁﬁfQ?S?Qne o¥ nor e
we nown real i ions. er re n ssk bl e i enmentation r
t he par amdf erplées%ei it Bﬁf??%no%ﬁ%"{%ggflﬁ%’é%t‘?ﬁ?&d@?'nHPeHeéﬁﬁg"e 1
on any one in parestinates Afscpanphetemns hoFheor Usertderige 1 suppresaesnits
the desi rgdt pa[) anS{gi=H ifsuzdats kbBete bRl pe?dod of time v%ﬂith% b%thfﬁydebﬁe@?é
is assuned to be r...sqQ.the resenRce o sence o e er user's
signal, S2, wll én%%%tesaflftgc?afﬁ%er%ﬁ 'a%elnt §,’°§€ ot rsescﬁnhﬁegggf any of
t he four par afPrEEEiqat ion, eppling [ Ehe [estddatpdnpatrnetersdd fipithalize the
st or ed r efuseseamed It idh dévieed! oduas, diEfeasse! t Adidihg fidtbcolBeasdd
parameters can bepgsli Rl G USLRE SRLVEN 'iRALLBEN or cl osed

After the interference cancellation device
parameters have been initialized, they must be frequently
updated (tracked) to minimize the error sighal component over

20 the course of the two-way communication. A technique for
generating an error signal to track the delay parameter is
shown in Fig. 9. It uses an "early - late" gating technique to
regularly determine whether a slightly smaller or slightly
larger delay improves the correlation of the a priori known own

25 signal with the received composite signal from the relay. The
error signal is used as the input to a classic delay locked
loop to maintain the best estimate of the delay parameter 7.
The carrier frequency and phase parameters can be tracked using
a similar technique.

30 By way of summary, the invention comprises a method
for two-way relayed electromagnetic communication, such as
radio or optical, between a first device and a second device
through a relay station, such as a satellite transponder or a
terrestrial repeater, comprising the steps of generating at

35 each device a source signal, storing a representation of the
source signal, which may be either the source signal itself or
the sBource information conveyed by the source signal,
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9 | oop estimation algorithnms. For exanpl e, Aporrel ation t echni ques
may be enpl oyed whether or not the other signal "is present, the only

di fference bej ??g ﬁ if the other signal is present it a _eargs 2as a

| ar ge noi se cgﬂ%%’ ﬁ to the correlator 5 and thus the dur XGHYF25he
correl ation nust be increased. I'f a quick initial estimte
of the four paraneters is required, a sinplyg training protocol, as
illustrated by Fig. 8, can be used. In this enbodinment, by prior
agreenent, User 2 suppresses transm ssion of its signal at and for a 10

predet erm ned perdfd i ihgMenaRHEl NShd Dl ddi s USSE Qeé’éxfrfdtflrilp g%%h' {8l ERe
its paraneters. Th??? Useé[ra]tdev:,\ﬁe 1 sugpdres,ses |tsb _Signa or”

predet erni ned period of Ti-A8WAFPR tedfaiec £opobtatn i soppansation

par anet ers. Then pauameteass Caanbreigti:t:ﬁl.ng themsonire « eat sD@navaidldg:flfcethq?yl g88LEfon
araneters to i nighedd t CII t | en

!torai ni ng prot ogol sl'm;;lsﬂréeéql Qgggs!?%%gﬁw tié"t he ﬁrg\ég%?‘?%%gieoarﬁ device a.
After the inte fe?°é'}?c?€i5§n§éﬁfl3 i PRt Felavparahierr iRk theegomposite
initialized, theyignal pontpdnacattgpy ofumhat edpttsankethor @ATitheNsaartae

error signal comnaenl eveh HchnerfMAR 10 WaGI LU0 KL EYIIYN Gk 80: h
t echni que for %ener ti n% ancer f)crmsi n%ll fg 0 t%ackothe delay pa§§ﬁ§¥é?9|t§he
- I%ﬁ%é‘

shown in Fig. 9. To Ses RS ERI? i AGTPRRFAT RRe RaFametesgutar |y

det er mi ne whet herokfadm ghrapcshbitton grigglalghiahy subtrageinglalhay capelY&6ion
the correlatiao afidrad Fxhi Ghe EOENELIM sA9nshops! rdbddbd e e%fi‘%'eéegi al,

fo b ol assi c del A9 asearea’stys] Heing, HeLAroFhe BLenakinifiBooPthRE.
del ay paraneter [¥F¥ice. The carrier frequency and phase paraneters can
be tracked using asimlar te of sunmary,

hnj que, . 30 _ | By wa Bry.

the invention conprises a ?‘ldEFt(imry 26’?‘1%9%‘5/‘“4‘@"&%}’@Pe@ﬁ-gbnﬁ?@mm%ﬁsmn
comuni cation, sughadirst cauinonotransEnitalfregaenegnchaninels tande Heeepiiénaon a
second device1s  sddbt!elmitohCla¥e N # RN cRinfe AL il BIRANIE
or a terrestrial. .re ﬁater, ﬁon;R”SI:{]g the steps oOf generatiing at 35
each device a soltcd a% 8R- STBFiMYFRPd Savddeptar ba wied Ha timesgivigion
signal, whi ch mymgé&igpleheccehe spstees simraidel tideléion multidle aevess
i nformation conveyasteis,! BRasHECOiM BiHbes and spreading codes, respectively.

Furthermore, the method could be used in any hybrid combination

20 of these multiple access techniques (FDMA, TDMA, and CDMA).

An apparatus according to the invention is used in

devices in a system for two-way relayed communication through a
relay station, wherein each device includes a modulator, a
transmitter, a receiver and a demodulator. The apparatus may

25 comprise the combination of means for capturing either a source
signal directed to the transmitter from the modulator or the
source information signal, means for storing a representation
of the source signal or source information signal, means for
estimating channel characteristics of a roundtrip path to the

30 relay station to obtain compensation parameters, means for
extracting a composite signal from the receiver where the
composite signal contains a copy of the source signal, means
coupled to the estimator for modifying the stored signal using
the compensation parameters to obtain a cancellation signal,

35 and means coupled to the modifying means and to the extracting
means for subtracting the cancellation signal from the
composite signal to recover a desired signal, the desired
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10 estimati ng channel characteristics of a roundtrip path to the
relay station fromthe device to obtain conpensation par amet er s,
transmtting LQ@ ﬁ@#rce siignal to the relay station where_al | signals
are rel ayed, r & Hg at each device a 5 conposite signal PEEHA 7?e|ay
station, where the conposite signal contains a copy of the
representation of the source signal fromeagch transmtting device of the
pair, nodifying the stored representation using the conpensation
paranmeters to obtain a cancellation signal, and subtracting the
cancel lation 10 skggahl fbOMd et @RS 81§48 rdul th@CBEﬁéradQ@P%er.ed
si gnal , the desired signal being the source signal fromthe other
devi ce. The Maehédventioh Head nvw beehoexistaidd) witdNTEEE SR
on a first commonggr jgsdT an I n

£l 3881 £1d IAIINGUNEBANGL AN Ly RAGRELLE P11 P 525000, &0

common receive freguency_chapnel to_qptim ze ban .

met hod coul d al so™F85Gs®b 9xfimary 8#95%i6ﬂ the ant. pI& deckherefeyemetor
code division nul thperdedcesst thesyisventjos hoe i hNignittiede exbeps &6 dirsdicrddn By
codes, respectivekfe appdhdd'¥1@ue, the method could be used in any hybrid
conbi nation 20 of these nultiple access techni ques (FDVA, TDVA, and CDMA).
An apparatus according to the invention is used in devices in a system
for two-way relayed conmuni cation through a relay station, wherein each
devi ce includes a nodul ator, a transmtter, a receiver and a

denodul ator. The apparatus may 25 conprise the conbinati on of neans for
capturing either a source signal directed to the transmtter fromthe
nmodul ator or the source information signal, neans for storing a
representation of the source signal or source information signal, neans
for estimati ng channel characteristics of a roundtrip path to the 30
relay station to obtain conpensation paraneters, nmeans for extracting a
conposite signal fromthe receiver where the conposite signal contains a
copy of the source signal, neans coupled to the estimator for nodifying
the stored signal using the conpensation paraneters to obtain a
cancel |l ati on si gnal



35 and neans coupled to the__r;f)di fﬁmw to the extracting means

ekover o st ea i gnar . UINUREHIMIPA V6 o7 6375 © = *7

PCT/ US96/ 1257 bei ng t he
sour ce si gnal %W?%.'msi’ﬂe ot her devi ce. _ The mveﬁ‘(rJT 64292 now
been explained with reference to specific enbodi ments. Q her emaodl ment s
will be apparent to t hose of ordinary skillijn the artttei-s—therefpre
not 5 intended that the invention be |inmited except 4sTHISGHERT HASHBEEN |t he
appended cl ai ns. IRERAGEDI S |
CLAI MED | S: wuaT 1d.crAvMEs hed for two-way rel ayed—etectTomagnerTc

conmmuni cation between a first device and a second device through a rel ay
station conprising the steps.of: A method fo:gmatayngeaay@@@u%ﬁtﬂdg&@uc
and second dev'ﬁecémﬁﬂﬂiéﬁﬂrg@tweerl a firs S&Q\Haékg ahd’ %prgéS”&a%' O’Q‘f

sai d source signa stored at each said devicée a
source signal tﬁl hQpER.a relay statdop, ﬁﬁ?‘?ﬁbsmm strRpaeferistics of a

roundtrip path4to said rel aﬁe%%@&h?ﬁgté)togé& LG ggg tgl o$ $ar ar§:§‘i§3(5i§1‘&i0ra

each sai d device; ansm tting Said sour
device to said ¥ ePEYrSe Bignals

6 storing a representation of said source signal as a
7 stored signal at each said device;

8 estimating channel characteristics of a roundtrip

9 path to said relay station to obtain compensation parameters
10 for each said device;

11 transmitting said source signal from each said
12 device to said relay station;

13 receiving at each said device a composite signal
14 from said relay station, said composite signal containing a
15 copy of said source signal from each said device;

le modifying said stored signal at each said device
17 using said compensation parameters to obtain a respective
18 cancellation signal for each said device; and

19 subtracting at each said device said respective
20 cancellation signal from said composite signal to recover a

21 desired signal, said desired signal being the source signal
22 from the other device.

2. The method according to claim 1 wherein each
said device transmits on a first common transmit frequency

channel and receives on a second common receive frequency
channel.

s WK

1 3. The method according to claim 1 wherein each
said device transmits and receives in a common transmit time
3 slot.
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receiving at each said device a conposite signal fromsaid relay station
sai d conposite signal containin bf ;source signal from each

sai d devi ce; nodi fyi mmaﬂmm!ﬁ'ﬁﬂyhnal at each sai d device
using said conﬁ@ﬂﬁ ,on paranet &rst td olst ak respective cancel i.on
signal for eac sa@%hgevice; and subtracting at ea@ﬁ%géﬁ%zﬁzvice
sai d respective cancellation signal fromsaid coinsLLe_sinnal to recover a
desired signal, said desired signal being the spur {&H{S SHBET HAS'BEERE ot her
devi ce. 2. The nethod according to cIain11f%@QA$E@ each said
device transmts on a first common transmt frequelTy Thanre cei ves

on a second co n receive freque [ . 3. _.The net hod
according to clng;)m 1 wher ei n4e'achagéi 'gg‘g“gg‘fcaecctofgﬁgﬁi FR AHRfm é’cé’l%\?é?lflnea‘:h
common transmit?ti fRid|dgvice transmits and receives a spread spectrum slignal
4. The met hods acempUbyind G Woninnl speaing e@sde . sai d device transmits
and receives a spread spectrum signal enploying a conmon spreadi hg code.
5. The method according to claim1 wherein each said device transmts and
receives using a conmmon channel assignnent of a hybrid multiple access
schene. 3 6. The Ret hodPEcBeFRFhPILTEiBINte Ghrieiln whezeinapach
first device amd saaildséewiwk dessmemitsanndi feceivdiusing §CEHRRGE cHitrined
peri ods wher e the QLDEEAlR: Ut SAHHRAAPRALLYS & UARSs' Bclighe! FaNSM LI NG

0 channel .

to permt rapid anal ysTs sal

1. 6. The method according to claim 1 wherein each
2 said first device and said second device transmits a training
3 sequence during periods where the other one of said respective
4 device is not transmitting to permit rapid analysis of said
5 channel.
1 7. The method according to claim 1 wherein each
2 said first device and said second device performs analysis of
3 said channel without benefit of a training sequence.
1l 8. In a system for two-way relayed electromagnetic
2 communication between a first device and a second device
3 through a relay station, wherein each said first device and
4 said second device includes a modulator, a transmitter, a
5 receiver and a demodulator, an apparatus at each said first
6 device and said second device for permitting said system to
7 share common communication channels, said apparatus comprising:
8 means for capturing either a source signal directed
9 to said transmitter from said modulator or a source information
10 signal directed to said modulator;
. 11 means for storing a representation of said source
12 signal;
. 13 means for estimating channel characteristics of a

14 roundtrip path to said relay station to obtain compensation
15 parameters;

16 ' means for extracting a composite signal from said
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7. The method according to claim1- wherel n each sTatTd first device and said

second devi ce perforns anaIyS|s o thout benefit of a
traini ng sequence r t wo-way rel ayed
el ect romagnet @gxmml cation bet nc a I St s ew ce and a Je/fi8) ce

t hrough a rel ay station, wherein each said first device and sald second
device includes a nodul ator, a transmtter, a receiver and a denodul at or,

an apparatus at each said first device and sai{, second device for

permtting said systemto share comon comruni cati on channels, said

apparatus conpri sing: means for capturing either a source signal
directedtos'dtr t 0 ur.c f

si gnal direct g}d (ze sal‘g& %I:]J c%mp%Q'J.Qeané’xl;ﬁ éonci-! ?u% E; 8059 SF "B P bource
representati ok8 of signdlsource si gnal at said deV| ce at Whl ch said source

si gnal originates; nmeans fo stl Mt han el characteristi .
of a roundtrip?path to sai d“‘Fgflﬁycg‘t‘%{?g ié] BASATI 0N 87 modliylng

paranmeters; 20 said stored signal using said compensgq::.on parametens fis dhirain
extracting a gpnpasthfcsi tivdd o r3@nsai;daha@cei ver said conposite signal

contai ning a copy of said source signal; means coupled to said
estimati ng neans for nodi fymegnsarcdupled et siajimhmodd Eydng aneans rreh dat isarid

parameters to,pbt @k@ré‘cﬁfﬁg%éﬂé %15 's%@!x:‘acé‘{'x‘?g said canceTB8B$oRO¥PIEE (Brom
sai d nodi fyi ng{} means to sald

neans_for .su tractl g saj
cancel | ati on gnﬁ?lflrﬁﬁ‘f‘g‘é?’ot%cﬁﬁ%'ﬁlt §°SF REVet r‘%ﬁj‘\f &* HEE‘ t T2 ‘?g‘?ﬁﬁ“ed
sai d desired g5gnalighslngeihg thairasarcegsibnat ofreiethst ledthegedevice.
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