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I nventiqQn The i nvention relates generally to a wreless receiver. Mre
parti culaPPY®4¥e  invention relates to a system and met REAY930%A2 adapt i ve
mul tipl e-chain receiver that includes weighting. Background of the

| nventi on Wrel ess connunlcatlon ) 5 | ude

i nformati on-carryi ng- 2 <l 2 P oh t=are wrel essly
transmtted froma transn155|on source (for exanple a base transceiver
station) to one or nore receivers (for exanple, subscriber wunits) within
an area_or region. A formof wreless communication includes nmultiple

t r ansmiticldof thglavention or  nul tiple receiver antennae. Miltiple antennae
comuni cation systens can support comrunication diversity and spati al
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reflecPF%ﬁgsﬁﬁﬁgmﬁﬁals of f objects between the transnitter and receiver.
The receiver may receive the primary signal sent by the transmtter, but

al so receives secondary signals that are reflected off objects Iocated in
the si agksronp of theInveptisn; og signals arrive at the receiver later than
the primry S|gnal Due to this msalignnent, the nultipath signals can
cause i nt er qyiBels doRi i SRR SstSins dbmiRhly BBAL iriBindRARMSthesi gnal . The
actual received signal can intlude a conbination of a primary and severa
refl ecnmdukat@inahser sBpeubs arhwindlestlztresinitiad Slogtla bynwkiesion sgireralfosi gnal i s
shorter th refl ected.si

th | d.,at diff t
o I g e Rt RN BRE onmigs Besttan S6h cReieambRguRs - e en

units) within an area or region.

A form of wireless communication includes multiple transmit antennae and/or
multiple receiver antennae. Multiple antennae communication systems can support

communication diversity and spatial multiplexing.

A Wireless Channel

Figure 1 shows modulated carrier signals traveling from a transmutter 110 to a

receiver 120 following many different (multiple) transmission paths.

Multipath can include a composition of a primary signal plus duplicate or echoed
images caused by reflections of signals off objects between the transmitter and receiver.
The receiver may receive the primary signal sent by the transmitter, but also receives
secondary signals that are reflected off objects located in the signal path. The reflected
signals arrive at the receiver later than the primary signal. Due to this misalignment, the

multipath signals can cause intersymbol interference or distortion of the received signal.

The actual received signal can include a combination of a primary and several
reflected signals. Because the distance traveled by the original signal is shorter than the

reflected signals, the signals are received at different times. The time difference between
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the first received and the | ast received signal is called thée delay spread
and can %(ﬁ% reat as several mcro-seconds. The nultiple paths travel ed
by the mJuPAtEd* carrier signal typically results in fadPRUSH3MORR
nodul ated carrier signal. The fading can be tine selective and cause the
anpl i tude _and phase of the nodul ated sigpal to vary with tine. The fading
can al stge Gt rﬁﬂﬁ@&@éﬁ@%%‘éﬂé@%@(ﬁé sypg! E&aded thsdlelyeshradApd caspease of t he
channel ,.@y gk &R ShigRal dwidth to vary with frequency. Spati al
mul ti plgerxi ngSSpat ?g%wﬁc??ﬁ]exi ng is a transm ssion technol ogy that
exploits multiple antennae at both the base transceiver station and at the
subscri ber Uhietsultiple pathsdaselddiey the modaliptedi caraer sigrabtypsslly aehults i nk with no
addi ti I r or ,bandwi dth cqgn tion. Under certain .conditions,
Spat i al%0Hae Pf HEasswiales Frier Sepiind by TRE SO FRe SBUIYRIERFIdBnCy wi t h
the  numisitudland PheRAhe SRR o Jar) RifiA0! PROARIRY Gmiitheal the
transmtter (basé transcelver station) and the receiver (subscriber unit),
t he st el sples8vbind codethe fraghenayatiponssyftholcharine! eypdrithe signd t hr ee
indepe%decit. ggbstrearrt@. These substreans occupy the sanme channel of a
mul ti plPARSIIHEQ APl FFeqUBBSsi bl e sane channel multiple access protocol s
include a sane tinme slot in a tune-division nmultiple access protocol, a
same frequespytial uliipekiw@quency-di vi sion nmultiple access protocol, a sane
code sequence 1n code-division nultiple access protocol or a sanme spati al
target location _ in_ space-division nmultiple access protocol. The substreans
are appl i ed SgeifmaHlEplexing is pérangrpissienachagiogy: Hie exlaits malive waternaghr ough a
radi o ghanneles ?raﬁ&em?s@{i&? g tﬂé sub?f%gﬁeglﬁ%jts? Foaﬁ%%rak{ﬂe%mr%t%tir? g N t he
envi ronment, each signal experiences multi pat proopagat 1 on. € conposite
si gnal svirebssitadionlinit wothn richeldiiaabpovediop bamdveidth calstimptiapt Undst deptaian  ar r ay
of receiving antenpae W th rapndom phase and anplitudes, At the receiver
ar ray, CoRdiGhE mﬂﬂ_agmgﬁa%lﬁ’ﬂ@g Bﬁeréaéweeffm@ﬁéser@éev%an sffwancg Wi et i mat ed.
Based QfimbieraRRhhal. B&HUNAMMIE 3 thiteSh@NRke %%S&fft'tﬂ&g%ﬁs%ﬂ&b%ﬁsé s applied
to separate the signals, recovering the original substreans. -2

transceiver station% and the receiver (subscriber unit), the stream of possibly coded

mformation symbols is split into three independent substreams. These substreams
occupy the same channe] of a multiple access protocol. Possible same channel multiple
access protocols include a same time slot i a tnme-division multiple access protocol, a
same frequency slot in frequency-division muitiple access protocol, a same code
sequence in code-division multiple access protocol or a same spatial target location in
space-division multiple access protocol. The substreams are applied separately to the
transmit antennae and transmitied through a radio channel. Due to the presence of
various scattering objects in the environment, each signal experiences multipath

propagation.

The composite signals resulting from the transmission are finally captured by an
array of receiving antennae with random phase and amplitudes. At the receiver array, a
spatial signature of each of the received signals is estimated. Based on the spatial
signatures, a signal processing technique is applied to separate the signals, recovering the

original substreams.



WO 03/ 084094 PCT/ US03/09032 Figure 2 shows three transmtter "antenna arrays
210, 220y @e¢fhdifpat transmit data synbols to a receiver enna array 240.
Each transmtter antenna array and each receiver antenngpéTfpﬁgpqu’WI ude
spatially separate antennae. A receiver connected to the receiver antenna
array 240 sepgh@d €shdwiemiRGs [ ! | Lyersity Antenna
diversity is a tecﬁhnl que e%se g@%%%ﬁ%f?a%mn“@gggg%a%ﬁﬁﬂ# g%t?i on

syst em symbeld tcerectiecefftanhamaf 240) Ebclpirinfitedianenndatrenmed eicher sity can be
obt ai ned bé&ﬁnrovi ding.a,transmtter and/or a receiver with two or nore

ant ennat®® I3 RTAY 0 SPRURLYY SFBATRH RS o TSR FaBNGER tariBeri ssi on
channel recthRr kfiaha¥hashan sgﬂm%éré&%dis%ﬁgis. statistically independent
tr

manner. Therefore, when on ansm ssi on annel is fading due to the
destructive effects of nulti-path interference, another of the transm ssion
channel s i s @enitkenigatien Pévessity eri ng from fadi ng si nul t aneously. By virtue
of the redundancy provided by these i ndependent transm ssion channels, a

i ten,. he detrinmental .effects of fading. Miltipl
Channer ool JiPER GBS s Ry SSE baelRpitsnlr evousbroat SR RS g,
recei vegysthny &Y Bick tBE cffeitesf AURDSEh SRMEE! Ahbtha ERERIPEad BEoGHRRAE

receivers generally includes weighting that is used to estinmate g recei ved
data stPeXiing 3 Gasthderraadiraaecei yanfwdihrisio st gntghsae. T pitctirtsyit dride

i i: i on..sianal .includ i i nt erf t limt
e accedls Bl B80S, daRSNERT oSl SR hablsSIonzb e a1 cai 1y
consi stsatificalyiadgenitoaianise Tieréoy, Whkn 6hé @&istniadich Biarkerieyhgng ol se. The

i nterfec{ence i eneral |y due to other transmitters transmtting within a
common ‘ﬁertg(ﬁlﬂfeqsf’é%”%lé’ﬁ&ffeﬂﬁé’f PRY PR InigEfeTanen envtberekthe mnpmissioy to t he sane

communi L Q0: i . arg fr. reuse, or the
t ransm%‘?{é?égp‘ééﬁﬁ%éé?gang‘@?%ﬁ&%ﬁ%ﬁﬁ ?%ér}rﬁnl%%l}n%g%? é@hﬁgys]?f%‘r’r%ﬁgﬁgﬁ}éar e located in
near by reduyideney. prbvided byl disdse alaleperidenhaaandssivet dhatnd d 8yE @ ah @fteli €CEI Vi NQY

mul tiple.informtion - si.gnal t a common receiver. It is desirable that

t he re@ggvgrtg%%%ﬁﬁﬁﬂ?éﬁf%tﬁ%f%%ﬁml ly receiving information signals that
are dom nated by interference or noise. The nethod and system should be
easily inpl evielipRcthnhid) redeivetd 48 gBldrbilPhRoGRaANGIh Yalifth&fplexing,

receiver diversity or interference cancelling. Each of the channel receivers generally

includes weighting that is used to estimate a received data streams from the received
information signals. Typically, the received information signal includes noise and
interference that limits the accuracy of the estimated received data streams. The noise
typically consists of a noise floor due to thermal effects and background noise. The
mterference is generally due to other transmitters transmitting within a commeon
frequency band. The interfering transmitters can belong to the same communication
system and interfere due to cellular frequency reuse, or the transmitters can belong to

other communication systems that are located in nearby regions.

It 1s desirable to have a method and system for receiving multiple information
signals ai a common receiver. It is desirable that the receiver be adaptable to optimally
receiving information signals that are dominated by interference or noise. The method
and system should be easily impiemented with existing multiple channel weighted

TecEIvers.



recei vers
i nvention

. -3 WD 03/084094 PCT/ US03/09032 Summary of the Invention The
i ncludes a nethod and systemfor receiving nultiple signals at a

mul ti pl eVebxivsad94r ecei ver. The receiver is adaptable to oPETWESIAPecei ve
information signals that are dom nated by either noise or interference.
The met hod and system of the  invention are easily inplenmented with

exi st i n§nmyhirvplifehe bavendbn wei ght ed recei vers. A first enbodi nent of the

i nvention

i ncludes a nmethod for receiving a plurality of transn ssion

signals at a_freceiver.. The transm,ssi,on _sighal s.each tr. r h a

c o? r espondi ng E‘? flﬁ’ﬁgm‘?‘%]?tcl&}ﬁesc%@ﬁﬁ’&d.anq’ﬁ?t?lgggﬁ r\?(é‘?sl%% &f %égl\éz%ggn nga(rB g?i ty of

recei Veﬁlﬂ%_tﬁd]@@l%hél’ reBeil &C 8ih¥ @EcchRa N Rlap&BId 8 SpORdIIN feckivedafhmbli@nsm ssi on
e.

channel .

met hod i ncludes each receiver channel recejving a

cor r espsigoils that mniomiisaedby it abise Phantenfeaenesd Themsiked apksysteasoldBeect i ng

whet her . t

hila it smriontisaiebby eXlgnaise e _ _
't or f ciBAEEn KE PR LEE e e g o LB Ee T LR BRSSO o g

if the received transm ssion signals are dom nated by noise. A second set
of weights are selected as the receiver weighting if the received

transm ssion signals are dom nated by interference. The, rec?i
transmi ssi onAsfirghehizodimented theay eetisndseldespmethod dorgeraring @ i

Wb

o I R g V1SR S g s e o o

nce can 1 nc e determning a |evel of

spat i al c@ispShdtd Qinddataethahhel. Ieatacebr itdlades miphshlity cfirgreates.  Det ect i ng

whet her the received transm ssion_si gnal %1 are dom n ted1 Eé noi.se or
i nt er f efhaaels.cafcH¥eRRBISCABEFPANATE dO §3C S ?-nl;#ho
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transm g %iut%gs(;jéécgggér%\mr DELRE] HeRGy éb?fesﬁmi%ggﬁ%isﬁﬁﬁidﬂ AP §8éON. signal s

are donina

1ISe or 1nterférence can eterm ned during at |east

one ti neetodtfutiier andiudds etectmg whethenthe medei ved|teneaissioa signaks#gér ssi on

si gnal s,

Det ecti ng, whet her. the received transm ssipn, .signals are dom nated
by noi seerginaief bymoiseds dueEerfnghe 1§ iiﬁ%é?te%ft%eégt?%agecsgﬁp‘g;_d trg%etlYe%g whet her
the r ec@ieigﬁgné {fgﬂéfécéi%@ﬂmﬁrﬁﬁ@bﬁ sigh&s BRNoNahasd By nbige.SA Rtondyeesf er ence

peat e

can be r

as determ ned by Interference nonitoring know edge.

weights are selected as the receiver weighting if the received transmission signals are

dominated by interference. The received transmission signals are estimated based upon

the

selected receiver weighting.

Detecting whether the received transmission signals are dominated by noise or

interference can include determining a level of spatial correlation between the received

transmission signals. Detecting whether the received transmission signals are dominated

by noise or interference can be determined during at least one time slot of nulled

transmission signals. Detecting whether the received transmission signals are dominated

by noise or interference can be determined during at Jeast one time slot of a nulied carrier

of multiple carrier transmission signals. Detecting whether the received transmission

signals are dominated by noise or interference can be repeated periodically. Detecting

whether the received transmission signals are dominated by noise or interference can be

repeated as determined by interference monitoring knowledge.

A second embodiment is similar to the first embodiment. The second

embodiment further includes generating a first covariance matrix representing received

-4-



A second enbodinent is simlar to the first enbodi nent. The second
enbodi menyofpypiper i ncludes generating a first covariance g@}u X
representing recei ved -4 WD 03/ 084094 PCT/US03/ 09032  nof S&VAR"9032
interference covariance, and generating a second covari ance mat ri x

ot bR nd DGR L ENG A SONE RV TerarlEy LdclR cRBlaBle LA D So0 De Dased

on the tfirst covariance i ghts can be

based up@mesehmgmmfedence@wmaamefrllrmﬁfst st offve; gjﬁsrc%h be BYsHdPaEehdBEsE | X can
be cal cul ated by avera |ng an _outer product o received nulled single
carrier %YWQF%IHB‘F@‘P thesgeond sefeofivaglinranhedinsed wronstbesecorde second
covari am{: %r&an be cal cul ated by wi ndowi ng and averaging an outer
product of nu tones of received single carrier signals over at |east one
transm ssion tine slot. The first covariance matri x can be cal cul ated by
averagi ng an 8%1&5 groduct of, received nultiple carrier signals at null
carriers of apcfEdspvakuce panisragdesalcplated by ayeragmganseieoduy of i ance

MAtri X LRy nfifdddh Ak e%?%f/m di'éj&‘/!r ﬁﬁ%n@\&%ﬁﬁﬁlsé]gn fthe Spaft €r product of

nei ghboring null tones ecel ve I'e"carrrer signal of at |east
one tine slot. The selected sets of wei ghts can be add| tionally used for
soft decodi ng of thng recei ved transm ssion signals can be used for

transm ssi on? HotREORE FAAIARGE MEEK &@p ibﬁﬁa W‘llé?eﬁ@ﬁ’ Wlﬁ@W@B@P@@He@B@B% ssi on
si gnal soaéEpro@itt Bahed (ks Bf)l‘eéﬁv&f sm Bl 15 09&% ?e@i dfle calculating a

rati o of nean-squares val ues ona ment s e first covariance
mat ri x wansmasstonstiiuaslets val ues of off di agonal el enents of the first
covariance matri x. An enbodi ment includes the first set of weights being
cal cul ated consistent with an maxi mumrati o conbi nati on (ARC) weighting if

only one i nfTheMsi @Vasih@itahati§ cal bABSFI S By aJélﬁglhgraﬁfoufe? r&fucv\@f ghts are
cal cul ated consistent with a m ni nrum nmean Ssquared estinma MVBE)

wei ght iTReF1YSd multiple samRercvenalsit sntlaetriors of ag frabt ang tmanans:monttm slot.

The second covariance matrix can be calculated by windowing and averaging an

outer product of neighboring null tones of a recetved multiple carrier signal of at Jeast

one time slot.

The selected sets of weights can be additionally used for soft decoding of the

received transmission signals, or can be used for transmission mode selection.

Detecting whether the received transmission signals are dominated by noise or
interference can include calculating a ratio of mean-squares values of diagonal elements
of the first covariance matrix to mean-squares values of off-diagonal elements of the first

covariance matnx.

An embodiment includes the first set of weights being calculated consistent with
an maximum ratio combination (MRC) weighting if only one information signal is
transmitted. The first set of weights are calculated consistent with a minimum mean

squared estimate (MMSE) weighting if more than one information signal is transmitted.
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-5 WD 03/ 084094 PCT/ US03/ 09032 Anot her enbodi ment includes the second set
of wei ghtyso hgibdighcal cul ated consistent with a mni num nean,_squar ed
estimate (MVSE) weighting if one or nore information si gﬁgf”su 4y/gp032
transmtted. A third enbodi nent includes a nultiple channel receiver for

receiving a pl [ of transm ssion sigpals.. The transm ssjon signals
each travel i %é]%pf% S%Rd%neggﬂcgus S%ﬁj iRy tsgg%}s%elgg{ggjﬁ F iﬁ%ﬁ%‘i A recei ver
channel comsigtaspdtdsmmithimeaein §c{11ﬁfbﬂfﬂs§§1htér(l\m®mWeightﬂi@@fdiﬁc&irﬂ&é i ncl udes
a neans .for detecting whether the received transm ssion signals are

doni nat &YoRyRtoRsIBRlS e Fanamiiednt erference. A first set of weights are
selected as a receiver weighting if the received transm ssion signals are
dom nated by noise. A second set of weights are selected as the receiver
wei ghting i f A thérdreatbeiditeeht icutriagsiltple chhgtakccepiep fdaBidahed phitality

i nt erfergnce. .The received transm ssion_signals are estimted based upon
the sel SEFEFINEY] §gnalse] i snsglissomdgnalsenebiteaveling homehtagpsssponding
Pcor i aiEROPOhb. LA ARRRALMhIANL vifiebfbnMhilod B el
description, taken 1n conj Gnct ron Wi t € acconpanyi ng Paw ngs.

i |1 ust r &he regeivyr inelndes a encanplioe detectiny whethgl ths rakiviel erahsuisibh eignalBrate f
Description of the Drawings Figure 1 shows a prigr. art wireless systemthat
i ncl udeSompRIEYens A metse ppdinteriargagee ft firsh sehRirvedghts areselegted @ppr ecei ver .

Fi gur e 2cseeighihd AltnAfdooilkd BrBistPLEMIL Bl adnlifiddB9 noRAT hal | v separate
transmtter anté&nnae and spatially separate receiver antennde. Figure 3
shows nedcongpiat of aighty me etleard bhtk recetlen sesgtaingdfithe désvbred tehsihiseion

i nventiagn. .Figure.4 show.an _.enbodipgent of the invention Figure 5 show
anot her Sl%%‘ﬂ?g ﬁ@FP&n%?&]g}ﬁ @%?rﬁ?fﬁ?ﬁe'r © reqelyRAJTRISERSSIRD signalsre efiEated ect r um of
or t hogopakd ipsrime etkcidl YeehaPweBhtihy Pl exi ng (OFDM) sub-carrier signals. -6

Other aspects and advantages of the present invention will become apparent from
the following detailed description, taken in conjunction with the accompanying

drawings, illustrating by way of example the principles of the invention.

Brief Description of the Drawings

Figure 1 shows a prior art wireless system that includes multiple paths from a

system transmitter to a system receiver.

Figure 2 shows a prior art wireless system that includes spatially separate

transmitter antennae and spatially separate receiver antennae.

Figure 3 shows multiple chain receiver that includes an embodiment of the

invention.
Figure 4 show an embodiment of the invention.
Figure 5 show another embodiment of the invention.

Figure 6 shows a frequency spectrum of orthogonal frequency division
multiplexing (OFDM) sub-carrier signals.
-6-



WO 03/ 084094 PCT/ US03/09032 Figure 7 shows a flow chart of steps or acts
i ncl udedwi §nighyegn enbodi ment of the invention. Detailed Description As
shown in the draw ngs for purposes of illustration, the imfvERF3ER032S
enbodied in a nmethod and systemfor receiving nultiple signals at a

mut L1 pL e, ChaRRSle T SGlSfow liPof SER el RARRIARLE, LRIBRILITLEY T ecel ve

information signals that are oI 8& erence.
The netthednamtdosyst em of the invention are easily inplemented with
exi sting multiple channel weighted receivers. Particular enbodi mrents of the

pr esentD ventjion.w.ll now be described in detail wth reference to the
drawi n A sery echni ques of the present invention may be
i npl enented in various different types of conmunication systens. O

particul ar rgkeNARER ﬁ%%zﬁﬁl hbyks gu%és%& @Pﬁluﬁﬁ’{fgﬂéﬁg ﬂ%ﬁgﬁﬁ&oﬁy§ fhteé base

stati on transmts downl i nk Si agn | s over wre
subscr i e ethad anddsystoon fort t@eelvmgsmluﬁqﬂﬂ: biengls tat armnitiplaj phammk] sdcgivat. s over

th t at . Th d | t
he base R POTe POeRLe? 1 SRS e cRBra Ry P10y GeaRE domBUPBYS, i | o

for upldithkr GRIBUM GakrifGBndeNe RS et bAN sySted BFQﬁtVﬁengiﬁﬂf%Ee%fsﬂﬁxem ary

subscribers are transmtters. Subscribers fmay
subscr|1B7éhle§n¢nﬁ‘tqWﬂbeﬁé%&@yltmwaaselpmlgﬂbtﬂB?cen'bmphones car phones, and
stationary receivers such as a wireless nodemat a fixed |ocation. The

hase stat | orpganhen R ARt ML B Ul (ol . RULENRS L hatal o ant enna

diversity techniques an Spa ddi tion,

each swbﬁtzlrelfdmme t theadyawigefiiunést etk ilinihes anihe pré@ent iRGéntRA AL bd ur t her
spat i aI rTI t| eX| ng a;ﬂd/ or antenpa diversity. Single Input Miltiple
Qut put 9y jpeyssliEerepiiypeaed qomypenicationsysteinr Mbpadishlar gur at | ons are

bot h p@@%ﬁé?x'c@ arel 31181k %‘éle@% cBRGicERM éﬁ%'ir?s% '199:?% stdlion (HREAUDI cations

t echni ques can enpl oy single-carrier -carrier comruni cations
t echni Q‘é’stllnlA‘ﬁlgmi&ngrtvheelesscchmr@m mwiltipleeuyceibenst T Bdditibn,ahe apply to

O R S R T T RS S
W rel ess dﬁﬂﬂiﬂiﬂl@lcﬁﬁhh@ibanon the base station is a transmitter and the subscribers are

receivers, while for uplink communication the base station is a receiver and the

subscribers are transmitters. Subscribers may be mobile or fixed. Exemplary

subscribers include devices such as portable telephones, car phones, and stationary

receivers such as a wireless modem at a fixed location.

The base station can be provided with multiple antennas that allow antenna
diversity techniques and/or spatial multiplexing techniques. In addition, each subscriber
is equipped with multiple antennas that permit further spatial multiplexing and/or
antenna diversity. Single Input Multiple Output (SIMO) or Multiple Input Multiple
Output (MIMO) configurations are both possible. In either of these configurations, the
communications techniques can employ single-carrier or multi-carrier communications
techniques. Although the techniques of the present invention apply to point-to-
multipoint systems, they are not limited to such systems, but apply to any wireless
communication system having at least two devices in wireless communication.

Accordingly, for simplicity, the following description will focus on the invention as
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Accordingly, for sinplicity, the follow ng description will focus on the

i nventio (?% 0 70 }‘/\D 03/ 084094 PCT/ US03/ 09032 applied to a single
transmitter ot BeBlver pair, even though it is understood tPHat/Up#3/6apisl i es to
systens with any nunber of such pairs. Point-to-nultipoint applications of
t he invenhi$n can include various types of multiple access, schenmes. Such
scheneSPPHEY Iatsmglgiragsaitisireceives pay cyen though itds ypderdeed that it applissde cess
(TDWRA) , VAT ol e access (FDMA), code division multiple
access {%ﬁ?ﬁ%ﬁ%ﬁ)ﬁ?&% r&gﬁcy division multiple access (OFDVA) and
spatial division nmultiple access (SDMA). The transm ssion can be tine

di vision duplex (TDD). .That .is, the downlink transm ssjon can Qccupy the
same channel %tétg?ﬁn[)’t?ﬁlaﬂ@ﬂ?@%‘icﬁtﬂfﬂﬁ &EF@H(YW“%PSC"PH@? Yaﬁl@us{m&gﬁi ssion, but
occur ahulgbie LE RS i , M SS| : frequency
di vi si on’ qiﬁ&%x%(e E%%%H@TES@ %"g’%ﬂﬁg}\é e, bit e hOAISRAND] GReIBE 11O

di f f er emtltiplesgorss (YD fittueenop dividion nasdtipit asiess\(FINDR),adddedsvisiomn| i nk

transm ssj.o and i transm ssi on to,.accur si.nultane Typi cal |y,
vart at POREPBrcfE GRS RS et ey GG i SRR T KA el o Lo
experi gpami divigbh e hQ¥S @Sragt tenuation, multi-path fading and ot her
deleterious effects.” In addition, interference fromother transmtters

than the desired transmtter may be present within the same transm ssion

frequency b of the desired transm ssion ignal s.. The .si | inpairments
exper i encedﬁ%r‘ﬁaﬁﬁmlsﬁgﬂﬁﬁ égﬁﬁlﬁ lﬂﬂanngBf%f‘éTﬁ:[ﬁt g.kl?téf’éﬂﬁg? change with
time. Asn@nissidhbin oédiBy thefamelcPaR Aanf AR/ ssioh Eélﬁ@ﬁt%}t) as PRk Cat 1 on
paraneters such as data capacity, spectral efficiency, "throughput, and

si gnal Urguanissign.dart apew ef dificeengtimes Hligmativelynthe trwsneingien gabaoi se rati o

(' SI NK) Egg i - - o rag i SNR).. lnformation is.transmtted over
the w ?rg essc§gﬁgﬁhléfﬂlﬁlse?ﬁ%ﬁ%%e?%%ﬁ%%ﬁ @J‘gnhﬁlg{s%a}nbg%éssmprcgﬂ?ﬁia % on nodes. For
t he pudiffeses fefuédvg tharethe nplistpphispdtdian, FRDtdllans hosalion rabgeiséien .defined to

be a parficular nodulation type and rate, a particular code type and rat e,
and panc{ up transmission to occur)éﬁnu]taneously. P yP

Typically, variations of the wireless channels cause uplink and downlink signals
to experience fluctuating levels of attenuation, multi-path fading and other deleterious
effects. In addition, interference from other transmitters than the desired transmitter may
be present within the same transmission frequency band of the desired transmission
signals. The signal impairments experienced during transmission, and due to
interference, can change with time. As a result, there are temporal changes in channel -
communication parameters such as data capacity, spectral efficiency, throughput, and -
signal quality parameters, e.g., signal-to-interference and noise ratio (SINR), and signal-
to-noise ratio (SNR).

Information is transmitted over the wireless channel using one of various possible
transmission modes. For the purposes of the present application, a transmission mode is
defined to be a particular modulation type and rate, a particular code type and rate, and
may also include other controlled aspects of transmission such as the use of antenna
diversity or spatial multiplexing. Using a particular transmission mode, data intended for
communication over the wireless chanmnel is coded, modulated, and transmitted.
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may al so i'ncl ude ot her controlled aspects of transm ssion such as the use
of antenngg (dhygssity or spatial multiplexing. Using a particular

transmi ssion m)ﬁe, data intended for conmunication over Phd/U3/EM08s
channel is coded, nodul ated, and transmtted. -8 WO 03/ 084094

PCT/ US0g/, les of typical codi | uti d bl ock
O 3R R S SRR 0, S 0o
Codes, @ﬁm@ﬂ}@@d@@sm@:ﬁﬁ@%m{ﬁrﬁem{aﬁﬁﬂﬁgcﬁé@,%ﬁéc%eém @lg.modul ati on

nodes are circul ar constell ations such as BPSK,” QPSK, and ot erd n2-ary
PSK, sqRlPmoB&edese Exatplasof Spic]l modalativg mb@eyare cirawldr irstellatioms saciAM

Addi ti o tion hni ques i.ncl.ude K I n- FSK. The
ol emomin o AR ARE B e e s Bl 1 RORM,

comuni adtdtiod s YSt@ABLI AddkibhallpdpWar hiddhRGo@fdchnifh&UhElnde SAPYR A8

enbodi nent of the invention that includes nmultiple chain receiver 300. The

mul t i pI’é‘%E@Kvgﬂlcéfﬁﬂleﬁ.%en@ﬁio;lH@d Heced these vagdoustransmissien mndesrini on to be
adapt ecl:ohﬂnﬁﬁ@étfoﬂ'sﬁf%&'iﬁk&i‘@&%ﬁ glctggtl on, receive diversity or
a ach re

i nterference cance I on. iver chain corresponds with one or
nmore transm ssion channels. An information-carrying signal generally

travel s thr%u%g gach of the transm ssion channels. As wll be described
later, a chan®&r 3FHPWs 20 prspéincatel the irientpmthiat mcludepmadtinie chdinn of t he |
transm.ssi a PP Y] I i . lural.ity .of receiver
ant enn a{iégl%? 3%“ TH@h%%pTE%e?gﬁ@?@%g{%@%%? éelﬁ%gs%ﬂ%fngﬁzﬁ’? .n.lve\é}{f’% 8 ¥esponds
Wi th aadapet atspatidosuliiplextizateeptibaabceivediObniy of ldrferéntetdafécliangh udes a
freque%i?%lhdown cqnver si on bA oc_ﬁj 310, 312, 314, The frequency down

conver TRSFY B8 BPTTosponds M PncefaoieraasIssion sharels: ki r ecei ved

i nf or NeifbRRatoRAl day §i L RASH . ation and
decoding of the in or%?gt??o%-r%}g’r%i ng s‘%ﬁgﬁg?@{@@ﬂgﬂ% ‘%jg%?%a%n%ﬁaj‘lgiﬁ receiver
300 redéiwilldetigedribgd dateind chimpohirstrxSDESH RED)a mmifiematical representation of

the transmission channels.

This embodiment includes a plurality of receiver antennas R1, R2 ... RN, Fach
receiver antenna R1, R2 ... RN corresponds with a separate receiver chain. Each
receiver chain further includes a frequency down conversion block 310, 312, 314. The
frequency down conversion blocks 310, 312, 314 frequency down convert the received
information-carrying signals to a base band frequency for demodulation and decoding of

the information-carrying signals.

The multiple chain receiver 300 receives both desired signals (Spesirep) and
interference signals (Snvrerrerence) and noise. The desired signals include information
data. The noise generally includes thermal noise of the transmitter and receiver,
background noise, and distortion due to non-linear effects of the transmitter and the
receiver. The interference signals are generally produced by other transmitters of a
wireless transmission system. Both the noise and the interference signals degrade the

performance of the multiple chain receiver 300.



interference signals (SINTERFERENCE) and noi se. The desired signals include
information data. The noi se generally includes thernmal noise of the
transm tWeM3ahd94 ecei ver, background noi se, and di st ort iPET/ER98/09052
non-linear effects of the transmtter and the receiver. The interference
signals are generally produced by other transmtters of a wreless

transm ssi ofashstceivier Begih it dvonenttdie agleshaduietiontand Spatiah procsssifgalockiegr ade

the p o] ce of the | ti.pl.e chai n recgi s 4094

T UsoaPodhE d5gadie iatatiml Binke P elsR 3o BB e e et B o

spat i alsiPphRCAFSEMErld:Qekma®s 0f thEhensienedylmbbrn and spatial processing

bl ock 330 denodul ates the base band signals, and generates estinates of
the transmitted synbols. The received information signals can be
transmtted.froma tr.apsmitter. that .. . d %eﬂi% ot rate streans.
General ly, &gﬁe(ﬁael\fetdéﬁgorwltatl%IF Sl%‘ﬂ)%? i sbea%%gﬁlﬁ%sfﬁén no gﬁ’tltct)&zlg%h of the k

st r eamind}@ded rrtcgpdﬁaltse}eaxd@ts&eﬁxﬁs.b@eﬁdmg@ sadht e@tansBefter plieamseicedingn, t he
data nmay be pre-coded and interleaved. Pre-coding and interleaving are well

known madettp acirof the k spmraniocmepdnihe gaip dorbe trapuanittedn Before trapsmpiggian.or
“ ' St CHE ' . ) t
ona o P apedainel N ptebRuod B RaCRRE " RO e TRAHE A AN IRARA 1Y (2 S

of t he iktigtartasfemniligcARmmgtieati The aadntdphdn site pr heashpugiithodda 330
perforns receive processing, .to recover the k encoded streans. The
r ecoveradesdependingiipen thegneflationesasknsgiesud Haps@ISIORPEREMHIISERE and

de- mul ¢} ﬁia%%“ﬁﬁ%?}{iﬁ@%%ma@ﬁ?g%qﬁgt he case of antenna diversity

pr ocessi It s be unders is equal to one and thus there
is only a single streamrecovered. The denodul ati on and spatial processing

bl ock 330 gegperally includes a set of. [ that are used to.estinmate

the trans (hedeapipahen Bawe earcetine PReB oD a P e BrPesrit 5. Thi s

can i ned MASver i k BB Qiredind! THTHMBVERAN SifddIsQreEipasl deldMddFde-r ecei ver. A
E receiver applies a set of weights Wto the received 1nformation

si gnal énteteaveditdecdriedrandrilesquitiplsxed foredowenyetbn dast iltheegseplpadgnnaand

diversity processing, it should be understood that k is equal to one and thus there is only

a single stream recovered.

The demodulation and spatial processing block 330 generally includes a set of
weights that are used to estimate the transmitted symbols based upon the received -
information signals. This can include, for example, a minimum mean square error -
(MMSE) receiver. A MMSE receiver applies a set of weights W 1o the received
information signals so that the mean-square error between estimated signals and

transmitied signals is minimized.

Let X denote vector of received signals at RN receive antennas. Mathematically,
X can be represented as
X =HSpeswep + N +1
where H represents the channel matrix with elements H[r,t] being the channel response
from transmit antenna t to receive antenna 1, N represents the noise vector, and I
represents the interference vector. The MMSE receiver estimates the desired signals by
applying weights
-10-



transmtted signals is mnimzed. Let X denote vector of received signals
at RN reégb\ﬁ%0§4r(}t4ennas. Mat hematically, X can be represented as X =
HSDESI RE ¥ where H represents the channel matrix wWPEWUSPEMEAE s
Hr,t] being the channel response fromtransmt antenna t to receive
antenna r, N represent& tnr\;_(l\a}é%?i se vector, and | represents the
I nterference vector. TRE&S recei ver estimtes the desired signals by
appl yin ' s OV : AS03 S5 ereqthe wei ghts
W are cﬁgl\ségelntg?g%gﬁhlrtli m Zg@lﬁé}g@ﬁ?@%@%{ ance rgggé%\?arii SB_E%?&%‘EP §E§r . The
M ME weilhbMMEEeveglits actd fonctodn dfitbe clramnplahatniztand xowarthncowatixaf®eg ofat ri x
(Rv) of a noise-plus-interfer ctor V= N+ 1. The weights are W*
H* [ HH* ¥°1§?/‘Pﬁ‘5’lmg¢e’é¢me‘r"?? rC\Zt: ggs'ﬁh\fﬁﬁé?%}ltF 2- conj ugate of the matrix, and
Rv is defined as Val‘[\/]Wr_WKFHﬁCq.LR dy of the MMBE signal estimte depends
strongly on the estimation “accuracy of noise-plus-interference covariance
mat ri x Where Ehdivatks thathereitigfi-chnjdeniobé the hiteix conddts BtdefinedpeVat¥l.. The
noi se- pl us-i nteference vector V can be nmeasured during a tinme slot in
which the information signals are zeroed (nulled), or during a tinme slot
and frequengye h@bml(v%lftt&qimtb: GighdlicBfiaRldecferdtd strbib19 opdhé Lindridhor mat i on
signals are zeroed (nulled). In a noise-dom nated enhvironnent, it is
possi bl eccurace of npge-pluRvinigeierenee cavaniartematpy Rwe ERYVnly whesr Elsledeaotds nul |
slots sjpnce V.can be nodel ed .as yrandom Gaussi.an,vector. |ln.gn.
it er f o BRI Rl e PR e G el SN KRR B mcpa Mg now 1 s
typi cal fie 688 WEBiEh Sheieorbdadon BilgR4lk afﬁw&drmméa?, Sl RGirhds1bd 48 and in
frequency. It is Jinportant to capture the local spatial structure of the
i nt er f efeueRc Wieh yelpet carisss ofaomubipds pasrierdatprapor sigeals prgizerned Hence, in
order t ai -aC A of .. tr ] !
il 1 - P R EEh B SR Gt s Aop ORI et Btk Aty

by averaging over several null slots since V can be modeled as random Gaussian vector.

In an interference-dominated environment however, a smaller averaging window is
typically required since the interference may be changing in time and in frequency. It is
important to capture the local spatial structure of the interferer accurately in order to
ensure adequate cancellation. Hence, in order to obtain an accurate estimate of
transmitted data using a multi-antenna MMSE receiver, it is desirable to first detect
whether the transmission environment is noise dominated or interference dominated, and

then to select the appropriate covariance matrix in the MMSE weighits.

An embodiment of the invention includes detecting whether the received
information signals are dominated by either noise or interference. Generally, the
detection of whether the received information signals are dominated by noise or
interference is possible by considering the level of spatial correlation in the received
noise-plus-interference data (during nulled information signals). A relatively large
degree of correlation indicates reception of largely interfering signals (an interference
environment), whereas a relatively small degree of correlation indicates reception of

information signals having a higher level of noise distortion (a noise environment).

Another embodiment of the invention includes selecting a first set of weights as a

receiver weighting if the received information signals are dominated by noise, and
-11-



whet her the transm ssion environnment is noise dom nated or interference
dom nat eqf] @7& then to select the appropriate covariance matrix in the
MVBE wei g L BMMH enbodi ment of the invention includes det BeT/URG/ A& her t he
received i nf ormation si gnal s are dom nated by either noise or

General | det ecti,on of, V\/net her the received information

interfer £.
si gnal s ei?g 18 SreereRdat éf/w Nisgs Lhe repqive e ghimedt the e dinfomipliennsi der i ng
the | evgbnaf m%l%hhﬁéte@@{r Rb R R, iThek \Fe‘a%ﬁfr Qtlorpﬁllﬁaqf Pldigs i nterference

data (during nulled information signals elative arge degree of
correl a@ﬂfmﬁfﬁmswuw the selpttied neceivet wexghtnyg i 'ﬂh@ﬁfsesetm:g veignata Hean

terf t | f
cor ol 2 TBH PP Bt 0V BTG B AFOF ) Ori S RE AR Of BOSeAQPRD i gher
llevel Ofecol &%afhsdeahibti@N THR M BFarPRYE hR gﬁ?éﬁﬁmﬂé@é}ﬁ R&deividdement of the

invention includes selecting a first set wel ghts as a recelver

wei ght i ¢Ryatigncehandrtbe etapad condrampmiatix singapresena ierdarenceadosdriincenoi se, and
-11 WO 03/084094 PCT/ US03/09032 selecting a second set of weights as the
receiver weighting if the received information signals are dom nated by

i nt er f er encepigiliae sHRGEIV@RhdHRRMTIhOR &&tﬂiﬁmﬁu&é’rﬂb&ﬂﬂ ﬁﬁ%g@ﬁé based upon
the selected ?gcel ver wei ghting. The f |Vrst set of vvelge ' an based

upon a ipflpded wihinrthenkeerdeseribed damgdulatios embﬂmtlsbprooéssmglbgcbnl@mamd)e based

upon a na X covariance nmatri x can represent
recei vegéﬁgci%g%r%] % ?%Sﬁggpoéﬁzwte%‘éﬂ’soésc? 18{?%?%%8 VPt x can represent
i nt er f enfonnsticos gddlanae wilfbe ek Slaihed oy, M8 1QROSH TRt an@finderehfNkhLon. Thi's
enbodi nent i.S %eneral ly _included wt hin the above-described dermodul ation

and s pé?‘%eéﬂe‘lﬁlﬁ Baakemy erlbate detoningd during séiee sleidaiwlbeh theiigfrsatiased upon a

| evel of rmato sj ghal s i1l be
ex\pgl ai négcljglig:'itéezzr t @ﬂ?lg@é? %oﬁ%églgﬁgﬁ/ F‘JéereflJ Ehadc gfse{ %can?eé‘?: v\(,amd
i nfor nammdhp]slcmwlrmﬁmnatdmgiglmlmdzdu&d aehlkd).i me sl ot in which the

information signals are zeroed (nuIIed) or during a tinme slot and
frequency i%v\,hi ch sel |tiple carrier information

t
signals are eorvglélﬁnc(erﬁfﬁ%é‘fiﬁgggkl ES\?/%F‘?CSWE%t ﬁqllﬁﬁflﬁfér?r%ﬂa% recei ves the

nul | edsigadla Te doRhQkBRtek@RatiSh BRAL 310 JORrAQVAEIBRGRSRMEL, BR DI ock 410
generates. a covariance matrix R th

provides a representation of the correlation between the received signals of each of the

receiver chains.

A ratio calculation block 420 receives the covariance matrix Ry from the
covariance estimation block 410, and computes a ratio of its diagonal elements to off-
diagonal elements. This ratio can be used to determine the level of correlation between -

~ the receiver antennas R1, R2 ... RN. A high level of correlation indicates an
environment dominated by interference, while a low level of correlation indicates an

environment dominated by noise.

A recejver weight selection block 430 selects receiver weights based upon the

ratio generated by the ratio calculation block 420.

A receiver weight set block 440 sets the receiver weighting based upon the

selected receiver weights of the receiver weight selection block 430.

-12-



provides a representation of the correlation between the received signals
of each Oh&? recelver chains. A ratio calculation block 420 recei ves the
covari anc % R fromthe covariance estimation bl ocRCHESU3/09A%P
conputes a ratio of its diagonal el enments to off- diagonal elenments. This
ratio can |i 0 det the Igvel of correl ation_between the

recei ver ant Eiﬁlﬂ%‘gg gow ggothe er € d“ﬂerﬁlo the ipyentiogs Thisquahodiment Willdiccat es an
envi r ongegtibe0md Hlied tdy niultt éfrlné Eé‘xﬁ@lnt? sl drfeyBredO Vit 1GY Bk uﬁﬁer&%{a& el ation

i ndicates an environnent d nat ed by nol se” A receiver wel sel ection
bl ock 430W§eﬁébﬁ§h¢enenﬁmrwmmﬂghﬁmﬂhdﬂedaupghcmh&msyﬂmnm generated by the
rati o cal cul ati on block 420. A receiver weight set block 440 sets the
recei ver weighting based upon the selected receiver weights of the

recei ver wei ghlovagiRetek@Rab} 9?@1’6‘&31983 nlﬁ]%d\ﬁglﬁﬁfe % nh@gﬁlaQBIQ§2 A

Fi gure 5 show anot her enbodi nent of the inven rment w Il be
descri be]GtEsAamlal e apcarienkt of phwltipde carger ﬂ]glmhsrﬂeaetedmssrﬂsm)emfhelt is to be
i cabl e to single

under st however. nvention s t as appl.

carrier ngg? neg esé%?ﬁi?fagéﬂeéﬁé ffsr?dlobstﬁ @E?II‘JF%T?%F‘%F@§° E“‘F@H A% i pl e
carri er RyKGH)alvet RS thilesdn itiiRe sist ©LTHE ca%aﬁm%%a&ﬁ?@@géh )E@fBd er k of a
multiple carrier signal is denoted as v(k he e covari ance

est i mat elcwdated @ﬁatlhéml@(é@delcmﬁ\ébmbwubﬂscﬁerfer ence covariance matrix
R ,(K,n) over Knull tones in a ti ne slot n. The covariance matrix Rv(K, n)

can be calculated as the outR(xp) % ke Wi th itself: R (K n) =
T ---Y v(k, nyvi (k, n) K x The outké broduct S deflned as a

mul ti pl v det priori

det er mrlrﬂl g %rbtr ‘E@t \#\%’cdelﬁﬁégﬁ)as % ‘ﬁtéﬁlc%?neﬁ%wﬁ?ﬂ WO V&g rF nﬂé’f‘?’ EP ence

Evnv .K r ommﬁunbeﬂ aoivst endet@Mrieddtlthd Rbdvdriiothe@x it Bolk ahil MReBireice so that
( [\Den(\:rggnmgnt is constant over multiple (for example N) time slots so that Rv(K,N) can be

averaged over time fo improve estimation accuracy

R.(K,N) =}1§Zu R,(K,n) .

A ratio calculation block 520 receives the Rv(K,N) matrix and generally
generates a ratio of average power in the diagonal terms to average power in the non-
diagopal terms. If the environment is noise dominated, Rv(K,N) is approximately a
diagonal matrix with diagonal elements that represent the noise-plus-interference power
per receive antenna. In this case the ratio of diagonal terms to non-diagonal terms will
be large. If the ratio exceeds a pre-defined threshold, it can be determined that the
environment is noise-dominated. In contrast, the ratio will be small in an interference
dominated environment since the interfering signal will be correlated across the receive

antennas. In this case, the environment can be determined to be interference dominated.

A second covariance matrix can be calculated for the interference dominated
signals. The second covariance captures the local spatial structure of the interference.
For each null tone k (and time slot n), the second covariance matrix can be calculated by

windowing and averaging the outer product of v(.) over L neighboring null tones,
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averaged over time to inprove estimation accuracy R .(K N =NE i Rv(K, n)
Aratio ion block 520 receives the RV(K,N matrix and general ly
gener at eg%a(%kbafﬁpf) of average power in the diagonal terns ?%Tfélﬁfﬂa% power
in the non- diagonal ternms. If the environnent is noise dom nated, Rv(K, N)
is approximately a diagonal natifx wi th di agonal elenents that represent
t he noi se-pl us-interferertemg %: NY@GH ¥R qnyenng, I n this case the
rati o of diagonal terns tf)é(non)-lﬁiﬂ gﬁ{'ﬁ[ (?erngﬁ)vmqll QZ large. If the ratio

S moi SUREB I PaER O BSHEEPTIepRY T AP GPT G0 GRS CIomeRAf er  or once
O Natieghy Rl EQRAEAS] Sk RSl b dtht. T WirtoOBhetHLl s JnaRb RS o0

across the receive antennas.” In this case, the environment can be
det er miceberenes Haadwviite of reanicdfertisichannsdl. It fas be pragetoowdvinmadea fimed | x can be

calcul ated for the j.nterference.don nat si gnal.s. The. second covari ance
Capt or iy ep o s B aF TETR iR Pud B e, PR Es T s ANERTERERT Soch
tone k chaiaeletistitR chhte dVer tifnRe FRREQAhE ANR4d JTRV (L HAn Be cal cul ated by
wi ndowi ng and averagi ng the outer product of v(.) over L neighboring nul

t ones, iMPPVObP3ra8gmgover N)timeg $lots oer wiigh lf¢ spatipl stmpture piAE (L, n) = L Y11
PCT/ USO3,[/ r%?’zei \édht%r 2. észandﬁ%aﬁg is a window of Iength L. Any w ndow
type c ANCHE PRHIE S5 LT A OF plg , exponential or rectangul ar wi ndow. The
wi ndow length L is a functhgn of E%gglcohe&ence bandwi dt h of the

interferer's channel. It &an(b&)pst u(mRSddabe to a fixed value, or can
be estimated at the receiver and dated adaptively as the interferer

char actgetsi(i)as agpafgRworBendthMe. Furthernore, the accuracy of Rv(Kk)(L,n)
can be inproved by averaging over N tinme slots over which the spati al

structure of the interference is determined to be stationary R (z)(L, N

L uln) R alnbitter Bhvli8icat Hiciddel § AHY 1o ¥rRERM P berliGRANR Windowing and

averaging required in computing Rv(k)(L,N) for all tones. It is particularly advantageous
to use a filter when v(k,n) is not available for all tones k since data may be transmitted
during these tones. In this case, the filtering operation can also be used to interpolate
between null tones to yield an estimate of Rv®(L,N) for all tones in the multi-carrier

signal. The filtering is performed on the elements of the outer product of v(k,n).

A first receiver weight selection block 530 or a second receiver weight selection
block 535 generate the receiver weight selection depending upon the ratio calculated by

the ratio calculation block 529).

If the signals received are determined to be interference limited, then an

embodiment of the invention selects MMSE receiver weighting as:
WMMSE = H*[H:H* + Rv]-l

where H is the previously described channel matrix, and Rv is the noise-plus-interference
covariance matrix Rv = Rv*(L,N). If the channel is frequency selective then the

channe] matrix H is dependent upon the index k, and H=H(k).
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Anot her enbodi nent includes a filter to efficiently performthe w ndow ng

and aver\q,?'i ggﬁ{?g_qui red in conputing Rv(k)(LN) for all tones. It is
particul ar Y ht ageous to use a filter when v(k,n) isPE3USA¥B30abI e for

all tones k since data nay be transmtted during these tones. In this
case, the filtering operation can also be used to interpolate between null
tones to yield an estimate of Rv(k)(L,N) for all tones in the nulti-carrier

signal . The fE{He%Eélﬁﬁ;_rE&i%rgrQH&’éﬁni?l@dEcb@e ﬁ%ﬁ;@@ﬁtg%gﬁenté}ﬁ A S gduct of

v(k,n). A first receiver weight selection ora second recei ver
wei ght db¢ aweition selactsUMVEISregeiverweightitieas: ecei ver wei ght sel ecti on

dependi ng upon the ratio calculated by the ratio calculation block 520. If
the signals received are deternmined to be interference limted, then an

embodi nent of t he wiyent HOpsel eRlfr E receiver weighting as: WWBE =
H[HH* + RvFz where H&?i tﬁgﬁprevfous y descri bed channel matrix, and Rv is

the noise-plus-interference covariance matrix Rv = Rv(')(L,N). If the
channel _i.s e ncy. selectjve then the channel natrj [ ependent upon
Che e REIRRGHSEPhRIpt GichbS Poxsafase PaTR BT BUie). a0 dRETaDgnal <

recei veds adRgsiRl afafiNROvhieh R ANEAT efkh® dre hBS oAY. eﬁﬁ@?’ik of the
i nventi on sefl ects MVBE recei ver wei ghting as: WWSE = H* + diag(Rv)]-"'

wher e Relemenisiaprggsing theiaise-Homes ptioicesive antove: | Agriw Hristdeprndint upddipis, N),  and

di ag( Rv}, ekii?Hqisﬁgﬁﬁe%lc gg]%t%‘;é in which the diagonal elenents are those of
Rv. The cﬂagonal SHEENE & represent the noi se power per receive antenna.

Again, His dependent upon the index k if His frequency selective. For a

single i nforgati on si.gnal being received by the nultiple chain receiver
(diversity) &ffe tipglednigrapiionagny baigaroriveddytthe nultipde cheain received, in a
preferr i RN - erel : | ght | kS .select as;, WWRC = [H*H -1
H In ¥eurf§§ﬁggaemoﬁgﬁn%?\{l‘?%gétgﬁgn%t%#g% hrﬁﬁéceé%f Bgegeélaedcovari ance and
choi ce ahbodiment the receiver weighting is selected as:

Wwure=[HH]" H’

In a further embodiment of the invention, the selected covariance and choice of
 receiver weights (minimum mean square error (MMSE) or maximum ratio combination
(MRC)) is used in computing the signal-to-interference-plus-noise ratio (SINR) at the
receiver. The SINR is a function of the channel matrix H and noise-plus-interference
matrix Rv. For example, if P information signals are transmitted, the SINR per signal for
a MMSE receiver is given by a reciprocal of the diagonal elements of
Re=[H'RyH+ 1]’

where I is a2 PxP identity matrix. If a MRC receiver is selected, then the SINR is given
by a reciprocal of
Rg =’ [H'H]?
where o” is the average noise power obtained by averaging the diagonal elements of Rv.
Hence, in order to estimate SINR accurately, it is important to detect whether the
ambient environment is interference limited or noise limited, and select a proper choice
of Rv to compute the SINR.
-15-



recei ver weights (m ni num nean square error (A MSE) or maximumratio

conbi nat Wem3/gNRC) ) is used in conmputing the PCT/US03/09032

signal -to-interference-plus-noise ratio (SINR) at the receiver. The STNR
is a function of the channel matrix H and noi se-plus-interference matrix
Rv. For exanple, if Pinformation signals are transmtted, the SINR per
signal for a MVBE receiver is_given by a.reciprocal of the diagonal

el enents of HiE SINRHnfgrmaiion pan bgpgeddn (o pid iy seiideceding ok thesepeived. 1f a MRC
recei ver, : : ' ' BEd PL QA of Ra a
[H*H " %r]%?zsr' Z%ggl?)gqtsﬁgmgg%&reggeeé{ﬁg?%g%p?gém%?%%%lfﬁaflm?isggﬁ%g%ver r?gi ng the

di agonalepekaitetht prabiabiRiy whekhbes is 4 onodrdederd.o Tasd mericeabbdRudlegur atel y, it
is inportant. to detect whetherthe _anbient _environnent is interference

i mi t edBiPHesd RetheiSINREprregprnding tedbathitn b, 8INR paoades agditapal o conput e t he
SI NR. P : hof [ zan . used in
to ai d_ﬁ%ﬁab\é@fy? ﬂgg@%@d& f\tg tgﬁﬁggéggg?@gE%]%E% 'b@@{)e{ﬁ?éibﬂ@u&%ﬁg@ft decoder
recei ve&INR agtledsovdight tebith withdosas SINRI Dhd protinathof thicopetiemd STNRes
probability whether it is a Qne or_a zerqQ. This metric _can, be further

mul ti plPRY t%?ls?f%wge‘@dﬁﬁltc @Fég‘ﬁléﬁﬁ@i degodss PRIR v ghtngesWISNRIBPOYEdes

addi ti qabg b@binkéty information to the decoder so that nore weight can
be given t()ergi&!tfs wth high SINK and | ess weight to bits with | ower SINR
The product of the netric and SINRis input to a soft decoder such as a

Vi terbi decaqder [.NK wej.ghti results in joprqved decoder perfornmance.

The SINR | m(‘jlg‘lﬁ . Oé?fﬁjﬂg%c ng‘??qedi _aﬁy“ P rBW@FeSpﬁHf%b es such as

stati 5tsta@isﬁ@ﬁﬁl%ﬂd&?err@ﬂﬁ&éct%tiﬁ@ﬁé SBtehd) abd Bl H&épﬁ:iﬂon@l%lk hiMorARAPt at i on.
a

Link adaptation allows the receivér to signal the proper transm ssion node
( codi ngllo@alerrectiyeanti¢ signal thpardpar transhtissinexpéey(coding, Qédimgduiationt he

transm_tt.e -on _{ recei ved SINR. The lin can b ed.aver tine
st ne “h EheRFEERafl of AR e TR o eraieL D g R o FIE AT ik

can be adapted over time as the transmission channel or interference environment

changes.

Properly adapting the link based on channel] and interference characteristics (as reflected

by the SINR) can yield important gains in system capacity.

Orthogonal Freguency Division Multiplexing (OFDM) Modulation

’ Frequency division multiplexing systems include dividing the available
frequency bandwidth into multiple data carriers. OFDM systems include multiple
carriers (or tones) that divide transmitted data across the available frequency spectrum.
In OFDM systems, each tone is considered to be orthogonal (independent or unrelated)
to the adjacent tones. OFDM systems use bursts of data, each burst of a duration of time
that is much greater than the delay spread to minimize the effect of ISI caused by delay
spread. Data is transmitied in bursts, and each burst consists of a cyclic prefix followed

by data symbols, and/or data symbols foliowed by a cyclic suffix.

Figure 6 shows a frequency spectrum of OFDM sub-carrier signals 610, 620, 630,
640, 650, 660. Each sub-carrier 610, 620, 630, 640, 650, 660 is modulated by a separate

symbol.
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changes. Properly adapting the |link based on channel and interference
characterjistics (as reflected by the SINR) can yield inportant gains in
system c%@ﬁ"ﬁﬁ”&t hogonal Frequency Division Miltipl exi RgTSkEI¥32

Modul ati on Frequency division nmultiplexing systens include dividing the
avai l able frequency bandwi dth into nultiple data carriers. OFDM systens
i ncl ude nul t fABIcsamplg QGFIAMsi gl oeqypaing & Mz igimaddeptof AAdhindidduadat a acr oss

t he avaj R st ens ach.tong i s considered
o bo. oG SotbREN AR caRint L i ORMTIMAGTSBL AR, ARFclisatERt bR ec” orom
syst enscyelie shifixdt ssedfto dbicab trapgintd Bost prefiods wfst@fch@d&d%? thhlfiBatht hat is nuch

greater .t hc]m ‘Kgéa_del ay spread tg mnimze the effect of 1Sl caused by del ay
spread. SIER% fdditionallynihecaelic prefiy s exclicanfivecasessbe symbolratiesmndo dfoka cycl i ¢

prefix et q; r ta.s | s, fol Lowed. by a cyclic
suffi x.ﬁ%olgur' e 1%%51\,\%? a ‘ﬁ%/g%gé}?\%]ﬁ gg(é@taf g?rﬁa%sfm@%fﬂ@lﬁ%%c *Pf&"‘ %’i gnal s

610, '62€cli63ikfix. HéDeachZPmbobHeriddactotas vt LA fynfolOk® trafiRRitte IV oftd0, 650,
660 is ul ate a separate synbol. -16 WD 03/084094 PCT/US03/ 09032 An
exanpl B e %@w&mé’mt gangrapdydhe pmefthe adicipnefixisdyat, carriers
or to [ L RQl I st cveclie prefix or
((:ycl i crtgﬁﬁs}lgﬁggv aﬁ?ggﬂﬁ tcggaéﬁds rglgtcgglgﬁgsﬁ%e%%@ﬁ ﬁ)ra gﬁﬁ%ﬁéﬂsﬁﬁagﬂ}%?g 0gaused by
nul t i padnly sagpls flom thagdéiviowsrtairity Theteoreyinl IST opdef.i Xhosyobiy préfix mudif | X causes
t he synbol streamt 0ok eriodic.. Addjtional synbols (for exanple 100)
are trg%%ﬁ?aﬁ?réﬁaqn%fa%f’iﬁ SBV&’EPEthﬁrI%‘FIPRa gignglsc| i ¢ suffix. For each synbol
period a total of 1124 synbols are transmtted, by only 1024 uni que QAM
synbol s per détesitiod Hf @RSV MianDmhitseet! M the cyclic prefix is over, the
resulting waveform created by the conbining multipath signals is not a

function of a?g sanpl es fromthe previous burst. Therefore, no ISl occurs.
The cyclic préfiequensytspesiamg pEQFBM stlnpartibesi gedlagf Eigmeadcapfinclnde atul t i pat h

Si gnal $eas(HNEFhd A- il Srof Qyﬁﬁﬂlg,ns%%—c%err (656 Shat is nulled. Calibration of

the noise and interference can be made at the frequency and time slot of the nulled sub-

carrier 640. Without a sub-carrier being transmitted at the calibrated time and frequency
slot of the zeroed sub-carrier, the reccived signal consists primarily of the noise and

interference.

Calibration of the signal error by zeroing a sub-carrier of 2 multiple carrier
system is substantially better than a signal error estimation or calibration obtained by
zeroing a single carrier of a single carrier system. Zeroing the carrier of a single carrier
system eliminates all signal energy during the time slot occupied by the zeroed carrier.
As aresult, the components within the receiver chains will not distort during the zeroed
carrier. Therefore, the estimation of the noise (including distortion) during the zeroed
carrier single carrier is an inaccurate estimation of the noise (including distortion) when
receiving a non-zeroed carrier. However, estimation of the signal error using a zeroed
sub-carrier within a multiple carrier signal provides a much more accurate estimate of the
signal error because during the transmission of the zeroed tone, the majority of sub-
carriers are at full power. Therefore, the components within the receiver chains include

distortion due to signal energy passing through the components.
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The frequency spectrum of OFDM sub-carrier signals of Figure'6 can include
at Ieas{\,(pdiﬁjsgj%the sub-carriers, for exanple, sub-carrier 640 that is
nul l ed. Calibration of the noise and interference can bePGHY&34P032he
frequency and tinme slot of the nulled sub- carrier 640. Wthout a

sub-carrier hein ransm tted at. the cal,ibrat t.],ne_and, frequency slot of
the zeroed d%qrgglﬁ}t;?\g?‘? Oﬁve%co iS%/eé’ﬁOgﬁaﬁH}C?‘%%ﬁﬂlg?%mﬂ)ﬁﬂﬁﬁ?wq@?ﬁf the noise
and i mehventimnc ThiahbdiiabhiOncRled DectiodRT recRvigY a Birdlgy@ENg a sub-carrier
of a multiple carrier systemis substantially better than a signal error

est i mafiaBFMEFIOB SIERBE &t # EATCbSE- AT hrtansyissien HERRls eackitrayekng throughra of a singl e

carrier i carri of. a single . er. systemelimnates
o ot goRtHeRhe SRR h Rt RS B B e B o i er A
a 1 esulchanrehga e@giveneitingeMorftbporidies fok@agh UiisniBAomehatintl, not distort during
the zeroed carrier. Therefore, the estimation of the noise (including

distortion) during the zeroed carrier single carrier is an inaccurate

estimation I ! i.ng. di st i . r iLVi ng a non-zeroed
carrior . roaciny fetd2b e R Ry e s B P B R c f
sub- catmhenisyibh bighala nul tiple carrier signal provides a nmuch nore accurate
estimate of the signal error because during the transm ssion of the zeroed

tone, the nmpjority of sub- carriers are at full power. Therefore, the

component s W LAk LR9pDSEAHS KB PSALAEL MLl BB A 900
Fi gur e d@msiaoubkbyendiseow inteafetenoé. Peepsnpwhathesthe raeivdd drankrhiskion aignelgbodi ment

of the ipvention. This enbadi ment includes a, nethqd of recejving a
pl ur al % OmlnatF‘ggﬁQ?ﬁsgﬂ Biter r@‘?Félcémé?C(i & ga%ﬁ‘@?f’f%ﬂ% ssi on signals

each t @k BobdDEQUEBB rébeivel FBSRRRRL N i AR RLAG € &éterFEH& receiver

includes a plurality of receiver chanriel's; "a receiver channe
cor r espemied 2ideasbonsstitne slog nfmilksi tomsolisivmedignals, b1 dwingattlesfione tmé udes each

recei ver. channel, recei ying.g correspondi ng _.tragnsm ssion signal. A second
act 72§°f ?11? ngeg °8‘§1%8¥FH‘3‘“3&8?W8F g?ﬁ?“?%%éf% Stransmi ssion signals are

The detection can be repeated periodically, or the detection can be repeated as

determined by interference monitoring knowledge.

A third act 730 includes selecting a first set of weights as a receiver weighting if
the received transmission signals are dominated by noise. The first set of weights can be
based upon a first covariance matrix, wherein the first covariance matrix represents a

received noise and interference covariance.

The first covariance matrix can be calculated by averaging an outer product of

received multiple carrier signals at null carriers of at least one transmission time slot.

The first set of weights can be calculated consistent with an maximum ratio
combination (MRC) weighting if only one information signal is transmitted. The first set
of weights can be calculated consistent with a minimum mean squared estimate (MMSE)

weighting if more than one mformation signal is transmitted.
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dom nated by noise or interference. Detecting whether the received

transm s%%] Hsosﬁéygnal s are dom nated by noise or interference can include
det er ni ni ‘8 4 el of spatial correlation between the retelyaH/09032
transm ssion signals. The detection can be determ ned during at |east one

time slot of | l.ed transm ssiagn signals,.or duri at.least one tinme slot
of a nulled é&gw}é?dgﬁgmfﬁq%ﬁlsfge%ﬁ}gr %F0?4%8&W§§%%n35§P%W§FIX?I The detection
can be ﬁz@%ﬁaﬁgﬁtﬁl@feb@de@@ﬁmisgﬁum fifgdaterhiipdeEBPittafaReatipd as
determ ned by interference nonitoring know edge. A third act 730 includes
sel ect i srgord s4t p§weights can badhgpdtpons sacansieevoRINOREI Y. Weperein the spsondcei ved
transm ssi on sigr&l,s are %om‘.ntat d b%/ noise  The first set of weights can
be bas(‘éod’aﬂ%??l AP FRCSEBY AP PARCERET 1Y Nferein the first covariance
matri x represents a received noise and interference covariance. The first
covariance matrix can be cal cul ated by averagi ng an outer product of

recei ved nul Thepsesorbeqiaganosingiiak sambe n@pula@d%mwéowmg@pd leEereging e

cone ot ONE PHICPBESoilonTmle b G vethu bR R R 0y one

i nf or maddeatinéklgnal is transmtted. The first set of weights can be
cal cul ated consistent with a m ni nrum nean squared estimate (MVSE)
weighting if nore than one information signal is transmtted. -is WO

03/ 084094 PR LSQ3LOR0Ecnl. 0 10 AEH ol b BELHEERY Sh I Ansecond set

of weights as e recerver recerved transm ssion signals
ar e donggnafeddstirate (MBMSEY weightinglif ene segondind@imatibn sipnghire trassmiied.based upon
a second covariance matri x, wherein the second covariance natrix represents
an interference covariance. The second covariance matri x can be cal cul at ed

by Wi ndowt n o AR UeR A Sk RBeiy Al BsnBLOBHGEn Al 2l BIRALY BPndiRl by L ONEs of a

received nultiple~carrier signa eas one tinme slot. The second set
of wei ghtesferzane ban inallude baltcdatingomsitioted meani shargs sralnenefidisgoanl clements ed

te f;:,]gﬁ;[o?lﬂi%@@ltz gov\oﬂelglgc%trhgl}%xltg n%gr?-sglgargso Va uésngi%rfﬂgitalgc?rpal 2le relng[s of e first

covariance matrix.

A fifth act includes estimating the received transmission signals based upon the

selected receiver weighting.
Although specific embodiments of the invention have been described and

illustrated, the invention is not to be limited to the specific forms or arrangements of

parts so described and illustrated. The invention is limited only by the claims.
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Det ecti ng whet her the received transm ssion signals are dom,nated by noi se

or int ewcfeéz.z@c%__can i nclude cal culating a ratio of nean-squares val ues of

di agonal "€ Wd  of the first covariance matrix to nmeanPEHUSPEI0I| ues of
of f-di agonal elements of the first covariance matrix. A fifth act includes
esti mat :Ing the received transm ssion signals based upon the selected

receiv ghting. Although specific enbodi nents of the invention have
been de@g?@iggghﬁ&g illustrated, the invention is not to be limted to the
specific torns or arrangenents of parts so described and illustrated. The

invention is limted only by the clains. WO 03/084094 Clains Wat is
cl ai ned:. PCONtiSO 3l Geaishgla plaratity hbttansmisseaesigialgata nebeived, iey of

transm ssion signal.s at a,recej.ver, the transnj.ssjon signhals each
et o T e e B AR el Skt e e R
conpri si Nghedeftivir abin Msiﬁé ar}ﬁ&%iit@%f &E'é}{ﬂé}%lhénne?s, LeERIMR chalrnnel

corresponding to each transm ssi'on channel, the nmethod conprising: each
recei ver ctrgspetdingoedagh trgnsmiseion ebpared]ithgmethad soingsisiog: si gnal ;  det ecti ng

whet her the rﬁgei ved tran m ssi.on si grnal S .ar g_f?c]i_joni nat edg% one of noise
and i nt er f erBHEECF (RBIEAECTVEE A PEARELEJHosrEHians! domi nated by
noi se, then ®elcaff Whethar fher8deiveditiarRinidRinGidnalPie BomBRédBy odmht i ng; 1 f
the received transm ssion signals are dom nated by interference, then

sel ect ingipe and seedderancget of wei ghts as the receiver weighting; and

estimting t. recei ransm ssion si.gnal ased upon the.sel ected
receiver M?gjﬁtrgcﬁ§eg%%n%rﬁgmr%ltsll%l&?so reld ! |a\§eidﬁod’ %Olspei’ @}‘3&1 Sie%urzgaﬁs nsm ssi on
si gnal serdf weiglgs ad ¥ fice®br wehtthd, .  wherein detecting whether the received
transm ssion_signals are dom nated by one_of __noise and interference

conpri ses ddf BeAeqsivied tiansraipsion sienajsare demipgiaddiyaipiesieransesibanseclecting

a second set of weights as the receiver weighting; and
estimating the received transmission signals based upon the selected receiver

weighting.

2. The method of receiving a plurality of transmission signals at a receiver of claim 1,
wherein detecting whether the received transmission signals are dominated by one of
noise and interference comprises determining a level of spatial correlation between

the received transmission signals.

3. The method of receiving a plurality of transmission signals at a receiver of claim 1,
wherein detecting whether the received transmission signals are dominated by one of
noise and interference is determined during at least one time slot of nulled

transmission signals.

4, The method of recetving a plurality of transmission signals at a receiver of claim 1,
wherein the transmission signals are multiple carrier signals, and wherein detecting
whether the received transmission signals are dominated by one of noise and
interference is determined during at least one time slot of a nulled carrier of the

transmission signals.



the received transm ssion signals. 3. The nethod of receiving a plurality
of trans@esEidRihg! gnals at a receiver of claim1, wherein detecting

whet her the received transmission signals are domi nated BYCHHEEPL32n0j se
and interference is determined during at |east one tinme slot of nulled
transm ssion signals. 4. The nethod of receiving a plurality of

transm ssion signals at a receiver of claiml, wherein the transm ssion

i gnal sSafThemithoiftreadting ApltBnalrtananshelahR HEraRNRGs ol her the
recei ved lr':ﬁrgnnsm ssi.on signals aré dom nated by one of noise and
interfere & SORBNUREER At 3 AEpt eqvaraaet memiy reprrecnsing reazived noisel ed
carrier of 1,554 i | s.. -20 WD.03/084094 PCT/ US03/ 09032 5.
The met hod" %?ﬁ ?rg%é]?é\%%agdngP’ua%g%l%ﬁvgg?g f PN B CRYATBRCS TG EPEsenMEe cei ver
of cl ai m interférandeheaiampr i si ng generating a first covariance matrix
representing received noise and interference covariance, and generating a
second covariance matrix representing interference covariance. 6. The

met hod @f YA : L Yee0f n.ssi.on .si gnal s. at recei ver of
Claim < TR R Locpiie Bt o RS E By s R et Dot

covar i ancwhamein fhe firstrselt dfhveciglne ey thse@tip@f the@irghboarphee RR%SM HPaR t he second
covariance matrix.. 7. The pmethod of receiving a plurality of transm ssion
signal s af°eqR¢ &t of wErehbt are pagsedhupon thsecandcyatiaece magrinhet her t he recei ved
transm ssion signals are dom nated by one of noise and interference is
repeated periodically. 8 The nethod of receiving a plurality of

t r ansni’s sTonmethgd af secatvirg 1 plnedlite of pnsthisvion signalndies Rb#velaifRGdilng Whet her

t he recei vgd transm ssi OH‘LQE% nal s ac\]re dom pated by one of noise and

i nt er f er encd TIFEHRE Mg SESTYRIHEPSBYSSI R SagRisy ase deminsied bt onepf

know edgenoi& anbiligtcretdeslisatpdatictolbafly P! Ural i ty of transmission signals
at a receiver of claiml, ‘'wherein values of the first set of weights are

dependent upon a ratio of an interference |evel and a noise |evel.
8. The method of receiving a plurality of transmission signals at a receiver of claim 1,
wherein detecting whether the received transmission signals are dominated by one of
noise and interference is repeated as determined by interference monitoring

knowledge.

9. The method of receiving a plurality of transmission signals at a receiver of claim 1,

wherein values of the first set of weights are dependent upon a ratio of an

imterference level and a noise level.

10. The method of receiving a plurality of transmission signals at a receiver of claim 1,.
wherein values of the second set of weights are dependent upon a ratio of an

interference level and a noise level.
11. The method of receiving a plurality of transmission signals at a receiver of claim 1,

wherein the selected set of weights are additionally used for soft decoding of the

received transmission signals,
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10. The nmethod of receiving a plurality of transm ssion signals at a
receiver of claiml,. wherein values of the second set of weights are
dependen®Op@siddt rati o of an interference |evel and a ndiJéU308932 11. The
met hod of receiving a plurality of transm ssion signals at a receiver of
claim1l, wherein the selected set of weights are additionally used for

sof t dd@oThnmpetiodofiteceivingsd plathlity afsmissypaen Sgrpiadia recdyengh oiimobB 4094

PCT/ US03/ 09032 12. T d. Ly i ssi
Ci gnals. al aepErdRteb ol ighis SEGRAYLRALRR Kitlbmbitlon b LRSI PO e

addi ti onaldisetigged for transm ssion node selection. 13. The net hod of
receiving a plurality of transm ssion signals at a receiver of claimb,
wherei n detecting whether the received transm ssion signals are dom nated

b f i d int i.ses: . | at i oc of
mean- sdaar e RaRE s P EhERA Lo ERERPASER yRRIFH BbARRMESE ik 1o
nean- squatBsreiidei@sing whefter teagaivdd edreiBRion sidnalswe Homstateinvad efhce

matrix. 14. The method of receiving a plurality of transm ssion signals at
a recei veRoigs anl inleneBIce OBPIBSCS: first covariance matrix is cal cul ated by

aver agi ng_an, Qil,r, REAAVG, Of < SRS\ VRA Bk Bl:Pc@ERl:dr 3 gRR! s at nul

carriers one transmssion tine s met hod of

r ecei Vi ngecvafhtdeahattly tofnehi-aqeiesSwilgs ofioghdibgonal elameris eif vier fisf ¢l ai m 5,
wherei n second covariance matrix is cal cul ated by wi ndow ng and aver agi ng
an out er CPRBAYEMH Xnei ghboring null tones of a received nultiple carrier
signal of at least one tine slot. 16. The nmethod of receiving a plurality
of transm ssion signals at a receiver of claiml, wherein the first set of
wei ght 44aTke mathodlodteedivirgnsplatadiny ofiiradsnzdssiaxsigaals atatreceivarofisiamti,on (VRO

weighting jf on one .i nformati.on_si gn is transmtted. ,17. .The met hod of
recgi Vi ngwgersmﬁéﬁ GOVPNYCC IPATE %3%‘?‘6%6€L§ A%Tresing an opisERIQMF ot ¢l aim 1,

uher el n tageilid il cfie i & NI Rafith e o A8 GRNBABHAMon b skat. M NT MM

15. The method of receiving a plurality of transmission signals at a receiver of claim 5,
wherein second covariance matrix is calculated by windowing and averaging an outer
product of neighboring rnll tones of a received multiple carrier signal of at least one

time slot.

16. The method of receiving a plurality of transmission signals at a receiver of claim 1,
wherein the first set of weights are calculated consistent with a maximum ratio

combination (MRC) weighting if only one information signal is transmitted.

17. The method of receiving a plurality of transmission signals at a receiver of claim 1,
wherein the first set of weights are calculated consistent with a minimum mean
squared estimate (MMSE) weighting if more than one information signal is

transmitted.

18. The method of receiving a plurality of transmission signals at a receiver of claim 1,
wherein the second set of weights are calculated consistent with an minimum mean
squared estimate (MMSE) weighting if at least one information signal is transmitted.
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squared estimate (MVSE) weighting if nore than one information signal is
transm t\;vﬁca /0%4@94 The nmethod of receiving a plurality of transm ssion

signal s a % 8% ver of claim 1, wherein the second setPCHUSREIWELs are
cal cul ated consistent with an m ni num nean squared estimate (MVSE)
weighting if at |least one information signal is transmtted. -22 WO

03/ 084094 PCT/US03/09032 19. A nultiple channel receiver for receiving a
pl ural 19, ya afulfif1g BRh SISty 1oy i%lﬁyin%ké‘é%lmtaﬁignmaﬁﬁhﬁﬁiﬁl‘ ﬁ@f’a‘lﬁz giach traveling
t hrough a corresponding transm ssio ann€l ; a recelver channel

cor r esponuinsyission eenhls eacnisaviciing thvoediampedrespohding érasdrviesion clompel, @i ng:  neans
for detectin ether the received transm.ssion sjgnals are dom nated by
one of n5F%eé‘ge§\léi\gaqnﬁf@r‘feéPmtor?€ Uansppsyen ‘él?ﬁ“ﬂ"ﬁ{g IPFHEY set of wei ghts
as a receobMprisgl ghting if the received transm ssion signals are dom nated
by noi se; nmeans for selecting a second set of weights as the receiver

‘wei ghti ng i measefor deteatingorhethea tiemiess v ahtraisgrisdion sipmidaridoativadedlyy

i nterfereors}ce' megn% for estimating the received transm ssion signals based
upon 1R YHOIeERE MPTEIERsPar wei ghting. 20. The nultiple channel receiver of

claim19, waesgifor Qﬁcﬁﬁéia@ﬂst‘@@@ﬁihﬁéi%ﬁtg‘ﬁs 5?&%&%?%6@11&@@3@1@?&09&6@ gnals are

dom nated by one of noiSe and interference conprises ermning a | evel
of sparingmissentyegrly ase dpminstadrbytivdser ecei ved transmi ssion.signals. 21. The

mul tiple channel. recei.ver of claim19,. wherein detecti t her the
recei ved t@g%ngrﬁogsse G “%?5?10&@ S%rog] EORTRATY B TBSFIER S eé@qﬁ@:qg €and

I nt er frecgraPiraBnigiodr Agma&thre doininAteddy nRfekerRBe time sl ot of nulled
transm ssion signals. 22. The nultiple channel receiver of claim19,

wher ei n t heeagAeEsEBIaHAg Gegnesiedransmyssian; signelebased wporsthgselbeted and wher ei n
det ect ] éqgg- the received transm ssion signals are dom nated by one
of noirgéég‘én %’%?[enfgf erence is determ ned during at | east

20. The multiple channel receiver of claim 19, wherein detecting whether the received
transmission signals are dominated by one of noise and interference comprises

determining a level of spatial correlation between the received transmission signals.

21. The multiple channel receiver of claim 19, wherein detecting whether the received
transmission signals are dominated by one of noise and interference is determined

during at least one time slot of nulled transmission signals.

22. The multiple channel receiver of claim 19, wherein the transmission signals are
multiple carrier signals, and wherein detecting whether the received transmission
signals are dominated by one of noise and interference is determined during at least

one time slot of a nulled carrier of the transmission signals.
23. The multiple channel receiver of claim 19, further comprising means generating a

first covariance matrix representing received noise and interference covariance, and

generating a second covariance matrix representing interference covariance.
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one tinme slot of a nulled carrier of the transm ssion signals. 23. The

mul tipl e _channel receiver of claim19, further conprising neans generating
a first WOUP4B#8hce matrix representing received noi se anBCTHISeH49632nce
covariance, and generating a second covariance matrix representing
interference covariance. -23 WO 03/084094 PCT/ US03/ 09032 24. The nultiple
channel24r Ebempdtiplethannelirgeeiver aficdainy 28, therein ihetlirgiset of waightsirebased based
upon the firs i i . set i re based
upon ¢ he Ve SRHSELANGE FRLH ko W0 SR EEREAR el bt B BOR I U 70t

cl ai m 19, sasbed evvaridedeaabiritg Whet her the received transm ssion signals are
dom nated by one of noise and interference is repeated periodically. 26.
The nmul ti pl e channel receiver of claim19, wherein detecting whether the
receiv !
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know edgetransmission signals are dominated by one of noise and interference is repeated

periodically.

26. The multipie channel receiver of claim 19, wherein detecting whether the received
transmission signals are dominated by one of noise and interference is repeated as

determined by interference monitoring knowledge.



