WO 03/ 084094 A ROBUST MULTI PLE CHAI N RECEI VER Field of the Invention 1 8
MAY 2006 Thﬁohﬂﬁﬁﬁ%i on relates generally to a wireless receiver. Mr#AY 2006
particularly, the ‘invention relates to a systemand nmethod for an adaptive
imul ti ple-chain receiver that includes weighting. Background of the
- I'nvention Wreless co ' | ' - e
~information-carrying %gﬁ%€@¥ﬁgﬁb¢€?@wﬁ§@?j wrelessly:
transmtted froma transm ssion source (for exanple, a base transceiver
station) to one or nore receivers (for exanple, subscriber wunits) within
an area og. @iﬁt gn.t A ft:rm of wireless comunication includes nmultiple
. J1] . . .
transmt +or- multiple receiver antennae. Miltiple antennae
comuni cation systens can support communication diversity and spati al
~mul tipl exi ng. BhdnvehtRsrelhapaadrally g4 wirdlesdwerveivero Mbratpadiontarlyi the si gnal s
traveling froma transmtter 110 to a receiver 120 follow n gty
~di ff er ent IVARHaY tslates te 2 ytem aaq Bgthedifagan mp%lvep@ﬂlﬁlpé%rﬁm%qcﬁgérn@
conposi ti %lu%Fs@er popry signal plus duplicate or echoed inmmges caused by
reflections of srgnals off objects between the transmitter and receiver.
The receiver may receive the primary signal sent by the transmtter, but
al so recejvgs se opdany sianals that are reflected off objects |ocated in -
t he si gna@%ﬂﬁm signals arrive at the receiver later than
. the primary signal. Due to this msalignnment, the nmnultipath signals can
cause ‘i nt er sy nideldssiécphimanienteh systettissomnidndyinefude heforreatmnventrysiggnal . The

actual received_signal, can_include_a conbination of a prinmary and sever al
ref | ect ed™8fypisd §?m9'e%&%?§%th@h@eW@%ﬁb’érap?lmﬁéff%ﬁtﬁén’é?o? el (féq gnal is

Shorer tOaRING bl Bt eeh oA sBHOAAL e op rotd ARBI BT oK BABIYSMbsglnell T er ent

tinmes. The ference betwee
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 110to a

' receiver 120 following many different (mﬁlti_ple) transmission paths.

@ 2 ‘Multipath can include a comppsition ofa pnmary signal plus duplicate or echoed
‘images caused by reflections of signals off objects between the transmitter and receiver.
| '_I"he receiver 'ma'y receive the pnmary?gnal 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 misaligoment, 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 si gnal is called the del ay spread

and can be we (gn$@ds as several m cro-seconds. The multiple pat rf@tBtMﬁY;e?{fﬂﬂ
by the nodul ated carrier signal typically results in fading of the :
nodul ated carrier signal. The fading can be tine selective and cause the -
anpl i t ude gaNGrsPRES Fedind the18DL FE Lt mllle%%evﬁaér sgﬁréala-ahﬂ%‘n pdBe fading
can al so be frequency selective and cause the frequency response of the
channel ot adreverbmadro-stzandsv dt h to vary with frequency. Spati al

mul ti pl exing Spatial nultiplexing is a transm ssion technol ogy that

| oi t It 1t t .bath.th t i ver.stati d at th
ubsor ber uni HRE PR pe n gty e oGy el Bl L no

addi ti onakaddpéith©molBaRWicai{tr SRANY e fAling ROSS M6 kéIBHVe MARMIRNS,
spatial nmultiplexing offers a linear increase in spectrumefficiency with

the nunbanphfidesmdpirse of themasiulated dgnal to vary sdthetimenFhefading aawelsode the
transmtter (base, transceiver, station) and thg.receiver ubscriber unit),
the str eafﬁﬁe% ”.%%%%?“@"9 m&% GBH© t}?er#%ﬂuﬁgq)?r(g?pogl?%ﬁqhg ¢ E?Y‘?("%W%natl hr ee
independemndw@tﬁwe&gmvithﬂ?aﬁﬁﬁcﬁubstreams occupy the sanme channel of a

mul ti'pl e access protocol. Possible same channel .multiple access protocols
include a sane_tinme slot in a tine-division multiple access protocol, a
sanme frequencySRatiyl npdtiplexingency- di vi sion nultiple access protocol, a same
code . sequence in code-division nultiple access protocol or .a sane spati al
target locati ks e IRV ' .. 1. The. streans
are applied se g*r:lgltné {?@t omgﬁg%ﬁag%%{r%i%} h gﬂ%%lg%lﬁgg%ﬁgﬂ{@gg@ﬁ!ﬁp&%ﬁ?ﬁ%ugh a.’
@i 0 chabeth thtbmse tantdeevep siatiamael aifthe sbstrihes uatatotiacieng thbbedtsina t he
envi ronnment ,. eac i gnal. experiences nmultipath_ propagatiaqn.. The conposite
si gnal s %ﬂ?ﬁ#@@?ﬂﬁi@ﬂ@ qdifinua] RS PT Brrdwidfrgonsurapien, dedes gerain oy r ay
of recei Wohditiah, SARAE M tleNi Qﬁ&‘slaﬁﬁéé’riﬂﬂ‘éa& "égﬂﬁf fﬁéfe Ly withege! ver
array, a spatialﬁﬁgi ghat lfl?eehlgg each of the reggistlec S|%na lsl-'lllgqegﬁanat ed.
Based on numégcspizntennac.sFopexampls if thres iagtenhagare asslsit tie trashiftenfeases appl i ed

Bg / 32285?3%5&6&%1‘ s?t'extgglﬂla%ﬂ tﬂeel%ggisérl (ngosgltl]l?er ucr)nrtﬁ,%g .safl?eaﬁlugfs ﬁo@%ﬁf?ﬁo&é& V\D‘
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 ﬁéquency slot in frequency-division multiple access protocol, a same code
sequence in code-division multiple access protocol or a same spatial térgetrlo_cation m
space-division multiple access prdtocol. The substreams are apphed separately to the

fransmit antennae and transmitted 'th'rough aradio 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 cétpfured 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.




1 8 MAY 2006 Figure 2 shows three transmtter antenna arrays 210, 220, 230

t hat transnWO @894 synbol s to a receiver antenna array 240. Each‘fﬁﬁ MAY 2086
transmtter antenna array and each receiver antenna array include
spatially separate antennae. A receiver connected to the receiver antenna
array 240 separ Biges 2shews dured ratnsiitgnatcna GOMAP0CHI0, 2RO Blay 6ESimkiy dARt enna
diversity is .a.technique used in nmultiple antenna-based comuni cation _
systemto ?MP&%WH@C@@W@EH@%HWW% sh Fapsadttergntonne apay aad eashsi t y can be
obtai ned bjeceipeitedhdgrfy thERAS atlitaﬁ%s tOLnibhna& C & réédiv ctopm{'c\f\é)d t§r grore
antennae. Each transmt "and recelve dntenna palir i'nclude a tran H%ssi on
channel . Tieecivermismzsararlddieeparaies tHeadesived signalit at i stical |y i ndependent
manner. Therefore, when one transmi ssion channel is fading due to the
~lestructive effgcts of multji-path interference, another of the transm ssion
channel s is unlmgi&&ﬁﬂi ng from fading simultaneously. By virtue
of the redundancy provided by these independent transm ssion channels, a .
receiver can of Aehnaldadbiiey ik B ecHfiohb WEH g/ ﬁﬁ@ﬁﬁﬁémﬁ.b{séé ohfmufitalitd! @
channel receivers are generally associ at EénWI spatial multiplexing,

recei ver dV8iemdp refdues the atfeets of muliepathfading. i Anfentizadiversity tarebeotstained by

i genesal . i ght i t hat i dt i mate. i ved
Gt e otr oRSg r hport e AT 2 YEkelis it foirr anci BEnary Fadh trgnsmiigd

recei ved revebienmichnnpail @oRKe b dehstBRSion ehaReP MheitRhehiSiof Rsnrdiefidl 1nr9 ts the
y

accuracy of .the estimted received data streans. The noise typical
consi sts SERsHGIPy wdepandent ragnmer. ol harefore wheh pextransmissidracagnelisthding se. The

[ mjerferepgid i Aol Hre ther. fransmtters transmtting within a

éo)mmn frequen‘tgﬁ/@%gﬁ%ﬁe%%g#%{ %D?Jflgpf‘%gm{“r‘fé‘?ﬁ’ f’?@;ﬁ? ‘?fréﬁe %@‘F%’H@s’l the same
comuni cathaonels ssysiikelyante suffeinigeian dading SmeRhdeehdly. Byaguensymeeuse, or the
transmtters ot her conmuni cation systens that are |ocated in

an belpong to
near by r erﬁ’fi%{"‘.“clf?mi”éiegEXi@eéﬁ-F@eP@l%HMmﬁiﬂﬁﬁw, gyeqesier ban ofl@cei vi ng

mul tipl e feBhdd thBlétBMenfa] SfdtiSoBbgi@ecOMON receiver. It is desirable that
the receiver be adaptable to optinBlly receiving information signals that

are domi nated by interference or noise. The method and system should be
easi |y i npl eneMikiglaghenned x¢csiviersparengbndrallyeassdrimedivithep gl ashitipleciagver s.

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

jntefference that limits the accuracy of the estimated received data streams. The noise
: "‘rypically 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 _transmifters 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, Itis 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.




3 WO 03/084094 Summary of the Invention ,18 MAY 2003 The mvenil on
I ncl udes a m(a)t hod and system for receivi ng mul tiple -signals at 8 A% Qaﬂae
channel rec® VP4 % e receiver is adaptable to optimally receive '
i§nformation signals that are dom nated by either noise or interference.
The net hod and system of the invention are easily inplenented with -

exi sting m¥ areolthe huyvantion I ghted receivers. A first enbodi nent of the

I nvention i ncI udes a method for receivi ng a plurality of transm ssion-
signals at ar %%'Lﬁ%hﬁoﬂh@luﬁ&@é‘ﬁﬁlh%%‘ﬁﬂ s?étﬁﬂ%ﬁe&iﬁﬂ% h’ﬁﬂﬁ‘[ﬂbs ighaleugdh a
correspondi ng transm ssion channel. The Teceiver includes a plurality of
recei ver mmitipleehanebrecesi e redeavends adapﬁabbgpgpi@mai@f xegelﬁa oxmraivsni ssi on

channel .. The t hod . incl u ch recei chan cai vy

cor r espondi&Hgistha A LR EY §ﬁéﬁr noFRET ”ﬁ?t&ﬁg&?ef Eﬁ?ﬂbe‘fh a@fir‘l’%ﬁ%md)ét ecting
whet her t %@ﬁ%ﬁé%%ﬂfﬁ@é&é@@%ﬁ bﬁ@@ﬁgsman@le d}@ﬂhﬂ@&e@@lt&yreﬁéiw&e or
interference. A first wei ghts are sel écted as recei ver weighting

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

transm ssion si,g nat ed rfer C

transm ssi on sro‘g’ﬁ]ﬁ* Psmgcf'dgmglgto? lgﬁerbba%'éaaﬂ %Snam é&éoé-} P;ug’ ggcel v

vei ght i Nggrabihiegibn Senaatai8eivere The GRhMalsibh 8 ig,ﬁm sscharavel (inaigh aar e
dom nated by noise or interference can include deternjning a |evel of

spatial ceomespendiegitrensmigsion chaangle ddp yeogiver %Uéfh%lﬁﬁ 3 BRBHIK PEFREFYST Det ect i ng

whet her the received %[& 5fn SBod®’

ﬁr:} erfere%&a@nglg elbégtcgr m ne ‘%J“%ﬁ% ngé]g({éﬁ &giﬁge] {:ma S gﬁéo n?JI | ed
ansm ssin@dss %ﬁ|r§ce1\@l§blmhblr1§cadmgh&forrte&}ﬂmdmgeﬁaummbalgnals siken signal s

are dom nated -by noise or I nterference can, l’::)(g determ ned during at |east

one time @Ie od Serther inplydsg detgstingavhetaer ﬂr’ﬁJTeFFlb’ RSP HFSIOT IR s si on
signal s. {e nmgkpﬁﬁerfel?ﬁl&e%ﬁf’s? féi%éﬁé Qlectdd SH'RteRei@be dom nated

by noi se or er ence can be repeate perl odically. Detecting whether
the recei wa@hﬁn@ﬂ slrd reséived tmngrmdsmmgmknn damaulﬁd;byrmlme Zpgecond setiofr e nc e

can be eated a etermned b erf. rence toring kno e.
second erf‘B ?@t |alsnﬂi‘el';{rf‘e"‘?cl}ﬂ‘;’ry ‘ﬁ"é‘g{f‘ % g’ é%u\g%oag ¢

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

the selected receiver weighiing.

Detecting whether the received transmission signals are dominated by noise or-
interference can include determining a level of spatial correlation between the received
| _n'ansmission'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 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 si gnals are dominated by noise or interference can be

repeated as determined by interference momitoring knowledge.

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

embodiment further includes generating a first covariance matrix representing received
, 4 _ -




enbodi nent further includes generating a first covariance matrix

representi ngvoemeisv|ad WO 03/ 084094 1 0 MAY 2006 noise-and int eifgermc@(}ﬁﬁ
covariance, and generating a second covariance nmatrix representing
interference covariance. The first set of weights can be based upon the
first  covasis@afEintEifeidnte coiitiahdiCaRiABlingh sQbniBl Alicd @ity Dased upon
the second covariance matrix. The first covariance matrix can be -

cal cul at ed'piesentEgagicrgreace ovvasacpr dtiefitst eft of meighits/@d bedhaseddipsn tigd Brscarri er
signals over..at | ..on ransm ssipn time slof. The second covari ance
et r i x:cang(%’élﬁ%:%eé%%%{"ea&%ﬁéewwggoﬁﬂ e ﬁ%i’%ﬁ‘?“ﬁ upep thg §649Pd pr oduct  of
nul | tonescwtinmeeehadd single carrier signals over at |east one '

transm ssion tinme slot. The first covariance matrix can be cal cul ated by
averaging an outer product of received nultiple carrier signals at null

carriers of at st. one.transm.ssion ti s].ot. The second coyari ance
matri x can be c%%ﬁ%taﬁoggn%@fe\ﬁ E}%’b@ﬁ% Cé’l?gﬁé‘?#etfya@ieﬁélw Q}E?r&ro%ﬁ%ﬁﬁct of
nei ghbor i ngceivdd nulled i glef catridr 8RN 89er B I dabiRIr® taAthisSibn B, Of at | east

one time slot. The selected sets of weights can be additionally used for
soft .decoding of the .received transm ssion signals, or can be used for

transm ssion Se [,QF. tectin ether,.the received transm ssion
~ signals are dg[r?liﬁest eéﬁgéb%%}?ﬂgge)l%% X‘i"'ﬂ%&ﬁ&ﬂéﬁéé’%@ﬁdﬁ“ﬁl@g&ﬂ WAL Ating a
~ratio of wenprdquetrofsinilabnBdf tlecitb@ginpielcaRle SRNAIS ovétfat 1dag der St covariance -
matri-x to,mean-squares, val ues of off-diagonal el enents of the first

covari ancgaﬁsé‘?lﬁﬁl%mﬂﬁs@ﬁbodi ment includes the first set of weights being
gg}cul ated consistent with an maximumratio conbination (MRC) weighting if
~only one information signal is transmitted. The first set of weights are
cal cul at ed conThsfishtovarizhcamitinicanbe t@etlated By avadgias an GhfeLploW&RF ‘
wei ghti ng@i f. e}r‘gﬁre Iiuan aqne .informati on si %n_al is transmtted. WO 03/ 084094
1 8 MAY 25687 @Pﬁwemm_lﬁ@;ﬁatpﬁlép%é@q [fbleag ©pa drangrisyen figiedints bei ng
cal-cul at ed

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

outer product of neighboring nuil 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 sighals are dominated by noise or

Py -
‘ i E a

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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consistent with a mini mum nean squared estimate (MVSBE) weighting if one or
more i nfor e émeagisgnal s are transmitted. A third embodi nent i ncfugig$Av 2006
nmul ti pl e channel receiver for receiving a plurality of transm ssion
signals. The transm ssion signals each traveling through a correspondi ng
transm ssi on ch ' | . ransm ssi on
channel . The rggg@b%?rﬁ%agﬁgﬂgggag&%g%@%fé%gi gv%&i?]sgﬁ’g\ﬁ%iaﬁ%ﬁﬁ]e recei ved
transmi ssi enssieghwith a@hﬂhﬁmtqﬁr@agﬁm@ﬂ\@[ﬂ@@ﬂ%ﬂh@ﬁf eid @nadee. A
first set %%ome'.ﬁlgts ére sel ected as a receiver weighting if the received
transm ssi o ab PN AT fEFHEted by noi se. A second set of weights are
sel ected as the receiver weighting if the received transm ssion signals
are dom nated by interference. The received transm ssion signals are
estimated bas e& thipbembedimsat inclindes a rmukipleathanmdl ghdeivey for@ededving s phedlityand
advant ages(gq{ t he Al esenf ig?lv ntion.will hecone apparent from.  the ,

fol | owi ng Uet AT T8t °HSETR IS ptl G HANTRIRUPP $180E S R Eavielng hrqueha rorgenosdingyi ng
drawi ngs, trdrkmkiogaich Y AWBdEi ¥ ¢ rhiRFL isdi laugnt i on.
Brief Description of &ﬁ?ep %r aw %gﬁ%@gmmogegﬁﬁdgﬁlﬂgéagi# ;ﬁ%?ﬁéllfq' %%%%#%‘ss

syst em t hakheireeeived dncludes latrhgeine foyaletestiig whether thy steinet hansmistioe sighals aresy st em

recei ver. Fiqur sho a pri.or. art wireless systemthat jncl udes _
spatially dé_‘eiplértgq%'o?er‘gﬁkoﬁﬁetaf’gfntﬁﬁ?réﬂﬁaé& Qﬁ‘i‘]_s% YRy age tsd8S? ecei ver
ant ennae. rédeyer weikhfihg Wsthowckivhll Gasdfiidod SE£41Y Sfe :ﬁﬁatédlﬁjé y&tﬁﬁeﬂnh enti on

. i nv i on.

enbodi ment of the invention. Figure 4 show an enbodi nent
Figure 5 SHORA asiod msighinmsseiosind apthereneiven werghitiog if e gecetved tmhomission

frgquency onal fregquenc i,vision. mul tiplexin DM
stb-carri g@@%ﬁaﬁ% %tgé\bp%gfrg%%nﬂe-r%ceilve%lwﬁ"s‘?@ﬁ’é’nﬁ}%ﬁﬁémﬁ a flow
chart of biepspar thectRoicicedttiefiweighihg an enbodi ment of  the invention.

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

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 inchudes spatially scparate

£,

transmitter antennae and spatially separate receiver antennae.

Figure 3 shows multiple chain recéiver 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-




Det ai | ed Description As shown in the draw ngs for purposes of illustration,
t he inventi woémsappodied in a nmethod and system for receivi ng4n§d M A 12808
signals at a nultiple channel recéiver. The receiver is adaptable to

optimally receive information signals that are dom nat ed by either noise or -

interference. ThguRBthens ame AR Cf}é&sbp té:ﬂ?!l%ﬁ%d\& i Ie\ygn'rsoguxisgpf, cul ar

I npl emented with eX|st|ng mul t nne wer g
enbodi nent e gFventien. present invention will now be described in detail wth
r ef erence to the drawing figures. The techniques of the present invention

~maybe &Hﬁﬂéﬁgsch thﬁI’l ous different types of conmunication systens. O

parti cuI a cellular wireless communication systens. A base
station-transmts downlink signals over wireless channels to nultiple

subscri bers. Immldwhlmmeaﬂaemgs f'élls?g?béé@%&‘ﬁ fr3f Or %L:ﬁtfuﬁigie%@bjﬁdover

the wirel ess Cﬁnnels to the base i on _
communi cat® gnmetred 3ad sysiem fop mecetying mldmdmstgnells ardmultipde sheamel idoeiver. ar e

receivers; ication the base s nis a recelver
and ‘'t he su%@%érc?vgie&;adg ab{éﬁgﬁgfﬁur#ﬂ%%cew dﬂ’é’&@?%%@?éﬁ/h@ teft bY i xed.
Exenpl ar y itharbsaisé beristerfochtsle Ty ng@Bod el s%teﬂo bf ahé Snvlioh r%Q‘Ié‘ee%ml ar
phones and statlgr]vg%ﬁqsr eceivers such as a wreless npdemat a fix

| ocati on. mTiP?Emsafg ¥ #Re Bainlechangel weighted rdeeivetst i pl e ant ennas that

‘all ow antenna diversity techniques and/or spati al rrul ti pI exi ng techni ques.’

In addition,.e MRS, It| na
permt furt herpfggfll al rgﬁhﬁé‘lﬁf gﬁﬁhﬁgyésg%ﬁg‘r’emé%% LH“@ %ﬂ& e | nput
| wj tipl e with prferen@i tv)e drmwingl figupése Theptethnidues oPthe pre@éﬁtﬁmen&xwﬁm)y

nf i gurai%ﬂ %}23? bot. {)}Epé)%sl bl e. I n.either of these configurati ons t_he
comuni cat FonePECANEY ﬁ’ffr'n(e%? %Wﬂélanlswéﬁfmeroﬁnmmuleer rier :
comuni catleomte aiﬁ%ﬂﬁlaﬂﬂ%lesﬂérﬁﬁﬁﬂﬁaﬁ&? s)fs q['jﬁ%% o8 10 sent

i nvention %@ﬁ)m%to poi nt-to- nultipolnt imted to

- such systd® signalppysr wxoeleasychmm tes:suitmle mﬂisﬂnbér‘sl m»adiwdxe mehaw ng at
| east twgy cailon ordln y, for sinplicity,
the foll owﬁs%iglib s%réir‘%?%‘ %ﬁhﬁlﬁlﬂa sr%"c?ﬁ COWITEIRRS CP?R;@ esi;atlon VB3 084094,
.18 MAY f@Qie8vnlink 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 statlonaly

_ recelvers 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 mu]hplexmg techniques. In addition, each subscriber
is equipped with multiple antennas that permit further spatial multiplexing and/or
antenna d1vers1ty Single Input Multlple Output (SIMO) or Multiple Input Multiple
Output (MIMO) configurations are both possible. In either of these configurations, the
eommum'cations techniques can emploly single-carrier or multi-carrier communications

‘technjques. Although the techniques of the present invention apply to point-to-
multipoint syétems, 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 foliowing description will focus on the invention as

-7-




applied to a single transmtter-receiver pair, even though it j's understood
that it applies to systens with any nunber of such pairs. _
Poi nt - t o- mu¥Li%8%4% appl i cations of the invention can include er?Jﬁ%Yé$Q%s
of multiple access schenmes. Such schenes include, but are not limted to,
time division mnultiple access (TDMA), frequency division nultiple access
(FDVR) , céprliediio psingle trangmitiepireceinse pais, eveDipgh oris tmdgosiedd thatitepniiey to

di vi si on gut.i _ ess DMA). and spatial division multiple access

( SDVA) . PO wtin 867 S ST Rl PP S) dupl ex (TDD). That is, the
downl i nk transm ssion can occupy the same channel (sanme transm ssion
frequency) as the uplink transm ssion, but occur at different tines.

Al ternati vel y, PpiEia-myKipeint apnlisadens aféhe mvenjiparvey intilndesiaonusitypeext ( FDD) .

That is, : | n.ssi,on _can.b t a i.f f.erent..freguency than
Che upt; e ML ARSI Bidhek BRI, Rl oFs ufl i 0yt VRARRH
transms Sinﬂhilﬂmacmesstormm?; leginaey Hivisiod Mk hobesV@DMA), ¥dde Bfvididie W rel ess
channel s cgﬁ% upl i nk_and downlink.signals to experience fluctuating

| evel s of™ ss b C DM tarthogenal ifeedens y siicision hatiple hesess (I3MAdahdcts. In -
addi ti on, il ntesid ﬁﬁﬁﬁ ansmtters than the desired transmtter
may - be pspesentw\%b? I n élégépgggn@ﬁ 'smi ssi on frequency band of the desired
transm ssion signals. The signal inpairnments experienced during

transm ssion, gnd due to interference, can change wth tine. As a result,

there are te JTAangRIsHGB §a1 be timgsdivsion dupisx (TR Thet patemdavarlinksuch as
s tem A ed ; > _
ata capafankissioR 2 5&:111?? ?%I-Sl‘cdr?[%%?l ereﬁetlkgaaglléq HhissiBh % 1?%1%9?5 ﬁ%ﬁ?bl‘lﬁ% q

payameters, e.g., signa and noise’r |
"si%nal - tronsiissien,rbait pocuf SNRYferehbfimesred ltamaiiely, thnsaishiigibrosa@rbet he wirel ess
channel wusing one.af vario 0ssi bl e transni ssion nodes. For the purposes
of the p%@glé y Vﬁf‘f’%é‘t‘?]%&w} rﬁi‘f’éﬂﬁ %WQ@WSE@? FaEbe 2@ be a

par ti cul gifferal\HeghirRh thafiRe ANhY ARmiRiRRTHDS YidWs Eaﬁﬁi&la’tﬁ’&sﬁ@ioﬁnai e; and
may al so include other controlled aspects of transm ssion such as the use
of ant enfi upinkdranismission te pertur smutizhedyshexi ng. Using a particul ar

transm ssion node, data intended for comrunication over the wrel ess

-channel is coded, nodul ated, and transmitted. -8 WO 03/ 084094

T
!

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 chal_mei .

i) - 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 pdssible
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 controlied aspects of transmission such as the nse of antenna
diversity or spatial multiplexing. Using a particular transmission mode, data intended for

' commmﬁcation over the wireless channel is coded, modulated, and transmitted. |

-8-




1 0 MAY 2006 'Exarrpl es of typical coding nodes are convol ution and bl ock

codes, and yticularly, codes known in the art such as |
Codes, Cycl :%(:15%032@ and Reed- Sol onon Codes. Exanpl es of typi calfgmg?ll%gtnlﬁon

nodes are ci rcuI ar constellations such as BPSK, QPSK, and other mary PSK,

: : te th M Additi |
Sapul ar  nORIRIE 3 SPEh TR SOl R AUTaen SR bIop cadgy Fnctphe
i npl enent ghait maﬂgd:ddéﬁqﬁwﬁ ﬁﬁﬁ@m\f@ﬁdh%?{arnﬁﬁﬁ @oﬁéé gj}gggegaegu uni cation

systens i's nown in the art. Figure 3 s a I ment he
kbnvention SLOFP&@OII Grdesdbamnies ofjfypcal htmdmlatlnenmdmea:re 3f6ulail d:mlsmlhtﬁomls&clr ecei ver

chai ns of e e inventi fo be t ed atial

nul ti pl exi %gﬁﬁgc@g? K g’?@ﬁ%ﬁrf@’“@&%‘%ﬁﬁﬁ%ﬂﬁ%ﬁ @ﬁgﬁp @M i on.

Each r eceiand@stheialaty QAIVIC HAARRaM ﬂla?ﬁ%dﬁfaﬁ@ﬂ)fe@hﬂlgéﬁﬁﬁélﬁﬁé Gyﬁﬂﬁz‘ﬁi‘e' s. An

I nformation-carrying signal generally travels thro eac

t ransni ssoiYdivEnndiegmplexgenijtion apd ua@sﬁihememnbmtwn,snmsmmanmﬁs imatrix H
‘provides r esent atLo of the transm ssion channels. This
enmbodi rren?DIJ LF'%%%H &g% gWFlj %W?De &&er antennas R, R2 ... RN. Each
recei ver antenna RI, ... RN corresponds with a separ ate receiver chain.

Each receiver charn further I ncl udes a frequency down conversi on bl ock
310, ‘312, 314. W@B Shpeqeemomt ebtvanienim batiokideaptiplachatin 4

frequenc r mat i.on al s a base
bang freé&gér}r\g% “g{‘}ﬁ E?%%S{le%&gmff Riiad 3%@ ﬁ@gwﬁﬁ%m&e é’ﬁrryl ng
s i gnal s. .adipted mﬁpau:pilmlmbhaxmgrre@@huﬁ re@¥d mv&gxg MeintRfekdhce 8aickRatonl gnal s

SW ) i nferference signals nmgFERENc and noi se. The desired
gnal s .ﬁeﬂ a%felvﬁh‘rwrr%ﬁondfa‘ﬂal Onme mrzrp §enayeﬁemaclwnshc Ardes t her nal

nor se of d noj.se.. and.di s ortlon
et o i ARSy W igh del ) I fcts (idigH AR P Bhep it |
interfer mlldnegitvmré)edrlﬂelgemhmniel safrixdd peavides v nedth@hatidabriprastiteticn @ff a

Wi r.el ess transm.ssr %ﬁ tem Both the noise and the interference signals
degr ade tfeTAISEIFIOP ?R‘ég%f the nultiple chain receiver 300. WO 03/ 084094

- PCT/ USO?/ 09932/ 2 10 6

This embodiment includes a plurahty of receiver antennas R1, R2 ... RN. Each
.receiver anterma 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 31 0, 312, 314 frequency down convert the received
information-carrying signals toa base band frequency for demodulation and decoding of
 the information-carrying signals..

The multiple chain receiver 300 receives both desired signals (Spesmep) and

interference si gnals (S MRFEREN@) and noise. The desired si gnals 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.




Each receiver chain is connected to a denodul ati on and spati al 'processing
bl ock 330. The denodul ati on and spatial processing bl ock 330 d;go n%g,%

t he ‘base baf@934%49Phl s, and generates estimates of the trankgin W v
The received information signals can be transmtted froma transmtter
that. includes k spatial separate streams. Generally, such a transmtter
appl i es an encé@rhirceivetehainissannectst to h deodulatiomand spatidl pookssyimpbldek a t o be

transmtt LansMm._ssian t he. dat a e pre-caoded and
e orl eaved0 BRE Sfohn ARRRLAM prokBRis MR T RERhRS PrbeRbig o
comuni catsignalssandtg@hErates Betirh£ta\Sthe Ghmittéd $mifold, hr oughput of the data

vari es dependi ng upon the nodul ation, coding rates and transm ssion schene
(diversity or spatial nmultiplexing) used in each of the k streans. The

denodul ati on a I ak Sk bl ock, 330 .nerforns, recejyv rocessi ng
to recover t noThe SAeh el B PR Aledar B gpufied PO S et fuflyna
det ect ed, ibhndet Rispatiabsopathte slefade Geandllgleusuh tlapdneetlagdies b Eolmyg t he

data. In the case of antenna diversity tprocess’i ng, it _should be understood

that k i s™odaa each obihe kasttpanys de enaede theidstadn by tragsmitied) Bedare Gapsnpissioer ed.
The denod ' ' / [N oGk . LIy, d 3 a set
of wei ghﬁé3 %%ﬁg?a ar %@géf@%@%ﬁ%& ?ﬁ%&f&r%a?lg%{)’tntge Zg&%@ﬁb% "gagggogﬁfupon

t he recei indble ait of cormuhieatiod giehs. Thbirandassibnedie dethréuphpetciid data @ m ni mum
mean square, error . (MVBE) receiver. A MVBE receiver_applies a set  of

 wei ghts WS dependpgaipon ghe madulation, pesingratasand tegsmisgion sphemaldiesifiyar e
—error betyesiifsii ' | t l.tted signals is mnimzed. Let

X~denot e vegt or o ﬁi?%%g%)\s/%%ag gaﬁgﬁgmgtﬂ%%%bei ve antennas. Mathematically,

X~can be represented as X=HSDJ3 JI +Ntl where H represents the channel
matrix with elements Hr, t ei ng the chappe] .response fromtransmt
antenna t to rﬁféfeejé’dg?flgﬂ%’égﬂ?m% Rrgfﬁsﬂg%ﬁ%l(@ﬁgpﬁgg@ RPECY OPTOCETERE| .

r epr esenti§ réchPer|1hé RehESRA GReMBS U THe redVBrlVirhfis G/ Shnd HblcBRESR- L Ne desired

signals by applying weights _|0_ WO 03/084094 _
mterleaved, decoded and de-multiplexed for recovery the data. In the case of antenna

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

a single stream recovered.

The demodulation and spatial proéessing 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 eIror between estimated signals and

transmitted signals is minimized.

Let X denote vector of received signals at RN receive antennas. Mathematicaliy,
X can be represented as
X =HSpgsgep + N +1 |
where H represents the channel matrix with elements H]r,t] being thé_ 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-




1 8 MAY 2006 SFST = WK where the weights Ware chosen to mnimze an error
variance RE = Var[ SDESRED - SEST] The MMSE wei ghts are a function of the
.channel mat MQ0H¥d%Wovari ance ‘matrix (Rv) of a noise-plus-inteqfEMncoils
vector V= N+ |. The weights are W= H[HH + Rv]-' where * indicates the: -
herm tian-conjugate of the matrix, and Rv is defined as Var[V]. The
accuracy of the MVBE si griikre¥WXnmate depends strongly on the estinmation

accuracy of. noi se-él us-interference cqvariance matrix Rv. = E[V V*é, wher.e
E[.] denot BRere fhrvaghts  axeichasey ie prRigze aherreiorEwicsRest VatlSeasmamc8esrbet or V
~can be neappaERighiGe et 1l ' Henh BEQLRL S gns are
Zeroed (nul | ed), or utrsi%ﬁegégﬁﬁ]iﬂeg@}%’?hégﬁgpﬁ?%gﬂg%y méévx%g%—% (g‘(‘-fﬂé%% .
carri ers dfoisg-phud-intgfeeencavedtar V=il erIndfieoveightgmel s are zeroed (nulled). In

a noi se-dom nated enviropgents i i S _gossible to estimate Rv very
accurately by averagi ngqgs_gﬁ [gg;é'ré‘l’] null slots since V can be nodel ed as

T andom CauskeindRAS the hehfitA-bRuBHE G BIGAAHRMANSY dBR] ANRAY hovever,
-a smal l er averaging window is typFcally required since the interference
may be changing in tine and in frequency. It is inportant to capture the
‘| ocal spati al ructure aqf, t .hterferer accurately in order to,  ensure
adequat e cancel 5??%‘5@0yﬁgﬂbeelgﬁﬁﬁ]ﬁg%ﬁ%a@ﬁ&? s girongly op theesi@ptiont e of
transm tt eckugtRlydfWsisePha-ifietfetensdbaRanddVRErk 364 ¥RYV) fvhbs HIS 3 eto
first detect \%\rhet hefagt he transm ssion envi ronrrentﬁr‘sl]’noi se%g%hél%?éed or -
i nt er f er efeexpeMatingaparatarnthe ndissrplusingefemne véntorap paobe inetsraiodmmizanc e

matri I N ight s. nbodi t of, t | t.i A d |
ot ect i ng A SIRERwRE ek rpalio PR i emre gl O BREDER HIR Dy o ther
hj)j se or. frequenéyeinesiich séhen @irdlelsiof alii@ltipRalafedr iXondtioAhes e ard BgoteCei ved '

i nformation_signals are dom nated by noise or interference is possible by
consi der i Ylledle Inansisegonspaied snvivosmest, at is passible torrstimaésoRv wery accurately '

- 'noi se-pl us;J J: d _inf tion signals). A
el ati vel Y THBEFGRECE Ry SN Vo Bl e dp s Yt e
i nter f er i Ingn suigrfedeace-dominated cher@imemt hewevdrONiBalle)r avoihgihgagnddw Bl ati vel 'y
“smal | degree of correlation, i ngji cates reception_of information signals

| ‘having a 16 rreg%s%e.t o W&%ﬁ%b@_agiﬁ&%@éﬁwﬁbﬁwmx_mﬁot her
-embodi MefinpGfrart 46 cAphie Mhd 10BallsPal 9e5cR%! Rehd Mrfrd abihra®fin ekl Ght s as a

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 ﬂle received information signals are dominated By noise or
interference is ppsSible by considering fhe 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 siﬁall degree of correlation indicates reception of

information signals having a higher level of noise distortion (2 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- |




recei ver weighting if the received information signals are domnated by

noi se, and -11 WD 03/084094 1 8 MANY 2006 sel ecting a second set_of w%h&hts
as the receMRP¥RéM%nting if the received information signalsldrdlAY

domi nated by interference. The received information signals can be

esti mat ed based upon the sel ected receiver weighting. The first set of E
wei ght s cafflesding g sewnd gpior weighits at the meeivenweightimg ifithe reasided orargend set of

wei ghts ¢ . a_. second covari.ange _matrix., The first covariance

matrix caﬁﬁg%gsrgggﬁ I;ége%&y\}gﬁr BiE® 8‘?17"%}2’6‘33“%?199 figeals g¥bbRI covari ance

matrix canestispteddband ipohehid RIRNEGSEIR W AR, Tho f2 sé g?%‘{gllﬁﬁc@hr%w ment
gy ~w thin the .

of the inventjon. This enbodi nent is general I ncl ude
above- descF¥EEEPRIenFal foxeTidse mndrixspad it seporatses of wejghls oakb8B&sedapon a sets

receiver L Ot |l evel of. noise.and interference of received

i nf or mat i ﬁbﬁ&g@g@%%ﬁ% Iﬁﬁeﬁgﬁiﬂvﬁ?ﬂﬁ’a TRATE FAD REREESEIL RtV edMmofsi se and

i nt er f er ervoearirince, hed tHearedndobyiiiarRE RO ParSlegioads ilﬁéﬁﬁg,?geq{ol : during a
nul | e

time slot in which the information signals are zeroe , or during
atinme slot and frequency in which select carriers of a nultiple carrier

i nformation sig (nul | . A covari.ance estination bl ock 410
receives the nu{%ﬁ.‘l'l‘(;'s?l4 %@éég%gﬁnqlé}eﬁg?ﬁg%m@?@%?@m qfﬂléo_‘ﬁ@\?@i"_ﬁ grRezallst i mat i on
bl ock 410ingbrded atithin the abvar destigiedtrinodxlalyn bRREpatifl Y68 B1dRBBESARL at | on
of the correl at.i on bett\ggen the received signals of each of the receiver

chai ns. ARGV 2ehta s uBpw e kevabof naisssindarterfrrenconfartaivake matri x RR
fromthe ingaMAfbRAKEEaIESAI \ 0, .and, conputes.,a ratio of jts
diagonal el e.mer%_ts ?’ga gf%‘% i gg%’ﬁ‘g%ﬁ%g%h@giwfﬁiowﬁﬁﬁd%F&?Sn‘i?é’&ﬁg‘qo

det er mi nereediecd infosmatién signaleietdetmbet @ebng a Ak JGGE Whedh MBLEBARRIOR . R2
... RN Ashigh |evel (of g\(ﬁrrel ation indicates an environnent dom nated by
i nter f er eHEA" WRFTReLMYGH) endirmgra tirae slet and Beruene inavhich select sarriersoafirent
dom nat e hyltipRI Bfier foBERINES ' ' bl ock 430 sel ects receiver
wei ght s basedﬁupon etrhe ratoi o} %ene@g%ee@&t)@ﬁﬁjh@nr atio cal cul ation bl ock 420.

A receiver weight set block 440 sets the receiver weighting based upon the
- A’covariance estimation block 410 receives the nulled data or intormation

signals. The covariance estimation block 410 generates a covariance matrix R, that

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 R, from the
covariance estimation block 410, and computes a ratio of its diégonal elements to off-
diagonal elements. This ratio can beused to determine the level of correlation betweén -

. 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 wei ghts based upon the

.'ratio generated by the ratio calculation block 420.

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

selected receiver weights of the receiver weight selection block 430.

-12-




sel ected receiver weights of the receiver weight selection block 430. i% I
S Wzo0OB Figure 5 show anot her enbodi ment of the invention. Thi saemq‘bcﬁ“ nt
will be deS¥?fH¥Ba4s applied to a nultiple carrier transnission system It
is to be understood, however, that the invention is just as applicable to
single carrier systens. determined a priori or determ ned at the receiver

i f the anbi ent Fgh®e shaw anather embedivent afiibe inventiont Tihis aohaliaeit willoe

mul tiple ( . . ti .slots.sp that .Rv(K, can be A _covariance
est i mat or g%rn@gggag? SG%FP% RRaE gﬁl@&??ﬁl%ﬁéﬁ%@ 15t RE dnderstgod,i e sl ot

n. A signahoweves tlat tedivdnton ks jast R JpplldabR S sthdle'chffer SY9AL. 1S denoted as
\?(k, n). The tone covariance estimator 510 calculates a

noi se-plus-interference covariance matrix Rv(K, n) over Knull tones in a'
time slot n. Th Al | h X (K can be calcul ated.as the outer
pr oduct of v(k ﬁf%ﬁéeﬁgﬁfﬁ&%@ _rec?igfaé ‘?ﬁlﬂz‘)él@ﬁﬂplg(cﬁ‘ﬂ?ﬁ signgldonss)in gigey it er

product i sslated iAgignalsor anvhrtitPk bf @ hiuipideiMEEHgla R déﬁ?tkﬂrﬁév(_ﬂ,ra. E$ be

averaged over tine to inprove estimation accuracy R (K n)
- domi nat ed 'ERRAV BRARASH estRdHeiS Woralqudates & noierplus ingmfirensie Icbviniance matrhat ed

across the pegplh : this £ase, t.he enyirangent can be

deter m ned 'FE(;’ Ee@%@#@?‘%ﬁ%g thﬁ%flﬂg}%'e@?e Wvﬁﬁﬁ‘%“@g‘l’“&&"@i&ﬁfm&eock 520
receives  tchieulied Ks il omeer produenel WRaPwah ikelfgenerates a rati o of average
power in the diagonal terns to average power in the non- diagonal terns. If

t he- environnent is noise donin : B\/j_z 1 pr.oxi mately a di agonal
‘matrix with diagonal elenents t g‘g’nl)eg{ el\ll)r{{""j‘h}gﬁch@i se-plus-interference
ive ante{P In this case the ratio of diagonal terns to
€

pewer per, recei a. S _cas
noh- di ago B?O(i-%fr%dw 18 %Béd 54 Baltiplieationebeiwedngweveetots Thearee def i ned

t hr eshol dgetérdnigean m t..the .environment. i S noise-dom nat ed.
In cont rasﬁtzrhlg%rhr};ﬂﬁrg&lv&% H Eeqsatrtm Ire%eﬁh‘;%rll tﬂﬁ?@ﬁ?ﬁf@%ﬁ%@é@&%ﬁ%ovari ance
mat ri x cafmvbenmentcutcistadt éver niliiple (oe ex-250 09 tHREASbE that RvgON) San FhE

- second coa\@rigc{ucve a ttur.es the | ocal spatial structure of the interference.
For each Nul Pt B TSR IPIOVRESURgHonprcuipge second covariance matrix can be.

cal cul at ed by 1 .
S -RV(K,N)=FZnRv(K,n).

_ A ratio calculation block 520 receives the Rv(K,N) matrix and generaily
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
' _diag_onﬂ mairix with diagonal eigments that represent the noise-plus-interference power
per receive antenma. 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 calculatéd for the interference dom_inaied.
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,

13-




wi ndowi ng and averaging the outer product of v(.) over L neighboring null
tones, -13 WD 03/084094 1 8 MAY 2006 R(k)(L,n) 1 Jrw(1)[v(l+k,n)v'i(l+Kk, n@% _

, where L<=R'QF8§4) is a window of length L. Any window type chf HAY 200 -
chosen such as Hanming, exponential or rectangul ar wi ndow. The .w ndow -
fength L is a function of the coherence bandwi dth of the interferer's
channel. It can be preset ippadv n_c_b 0 f} xed. yalue,..,or can be estinated
at the receiver and updat edﬁ‘a)ggﬂai—v]g z"é@[vt(hﬁl%i'm’e&f*gﬁ’jé)rL characteristics -
change over_ tine. Furthernore, the accuracy of Rv( )(L,n) can be inproved
by aver agi WeprolerKmnd mwig ist window\afilengih EnAnpevisgmy tygk cat beichasesueh at he
interfere s determned to be.stati.ona Ruk) (L:N),.=LZ"ufn) Rv ''n) '
where u(. ;1%?1%1’11 g’ﬁ’y%%ﬁ%g&@ﬁ% TePtanRHAF Wd%’{ol&%g W‘%&f%ﬁ&ﬁ“ﬁ@r# 15 %é‘l“%fﬂ@s‘}fgﬁﬁfi | ter

to effici eohtrynde®ah®Oriad SELWiIRCSAMENDCRRTL, w&h%gﬂasef RHAVARE b 3-fxegPut i ng
Rv(")(L,N for all tones. It is particularly advantageous to use a filter

when v(k, Waluesorsan bagstimaied & thereceiver andnipdated sdaptiyelyasdherinerfieert r ansmi t t ed

during th aes. 4 n this.case. t.he filtering ope hon .can_al so be -used
o 1 neer poraratiits cldbeb b hgE MutiiBmgte b aoited TR ABGRIR YR (Lo ror
al |t ones improveEbyrancragit@bvdr N tiak G168 ovef Wichithé §pdtAstheniREbf femed on the -
el ements of the oyter product of v(k,n). Afirst receiver weight selection
bl ock 530lHerieaenss dpdrderined ipde sipsiogtly sel ection bl ock 535 generate the -
recei ver wei ght sel ection depending ypon the ratio calculated by the ratio
cal cul ati on bl ock 520. |If tﬂej*’ﬂgm)aii a0)REY Iaxp determined to be
interference limted, then an enbodMfEfft of the invention sel ects MVBE
recei ver yel ' . = WAH* + Rv]-1 where His the previously
- éi_e‘icri bedwg%rgﬁgi)e{gg]ﬁgt%vrullé{{ﬁgir}rn 1‘llr‘is t he noi se-plus-interference covariance
matrix Rv = Rv(")(L,N). If the channel is frequency selective then the

channel matrix Hf]s dependent upon the index k, and H=H(k). -14
_ : Another embodment includes a filter to efficiently perform the windowing and

averagjing required in computing RVO‘)(L,N) for all tones. It is particularly advantageous

to use 2 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 interpoiate
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
0 the ratio calculation block 520. '

1f the signals received are determined to be interference limited, then an

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

where H is the previously described channel matrix, and Rv is the noise-plus-interference
-~ covariance matrix Rv=Rv®(LN). If the channel is frequency selective then the- |
channel matrix H is dependent upon the'index k, and H=H(k).

-14-




WO 03/084094 1 8 MAY 2006 If the signals received are determ ned to be
noise limted, then an enbodi nent of the invention selects MVSE receiver
wei ghting asYOUMMB®4= H [HH + diag(RY)]'| elenents represent t{g wiiys 2006
power per receive antenna. Again, His dependent upon the index k if His
_frequency selective. where Rv is the noise-plus-interference covariance
matrix Rv = Rv(K, N), and diag(Rv) 1is a diagonal matrix in which the
di agonal eIenen%i ar.e %hose qLﬁRv. The gia onal For a single information
signal being reCelSUEnaly T LRHECHUR deisrained & Be piselipited, thanaaremihodiment@ft he
s gnal s bethiognitation RiasdMMshRcBtsRclhiiid &d, I n a preferred —embodiment -
the receiver weighting is selected as: ‘=[HH'lI Hk In a further '
enbodi nent of the invention, the sel ected covariance and choi ce of

receiver weights (mgjmum_ 'S r rsor (MVBE) or maximumratio
“donbi nation WD) iswﬁ%’a [iﬁf@n%%gﬁév he :
signal-to-interference-plus-noise ratio (SINK) at the receiver. The SINK

‘is afunction of the channel matrix H and noise-plus-interference matrix
Rv. For ex¥hgse By is themoisefpdusvinterforense gmedriznar matrixaRs m RW(EGN), thé datd@®yper

signal for; . a: IeGeLver. | j.ven by a reciprocal_of  the di agonal

el ements of aaE°: | ﬂEaEt@ﬁP ﬁucﬁ ?@HFP%?HS‘“F’W orer iRvy Thgdisgenal) 1 a4 NRC
recei ver iclersaitsaepredent tiembidd o wel P& reseitd ¥85nadYA &ir 'EHE@&@ = a 2
[HkH "1 where v2 is the averegg_e n%l%se Sower ogt é‘}%%y a erg}glgtﬁ%gﬁeﬁee

di agonal &M B igfrepyency selaelive. i n order to estimate SINK accurately, it
I s inportant to detect whether the anbient environnent is interference

l.igi ted or noise |limted, and select a proper choice ofRv to conpute the
SLAK. -15 WO OBé0Bsifigié infofmiivy si@fdbbeing received by the multiple chain receiver

(diversity) and the signals being determined to be noise limited, in a preferred

embodiment the receiver weighting is selected as;

Wwmre=[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 si g;ual—to—interference—plus—n;)ise ratio (SINR) at the
- -Teceiver. ‘The S_INR 18 a function of the channel ﬁatn’x H and noise-plus-interference
. matrix Rv, For example, if P information signals are transmitted, the SINR per signal for
__ | Q:) - " aMMSE receiver is given by a reciprocal of the diagonal elements of |
' | Re=[H'RE+T | |

where I is a PxP identijty matrix. Ifa MRC receiver is selected, then the SINR is given
“by areciprocal of _
| Rg=o’ [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 im’portant to detect whether the
ambient environment is interference limited or noise limited, and select a proper choice
of Rv to compute the SINR. o
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The SINR information can be used in to aid in soft-decoding of. the received
signals. Tygi a soft decoder receives a netric for each tgyangnit.

© bit- which ?Qg’?@gé%%s the probability whether it is a one or a ggr@m’%@g
metric can be further nmultiplied by the SINR corresponding to that bit.
The "SINR provides additional reliability information to the decoder so
that nore weight can be given to bits with high SINR and | ess weight to
bits with | owerrpSigiR ithembi@rsstbefsed fetonRd fl o fipde o GhPIBE R redeiiidt to a
soft decoder such as a Viterbi decoder. SINR weighting results I n inproved
decoder peignelsnByrieallyrn sofbiemdeieorines d watricdor ¢;eh &ngusmitted ditiwhicksed f or

ona’ ik e eaR e BB helbat §3 a8t Bdror nERF sl ety che
proper tr mﬂﬁpﬁﬁll@&hé@m%ﬁéﬂpﬂﬁmn%&MﬁMWT%'m FB#ERAddifidal pl exing or

diversity) to the transmtter based on the received SINK. The |Iink can be
adapt ed ovdjabilityinfermation te therdenvdariso that nonmweigbt canrheagivear torbdls withAiiglonnent

changes. and, i ence :
char act er |S;[$|ﬁ {esg%féﬁ-; {Lgl?lts?fﬁlﬂbgf gﬁiﬁNﬁﬁegaoﬁ%{]%tjth Ei"gns{lﬁ}ﬁns in
syst em capguit to/a sofr dddo@eRath &y LUHEBE Heddddy, SINR Whilshiiy &xmm;m

Modul ation Frequency division mltiplexing systens include d|V|d|ng t he

avai | abl edeqoﬂéﬁﬂféﬁ?@a%ndw dth into nmultiple data carriers. OFDM systens.
include multiple carriers (or tones) that divide transmtted data across
the available frequency spectrum |In OFDM systems, each tone is considered

to be orthogon@he $INRIademtition cari be additiedatlused Dridfier pol @rmcm@mes OFDM
systens use, bursts  of dat each, burst of a_durati.on of tinme_  that is much

grpater { HEHFCBREERE FIOpPiseonin e iR apd ik pieation Tink sdiEon by del ay
spread. { nd C clic
plroef I X f(l:)iﬁ%ogvv?ggelteaaqg%tg}gglgln%@lp eﬂ%} B %823% &fsg @%WIIE&% agly a C§C| : C
suf fi x. Fipguslemdtiglening md%&aﬁy}et&:&e spmmma:nbaséd ﬁWmc&iv@bsE\EEr'I‘lm lindal s
610, 620, 630, Q A Each sub- carr| er 610, 620, .630, 640 650,
660 is noftil SPQ%P%R? ‘éﬂrii&i? AP transpHERipn chasgel @pins ?TS vironment

changes.

Properly adapting the link based on channel and interference charactenst:c's (as reflected |

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

Orthogonal Frequency Division Multiplexing (O_FDM) Modulation

Frequency division multiplexing systems include dividing the available

frequency bandwidth into multiple data carriers. OFDM systems include multiple

carriers (or fones) that divide traz_lsnﬁtted 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 cansed 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 spectram of OFDM sub-carrier signals 610, 620, 630,
640, 650, 660. Each sub-camer 610, 620, 630 640, 650, 660 is modulated by a separate
o symbol.
-16-




1 8 MAG- 2006 An exanpl e OFDM signal occupying 6 Mz is nade up of 1024

I ndi vidual <carriers (or tones), each carrying a single QAM synb?lg v-2006
burst. A cywbios/opwefi X or cyclic suffix is used to absorb transrentsS'from
previ ous bursts caused by multipath signals. Additionally, the cyclic
prefix or cyclic suffix causes the synbol streamto | ook periodic.

- Addi ti onal Symﬁmhﬁkrommmbﬁl'é%b}ﬁ{g%MI—E%HQa&&ﬁ?ofmzﬂiﬁﬁviEﬁﬁi ic prefix
or cyclic suffix. For each synbol period a total of 1124 synbols are

t r ansni t t S&TIEEH(0piengs), epolr ganyingaes Ahtyoitw! perbussir ¢ cychin prpfixaaral , by the

time the i r-ef % 4l vVer, . resul t.i n veform created by the
conbi ni ng AR F bist k3 NP bt b ib R Y ErG i BRAYHh o ¢ ne
previous bighsis. AdGGeR{BY the dy6lid .}f§leﬁ%e BYdic shR aMSdsithe Hinetid] $tréans to lobie
greater than the delay spread of the nmultipath signals. Generation of the

‘eovar i ancBeirdie.| ddditionad sybels fiet gxaspmde i P mrotramseiiedfop theapyeliepre§x ghal s of

-Figure 6 ¢aghi:.ined u 0 f.th b-carrier fo ,
sub-carri gf&glf 0 xhg:?)rl SChnsh’ﬁﬂ%énger@I a%ﬁ?%f) fb@@%’m%P#eaI%%ﬂsglgﬁg%?%méff erence
can be mate24iniquee) AVegutiatypabilrst. Iegenbal, b9fthd e M dyeHc préfix iSaverj er 640.
Wt hout a_sub-carrier being transmtted at the -calibrated tinme and :

f r equencythsrenltme waveform ceaedhinthe sprbiing mubippdsagnalsds apihpciamns st s
primarily ' X -1 Nt e |4k 1l f ! error by
Do ng 2 s P e ARl bl TRB fore T ISR A Pl oy e I LCT o
- than a sipmgreaterthar the gitlayapicad obtheembliipath kigaals.obt ai ned by zeroing a single
carrier of a single carrier system Zeroing the carrier of a single carrier
system el i m nates all sjignal ener during the time slot occupied by the
Zej oed carri er=4 OVAMANCEINAEKEHt s within the recei ver chains will

not distort during the zeroed <carrier. Therefore, the estimation of the

noi se (i ncl udiThg fbigedrelishedbuntlBf OPDM Elﬁ)-@&ﬁ&%ﬁi’sréfiﬁgurémﬁh%&&feraief is an
i naccurate estimation of the noise (including distortlTon) when receiving a
non- zer odepstene ¢fdhe subosmeniers,, foretanmie.isub-carfiet 0 thiatisaiulled.r Galitwationpfa zer oed

- sub-carri 1.t hi Jltiple carrier, signal pravide ch re, accurate
_ egti mat eltg n%%mdg? tglﬁfgl%hé‘li ?agrebeﬁg%%ﬁéhea% uﬁ%"’fﬁ@ﬁ‘?ﬁﬁ%ﬁ?i@? Bwe E'rut"he ; er oed
tone, theaniy 640.t Withbutsidub-@ddidribefng tmematedfatite cap¥Rted thefiiRf Pé@endyne

corrponent]s wi.t hin the receiver chains include . )
- 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 éystem. Zero_ing the carrier of a single carrier

o :) : system eliminates all signal energy &ur:ing the time slot occupied by the zeroed carrier.
As a result, the components within the receiver chains will not distort during the zeroed
carrier. Thé'refore, 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 fo signal energy passing through the components.

-17-




distortion due to signal energy passing through the conponents., -17 WO
03/084094 1 8 MAY 2006 Figure 7 shows a flow chart of steps or' acts ,
i'ncl uded wi MRHOEOENbOdi ment of  the invention.. This embodi fehtiAind®ies
a method of receiving a plurality of transm ssion signals at a receiver.
The transm ssion signals each traveling through a corresponding

transm ssi on cliigwel shovrse flew ehareof stepd ardes iaclpdadrwithih yn efabodieeiny ef

channel s, sa .recei ver, channel cotrespondin 0. each trapsnjssi.on channel. A
first act SrIBveon, Gbe Ebofimet o Seﬁ%fﬁﬁ%f%ré%wsH@T'gﬂelaﬂfespondi ng

transm ssuansikanntighSaG0REkAG! TE%QrahaﬁJs%iGg igﬂ?l% &4dH @&e@gmﬁ te

recei ved transm ssion signals are dom nate Y noi se or terterence.
Det ect i ngCoWiRsphR¢ing tensmassegn/eidnyelaTherssiven ichgieat plurdity oficeveivat ed by noi se
or interf : can_.include.determ ni ng a vel of, spati correl ation '
bet ween tﬁ%ﬁjgglg’e&f W&ﬂv?rrci%ﬁ@ﬁl g%?fﬁog‘giﬂﬁgq %a."k"%‘?@&ﬂ’éflg’&f’ﬁmgian be det er ni ned
during at least one tinme slot of nulled transm ssion signals, or during at

| east one tine slot of a nulled carrier of nultiple carrier transm ssion
signal s. The détfistachil Ganlubes ¢agh eencbur platineltieceiving a correspoadibgt ecti on can
be repeat { l ned by interference nonitoring know edge. A third act
730 i ncl u%%’ssa]zsesglcsﬁﬂﬁ]g a first set of weights as a receiver weighting if
the received transm ssion signals are domi nated by noise. The first set of
wei ghts can be, based upon a first covariance matrix, wherein the first
covari ance nat$isscopd gete@frineiudes detasting wdethor the reasiveditassmissionsignelovey i ance.

The first . | £ ] b al.cul at ed aver aqi ng _an_out er. product
of . recel oaqacy BPERSEB bdralle BBE AR B At e s e
trhnsni ssiodominaed by @bise Bh éntériférshcesah iRfludedetiisnina 1621 6fdpatihiat ed |
consi stent w t.h En maxi mum rati o conbinati onai]g/RC‘f wei ghting if only one

i nf or mat iCGHCENGR sFtween the Jepsiveditmasmsionssigngls. deigetiqres ctcaminsd

o mat FORESFRAFVES: e aftsia et
i g | ng e aetea B e Kb BT Ul BRI S, e ) Bt YR

slot of a nulled carrier of multiple carrier transmission signals.

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

~ determuned by interference monitoring knowledge.

A third act 730 includes scleéting 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 prodﬁct of

-tecerved 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.

18-




WO 03/084094 1-8 KAY 2006 A fourth act 740 includes selecting a second set
of weights as the receiver weighting if the received transm ssion signals
are dom nat®@ asyps40a4 er f erence. The second set of weights can 13 &)&‘Hé’dzmn
a second covariance matrix, wherein the second covariance matrix
represents an interference covariance. The second covariance matri x can be
cal cul ated by uA fishoihiao740ridciadearsalgitings Bsecondiset of preipiitscts thd rengivghbor i ng nul |
tones of a r.ecei rTLI|tI l'e carrier, S|gnal of, at_| east .The second set of
wei ght s cﬂ?‘é@-‘”@df&'ﬁl‘%@’& g@%%’i“ﬁl%flgw £ mreglomipated, by %%ff’re‘?ﬁuiﬁ%d estimate
(MVBE) weisghiniangt difwsif S BB Hyd o8 TRE ity WGl REond

Pet ecti ng Wnét her t‘Y’ue rsecel ve ngﬁa‘i ss?@#@?g%géeggere om nated by noi se
or |nterfcevmaneemammm;niesmitsanahtedbmlcmg)xQnMao of mean-squares val ues of
di agonal elenents of the first covariance matrix to mean-squares val ues of
df f - di agonal el ements of the fi rst covariance matrix. A fifth act incI udes
esti mating the TheGaio%Edod & 8RBhiSte %z«%nm & ayci&gif
recei ver -wei ghting. parts so escrl eg andllﬁ Pu trated. “The anen |on is
limted owmlier p;odubt@fmb@hhmngmmlhme;bfapmvadmﬂmptmchamtsgneifoﬁalhleastnvent1 on

have been de d.and illustrated, the invention is not to be limted to |

t he speC| or arrangenents of -19 20 Wat is clained: 18.5.06 1. A
met hod" of recel VI ng a plurality of transmi ssion signals at a receiver, the
transm ssion s%gnal s each traveling through a corresponding transm ssion
channel, the r&bessgerd Sﬁénﬁwmhtsgaabpbﬂpdhteﬁwomxsmﬁhemmmwms a .
receiver r di n ach trans. SSI n eha nel he,. net hod
' 'c npri si nsgq'ﬁ% tl&g J@@QE’ g“%l?%?:gﬁi‘f)ﬁ ?%%‘58 (ff%%an anshi ssion -
nal ; detecting whether the received transm ssion signals are dom nated
by one of noise and interference; if the received transm ssion signals are
doni nat ed by @P@@m&‘ﬂ@ﬂl%éheé@@m?@i transmissionswgnaly arpdpyinatedy neisedei ver
wei ghtin |
ot ort er dnkrpRE SR Cio i AINRES of hoBh 30, Alfetf U0 Bcients
of the first covariance matnx to mean-squares values of off-diagonal elements of the first

" covariance matrix.

A fifth act includes estimating the received transmission 31gnals ‘based upon the

: selected receiver we1ghtmg

Although specific embodiments of the invention have been described and

 {llustrated, the invention is not to be limited to the specific forms or arrangements of -

~ parts se described and illustrated, The invention is limited only by the claims.
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wei ghting; and estimating the received transm ssion signals based upon the

sel ected receiver weighting. 2. The mePhod of recei vi ng a pl qég jsty of

transm ssion signals at a receiver of claim1, wherein detect 8 whet her

t he received transm ssion signals are dom nated by one of noise and

I nt er {RLEReRInQMPri ses determining a | evel 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

whet herA nbtaod efredeined o plaabyior ¥ahPiissiinGRALIS afd RcsitiAtHemRYorddighaRleaflpl S€ and

i nt er frevedmyribrough dedrespindiad rarcdsing cRdnnklC@E tecOR@ chinpisirgl aflurity dTwdckivét

t r ans Aangels @ reteipentimnne corfdspording hoghco framserdssiovichannal, bk tetholl tymmking: each

t rans FACSiEer Sharsielyaeangza coresrending/eansomissich sigmal; eteplingmékthert theereceivesins i ssi on
nafrans Sé'o 'Igt“i’f P& dedingied py @negqﬂawse arwn@tenfm@nca ifthel eeceivad tragsipsiertrignatshe

Bl D P T

i nter

carri er%@ga 8&‘3 PFans SS|03'r\{egsjl|nanS§"'S§'°n g'gna?‘% “RetRPed" % elptggéelc@“’?‘fd"eégh Qrality

of transm ssion signals at a receiver of claim1, further conprising

gener atThaghetholiiof @beiGRY ApiLAING 6f tARShisdor] ﬁd?fa%%?@?éc@gerro?aﬁh\ﬁeﬂhé}gih S6tedting

| Nt er WwesteN e receiat irafeessioARGnalg e bMina1RE b%oﬁ@&'%ﬁ e SRViAEHSEEE cBRpriseX

r epr eg@ertnining 4 ietepoffspatiancrgrezt eicivaden ehe réceivel Granepiidtaf skhals.ecei vi ng a
plurality of transm ssion signals at a receiver of claimb5, wherein the
first set of ghts are based upon the first covariance matrix, and the
secon# Té‘éf“eB‘Pd\‘RHie ing 2l el efdi@nsiperion signals sbe testiver ot daindnweeraindetesting 7. The
met hﬁgh%!?er ngtsris"mswf‘a and arsﬂowatﬁgﬁyg@q @oise gainterieency ivdetesniped  of

cl ai nf™9 fess ?rﬁat ¢ 'i“ﬁ@?” 19" ecei ved transnission signals are

dom natred nfho® BEre&dividiRd &al NGk 1l én%glo%rs? 8@ grecgs)é?a% §8m 1PERLS &f gdygal ly. 8.
The eyt Stk ks . i) tho 410 logvat s hi8GG, Ver
of cl Biyasbre HNARREIbyIRHk B AdidaGing %ae.gfa@tefnﬁﬁ&maﬁ 3tTAREINe ik At grlagnal s
are dammﬁn@dohye@mﬂﬁgs,oﬁ@.gﬁ@s 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 receiver of claim1, wherein val ues
of t he The metoipd efeecebinagailyrhitsof fraesissicarsiionls atrpeneieer pbdidin 1ofurtizan comprismber ence
| evel 9eafling afisstsavarianes matrpyepresaatinarerrived apise andintgifergnag covanipadei ang of

t r ans¥NEEING T EeRifacvarRpceMptieEpiPEenting interfarenselcovaiaeseei n val ues of the
second set of weights are dependent upon a ratlo of an interference | evel

and g Bl 58mbEWGhce BieP8 trhsmishE s Foied GEhAh 39, & Bl HE AL LY oPf
T an e R e e sindn 8 iy i SRR Bl 5l Bufondy odled ol of

second covariance matrix.

7. The method of receiving a plurality of transmission signals at a receiver of claim 1, wherein detecting
whether the received transmission signals are deminated by one of noise and interference is repeated
periodically.

- 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.




set of weights are additionally used f )y soft decodi ng of the received
transm ssion signals. 12. The net hod receiving a plurali ty

transm ssion signals at a receiver of claim1, wherein the se?ched set of
wei ghts are additionally used for transm ssion node sel ection. 13. The

met hod of receiving a plurality of transm ssion signals at a receiver of

cl ai M5, Themitied o @84ied 4 Pgralit/bRiaRShisdittesigBRet ¥ Reil &3PSHMSS R elﬁ &r%’l@n'e&e@r e
dom nattetwbightoae aabitdhalls@ed e soff deRbdif & MeSeleRP frhkSission Q@heﬁé‘ ating aratio
of nean-squares val ues of diagonal elenents of the first covariance matrix

to mean-_ squares val ues of off-diagonal elenents of the first covariance
mat r i 2. The mefied ofveedidnd fluraliy of tanstyssionlianalalet 4 jeceifertof daimti sidreintreisgiaetts at
a rec8ftwhbyeights aregddiionallyysed foF warsmission mode sglectiorce matrix i s cal cul ated by
averaging an outer product of recei ved rrul t| pI e carrier signals at null

carri ef s, 8%23%;: L étv.r%”ie ”I. 2533‘0 prggte O%Fege?,o Sl saphee dotesting 5
recei W’\&ger% SIO 0118 ¥
Wer el RSB b e.%ﬂ&r@s ers mio @3" m ?ﬁ%&ﬂf’ﬁ% a@%gm r.iz’%éier agi ng

an oudareR VAN ot dla@@iagaaﬁédtmt & carrier
signal of at |least one tine slot. . e rretahod of receiving a plurality

of transm ssion signals at a recei ver of claim1, wherein the first set of
wei ght4 The methat of reesivirg aodunglitysdf emabsmissidn signafe i ameneiveabi daira aniharai firen ( VRC)

wei gheqvarance matiik is cglselated Ay avenasingen osiegpratiuct ef reqeivag muttiple darridrgigndls et matt hod  of
r ecei SARSS of 3bleastane rgnspissionp BRe AP si on signal s at a receiver of claim 1,
wherein the first set of weights are cal culated consistent with a mni num

s M L e L

| d
sy n@;trpeecc%ié’gig,% Bhdlloe saGRET - The" s EEEHH ° ool trEev e
cal culated consistent w th an mni numnean squared estimte (MVBE)

wei ghting if at | east one information signal is transmtted. 19. A

mul t i 1. Eheihathokdf receividig\aaiurslior of i8R idsion Gighal® bl dbditeY offairh i ANSRAIS Gk BRt set

si gnadfieights@rd camiBtadsensistens wifnamsximeacétiotcomiiabtion wabrmmn@ﬁ 6@y sies pondi ng
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19. A multiple channel receiver for receiving a plurality of transmission signals, the transmission signals
- each traveling through a corresponding transmission channel, a receiver channel corresponding to each
transmission channel, the receiver comprising: means for detecting whether the received transmission
_signals are dominated by one of noise and interference; means for selecting a first set of weights as a
receiver weighting if the received transmission signals are dominated by noise; means for selecting a
second set of weights as the receiver weighting if the received transmission signals are dominated by

interference; means for estimating the received transmission signals based upon the selected 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 correlatlon
between the received transmission signals.




20. The multiple channel receiver of claim19, wherein detecting whether
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minated by one of noise and interference is repeated periodically.

26. The multiple 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. '




