WO 03/ 084094 PCT/ US03/ 09032 A ROBUST MULTI PLE CHAI N RECEI VER Fi el d of the
I nvention The invention relates generally to a wireless receiver. More
parti cul awloyg/osdve4 invention relates to a system and net hedTfuso3/egw3adapti ve
mul ti pl e-chain receiver that includes weighting. Background of the

I nvention Wrel ess communi cation systens comonly incl ude
information-carryi ng AMROBUSEMUETIRIGE CHAINRECEEWERre wirel essly
transmtted froma transm ssion source (for exanple, a base transceiver
station) to one or nore receivers (for exanple, subscriber wunits) within
an area or region. A formof wreless comunication includes nmultiple

t ransm trjgldi ghithaéEtnvondioar nultiple receiver antennae. Miltiple antennae
comuni cat1 on systens can support comrunication diversity and spati al

mul tiplexing. A Wre]ess Channel  Figure . 1 shows ul at ed rrier signals
travel i ng frobenyeniionpplates genergly @gaawn?lgﬁerfe?f‘é\lerl PIF Qﬁﬁlﬁﬁf & t:‘t?’ﬁny

di f 1 er enpodfdhtbibleg o 4 SRRSHTRSSnRhoRZE N ad¥ptivd Mathl& ahin Aebiveethat
conposition of a primary signal plus duplicate or 'echoed imges caused by
refl ectiincladefweighmagd. s of f obj ects between the transmitter and receiver.
The receiver may receive the primary signal sent by the transmtter, but
al so receives secondary signals that are reflected off objects located in
t he si gridackpabimd dhthedabémtidied signals arrive at the receiver later than
the primary signal. Due to this msalignment, the nmultipath signals can

cause intersygpbol interference or distortion of,t.h cej .sj gnal . The
actual receiv &egsﬁﬁwaﬁlﬂﬁyﬁ{?@%’o‘%bﬁéﬁc uds l%ﬁ’négtgﬂ ‘\'r%xsgléémd sever al
ref | ect edogiigeaaricBsicRls that he vitaésaRaemkmitid fosin Ryranbaissioh gowrad (ot gnal i s
shorter than the reflected signals, the signals are received at different

tinmes. Téremplene basd ransesiver SiIoMROroNe o MIE HEEETYSEIdOr qEemplosss 2

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 transmitter 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 the delay spread
and can be as great as several mcro-seconds. The nmultiple paths travel ed
by the nowoloawedocarrier signal typically results in fadiPag/usb3/odesz

nodul ated carrier signal. The fading can be tine selective and cause the
anplitude and phase of the nodul ated signal to vary with tinme. The fading
can al sqnhdfrst foceique aay ihedhse eédeired aipdaldauslied the délnp gpreat ynd @gperrse of t he
channel over the signal bandwidth to vary with frequency. Spati al

mul ti pl ex¢ahgs spystal BNcioieeoRsiSexi ng is a transni ssion technol ogy that
exploits multiple antennae at both the base transceiver station and at the
subscri ber ung ' ' 18teliRadier Wigh€l t9pisallpidislihnk Wi th no
addi ti onal pgfv%?n%lgpl)eg%g}\% dt ﬁie?:;%r}{tsﬂlljén%l?ia%ﬁ. Under ggr ttz_ipn %‘gndi tions,

spati al fadihg opthexnodplatd earsiensigialeThe fadingeadei time galectivg andeause thency wit h

t he nunber. of antennae. ., For .e le, . if thre n r t the

t r ansni taﬂT&ht‘(‘{?aaéja p%fi?ea?@@%fr\?g}lég%gngmo Vf%w?tﬁgﬁ’?ééggpe\a/%fﬂ ?u glgglb er unit),
the str q?é@{u@ﬁcy%&%ﬁpé AnC QRS thel fRlqRENR Irbponsy ottt sShansieb@lek theisignal t hr ee

i ndependent substreans. These substreans occupy the sane channel of a

mul ti pl dandwishls topyasy sl frequenesi- bl e same channel multiple access protocols
include a sane tine slot in a tinme-division nmultiple access protocol, a

sanme frequen | uency-division multiple access protocol, a sane
L e sl Ao ki

code ion multiple access protocol or a sane spati al
target location in space-division nultiple access protocol. The substreans
are applied ssipsnbmeltipldxing ise transraission technology det axploits mmiipla andennaér ough a

di o channel to th . i tier] i in th
v onrRRp s bRedTgRER  FHOOR ae e e EP Gt R e AR e R B B T oot o
si gnal s fesuldhde Hikamt A addiRGSTbswast ahewidth sbdsumpaiph UUaderktyrtain  arr ay

of receiving antennae W th random phase and anplitudes. At the receiver

array, aconditmns,apatiil gmatiplesingfoffstsehlinstr ingeeapeinespoelinm effiragnsy mdthdbe | nat ed.

Based on the spat,ial signatures,. i gnal _pr i i i.s applied

to separ‘ﬁ'}“gbetrﬁga‘%tfeﬁ‘?‘?gl ,r?’é%@&rlfﬁ'ééet%é&nggﬁ%ﬁﬁgﬁ? a@%ﬁ?ﬁﬁ%@#g%aéé
transceiver station) and the receiver (subscriber unit), the stream of possibly coded

information symbols is split into three independent substreams. These substreams
occupy the same channel of a multiple access protocol. Possible same channel multiple
access protocols include a same time slot in a time-division multiple access protocol, a
same frequency slot in frequency-division multiple 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 transmitted 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.



-2 WD 03/084094 PCT/ US03/09032 Figure 2 shows three transmtter antenna
arrays 210, 220, 230 that transmt data synbols to a receiver antenna array
240. Eachworoafs4wpi t er antenna array and each receiver antPemnmoz0903ay

i nclude spatially separate antennae. A receiver connected to the receiver
antenna array 240 separates the received signals. Comrunication Diversity
Ant enna di ver Eighte 2 showstkeeh rangmittes adenna annays 2 1), 828,238 that-thhasmd data

conmuni cation  systemto reduce ffects nul ti-path fadi.ng. Antenna
di ver si t /ol tBé‘IS?ﬁl‘éﬁrﬁEE?nﬁi‘/an@f%wdﬁWb DSPLICE AR 92 recei ver

with t“Dreeéivaﬂarnﬁ‘enﬁaEﬁ?ynﬁr%lud'é%ﬁﬁiélmeﬁﬁh& a8Rfinad, 6K BdoéReRPdBRBRd Bdhe | ncl ude

a transm ssion channel”. The transm ssion channels fade in a statistically
i ndependen¢iversanteana aiTay 240 saperatesitbeiraspizved signalsd ssi on channel is fading due
to the destructive effects of nulti-path interference, another of the

transm ssion gghannelﬁ.iQDkaLEely to be suffering fromfading
si mul t aneous| ¥~ redundancy provi ded by these i ndependent

transm ssi on channels, a receiver can often reduce the detrinental effects
of fading. MiAhicphediobehng a fechdfweiised & mulipleambina-bessdeommanicafidch spat i al
mul tiplexing, receiver diversity or interferenceg cancelling. [Each of the
channel ¥EE& tpéﬁ@ucgéh@?f&qtsjofmﬂléwm?%- gﬁ‘ﬂtf’lﬁtj‘ 1}’3%{?1"3(. t3ige Btimte a
" ecel vedy 4ottt iR Al AG LA ! Attvol RSB Bhichilhes| BN dansihitiahgal |y,
the recetved rhformation S|gnaF I ncl udes noise and 1 nterference that
linmts tiecise antemmypadfintlode e shnsmissidn cemael dthedmnsmsssioaahsmmeladaii s e
typically consists of .a noise floor.due.to thernal. effects .and .background
oy se. | THRSHCRE RS e LR, GES PbF BEREHSS PG L e
transm t §idg M dddtrlctdeCIrBORDS nhul8 PaB Gl RANEe, ahbfict O @E bahdohigsibh ansnitters
can belong to the sane conmuni cation systemand interfere due to cellular

f r equencshanaels & undikelyte be saffening fremJading sivaillignepusly. Byt vigtee ebsuni cat i on

systens that.are |ocated in nearhy.regions,..lt i S| e a
met hod atrdedARPLRIPE ed‘r%é’é‘h?s\?inﬁ epﬁ%qetnl?%?llesg}lsr'lsf%lr ?}{aa??%% alrg?éékeglcéﬁgﬁé% conmon
recei verredhée ths deeisichedd effetthaf fAdiig. r ecei ver be adaptable to optimally

Multiple channel receivers are generally associated with spatial multiplexing,
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
interference is generally due to other transmitters transmitting within a common
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 is desirable to have a method and system for receiving multiple information
signals at 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 implemented with existing multiple channel weighted

receivers.



receiving information signals that are dom nated by interference or noise.
The method and system should be easily inplemented with existing nmultiple
channel wwDg@hwem4 recei vers. -3 WO 03/ 084094 PCT/ US03/ 09022T1/USosromBy of t he
I nvention The invention includes a nethod and systemfor receiving multiple
signals at a multiple channel receiver. The receiver is adaptable to

opt i mal ISumeaey vetheThoémtdnd on signals that are dom nated by either noise
or interference. The nethod and systemof the invention are easily

i mpl enented with existin | tip]e, channel ighted receivers. A first
embodi nent ole%WBV"rWéﬁ?‘g S &t%%n yﬁ@f’h}g’e r%Ser“}geIBBﬁ\P;l%sdg%ﬂSp‘ftl?r ality of

transm %ﬁﬁlﬁ@lesdha&?él SeclveR TRCREMGE is AptAVIRSEPIESI teshgaksmpash travel
through a Correspondi ng transm ssion channel. The receiver includes a

pl ural i tsigmis theteee deminatsddnyredther naise erdeievierench aRaineibod aad pitan aftheo each
transm ssi on. channel.. . The met hod..i ncl udes h,recejye ael receiving a
cor r espd UGN AFASHY Zuplgented wafh existing ‘W&ﬁﬁ%&hﬁ’ﬁﬁ’(&ﬁh Fe;drc} ?él}ggegs'det ecting
whet her the received transmi ssion signals are dom nated by noise or
interference. Afirst set of weights are selected as a receiver weighting

I f the received transni ssion signals are dom nated by noi se. Aa@,ecopd set
of weights ahdirgemhediaentef thednyeagien wsludge papathadgior Fecerang aplaralityo

transm ssiQn.Si l.N | . i,ved

tr anom TSRS BRI & el B Hab (RO PEREIERES nl ORI RERAEE,

wei ght i n@rrebRindald thnsitiisionehatied The sdceiodr mchdend platadity of goeiver ar e

dom nated by noise . or _interference can include determni a level of
spati al %W"é‘l‘s&tf?‘%ﬁ’l"eﬁé{‘%@é ‘_’qrff’ép?réjg’_ég W&&cﬂﬁmﬁﬁl%aﬁﬁn& glﬁ)ﬁllg‘?t&tﬁt ecting
whet her i BeqLEGEh \éé;c%ggf ARAITE AV 'a%ﬁles%loﬁﬁﬁ{g@ﬁffhﬂﬁ&iﬁﬂ sigh¥l. NGjeS€ O

interference can termned during at |least one tine slot of nulled
t r ansm smethod Sirthea ircludee tietettinggvindtedries rectived wansimission signahireési on si gnal s

dom pat.ed [ ) i nterf ) det 1 hed J t | t
e § P tted BY 20Rs oF uferi it (O S o Bltighl SEMAP R 5 fRAELRY, o1 1 o8
si gnal s.wEeh@ed irik MbalSPkardshessi@CeEnarart domiiiteishyaivise. A second set of

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 least one time slot of a nulled 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-



signals are dom nated by noise or interference can be repeated
periodically. Detecting whether the received transm ssion signals are
dom nat edwby3f®iose or interference can be repeated as detPerrniSapaoby
interference nonitoring know edge. A second enbodinent is simlar to the
first enbodi ment. The second enbodi ment further includes generating a
first cowikeiandé@erfarenéecavaniescmid gegemibng b gemdnd cdvaianC8ma8#094

PCT/ US03/ 09032 noi se and interfe& nce covari ance, an e eratt'#ln a% second
covar i aReResRIINgE JterIEReeCOYRLIFNge; ﬁ% fséIS%tr‘P% %&%Farnaal??c SCErPROTk F’%fs set of
wei ght s cﬁ%ﬁ%egﬁﬁﬁﬂ aﬂg?ﬁb debSndl def SF weishi@hah BB bRscdBipbh e 2B6hd he second set
of wei ghts can be based upon the second covariancé matrix. The first
covar i aroeanaice imatii:an be cal cul at ed by averagi ng an outer product of
received nulled single carrier signals over at |east one transmi ssion tine
slot. The second covariance matrix can be cal cul ated by w ndow ng and
averagi ng an THUEE cRbAMES mHix Bl be ¢AARS@by ﬁ%‘rﬁgiﬁg_dn suR@pdaardfi er

signal s over at least one transmssion time slot. The first covariance
matri x ceceives rodled singlecchrtisr signalsayenef least ong ansprissincimeslot.r ecei ved
multiple carrier signals at null carriers of at |east one transm ssion tine
slot. The second covariance matri x can be cal cul ated by w ndow ng and

aver agi ng an THY REorld @¥dEincematet gibes tdlenlasd by wandwsviag and setadivgan nul tiple
carrier signal of at |least one tine slot. The selected sets of weights can
be addi tquisrarednctefunl} topessefireceiesd ingle corior Hignals avarial lsastisns ni ssi on

si gnal S 1Dk (i:s?{bnt%ﬁnéjﬁgfj for transm ssion node sel ection. Detecting whether
the recelved Transni ssion si ghal s are dom nated by noise or interference
can include calculating a ratio of nean-squares val ues of diagonal elenents

of the first covariance matrix to aq- qtu es values of off-di agonal
el ement s of tHee fnst Qqvarigppedpginy can g?‘i?ar ?‘i‘.‘ e&ﬁY&W&@P&éﬂP“PﬁBN&‘H&%‘%he first
set of el G EmARpIeabiERieH nGR Bk at Yabtbne transmission time slot.

The second covariance matrix can be calculated by windowing and averaging an
outer product of neighboring null tones of a received multiple carrier signal of at least

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 matrix.

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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an maxi mumrati o conbi nation (MRC) weighting if only one information signal
is transmtted. The first set of weights are calculated consistent with a
m ni mum rean3/osgaar ed estimate (MVBE) weighting if nore tRran/usn®09032
information signal is transmtted. -5 WO 03/084094 PCT/ US03/ 09032 Anot her
enbodi ment i ncludes the second set of weights being cal cul ated consi stent
wi th a m ni mnusmdstkarensipdament indtdesahesecdBEer ofwicights begng ¢alod@edr nore
information signals are transmtted, A thi odi.nent ..ncludes a multiple
channel ‘Poé’é’éﬁei}g‘ﬁ’lt# 8 MIPEREN G3g Sﬁ“%?%?%??%r%ﬂ%%f%e%ﬁrﬂ?ﬁl s. The
transm Siﬁ'd?ﬂlaﬁ&%lgha‘is sRGhnkAY¥Rl 1 ng through a corresponding transm ssion
channel . recel vér channel corresponds with each transm ssion channel.

The receiver includes a neans for detecting whether the received

transm ssion signal s ar.e dom nated one of. noi.se ;and i.nterfer e. A
first set of &é‘%&ﬁ?@b%&@e@éﬁn&‘agﬁa ﬁ%‘ﬁé’le? F\f&?e%ifg‘iﬁef’?%ﬁmgra p?‘ll{gﬁfyecei ved
transm sgf Psiiseionlsiralse THRHaRghReioR Yightlks $ach HaveBiag fstoBEH a Bdrrespolitg are
sel ected as the receiver weighting if the received transm ssion signals
are doni mansaussiop dhanesif érispeiver chaenel serssspends wih seahdansmissiogshpmnchr e
estimate based .upon the sel I ' ' ' . C and
advant agbie BoT O RedR B IR E oL B Wl SSRRERS

f ol I owi ngorighiedl be@nd esasis@hndinterfopdoes AnreDit bRGights ane sdledidteasac conpanyi ng

drawi ngs, illustrati nig by way of exanpl e the principles of .the invention.
Bri ef Detsesivgtwaishtine i fhe eravgdgnsmissipnsignalyBadomisiqddy Bt wi r el ess
systemt i L . R~tap ; system
Caer ver B b YERE L LR N9 rlckB feighRs BThC IAPRER kiukimidor

spati al | yigmedpae dbmindtedingintérfezencan Tha nweivad drapgaissiah kignsle perestimatedcei ver

antennae. Figure 3 sho mu) tiple chain receiver that includes an
enbodi nmePasedEpqnhe selgcie feiCSW.erg'F’éﬁl%gﬂ show an enbodi nent of the invention.

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-



Fi gure 5 show anot her enbodi nent of the invention. Figure 6 shows a
frequency spectrum of orthogonal frequency division nultiplexing (OFDM
sub-carriwpo osiogread s. -6 WO 03/ 084094 PCT/ US03/ 09032 Fi gureTusshiavas2 a fl ow
chart of steps or acts included within an enbodi nent of the invention.
Det ai | ed Description As shown in the drawi ngs for purposes of illustration,
t he i nvent i orFigsreendhodis adlow chaat ofistdpsdr actd irshsted wifhan an embpdimegt ofll ti pl e
signals at . a multiple channel receiver. The receiver is adaptable to

opti mal I BEBEM | nfornation signals that are dominated by either noise
or interference. The nmethod and system of the invention are easily

i mpl emenpedildd DRs@Xptidn N9 nul tiple channel weighted receivers. Particul ar
enbodi ments of the present invention will now be described in detail wth
reference to the draw ng figures. The techniques of the present_invention
may be i npl efeshaesen inthe draveines firfuapases of lysisation, teinvientionds smbedied ens. of
particul.ar_rel.eva . ] : i | ENE .; base
Crati on BranEIRECARCaRih 1Y 1y Sie b flofe ebar A SRhich oRLERE iy . 72
subscr i bEfisrectifetid ddiptable té bptimaliypsaeeivb énforrhationssigalathiat ade dontneédsbyver t he
wi rel ess channels to the base station. for . nk _comuni cation the

. : Thus, ownl
base st atifhgh noiseaor infperenseer Hifd Matds aBe YFIERY Qg &]\gg myelign AP s°asifhi | e f or
uplink con | ' ; | kS esiwgy and the subscribers
are tranlﬁ%%@@%@ﬁﬁ%@ﬁ%@@?@%gﬁ dggglrr‘gﬁll g&or fixed. Exenplary
subscribers include devices such as portable tel ephones, car phones, and
stationary rRotouerentndihents ofithsipreseatioventiverwilltnoy e daseribeddndetod. The

base statipn can be provided.w th | tipl.e antennas that allo enna

di ver si t‘g‘/“l(“) é%fﬁﬁ‘i‘?fl&ifé?éﬁ%%&)”&?g @%%F?-afﬁ%fﬁ %‘F"'&‘F RIS%eHE}“d’ 8‘2%4.“ ‘)ﬁ/?j g%ldi tion,
each subggdiéhefied inSvaidts BiFRFenttfRs BBthMLAicAdESRms! [Gitpapedutdrt furt her
spatial multiplexi nﬁﬂand/or antenna diversity. Single Input Miltiple

Qut put (Slavahcemsre pgl arpyigelq:qsp:gmrm]iqqtigpéystems. A base station transmits
downlink signals over wireless channels to multiple subscribers. In addition, the .

subscribers transmit uplink signals over the wireless channels to the base station. Thus,
for downlink communication 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

-7-



Qut put (M MD configurations are both possible. In either of these
configurations, the conmmunications techniques can enploy single-carrier or
mul ti - carwDes/ogmearuni cati ons techni ques. Al t hough the te@omiusozeo0sf t he
present invention apply to point-to- nultipoint systems, they are not
limted to such systens, but apply to any wireless comunication system
havi ng applicbista single tensndter-ieneivér i seenctbomghnit Sawmiderstood Ay dtrapphgs 1o, f or
sinmplicity, the fol |l ow nlg g%‘gcrl tion will focus on the invention as -7 WO
03/ 08409¥StERs MUBFRY ‘to a single transnmtter-receiver pair,
even though it is understood that it applies to systens with any number of
such pairs. Point-to-nultipoint applications of the invention can include
vari ous typesi’mﬂt—tomlhltlpqnhfaa}md:lcdmsQéﬂ@ma‘z;entlsn@hn inchulewaripwctypefeof but are

not limt i n i ess , d| Vi si on
mul ti pl é‘"‘ﬁg@ sa'gcisﬁ%“ SHC} Wﬁ u%ﬁﬁ?l}t%lafﬁ Y 1%%%0,&%%&?&?0” hogonal
frequen | S EMplenst BMA), cdily diviston nul tiple
accgss %{%l{\lgté ﬁb&g(??%%%hggﬁﬁ?ggéﬁbe time di S?i(Fon dhpl ex STDD) Tha!tO is,

t he dommlmltlple aceesn SRR Adrordweonsd digayenchielivgsing meEnipagcess VAR ssi on
At or nachbf i Ra MR et BIRAR B’ £ equency division dupl ex (FOD).
That is, the downlink transm ssion can be at a different frequency than

E ?Snglronl g&:ﬁ?@%’é&££ﬁﬁ5ﬂ%ﬁ%§%g%lﬁ eéiﬂjﬁn&gn?s&tﬁ%ﬂgw& UEL? \r/]\nkr el ess
Pk 3?39&?1? (EIOHQJah%CLE)RU?%%M;;Q d]r%?éi(gl ng an hﬁssﬁ?ﬁr A0 o Hediolialc 0o

| evel s enuat | on deI et'érious” effects. In
addi ti Oﬁranlsmissrohﬁbﬁmeuﬁat diffevértemmesr adematnvekysﬂmmansmissocmsn bed transmitter

may be present th ran Si 0 uenc d of the desired
t r ansni sfgﬁq&ﬁncys‘ilﬁﬁéﬂ “piﬂ’féFgﬁ)dngﬁ’ ag1 ﬁ”p}g%a Q’ék %@t‘%ﬂ"ﬂ? SK %&#?ng

transm SEieRng # eﬁb')ﬁthtaﬁ thd iRk tRh&ARESIon C EDIEARRERIWHLAk tiafBnisdsna resul t,
there are tenpor anges I'n channel comuni cation paraneters such as

dat a camdlupimksqaemmsabnwqucm gmaftaneomslyughput , and

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 channel is coded, modulated, and transmitted.

-8-



signal quality paraneters, e.g., signal-to-interference and noise ratio
(SINR), and signal- to-noise ratio (SNR). Information is transmtted over

t he wirelwolsok@anel using one of various possible transwcggisosrosvezies. For
t he purposes of the present application, a transm ssion node is defined to
be a particular nodulation type and rate, a particular code type and rate,
and nmagxahpRs ofh wiec@ilﬂgmodemetre obvedutaspadtbdodf cotlesaasdrin®sd on such as the

F T anori BBFioH AR doTEReIY i ARl HEBIAR ol o Bare AT RAE o
channel §5)E)g803]2d€9dl§x fﬁe@éﬁg t%r@l@ﬁ rﬁ(’icﬁl'i‘é"t%trﬁ@&s areBCﬂQQIaQ 363408 48ns such

PCT/ USO pi cal codi ng nodes are convol ution and bl ock
codes, amBPSKlg QPSKaland othleamtary PSK¢ equaknonmtellationseuelr 2s 4QAM, d6Q4dvhri ng

Codes, | i c Code ) t nmodul ati on
nodes aﬁ“ég etheewrayy t‘gfqe%?qagﬁ%p@%%‘%}'ﬂ@o@ﬁ%ﬁ’mn%ﬁ%ﬁc udﬁadﬂ F Ecggrndm ary PSK,
square 97951?}%1& a’ﬁ‘h@ﬁﬁpléﬁ@ﬁ‘taﬁ&lmo?ﬁ%ﬂvmcﬂ@(ﬂraﬁﬁrﬁﬁmoﬂt@dﬁs PAM  Addi ti onal
popul ar I'ati on techniques include GMSK and mary FSK. The

i npl enexombiunication syseneis wdldgwwadniter@gt.t r ansni ssi on nodes in

communi cation systens is well known in the art. Figure 3 shows an

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

nul tiple rec%%ﬁﬁé 3GR&wvE an efbbdimenesfthy fvedfh thbi mluﬁmnummmmn to be
adapted to_spa mul ti pl exi ng reception, receive dlverslt

i nt er f eressivsr 38hcEhe ﬁltuﬂtdﬂe receiygtrhamst @&Te%‘é@rr?()@&uP@%%H’d? t\’/ﬁnttﬁ %ne or
nore tra r |y
travel s ??ﬂrp%@g% 'élté%lwst %glg’ﬁ’ ra 2%1195 g%%&@ﬁanﬁ%w ﬁ%r%%eba&gggg?scrl bed
| ater, @®agh adtoRler ot torrédppidswiittesnceormadredmmsinisaion chpmelserftat i on of  the

transm ssi on channel s. This enb d| nme i ncl udes | ur al.it. ceiver
ant ennadniRrmatign- Caﬂylwlg@&(gﬁner? gsr h{sﬂﬂgg ?ﬁathg [ransmissi éwol}agp &sponds

Wth a senas 55 Sfer, GNiBbdh 1%&& HR6AHNES nafiRinatiéd régieeniatich vees a
frequency dé%ee%%nver s?%ﬂ bl ocke 310, Bg 314. The frequlgncy down

conver sithtrinisadgsor3d@nngd.2, 314 frequency down convert the received

This embodiment includes a plurality of receiver antennas R1, R2 ... RN. Each
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 (Spesrep) and
interference signals (Srerrerence) 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.



information-carrying signals to a base band frequency for denodul ati on and
decoding of the information-carrying signals. The nmultiple chain receiver
300 receiwelslostoks desi red signals (SDESI RED) and i nterfePeEmasSozimaal s

( SI NTERFERENCE) and noi se. The desired signals include information data.
The noi se generally includes thermal noise of the transmtter and receiver,
background ndish reciner dhaihds ¢cannactedid & dennaiwldtionead spétiad prosessing eck
transmitter and th receiyer.. The interfe Si S ,ar.e nerally

pr oduced3¥y T@PNQFIOEP%HW‘E %?afé‘a]&fm%tess%?’{ﬂcggggsﬁglﬂgﬁﬁ & nbaggg?“?m Both the
noi se a T&?aﬁ&‘%éfeh%ﬁ%ﬁﬁqa%éswﬁ{e%eﬁl@ﬁm@% Is. performance of the multiple
chain receiver 300. -9 WO 03/084094 PCT/ US03/09032 Each receiver chain is
connected to a denodul ation and spatial processing block 330. The

denodul ati on ,and spatj.al. processi bl ock 330 . ase band
signals, and %fgpgygglnggﬁaﬁgpggl@g c?lh@e %?rgﬁgtr% fﬁg‘g‘%‘?ﬁ%ﬁl@%e recei ved

i nf or mat jhPRd& 196kiE] *BfralestichiMeS Gehdrally, fsuetna Gahisnaiferapplies ai iwbdingi ncl udes k
spatial separate streams. Cenerally, such a transmtter applies an encodi ng

node t o maddtosiach pEthk keteampio ensodp thediata tade drpsmitipdp Befora Hansnpisdon. Bef or e
transm sgi t he dat re-coeed I apd i-ng and
ntor 1 et H5ma GhatE BaBT i i P PR g il B RAVAR ar B RROVED

t ransni sipitBark 3f CormuhidaidergdptemsoThe anstaission vate bethroeghpndofithe dgan t he

nmodul ati on, coding rates and _transm ssion schene (diversjt r spatial

mul ti pl evarieg ferpading ypon sogmgdulppien, godipg é%ﬁ%@ﬁﬁ?@smgﬁ%@‘éﬁ’iﬂ%s pati al

IOFOCGSSi%%ﬁ%ﬁé@xﬁgﬁ%qﬁeg&c&im@kg&&g&ssi ng to recover the k encoded
re

streans. € recov streans are signal detected, de- interleaved,
decoded and de-nultiplexed for recovery the data. In the case of antenna

di versit rocessin i1 shqul d. be understo at .k is equal to.one and
tlh\ljs tlhe?/epi 3%16‘?1 %7“‘9‘311%1%@“ %B%Pgam%?w&%?fgég%%f%@!ﬁﬁ%&} gtplr%cﬁsséﬂ% spati al
processi RoetiveFtheI3DcOEES RIS, THE tdédeSedk Sabarkd are\Wiinghddiedidiiptiear e used to

estimate the transmtted synbol s based upon the received
interleaved, decoded and de-multiplexed for recovery the data. In the case of antenna

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 to the received
information signals so that the mean-square error between estimated signals and

transmitted signals is minimized.

Let X denote vector of received signals at RN receive antennas. Mathematically,

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



I nformation signals. This can include, for exanple, a mninum nean square
error (MMSE) receiver. A MMSE receiver applies a set of weights Wto the
recei ved worBos4vad i on signals so that the nean-square err ®CTHSIHE®B2
estimated signals and transmtted signals is mnimzed. Let X denote
vector of received signals at RN receive antennas. Mathematically, X can
be represented as X = KHepPESMRED + N + | where H represents the channel

matrix with elements_Hr,t] being the channel respgns omtransmt
ant enna Yherothe svcaghte W AieSHRSET IO DRNIUZE AR BPLVATRac F§§]@L§@F%‘F§D '?ﬁﬁm

repr esenys MR HE he chittheMYBEIA SREIovRAaRS hdikt 68,)idTa desired
si gnal Sn%% app]):jl ??%{S&%?gﬁ?‘§ﬁ.gﬁgp%°os/ 084094 PCT/ U303/ 09032 ggVST = WK

wher e t hwiseqihghinterRiance vettos ¥+ No- hi Hhenweights@rer ror vari ance RE =

Var [ SDESI RED - SESTI . _%%Rg fs are a function of the channel matrix
and covariance matrix (Rv) se-plus-interference vector V= N + |.

The wei ghtepe afrfdicies the hdiitian-Btljudatd$Rhe niatrix) dhe RY 46 défireed as Var[V].
herm tian-conjugate of the matrix, and Rv is defined as Var[V]. The
accuracy of the MVBE signal estinmate depends strongly on the estinmation

accuracy of | se-pl us- j nt ] ' | = Bl wher e
E[.] denotes nﬂﬁ?@"&?ﬁ%ﬁ@f W@S@? gﬁﬁ%é%@?ﬁ%%@%%%%%ﬂe vector V
can be nRagHEPEF SHd-Plls-antetféraReesdovtridrite it RiveBi ViV At wheredf.] sleapted s ar e
zeroed (nulled), or during a tinme slot_and freqyenc i N whi sel ect

carri er shegxpeciatipn operatog.akhe naise-plagHHeferesre ¥aY SAhPRMPA YU SA | ed) . In

a noi se-domin Sl ion ibnd e (ulted %%Tdhﬂﬁ%ﬁt'ﬁié Y&nd
accur at éP’&ghB@ﬁ“g‘g%lrg%eﬁgﬁﬁgfﬁo%% edrli?lg%g Ie s(ﬁ)ts)’si. nce clan Sbe nodel ed as
r andom Gadish@ninwetdtioselect carrrs ofiit multiplesracierduformatiausigrals aroaemend however ,

o Rt DI ol B, A RGeS Ve LGSy 10

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 weights.

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-



inportant to capture the local spatial structure of the interferer
accurately in order to ensure adequate cancellation. Hence, in order to
obt ai n anweossave estinmate of transmitted data using a warisexetoenna MVBE
receiver, it is desirable to first detect whether the transm ssion
environment i s noise dom nated or interference dom nated, and then to

sel ect tdekectings squondiset afovaghtaacthe nadeiviex wieighting if\thBEecenied imfermaAionembodi ment
of the invention incl udglgeys' det ect i ng. whet her, _%he received information

si gnal s SFBlyBRAARIAEARY WigTHREsnCho i BRISSPIVES fPRRstoR Sien Sl1y, the

det ect i onyiphdatRLEpdntfe SQE6QEY RV WEBREAL IR GI9Adet oPRBigHRIELABE ed by

noi se or mterferenpce I's possible by considering the | evel of spatial

corr el atbased upont hfrst eawairiaect matpixs andthe sedond eetfad vemghds dat e Kaded wpam anul | ed

i nf t] ignals). A. tively | f | atj on i ndi cat
Focept § oieRi SRy ks 1B B covpRarEme R e TP LIRSS onent)
wher eas @vigit] MRl the S6BLY cHRAT86e RbtrkQah ebbicaNinkditiraRleRBvarRaet i on of

i nformation signals having a higher |evel of noise distortion (a noise
environment). Anot her enbodi ment of the invention includes selecting a

Sl gnal o are dREE SheRempERmN 90T T S B KBS, ™ "
sel ect i ngcladekwithi thebbee-dRtibvddeandilaton eadipatial procgbing bibckf330)wndr ecei ved

information signals are dom nated g%ni,nt erference. The received
i nf or mat SelFreesiymayeigiia hassd upes ilewst elndsesnd iptseisrenpeokiere¥sdd recei ver
wei ghti e fLr S L ; i i ance
mat i, forhafol Mpler At ofil pHRl R $AG, B 1o Rl Sho A
covar i aneeeival informafibe sighals tarecdetamimsdadnrmgtartime slatinrvelpicke ennformationed noi se
covariance, _and the ?%elﬁ d cqvari ance [ratriﬁcan repr esent inter.fergnce
covar i art@alsargarroed (upise). on WY HIEHOL 4Pd {1REUSTGY dh LS. SeIpfl STATB BHI ment
s gener alnlifinid OtibGRhNabh Sighls aRbR¥R1dRSIEd bed demodul ation and spati al
processi ng blrock 330, and, sets receiver weights based upon a |evel of
noi se and interference of received information signals. As will be
expl ai ned | atAcovarirace estanationblenk 48 rasrivesiihenyliaddatrordntormaiion ecei ved
| nformat ;S B3 fufhle At PRk b'gdferdiel b WvataRbe bt hhat N

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 receiver 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.
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signals are zeroed (nulled), or during a tine slot and frequency in which
select carriers of a multiple carrier information signals are zeroed
(nul | ed) .wa0s08@pi ance estimation bl ock 410 receives the mairiusds/omsa or
information signals. The covariance estimation block 410 generates a
covariance matrix Rv that provides a representation of the correl ation
bet ween t he rKigaksestiowiapoties embodiarht afftht hventi@c eThie embbdineat will beat | 0

cal cul atjon_bl ock 420 receives the covarjance matrix R' fromth

covari arfké"%iaﬁr&?ﬁﬁlﬁﬁi iy Iaé’&‘kmﬁffd’,arféq’i & agohptipesy %em'aktil%too]?e ‘imfdgrsiﬂoggo nal

el ement shhRvef fiiat fHeABARon ¢ REBASpliddBlsSto'siglCodiAl Sitetiied to deternine the
| evel of correlation between the receiver antennas™Rl, R2 ... RN. A high

| evel of correlation indicates an environnent dom nated by interference,

whi | I I | of relatd i ndi . I dom nated b
noi se. A 1 ecekvovrimr B o ol eh gl We TR Ve MARYR s based

upon t hesjothatA SigAANEhdtRArrRY kidTR hatipe carles dghhl i8 QemIter ks é(%,(ﬁ?. Phé ecei ver
wei ght set bl ock 440 sets the receiver_ weighti nfg based upon the selected
r ecei vertong¢qyatisncsfestimpator £@ calevlaige p ghise-plisdpterisrenbe eevarygee matfix WD

03/ 0840 [ USQ3/ 2. Fl e.9 .show her _enbodi t t he

i nventi onV.(E%{Pgergénﬁlgg?%leeﬁtlg \a}mgﬁe %‘g ndlglglg rclgga%ﬁ géméi D p’?olﬂé ’@ocagfbﬁul tiple

carrier dafcahsetd £3he@butsyprioduet dftv(k,8) With hselfinder st ood, however, that the
invention is just as applicable to single carrier systens. A covariance

estimator 510 receives nuIIeanw 'gl_]_e a‘yki #glignal tones in atime slot
n. A signal tone at carrier k' & ’?Mgfpl(e’n?ér@f r' signal is denoted as

v(k,n). The tone covariance estimtor 510 cal cul ates a

noi se- pl the-quigr drediickisefingd as 3 mmtplisaion Betwegn toMeckoier L RAMPE | tones in a

AR DRl mic L
product dnsirdmhénteslcastant ovdrtmydtipledfor exarhelie Wdaimé slots\se thas Ry (KJN) canbe be

averaged over time to improve estimation accuracy

R,(K,N) =%Z’1RV(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-
diagonal 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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determned a priori or determned at the receiver if the anbient noise and
interference environnment is constant over nultiple (for exanple N) tine
sl ot s so wbaw/oRweK, N) can be averaged over tinme to inproPETASVE/OMBE oN
accuracy R, (K N =NEnRv(K,n) A ratio calculation block 520 receives the
RV(K,N matrix and generally generates a ratio of average power in the

di agonal terns to average ppvwer ihghe non-  diagona erns. |If the

envi ronment i s noi se dom'ﬁat@g’?)'@&gw)ﬁ’(ygd@?’o&ﬁréfl I’y a diagonal matrix
wi th diagonal elenents that represent the noi se-plus-interference power

per receylwee breknnd w(l)is & hisdovastlengtb Lr. dtnyovinfow ityrgonan betchosen stch as

non-di agonal . terns w | be large. .If t rati,o exceeds a.pre-defjned
t hres hoﬁéqnnp{ngc%zwoser}ttfipgmangal WH%JO_% zﬁ"ee‘?ﬁ’\l}fl?‘gﬁ?ﬁggk Ei 134 f(i'%}c_glgr-l 8% Benat ed.
I n cont r@gtrendd RniRidiR oMbk linte&ererB lcharln]. AR chlb&pricsdt @ &@vandod Ak erld

environment since the interfering signal will be correlated across the
r ecei ve vahmt envaade estimateil ot thgseceiven endnpdateshadantivelnas e iatfeieri ned to be

interference dom nated. A seco ovari ance tri @ ul ated for
the i nt SOPRFGHRHES gﬁ‘i‘g?ao[vgﬂtsungi gd%ﬁ@%gﬂ%%cggﬁagfggggr Rléﬁigglgﬂéegt ures the
local  spafpk ed ByaW6iaing ovEr Khitnd slbBIoker whiek the dpatialeaaburaibd the one k (and
time slot 'n), the second covariance matri x can be cal cul ated by w ndow ng

and averiagiforgnedis dgterminegiio bestetignary (. ) over L nei ghboring null tones, -13
WO 03/ 084094 PCT/US03/ 09032 w(l)[vgl_+ k, mvH (I + k, n)] , Rk) (L, n) =
L Y11 where L<=K and W(.) iR§"eLwWyneovd ofi(DRIYw),. Any wi ndow type can be
chosen such as Hamming, exponentialV‘Gr rectangul ar wi ndow. The wi ndow

length L js a {u i herence bandwi dth of the interferer's
wﬁletre gg]ls%g' B&%‘doQ{ of f% %t(lﬁ@

channel . reset 1n vance to a fixed value, or can be estinmated
at the receiver and updated adaptively as the interferer characteristics

by aver agi ng AberemioREnt dedudss ik [ FEisal L PECT AT tecHadeupE B the
i nterferguesioSedtailicBffulify RERE X TOHNAT thnes. 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 520.

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

embodiment of the invention selects MMSE receiver weighting as:
Wnss = H [HH +Ry]"

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

channel matrix H is dependent upon the index k, and H=H(k).
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R(,k) (L, NN = Nu(n)Rvk) (L, n) where u(.) is any w ndow of |ength N
Anot her enbodi nent includes a filter to efficiently performthe w ndow ng
and averwgimgs4qequi red in computing Rv(k) (L, N) for all t@®cagiSo3/o9oss
particul arly advantageous to use a filter when v(k,n) is not available for
all tones k since data nmay be transmtted during these tones. In this
case, the filtering operation can also be used to interpolate between null
tones to yield an,estinate of (k) (L, for. al.l .t s in the.nulti-carrier
S onal | The. 1 FesETHS el i st ihbe Srisdhmiddhen stebhtubep e o
v(k, n). e livestiod &&&tOMVIE tdBlvesRERALOHR: Pl ock 530 or a second receiver
wei ght selection block 535 generate the receiver weight selection

dependi ng upon the ratio calculated by the ratio calculation block 520. If
the signals receiyv arg}gﬁégﬁ_rpgpe tgabe interference imted, then an
embodi ment of the I'MYERT| el é¢¢ E receiver weighting as: WWBSE =
H[HH + Rv]"1 where His the previously described channel matrix, and Rv
is the noise-plus-interference covariance matrix Rv = Rv(k)(L,N). If the
channel wherg Rydsitheapissatlesinteréerenseovareance mutive RvmaRv(KeN)y ¢l diggdent upon
t he i ndex Kk, and H=H - 0 f e signals
recei ved® grdéagag?qu W%E%th%c}@ég@(?ggéaql%}%%% gsP ?@gg%gg@.eﬁ%ggaﬁ%{i of the

i nvent i oglerhenteedpsesbififc heisepywer put rgliviengtenna. WEMBRHs Hfentint tpdh 8g( Rv) ] - 1
where Rv. is the noise-plus-interference covariance matrix Rv = Rv(K, N), and
di ag( Rv)indexk i Hyisfseausncinselciie n which the di agonal el enents are those of
Rv. The di agonal elenents represent the noi se power per receive antenna.
Again, His dependent upon the index k if His frequency selective. For a
si ngl e i nf or nigdriacingdé yfadmdtiensignaEosngy edeivyd b éhembiltiplsl charhaeaiverecei ver

E)(rjle;/g fle )1/x2ers?tr3]l()j artlcr' ﬁle%i ?1 slbséin%ecie?e(%‘m?getdq:g rtgle ?1%%6 tli?niga‘?i, 11?102{ ]:?rgfelrrleg1 ted, in a

embodiment the receiver weighting is selected as:

WwMre = [H*HT1 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=[HRyH+1]"

where I is a PxP identity matrix. If a MRC receiver is selected, then the SINR is given
by a reciprocal of

Rg =0’ [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.
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enbodi nent the receiver weighting is selected as: Wkc = [H*H -1 H In a
further enbodi ment of the invention, the selected covariance and choice of
recei ver weioghs®o{ m ni num nean square error (MVSE) or mnmaxiPemms009062
conmbination (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 noi se-plus-interference matrix

Rv. For I f f t th I NR
S anal for - EImesENR beemBPh e B v B S0me e e Bhr iR donal

el ement s gﬁalﬁ cLl'l'{; %‘é‘é‘ﬁ*deh&de} ré@%ﬁfe@a'métﬁc forRiéh ratentiitéd/biRhidhx. |f a MRC

receiver TS se cted, then the SINRis given by a reciprocal of RE = 62
[ H*H| - 1 rehesentSihe Ipsohabﬂltyivxéue‘d@mtms)a ere proavsro.o Jihad meldictopn ko et ng t he

di agonal Henc 0 urately, it
is i rrpor‘fl‘adﬁ‘ﬁ’?e‘g{’lﬁl m&eﬁ%@%’%& tﬁ?’?‘g’l }ﬂ‘ §§[§krpg%}rlr§ensts‘ldhlﬁ°% 1(t:erference
lim ted Qfiame gﬁﬁfdﬂnmlé@ta tha @ecotiet §-thaPmpreopEshicdanibeivenfto Bits ivithddgtput e t he
SINR. -15 WD 03/084094 PCT/US03/ 09032 The SINR informatjon _can _he used in

to aid |$1n~§bandla@cwdgh@tockntsmn&1 lowee SNy Thepradyct ofyhs maioand SINBAE decoder

t f
br obabi | 7Py tapeoocr PEch iR Gb! dRact SR eI dnbidFed |
mul tipl i ggobdt gefBr®d¥R corresponding to that bit. The SINR provides

additional réliability information to the decoder so that nore wei ght can
be given to bits with high SINR and | ess weight to bits with [ ower SINR

The product oyt Wﬁaﬁ Elqseélb%lgddlﬁondlﬁl%&d & A QhbpodecedRhs such as a

Vi terbi decoder. ing resu roved ecoder perfornance.
The SI NRsthtidtiergathiciing armdhmcaoidmme syatdny, amsldnhkfadaptatubrerhplsnaémt@t@ns uch as

h -
ilt ﬁLI Zg :a%ﬂcg’?; tg% ;elcglver t%rsrlgl{al qxetp(?‘glt)érct)rgnlsmnlsggg moyd% (corﬁlng, QfAM dualdta&t, ation.

spatial multiplexing or diversity) to the transmitter based on the received SINR. The link

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 Frequency Division Multiplexing (OFDM) Modulation

Frequency division multiplexing systems include dividing the available
ﬁequency 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 transmitted in bursts, and each burst consists of a cyclic prefix followed

by data symbols, and/or data symbols followed 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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allows the receiver to signal the proper transm ssion node (coding, QAM
nodul ation, spatial nultiplexing or diversity) to the transmtter based on
the receiwod3@s4d The |ink can be adapted over tine as Poa/USKHW®EL SSi ON
channel or interference environnment changes. Properly adapting the |ink
based on channel and interference characteristics (as reflected by the
SINR) can yi elflexampls OBDM gizhalsodcupEys 6 Mz spaadetup. of02H dgbividbalFr equency

Di vi si on I\/UIt|pIeX|ng OFDM) Mbdul at Fr equenc dIVIS on ItlpleX|ng
syst ens CRAEFLAPE ek & a%'rbfglga?vséwlﬁ@tg\r’} W?’i’aﬂ% é’s'}}lsf)aﬁdwc 5 nul tiple
data CabLed eniNe YPHRT bl dfediH phevilid bubdk EuBécby ﬁﬁlltipaﬂﬁs) t hat

ivide transmt

ata across the available frequency spectrum I n OFDM
syst ens sighatsh Additionally,dbesyaierpeefiz or ¢yslio suffizgownses the plre todpo

| at ed t h
TR W frp i ity S e
m ni m Z%g&lg@sﬁf%e%r &kh kythbs1asesiod avtarst B4 smbsmre fatsmiited, byapgm tted in

bursts each burst consists of a cyclic prefix foll owed .by data

synbol s,102Adhue QM syy:hbblmr buist. onesenbipl, y dhectime the gYeli prefixdsPeers shows a

frequeng Lrum o [] , 650,
660, Eadhe SR BEN AT pore <ot B gp Sl RSl lo SieioPH) |

separ at gy $¥bRE fromltbe YWRVISUsHRN I ThECToTE /SIS0 8EIDs. Fire hcrpfeeix@eﬁw si gnal
occupyi ﬁaé]l 6%2 |g rraglgﬁu gf 1024 |nd|r$/\}| dual carrier s@(cor tones), each

carryi nd)eegrgatﬁgh@@Ndﬁbyﬁﬁﬁladﬁﬁhebﬁ‘ﬂg?at A8 i c prefix or cyclic suffix
Is used to absorb transients from previous bursts caused by nultipath

signal s. Addi éﬂ)er}ﬂﬁiﬂ f i% ot fihh&e Maghides Or cyclic suffix causes the synbol
streamto | o‘é—-wﬂ-ugvﬁ#t‘l‘m%?wb | s (for exanple 100) are
transmtted for the cyclic prefix or cyclic suffix. For each synbol period
a total of 11Dk ﬂgqmbMyspac@mmﬁﬁEtﬁMtSBbl-cawr gignals Oﬁmqmﬁﬁh}@c@@r\/@tsynbol S

esulti rgnabefOerar bttt By tRPonprg SRRl Seperok B

funct i onp@tioise 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 received signal consists primarily of the noise and

interference.

Calibration of the signal error by zeroing a sub-carrier of a 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 a result, 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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any sanples fromthe previous burst. Therefore, no ISl occurs. The cyclic
prefix nmust be greater than the delay spread of the nmultipath signals.
Gener at i OWO®B/084084 covari ance nmatrices The frequency spect PORUSH3/CHEM
sub-carrier signals of Figure 6 can include at |east one of the
sub-carriers, for exanple, sub-carrier 640 that is nulled. Calibration of
t he noi se an@iguné @shevenfowahartlé stepsier ats inbladéd withimraayenshodimentofs| ot of

the null ed sub- carrier, 640. Wthout a sub-carr.ier being transmtted at the
cal i br athsinyentiona ddis gRRAGERER m%l}l‘gecs_ Wc@g&oﬁ@pg@@gﬂﬁ%ﬁ}x?fgn the received
s gnal GANShikisn BshB Gl 4 ecliver. Phd Wi dth sidblsbable bididling thivphnat | on of.

the signal ‘error by zeroing a sub-carrier of a rrultlagle carrier systemis
subst antcbakippnbiag tensmission ahainghalheseceiverdselidasta pwrabity fapedivet i on obt ai ned

by zeroing single carrier of a.ingle.,carrier.s Zeroing the
carrier CBW?SSPH E’e’ééﬂnfl@rcor@%otnéimgre}gieﬁ?lﬁ%rggméﬂqry%}a%ﬁ\gél energy during the
time slot occupied by the zeroed carrier. As a result, the conponents
within the receiver chains will not distort during the zerged carrier.
Therefore, t hefistactifdOiindudss caelerageiverchanpel rersivipe drQEePPRYA$ during the
zeroed . carrier single carrier is an inaccurate estimation of the noise
(i ncl udit'F?&SlmséltoBrs‘[gingln) when receiving a non-zeroed carrier. However,
estimation of the signal error using a zeroed sub-carrier within a
mul tiple carrier signal provides a _nuch npor accurgte estimate of the

1

si gnal error Aeesand actddpiingjudascloischng ﬁ’ihg@%ﬁeé‘?cef"l‘? tABSTAISHOR Sigmals effe

maj ority, of. su j t : i8R nts
Wt eRip Ry RSE pointerdhop! Dietéelin® f¥Bher HOSERIR GanbilBERIBANEN ° i g
t hr ough dré @ompapANEoise or tc\EeAS GBANCUIRETHusNaE a2 of spatat ¢ 7 shows a

flow chart of steps or, acts included.w thi epbodi nment, of .the invention.
Thi s entsodEkdan bPW@FﬁQ@sre%Fl}ﬁ;tﬁ%ﬁmé?mqne%@}a&' ?Fa’eéi%cﬂf’%ﬁ‘{ be %eftenI{IP% sni ssi on

signal s inf af RG&INE timedi§t JrnANSdrESinftii Gp@ll$ ofating vt bikgtikbr ough a
|

correspondi Ag transm ssion channel. The receiver includes a plurality of
r ecei verslotafamuiibd carder efopuliiple carderisinsoissipp sigvAdi ng to each transni ssion

channel .

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 information signal is transmitted.
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A first act 710 includes each receiver channel receiving a corresponding
transm ssion signal. A second act 720 includes detecting whether the

recei ved wpoanmesdossi on signals are dom nated by noi se or PaTArSiE0®BLe.

Det ecti ng whet her the received transm ssion signals are dom nated by noise
or interference can include determning a | evel of spatial correlation

bet ween the riegsirthedt T4inshidsssedertiap gradond sthel wieiphts v the reeaivdse det er mi ned
during at .| east, gne tinme slot_ of nulled trans an, signal s., or during at
| east orfEeighting 1f§166?ceb‘fedéra|1?ﬁmisé’(9n<§3ﬁnﬁ sgre dgm "@ IlﬁteEéS f%r T8¢ ansni ssi on
si gnal s.q¢ Aé‘ﬁ s@%ﬁgéléﬁ’@ c&f"ﬂe BRell & ?@1@5 8&boRE thRHafad inMirixQ fwhehten hRls8Edndon can
be repeated as rmned by interference nonitoring know edge. A third
act 730 conafiande siatred wptdasenys an friterdarenastcopfriagse.ght s as a recei ver wei ghting
if the received transm ssion signals are dom nated by noise. The first set
of weights can be based upon a first covariance matrix, wherein the first
covari ance mafHd sécdiRIoQ@PdHcE néhtrik SéTrﬁbé/&%de@B%Wiﬁﬂdvﬂhg aﬁ@ﬁmggeng:ayar i ance.
The first covariance matri x can be cal cul ated by averagin an out er product
of recaintergrodict dincighbaring anll ienga of 8 repeivied muliple carsies sigpalof af leasft one
transm ssi (t)n tl(l’)E[E slot. The first set of weights can be cal cul ated

consi st ﬂ an maxi numratio conbination (MRC) weighting if only one
|nfornat|on signal is transmtted. The first set of weights can be

cal cul ated consistent with a m ni rum nean squared esti matg_ggn &%

wei ghting if Hesrecond:et ofweighis sanke P%Jﬁuléﬁe%avslﬂgmt"rl&h% R WO

03/ 08409 / @%R?E?E QL ﬁg A0 LRSS sisRAesd HABnfAt&econd set
of wei ght 1315% %e"le recel ver V\L[I“él ]?0 Enfl% %1 receﬁved@f ransm&%m on signals
are dom nated by interference. The second set of weights can be based upon

a second covari ance tri wherejn the second, covari.ance, mat.ri x
represents arP$tRtt E‘lgf"g%él?‘?éghec%ﬂy? Fransmission Ygnals, e dgiingt D 5 x can be

cal cul atipl fayene &Qﬂﬁﬂﬂae éan&'ulat\ﬁ?g @EHtlBg)f%Eban%H&ﬁés %méfl.;btsﬁdlag‘onﬁneélgh&ﬁél ng nul |
tones of a received nultiple carrier signal of at |east

of the first covariance matrix to mean-squares values of off-diagonal elements of the 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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one tinme slot. The second set of weights can be cal cul ated consistent with
a mninum nean squared estinmate (MVBE) weighting if one or nore

i nfornmat iwo ogjogtead are transmtted. Detecting whether thecTdsesvma:
transm ssion signals are dom nated by noise or interference can include
calculating a ratio of nean-squares val ues of diagonal elenents of the
first c@uame@nce matri x to nean-squares val ues of off-diagonal el enents of
the first covariance matrix. A fifth act includes estimating the received
transmi Séhasns ek s based upon the selected receiver weighting. Although
speci fic enbodi nents of the invention have been described and illustrated,

the i nvgnt hQRethsd BOtecdiPinB @ Jrindlityest thshiion RRGhTsia¢ a kevelr,ahe ar r angenment s of
parts sg'dég@?t%lgegﬂfg%é |n?| l}Jstra't_}g(g. The inve%li onis limted onl)( by the
clains. - 1820AMiSSH0SgMeaRT Taysiie thongh a cormssnendingdransaissionicharpel.1 . ~ A

met hod of receiving a pl.urality.of {transm.ssi ] recei ver, the
transni ssi @ﬁrgqeéwéggmglggﬂg ?P?a‘i%ﬁ“?’r?& r?cﬁ}vts)éﬂﬁ ﬁ%&%o%eg@ggﬁﬂ ngélt ransni ssi on
channel,  t&feshidthy @ eabl tFRAdrSisE16n hainel, Md hathed compsingr channel's, a
recei ver channel corresponding to each transm ssion channel, the nethod

conpri sing: eachraceivel channdl iedeidng ﬁé@@?ﬂﬂoﬂﬁn&tr_é@?r?’éﬁ%_ﬁ’@iﬂﬁlg transni ssion
by one of - naieLiss HREREe I Fnfiteioh ST 30 AltnBI by Tallel 00 e

by one of no erence,; elved transm §sion signals are
dom nat eideyandehtederchdten sel ecting a first set of weights as a receiver

wei ghting; if the received transm ssion _ signals are dgm nated b
i nt er f er ence,if thegpceivaddrapsmission signals e depnge i“gj’r‘ﬁes%ﬁg Saﬁgm’rge%%ﬁsber
vei ghti ng, oﬁgggﬁétag BddeRer WARmiRGE ved transnission signals based upon the
sel ect ed recer ver ’ ) ,
if the received transmission signals are dominated by interference, then selecting
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 receiving 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.
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wei ghting. 2. The nethod of receiving a plurality of transm ssion signals
at a receiver of claiml, wherein detecting whether the received

transm sswon3ssgnal s are domi nated by one of noise and i RCENTSes/e6E
conprises determning a |level of spatial correlation between the received
transm ssion signals. 3. The nethod of receiving a plurality of

transm ssion signals at a receiver of claiml, wherein detecting whether

the received transm ssion signals are dom nat ed one of npise and
i nt er f erenddemetand frasehuns aRlyraly of tiaasissigh, é‘gfli?lgrét &Y5erVet OfOrﬁ.]ﬁ”F’eﬁ

transm ssi @i 95@ ﬁsiné generRidB] HREcRlaribf&ShitiR Fefpesthith@ldcke@hoise |

transm ssion signals at "a receiver of claiml, wherein the transm ssion
si gnal s ar endnidt¢rfgbmecavaiance,sindrgaheratingal seoord edvaridecemairxgeprsheatingr t he
received tr n%rri ssion signals are dom nated by one of noise and
interferen e'%f@&éﬂt@?f?ﬁlﬂga- during at least one time slot of a nulled
carrier of the transm ssion signals. -20 WO 03/084094 PCT/US03/09032 5.
The method of receiving a plurality of transm ssion signals at a receiver
of cl ai ng.1The mrathastofgesriving i mipraliiyef aransraission pighals ebweaceipcel deiny 3.x

_ wholgeaspring Yy ey _ _
Cecona. covAPioR Bt 4R Eriean Pl bHTRP PR QYRR B B RO 73 9

met hod of kel et weigltyaRIbabed Wontthe sseohs sovaniapdcgnalix. at a recei ver of
claim5, wherein the first set of weights are based upon the first
covariance matrix, and the second set of weights are based upon the second

covari ange i S ~Of L ML ARG i J L2 . m ssi on
si gnal sngit ng&%é(%?dv%frre%%ggg%ﬂ]&%& vah&%ﬁ%#}éklggts %g{ﬁlk %gﬂﬁgé%éﬁgéf%lﬁgpgecei ved
t ransm ssi evhesdin detbstirgrwhealloerithateedivby tramemisdion signdeaenidniimtted beosnafe i s
repeat ed perj odi (ial I ¥ 8. .The net hod (Pf &ecei ving a plurality of

transm ssi GASE AR Htetetency is rpeated peedicallyt m 1. wherein detecting whet her
the received transm ssion signals are dom nated by one of

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

interference 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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noi se and interference is repeated as determ ned by interference nonitoring
know edge. 9. The nethod of receiving a plurality of transm ssion signals
at a recewoas/oefoocl aim 1, wherein values of the first setrCafuSamighils are
dependent upon a ratio of an interference |evel and a noise level. 10. The
met hod of receiving a plurality of transm ssion signals at a receiver of

cl ai m 1,12. thenettvdwikacerind a phealdy obtrehssassiaf sigmilgditasecgiecrdd plmddnt upon a
ratio of an_ interference | evel .and a_ naise |level.. 11. The nethod of

recei vi ng Whteu e selgeted sqt Pgﬁ@%ﬁh%%arrﬁ ﬁd‘glflaﬂaj}@JSS for tpansngisgiop n?)‘f‘ﬂcl aimi,
wherein thg sgl.acted set of weights are additionally used for soft decoding
of the received transm ssion signals. -21 WO 03/084094 PCT/ US03/09032 12.
The nethod of receiving a plurality of transm ssion signals at a receiver
of claim,1,, wherein the. selected.set. of wei.ghts are addi.tio l sed for
Cr ans S5t ShE RS AerEirenay Shuta Rt R AU ATy o
transm ssi gResiddbding wiRtHep ORI réedival trélsaiigkion s(ijgﬂMbea'r@ doméeteddyi i@ ofhet her
the received transm ssion signals are dom nated by one of noise and

i nt er f er enveise ambiniesfesence gwDIsESi ng a rati o of nean-squares val ues of

di agonal el enent ft {4 r) 2V @ 3 es val ues of
of f - di agonal cgpcgiaéﬁgg rzgtfo ?f‘;&e@#ﬂl_? egé)g@gg:ggﬁgéédﬁ%fﬁhfﬂg%zt &(Tj%g{ nmet hod of
recei vi ng dowridhéd inbiyix@b nichaRGEresvMesf@fitdiagatal elemeniof ére fakt cl ai m 5,
wherein first covariance matrix i s cal cul ated by averagi ng an outer product
of recei veVAAINeq PAEXcarrier signals at null carriers of at |east one
transm ssion tinme slot. 15. The nethod of receiving a plurality of

transm ssion signals at a receiver of claim5, wherein second covariance
mat ri x ist. Tht ensttetdad réneivingal pliraigy afittassneissagn signanatouteesivermfothimtS, of
gﬁ;ghborl ngvhgruelirll ﬁ%s?ggvzrigrflceamzrlt%?(?ls ga gulzrﬁlé(litbly%lveeragi%é%%{ne% Ipr%rgl%!:t ocff at | east

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

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 null 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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time slot. 16. The nethod of receiving a plurality of transm ssion signals
at a receiver of claiml, wherein the first set of weights are cal cul ated
consi st ervOwBk404 maxi mum rati o conbi nati on (MRC) wei ght iPe@/usb3/eaeBy one
information signal is transmtted. 17. The nethod of receiving a plurality
of transm ssion signals at a receiver of claim1, wherein the first set of
wei ghts are cal cul ated consistent with a m ni num nean squared estimte
(MVBE) weighting if more than_one jnformation signal. s .transmtted. 18.
The met H8d‘gélﬁulFIE]@éLW&eﬁelﬁfFﬁoéF‘fcﬂ}’“i‘ﬁagﬁlﬁﬂ’gwgé%ﬁu?ﬂ%%%a Sa?hea recei ver
of clai m 1y, Whet fi Hordallash 68 ingahroaEh WRbEBIponaIg tAbeiskish eBarteN S St ent
with an m nihum nean” squared estimate (MVSE) weighting if at |east one

i nf or mat i orceiverElhnie corespending éxieach 12AsEsIOB CHBWEY AFETRIVE03/ 09032 19. A
mul tiple channel. receiver for receiving a plurality of transm ssion

signal s, tfE"R"MSYMsmi ssion signals each traveling through a corresponding
transm ssi on GhHhagfldetedting Wh6th¥ethe ¢étRivee traB@hission eigdals grd donsiaated by

transm ssi on channel, the receiver conprising: neans for detecting whether
t he recenvelinvisaaghintesierance; gnal s are domi nated by one of noise and
interference; neans for.se ' ' . ' : : iver

wei ghting if TGRS FE S8 e?/tér%iggﬁl%%%\és%%fgé%lﬁlssésﬁ %ﬁg?lgérﬁggg{rﬁsl rf{gt%ergc 1g&frsmi se;
means f efansfissiohisiaail afedonidatsebyabisepi ghts as the receiver weighting if
the received transm ssion signals are, dom nﬁt ed by interference; neans for
estimating t Wecans&gisglepting HsrepNd 85t W§i£‘r‘r%?sst HESETUPE ;lﬂ%lfg f ect ed

recei ver wel ghti ng. i%g'sigﬁgﬁa?%’héﬁﬂ%%d% RRfkrehgsei ver of claim 19, wherein
St her Th C

det ecting e recelved transmssion signals are dom nated by one
of noi se and rhéune férestmatngthepedeted trademission signglsdasesugiondhe sotepteda

correlation between the received transm ssion signals
receiver weighting.

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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21. The multiple channel receiver of claim19, wherein detecting whether
the received transm ssion signals are dom nated by one of noise and

i nt er f er ewoa3jog40det ermi ned during at | east one tinme sl ot Pofi/usad/hmwa?

transm ssion signals. 22. The nultiple channel receiver of claim19,
wherein the transm ssion signals are nultiple carrier signals, and wherein
det ect i ng. TWeahtikipld dtannid caieived of clains A8 sshamin the frsabet oimeightnirabased by one

of noise and interference is deterpm,ned during at Jeas one ti slot of a
nul | ed carnogthgfirst ﬁ‘é"%ﬁ‘%‘ﬁ?@%&%‘ﬁ{%@ﬁ% .Setz‘%.wefﬁgs f’f‘i?ltqaf‘ PR nel

receiver of..glfldVadidnceliiitiRer conprising means generating a first
covariance matrix representing received noise and interference covari ance,
and generating a second covariance natri x representing interference

covariance, -23. ) 3/084094 PCT/US03[,09032. 24 . .T Lt hpl e ehannel
recei veEgo}ﬂh%}t}\/ﬂyﬁgfmﬂﬁé?‘ﬁwrgggmfmié’tw eérlemo(%te\%?gﬁl ng S{r\ gﬁgg%ee aupon t he
first covagiARG&idHdiEiak ard Q8milieeSBEaRtbSRliseahd WebiFérecedis eegeaedd upon t he
second covariance mairi x. 25. The nultiple channel receiver of claiml19,

wher ei n depardicajywhet her the received transmission signals are doninated
by one of noise and interference is repeated periodically. 26. The

mul tiple channel receiver of claim19, wherein detecting whether the

recei vege, THaRSNpIS LiRAnEirgdi e ofichird 40] whteth deyecting whibtheo theaeerinkd

interference is repeated as determned by.interference nonitoring
know edge. tramgmission signals are dominated by one of noise and interference is repeated as

determined by interference monitoring knowledge.

24-



