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BRIEF DESCRIPTION OF THE DRAWINGS
[004] The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features and
advantages thercof, may best be understood by reference to the following detailed

description when read with the accompanied drawings in which:

[005] Fig. 1 is a schematic illustration of a wireless communication system in accordance

with some demonstrative embodiments of the present invention;

[006] Fig. 2 is a schematic illustration of a decoder in accordance with one demonstrative

embodiment of the invention;



enbodi ment of the invention;[007] Fig. 3is a
schematic flowchart illustration of a nmethod of
w@lewodi3og7 r ecei ved signals in accordance w th BORES2007/064565
denonstrative enbodi nents of the invention; [008] Fig.
4 is a schematic illustration of a decoder in
[007ACERs daRCe dohéhatanfbRehafteRiediont dVe nithQrbffRBtoddlg received
the 1nvention; [009] Fig. 5is a schematic
signgls linyagepedanemwih seme demeestrative ambetientsef Wiet invension;
anot her denonstrative enbodi nent of the invention; and
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circuits may not have been described in detail so as
not to obscure the present invention. [0013] Al though
enbodi nents of the invention are not limted in this
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[0013] Although embodiments of the invention are not limited in this regard, discussions

2 (13

utilizing terms such as, for example, ‘“processing,” “computing,

2 (13

calculating,”

2 (13

“determining,” “establishing”, “analyzing”, “checking”, or the like, may refer to
operation(s) and/or process(es) of a computer, a computing platform, a computing system,
or other electronic computing device, that manipulate and/or transform data represented as
physical (e.g., electronic) quantities within the computer’s registers and/or memories into

other data similarly represented as physical quantities within the computer’s registers



other data simlarly represented as physica
guantities within the conputer's registersand/or
WOreoon111®87 or ot her informati on storage nedi um REEUSI0AY064565
store instructions to perform operations and/ or
processes. [0014] Although enbodi nents of the
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and/or interpreted programming language, e.g., C, C++, Java, BASIC, Pascal, Fortran,

Cobol, assembly language, machine code, or the like.

[0016] It should be understood that the present invention may be used in a variety of
applications. Although the present invention is not limited in this respect, the circuits and
techniques disclosed herein may be used in many apparatuses such as units of a wireless
communication system, for example, a Wireless Local Area Network (WLAN) system, a

Wireless Metropolitan Area Network (WMAN) communication system, and/or in any



applications. Although the present invention is not

limted in this respect, the circuits and techni ques
waele@ehowed herein nay be used in many appar at UBEBUS200T1064565

as units of a wireless conmunication system for

exanple, a Wreless Local Area Network (W.AN) system
otheRuif bRd/858cviMRL ILARG loF b RBmATRRalNBA WNtdm (MMANY to be included within

comuni cati on system and/or in anyother unit and/or '
the srope @& thepresentomventionimahidealy oy syisexamplapelyd apdemspobile
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[001)8h Altheegls gtk Bamdsof, thamesehe invieron 0008 ]imMed Houdis teheect, the

. scope,of the present jnvention is.n limted in this .
cireCRRAechilfodt ARERbe! RN R JBcbei bR oGyl firetess

comfRiyticatis® syaeniks dilritahcatintific@fionys RIS Sat€lifedoniaaditafon systems
systens, digital communication systens, satellite
and Bi§ikani cat i on systens and the Iike. [0019] Devices,
systens and net hods incorporating aspects of '
[0018irbYsdicamnsystants whé metheds imnorporaiing gspostsi phlsiboflgpents of the
iR, IRErPReE ko ey o BRI B8h | BRGon Sbptications, for
cxanio O GhtraRet an@f Intdigeti MYRIREIHER. MYbIIEMERTP| @TERt @flchion may be
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. r )
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[0029] @Balof tHeWEY®EsioR Mok MRt fel ¢, fohexchpRity ifpd3EE tBatceiving
l[tmted in this regard, and may include, for exanple, . .
and/ppdegodingg sigaloHowerd Pmeocan@y%mfl the gvigptaeik aregnog digted in this
Ny . a , . d
regaRfahl ity AIRBE K o R AR ARG doBodih TRy pBo b bbck, o dta
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[0021] Reference is made to Fig. 1, which schematically illustrates a wireless

communication system 100 in accordance with some demonstrative embodiments of the

present invention.

[0022] According to some demonstrative embodiments of the invention, communication
system 100 may include a WLAN/WMAN system. System 100 may include a first

communication device 102 able to communicate with a second communication device 104



comuni cation system 100 i n accordance with sone
denonstrati ve enbodi nents of the present invention.

wQ 0®22)508ccordi ng to sone denonstrati ve enbodi PERUS2001/064565
the invention, conmunication system 100 may incl ude a
W.AN WWAN system System 100 may include a first

overC® M HAdation e el 080ZoaRkample, AVTBRINDE ainG/oM dic® 104 may
second communi cati on devi ce 104over a conmuni cati on

includgarfitation] ©6., iiFecorhaemiveh theeli2eld sta@argdhd/ or devi ce 104
may include a station, e.g., in accordance with the
[00280 A ct@rdstgatocand. deh@d233tivacaoradiments of enmvention, device 102 may
. .d nstrativ nbodi nents of, the.invention, devi 102 .
et R e K Eenditainies Dhonag g Nevitia i Thgg Hansmi
and/bAfkside sHR6 18N N6\ cldricl 06, hAREM NV, 2NGLor A'Itﬁ&%thﬁe scope of
synbol s,” e.g., over channel 106, wherein NRX>NTX2 .
the prpsenb uyykntidieis 9ob paited in Has pspessriypésmiantansac thet mey be used for
Lim i S respect p f. @ntennae th be,.
anvelyell REh Gt di 081G sbP SR o3 AP RRR b B ivore
antciied, oniridirectidnal hmtt@ia)al mamdpenanterdiapoh en@dféeiénna, a circularly
omi -di recti onal antenna, a nonopol e antenna, an end
polapigefl AieERNAMI GOy HEFEIY 2eenamindihe ke
mcro-strip antenna, a diversity antenna and the |ike.
[002¢) @zagrdimecior winrgdareonsityatevadember meals iof dhe irbsaliers rogmafnication
devipd S0 T 00 O SRR S @ Sl P g dfynSmission
by ttahanBihgs St @f ARy sighalo st M figeriat 100, REp¥csvdnal.g, ¥ 8 KNown in
TX antennas 110, respectively, e.g., as is known in
the grhdnzgue exppples Sapsmifer 08 maxperiorm dorizogahencogimgfte ragrode the
[: I di : Cc 1.S84,.0 0
o o R 8 e BB ROl G gcoders o
geneedtc abke s dfaVgetnenaited digndetregpiectNelyX d ¢.ans i kdach in the art. In

i gnal s, respecti vel e.g., as is kno in the art.
anotfey ENOTREr té%éﬁ&teé, 1% ek berderm o y epfigigmio encode  the
trandR5ibE Aor RRARAE NGy L ENGRARIRE of NAPETLSSitOM sighQfs based on an

exanpl'e, by generafing the set of TX transmtted
outpsi gfreadisglb&E€cknondan out put of a single FEC encoder.

[ 0025] According to sone denonstrative enbodi nents of
[0026h e\ ctovdargt toasomeoden@istratveecrabodiiments rednbenirtvieatiors iogp alr Snore of

may i.ncl ude one or re Orthogonal Frequency Division .
the tiapispiitdesigpalenay ¢ Ly MYF Qrﬁwgalil ?Fé%ﬂuae@f Dgigto Multiple

AccOROFPMEREIHESIS mdubited &rlofic HPWRe kihdaftferd rethgé, 50K known in
exanpl e, a signal of the transmtted signals y

the mancFodexampleurasignal of thQuaahrsatiticde siymplsi mayl endlbdiulaapliuoatity of
Qualihih  RFEREE  SRblahE OXED Rttt TmadpleBpa g oty of
subddBerd, A§ hdiRwi BIrth€%ANPhEQANY BRAbSIs may include, for example, symbols
selected from a constellation of a size M (the “M-ary constellation”), as is known in the
art. For example, the QAM symbols may include 2-QAM symbols, Quadrature Phase
Shift Key (QPSK) symbols, 8-QAM symbols, 16-QAM symbols, 64-QAM symbols,

and/or any other suitable symbols, ¢.g., as are known in the art.

[0026] According to some demonstrative embodiments of the invention, communication
device 102 may use a subcarrier permutation for communicating with device 104. The
permutation may include, for example, a predefined set of subcarriers, e.g., selected from a

plurality of available subcarriers. Communication device 102 may use one or more other



sel ected froma constellation of a size M(the "Mary
constellation"), as is known in the art. For exanple,

WO @7 synbol s may i ncl ude 2- QAM synbol s, QUBCIF/HS200B064565
Phase Shift Key (QPSK) synbols, 8-QAM synbols, 16-QAM
synbol s, 64- QAM synbol s, and/or any other suitable

pernSutaRk For ébrﬁ!mum@&n%’ Ritk RAWAr intdré BheRbEvicdsO026as is known in the
According to sone nonstrative enbodi nents of the

art. i nventi on, conmuni cati on device 102 may use a
subcarrier permut ati on for conmmuni cating wth device
[00270 Accdidengpter sontcaddnoenstratyvd erobediments arf thx arvehtgn, dommunication

.or fined s t of sub ers, e.g., selected froma
devifif FE il GG o BlceREr TPL I Bkfye Sl eBfn iR id lohoPooxampre.
reccA@Yi108 Ad? RBYIVESE sONBf QVx, "thE detlRy @%‘hﬂﬂdtﬁ'ﬁl 8RS aﬁteﬁnas 112,
conmuni ca |ng with one or nore other evil ces as

respeivRiyovihei ngceiirsd signals [rm)leﬂclud@Cso(ndqo}sgmodulg‘@ﬁeover the subcarrier
perrrgu‘%%TPPu ?“&2 g% I%eﬁ lgégs €. g ém{ 0 ﬁngvtfn tlltp nve‘ﬂle r%cee}veg 1sllg1%a(1)s may
inclideCSinv® 1S c@he@pendivgr foe rbaample l@@ymﬁ@lrs cﬁxmeml@als transmitted by
receiver 114 may receive a set of NRX tine-domain
trangpiffaial - vi a NRX ant ennas 112, respectively. The
recei ved signals may include synbol s nodul ated over
[0028}h & cserd gy toiseme glemensteative gmbpbdigeantscad th@mve@tugl recgiyer $14 may

1nclu({é r?DV\%PI " ghlel 63 ! Jor. al'hran'\gxrrnrefe f% Vregg %19%1?& aY thef r{ lIk(%ont end

rrespondi ng, exaﬁp of's

116 &h@}n ahGudd ams muititﬂ@i feynt tandnet e eto é&&ert[ 0 28he- dornam signals
According to sone denonstrative enbodi nents of the
recejvigg eﬁ@moﬁntewé el Meiinte 1ampgomiaiic isigaals ol ¥ @fita devanat 1gitable for

tranﬁﬂl‘#ieqlzlr Oﬁt 21313) 1g?rthela'§ TF ngfdrm@ts 188 e[reh]g \PB él atlpgrllgj into a

ar t may | ncl'ude any ‘suit
pluratiig wif drdqoeciyrdomidin tshupalsi 0g-, dochading signabl K24 ﬁﬁb I #edl'ransformer

fromantenpas 112 into tjime-d i n signal 17 of
118 i Ui ABIEMPISy 5 lrish Epiarerranstgrmation K RERh Madulcng ¢ as is
knowh tn thehansformer 118 transforn13|gnals 117 into a
plurality of frequency-domain signals, e.g., including
[0029] @madnslnigmt samd dml@nstﬂ'atlan sibpderenisld thaylvbmtm1u deeivieod 14 may

oo GRS SR Brie SRPLS O8] CALE JFAP R Gzl
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114 may al so i nclude a channel estinator 2to
estirgatioas aff éhe phisddy o Stﬂv@rmréor@a:w@yvqimgg R a8 |ISgh@m@n in the art. For

exarﬁ%l v) %ﬁann%i’/ rresngn(ﬁlrlﬁ 0 a8 ?Carﬁ‘?tp 0%%1%' Illlr)é,ll ofs s@ngrlri%rsol?lay be

represen urall e 1 ONsS
représefitcB] BiradxabiplQfbySuREadHl @fatrix r@&@%tmelgy, a QRYNry Batrix s is

knm!w?mkt?lg\g?t in the art. For

[0030] According to some demonstrative embodiments of the invention, receiver 114 may
also include a decoder 120 to decode the received signals and to generate signals 166
representing an estimation of the signals transmitted by device 102, e.g., as described in
detail below. In some demonstrative embodiments of the invention, decoder 120 may be
able to perform ‘“hard-decoding” of the received signals, e.g., as described below with
reference to Figs. 2, 3, and/or 4. In another demonstrative embodiment of the invention,

decoder 120 may be able to perform “soft-decoding” of the received signals, e.g., as

described below with reference to Figs. 5 and/or 6. However, the invention is not limited



exanpl e, a channel corresponding to a subcarrier of
the plurality of subcarriers nay be represented, for

wexanpl®y7 by a channel matrix, denoted H, e.g.PCHUBRNX/064565
TX matrix s is known in the art. [0030] According to
some denonstrative enbodi ments of the invention,

in tHi€eRb¥@AI addLth HMYr anbedihRatsustaha ifeaaeededaer 1190 Q%DB’@ able to
the recei ved signals and to generate signals 166

perferap aay enitille dgpoding iopatation of. tihduding mesort mans maft-depoding”
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Ae’ denpnst me
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selecz‘técg pigha,ofehgsat oﬁWTQESInSIrmbexﬂmgeeimhawdtdm at édast emcespative set of
nd/ or. 6. However e inventiqgn b; not
0

hymtl“%i%& Ricy aigpidk B2 ct Su‘a%% qfnthgt $&rofe migpemigied signals,

respéaﬁfelyrw %n tl QB HBEP HEHctA R0 1ORY IP@ R BndnRt BV REUBRAts of the
sui t abl'€ 'decodi ng operation, e.g., Including one or

inventiore desarfer -13@ oy dfge'mmmsmgnal@ h66 badedroa- the @b tiastgdne hypothetical

i RRRERL OSSRl SOy SRS A8 SRETAL R e o
descaiBB®Sddtal balgvenbodi nents of the inventlon decoder

120 may i nclude a hypothesis generator 193 to
[003gé P seordme smwrnh@d@n%yqadtepm@rchﬂ ved/oe tigpsmaitter 108 may be

Hﬂp%aseﬁagﬁnaxgﬁ@aét o%qspég&eg{|@t%g%®§%fﬁh%%§?%e%%@§F’umnga

tranmlttaleﬁecal%ﬂ @neaséadvar. subset of the set of the Nrx
ransmtted. signals, respectively, e.g., as descrjbed
[0033ih Therst PF biEnsb ora b s TR I AiC) S BISTAHRALS fbcarier

&idn BRI 004 épﬁeeé t3f1ﬂ&ta Q&+ ! al s 166

pmn%asg@’on %ﬁg gtqﬁ asteg ghggo? %@ﬁ ug@of t he

cted signal, and/or the at |east one set of )
%ypothetlcal values e.g., as described in detai

e e 0 P TP e R RO R i R over
Nix @mamls 812 w&&mnwwc&h@te@aqmgxl ] Wceaiaélgdink N.{ SymbAE of an M-
exang , using transmtter-recei ver or transceiver.

ary ¢qes: Pthrh@a@@tltt@* vigi gnaintenpesc bl Oy sebppgtivess éng erdenags a [Nroxl/
Vecté)re reger%él% no{srelyee % & IIdet Qn‘%ieﬁtllJ bgrgf fdﬁgtlca’ﬂe mf‘l% tegzﬂﬁ noise.

rese or e
seto estimated valués of s, denoted §, may be determined, for example, by the
(00347 fsyH?&’lgfd d be d d, fi le, by th

following Maximum Likelihood (ML) solution of Equation 1:

§ = argmax Pr(y|s) arg r£1€1§1||z - Hg”2 (2)

- ses

wherein S denotes a group of combinations of M constellation points over Nty antennas
110; and wherein the notation ||w||’ denotes a L, norm operation applied to the parameter
w, i.e., ||[w|[’=w*w. However, it will be appreciated by those of ordinary skill in the art
that the solution of Equation 2 may require, for example, scanning M "= hypothesis values

of s.



wherein y _ denotes a [ NRXX1] vector representing the
VRX respective signals received over Rx antennas 112,

w0 e®patidvel y; s denotes a [Nt xxl] vector inclRdi/osoNTe64565
synbols of an Mary constellation transmtted via NTX
antennas 110, respectively; and v denotes a /NRxXi/

[0035¢ Alc@brdiBP i@ SRMd RIBMdALtERIve CefibedihRAGPENARt inYerdM, a set of
Identically Distributed (HD) noise. [0034] A set of

hyp(éhﬁctmhv@de&/mamé@ aspigacd Henoteleetcd subsehpf B Net teanyintféad, signals,

I
1nclu Iﬁ%?:ﬁ%ﬁ}%o OE(%)I % %ma@érj % i T’N%é anyeﬁotlﬁléez%gl ga(r-i)lge of M{Peast one

sele@@dfbigﬁalt ofothe /of. thheanst alidnatsi e, pobighsl mtencldgad in the selected
antennas 110; and wherein the notation |\wW \2 denotes

subsgt ?Lzﬁlgi&lwpf Setesmingg hapeion @etsﬁfé)fﬁéi’l&lh@éitléipowetli:aléalues For
Ho
exarlé]#l Igtngfrfvgl\fhs]kwfq%ﬁl{eﬁlc% \éé’lgérsf 48 ot@cP Zﬁéﬁgrog?aisoﬁnéc?%sg selected
subsE‘qmatuldﬁrg Ereyenabofi the Nf Uanm&tmb kignals,cieppuictigeliVNA hypothetical
hypot hesi s val ues ofs. [0035] Accarding to sone
valug @ﬁﬂwsseleatew@néhﬁs%ﬂt% At(&) ofmay Re detairaiRed.dRt cxpmyde. bgsed on the
; ot he% al% ues may be assigned to a selected
S¢ §u gefs OF éiqﬁols’y( transmitted signals, |ncI udi ng a
aI S | er than N rx

(0030 BoR L BF cRP RO Febh st of chdnamn il ip 35¢ ad atgh ML gequence

Estl&QﬁotNéMS@)aﬂ&mtéé gd §f AN@hSe &Gcbdod &r&ingRAl syﬂ%ls denoted s,
included in the selected subset of signals, may bé

trangheitted nfrereda brarxgbel amtﬁnmh eanslerecofved sl gmedom}mm@ rraitdnpad may be

implfBetEd bodrstiarae ofray i el Nefitior kP R lpgowed by «

MLSEI Qfe%bddrmﬂ“ Ltﬁé nfglcbhédx'strez&h giehdefsytdBIsNsdigeted from a discrete
transmtted si gnal s, respectively. A hypotheti cal

consjedlatien.ghe MleSE epeaderthay ibgrAalplempatrst da Slicer.SR 1? kno‘fvmyn the art.
. set
For Q}Slrr%’% glgé% re]igngartlo ggs bﬁéﬁ?}%’é gitf)\%gﬁ%fja[sofgllz)??
appreC| ated by those of ordinary sg he art that
8= Mtglﬁerﬂuelﬁcé Esﬁrgm(ixﬂn eMRSGE) - d Hnﬂk”edss)t of a
si ngl &“encoded st réam of synbol s, denoted s ,

trans L - si’n a d received by e
ofTEY Eﬂg}h?ﬂgg ghfn’pa@e@eﬂ‘t dlby a conbi natléﬂ
of a xi mal Ratiag Corrblner (MRC), foll owed by a M.SE
gglcgqggl. h hf)f fhe - rcgg%ggﬁt n&an: |? | udes synbol s
seleeved from a screte constellation, the M.SE
decoder may be inplenented by a slicer, as is known in
whetdie yalchotefarre@iasipdteamt derosgdridird toothe ofresh sl,‘riiydehetes a channel

determ ned as foll ows: sJ=/ "\ 1/ " V] 2
between the transmitting antenna and the receiving antennas, and Q denotes a predefined

group of constellation points.

[0037] It will also be appreciated by those of ordinary skill in the art that a ML estimation
of first and second parameters, denoted 01 and 02, respectively, may be performed by
determining a ML estimation of 62 for a given value of 81, and determining the value of

01 which may maximize the ML estimation of 62, for example, as follows:

ma(L(01.02)) = max|max(1(01.02) @



i ||2* VI * =argmm[Ji Ji)-I[Ji Ji) hy-s + \y\
-[Ji Ji) hy seQ(3) =argmn (/z */z) -Ji -y -s =
w@Rioceidob7 * h ) -Ji - wherein y denotes a receP@EvSﬂmwmmas
stream corresponding to the streams , h denotes a
channel between the transmtting antenna and the
whefci€ @4 Wi, n@l) afth&RY %ﬂogﬁ&@hﬁ)d@ﬁ@@ﬁl‘%&e@m%@ gi%ﬁhl”@sda Fudidn of the
of constellation pornts. [0037] It wll also
paraappred] aicd.by those of ordinary skill in the art t hat
a M. estimation of first and second paraneters,
[003deARbeding taBémERlenToasRab LI sEbadimemy dTethpehi@itizad they value of
determning a M estimation of Q2 for a given val ue of
5, (sefl correspedidingttethd st o hyprshatighliealwts s mmamﬁecclﬁtmyned by applying a

e.the ML est mat i on exanp
pred:gg (ﬂ%}dgcthpa‘gg(tée (sgtlo l@l@))sheuca?rﬁr;\liu%)g( She recglzjxj 51|gna s v, and/or the
chatﬁép@stlﬁ%@)n (Lﬁ)egh,%ﬁ Qbddribed Bliow. @) denotes a

I't kel'i hoo the received signal as a function of
r [ ¢ hd
oSSBT s ORI HARE, e
estimdtioBl of Shd Jvahmes r(ifsp(m)dneslg)ntimgt ke thetvahics twmmyhbé i galvalent to
val ues SR may. be det erm ned bé appl yi ng a predefined

detemynatg éMoefttmat@@t olofS: iy pbisEtqrc 1€ i Aedssgmed Yahues sx; and

recei v nd/ or the c [
detegmiging %Va %P% whisBi Ty MAHEE) thﬁ\ﬁ :lllﬂ?l?ng i fézo‘fﬁé S (sr)s e.g.
asﬁgﬁngnstratlve enbodi nents of the invention, the M
estimati on of the val ues of s correspondlng to the

gui valent to determning a M.
%@iﬂ g%ﬁX@W381_@% R) based on the set of assigned

PlZlues "Ry and determ ning the val ues of S R whi(Gh
y_ma%Jhi A& | og-1i kelihood of y_ for S1 (S_R ,
asfm1oms i = argmax{Pr(y; 1, )] w(5) Pr V}

[00485 P Yoy e bAaHR, G IR PRI @ hypothetical

Valug,yc[é‘%f%@tx' 684 cylibiondsnAt ﬁ?pdfhetlcgf v 9L kPl rekkiRdd 51gnal ¥
the hypofhetical value S1 (S R to the received signal

mayybe determined, for example, by subtractmg a contribution of the set of hypothetical
values sz from the received signal y. For example, the value x may be determined as

follows:

x=y-Hr'sr (6)
wherein Hy denotes one or more portions, ¢.g., columns, of the matrix A corresponding to
the selected subset of signals.
[0041] According to some demonstrative embodiments of the invention, the value of
§, (sg) may be determined by applying a MRC operation to the value of x, and applying a
slicing operation to the result of the MRC operation. For example, the value of §, (sz) may

be determined based on the following equation, which may be derived by substituting y

with x, and 42 with H; in Equation 3:

§1(£R): Slice[(Hl*Hl)IHI*(X_HR§R)] (7)



may be determ ned, for exanple, by subtracting a
contribution of the set of hypothetical values sji
wo e@nitid0e7 recei ved signal c. For exanpl e, the REI/US20R7/064565
may be determ ned as follows: X=Y-HR-SR (6) wherein H
R denotes one or nore portions, e.g., colums, of the
whef8t Hi, Yerkdt&0d pREORRA. Nbcdl®mh h(ﬁftﬁ@hﬁfﬂxeg c§h‘@§3%hd1‘ﬁ§ to the selected
signals. [0041] Accor di ng to some denonstrative
signglnbodi ments of the invention, the value of S1 (sjt)
may be determ ned by applying a MRC operation to the
[0042h|Ageordingx tq sand dpponstnagva cshliodiments prfr dntBi oventoon;, hgypothesis
resugé of the MRC operation. For, .exa e val ue of
genagyioy L3 oI SmRIng ey on orb ASSEIBA igh low ng
equation, which may be derived by substituting y with
[0043] Aceordirty taispme demonstraiyaambodingntsSif tBRinveﬁlicbm eipcédd;eleo may
eln i denotes

.1HL -.HR R 7
ass 8 g el TP ables ok po i e B8 B o, and
hypc?tﬁés%cgé‘&rfﬁblg M6 mdyOQ4RtatfaGRLARTot By SR®ical values s1 (sg) of the

denonsStrative enbodi nents of the i nventl on, hypothesis

scleg@ed eizaildrasdPan ml&ypld@the}r of nes bflﬁyp(ﬂﬂldﬂﬁalsﬂdlﬁes) ra3peidiyng.g., as
to Equation 7. [0043] According to sone denonstrative

descgifeh HFlﬁﬁfnﬂ%eC%@ertlﬁQ mﬁx/ alsp |d6P?“nH’@caoH]é1FahiY2 of rfa«;ﬁorefs%m@wdalg the
r.al t
porlh s ot R e Re Tkt o

valu&Q 3, (BRY r@pegivalye Drcpddiri2i rhyy eélettyquet dfethe phurahigd mﬁor§ s (“the
(S_R) of the selected si &2 based on the plurality of
sele@etf yeqi@r $Y) Posdveon eay switiblresrjteriasp@ctd descyibedebglow. Bscoder 120

maypﬁeﬂ?fg By e or e e B o h BheCe St al 1ty of sets

[00485 uArCS$ %{I?getglfsg%ﬂé?{qgfet?aélgs eg@pafg%em | fetgé}nventlon rgiecodelr 120 may

seleétetﬁge\%fc’[o\fesl BascBeGP depluddly BRYIiSEARCTal0Ne ecg Etl@hdmn distances,
plurality vectors s ("the selected vector s" based on

correspynding tatilcaccrvadenigrals €. tge phm:ﬂltylefhypdahdldabmjms S, (s _R) and/or
Decoder 120 may tt%ener ate signals 166 correspondi ng
the plpaliseofaetsed hypetheticad valuppod appaEivelydF ergexeBPio ﬁécoder 720 may

dete%gigg n,jagﬁrggt:y\éo s@%%g \IYQE‘?% ?iefs?ét % gg dédill\/eggc;ﬂd?r{% toqffef gﬂ?éf'hty vectors

s, resficstiadig.e. g adsufeHowe. g., Eucl i di an di st ances,
corresponding to the received signals y_, t he

Rt ald By yafshypef et i cal values S1(SR), and/or (8)
[0045] According to some demonstrative embodiments of the invention, may decoder 120
select the vector s such that the selected vector s results in a minimal distance value, e.g.,
according to Equation 8, compared, for example, to the distance values resulting from

other vectors, ¢.g., as described below.

[0046] Reference is now made to Fig. 2, which schematically illustrates a decoder 200 in
accordance with one demonstrative embodiment of the invention. Although the invention
is not limited in this respect, decoder 200 may perform the functionality of decoder 120
(Fig. 1). Although the invention is not limited in this respect, decoder 200 may be

implemented, for example, to perform “hard-decoding” of the signals y.

10



the plurality of sets of hypothetical values S R
respectively. For exanple, decoder 120 nay determ ne a
w@kamraliooy of di stance val ues, denoted d/, PCT/US2007/064565
corresponding to the plurality vectors s,

respectively, e.g., as follows:

[00417§5 A c¥ortdi gHb omRdemidhsitdtive chBbdint@dkddf the ﬁf%ﬂﬂlcﬁg de€dRPIB0 may

denonstrati ve enbodi nents of the invention,
gengiate g outpup 813 anchuting @alvei:te@resgntmcthe trnmmltth@ Sl@éﬁlém g based

on 1%[%&%%2{ 11?]%;1 (? ﬁg lééc%weﬁoﬁn%] nai%d/o(fj 112(3%??6? 11¥c;i‘u&{§ the %ah{l?% matrix

[Ladﬂﬁkﬁh@fmk&hwﬁ&khesultlng fron1other vectors . g., as
descri bed bel ow. [0046] Reference is nom1nade to Fig.

[0043] AbBbrethgesteReARtdeadhbtvativt lcHBbARi @S 6f tHE aREBorE @8cddRr 200 may
accordance with one denonstrative enmbodi ment of the

inclydeve woimer 208t h bypetheste seovaint 2oh 4 slistance |dshinpted 218, and/or a

e 200 may performthe
Seleﬁgtﬁrna:%ar% ?“r{bedq 835@% 4 120 (Fig. 1 Althou h the
g

[OO4ﬁ£v¢%g(tégdoqréptp§ﬂgﬁtd§amn§%aﬁwgigmpgger{tsgggtgp f%vre 1on counter 902 may
includdadng- SRe9di RentePto hxGrSHitNa! foYe sdtPBA Rl pARGRAOVANGed & to the
sone denonstrative enbodi nents of the invention,

SubSGb@ﬁ)?MBrtraz@@tWé)ﬁlgjl@heﬁ &t as dascolbep belog1 Blypaibksigl gﬁtgar@ztor 204 may
ting the t itted signals, e.q., .

ety ARy T e 58 ﬁ%lfeaﬁ?‘ 5 bt Sghais? Sighuppgine to

the Ikér% p(g{e ?%gﬁ%hégfg?llo &Qh% Sy aT& CHANEL AR b ith Hiqlﬁ“?iog ep CAftlpcﬁl%h the

According to sone
invedgorissior Aiitee irethibadsoen hyp(ﬂhemm@nbmmrﬁommy idelodegor example,

00 na nclude a counter 202, pot hesi s .gener.at or.
Suéﬁﬁcmra é‘% §ﬁ1&f‘éatés'§? E‘ﬁ?%ti“e%‘i Vag’ﬁd"y dre- aagcgrcggg & Eayation 6; a

comBin€r 4BFE dppRda MR %f)é}hﬁorp@ tﬁWhylgcQQ&%l MAGOL: Cﬂnﬂg)rta‘%hcer 210 to
sone denonstrative enbodi nents of the invention,

apply ausitcerg q&zatmytm amcdutphe MyOfsanmlamreZ%o Gotbiner doﬁssasgmclude

ts of hy etical ue
any SHRLEE MIRC KRR i rodd Py o Sicg > B elyde any
suitdd®d OMéer,HYPOLh@ANS sH&R sk AnoRB4in MY arf Ohiktdeccati¥imator 212 may
SU|tabIﬁ5&Fnerator to generate the hypothetlcal val ue

inchglp( &p) s &eegﬁiﬁwphgo eotimple & elistagice hxﬂflm restiting| from| thesset of

hypothsisft Fifiey & 350 s AT Setich e S beh s “hbTHE i phfcion s
Selegt‘gf‘%rl@trﬁérn 208, Jxey, eﬂﬁ%aﬂ%te%elgc%r fc‘)?( fhe @e&HIbE r‘t@fcﬁﬁarlymg any

erate t etic ue X,
suitaém:mtdnm@p dxstaEqmaztlu@rﬂeﬁeman@bbsbesmmataOHZt 0. gapapld;cscmbkeﬁ%@elow

Al Bic Senies SopryTRier i TRy TBReratioh H A outpH 21 my
subseddal®y b€ OqRl Rethe QB es CAUDI NRErdZ QB ERYalified ude

[0050] Some demonstrative embodiments of the invention are described herein in the
context of a subtractor, ¢.g., subtractor 206, a combiner, ¢.g., combiner 208, and/or a
slicer, e.g., slicer 210 being separate units of a hypothesis generator, e.g., generator 204;
and/or a hypothesis generator, e¢.g., generator 204, a counter, e.g., counter 202, a distance
estimator, ¢.g., estimator 212, and/or a selector, e.g., selector 214, being separate parts of a
decoder, e.g., decoder 204. However, it will be appreciated by those skilled in the art that,
according to other embodiments of the invention, the decoder, counter, hypothesis

generator, subtractor, combiner, slicer, distance estimator, and/or selector may be
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any suitable MRC conbiner, e.g., as is known in the
art. Slicer 210 may include any suitable slicer, e.g.,

W@ 2@ ®DT cer as is known in the art. D stancePCT/US2007/064565
estimator 212 may include any suitable estimator to
estimate a distance value resulting fromthe set of

implRRAichahi ! otM&! HBELIR confidufalien RYBRE RelahEheny,2¢.HE as described
S1(Sx), e.g., according to Equation 8. Sel ector 210
belowayith trferanes takye.<ui t abl e sel ector to sel ect the vector
s by applying any suitable criteria to distance val ues
[005d ¢ Refamenvedis atsce stadereto drig 21,2whé:hg50hemeti@élszcﬂl'rubteaiedoel mwhod of

.t hough the i.nvention,.is,6 not
deoctllg @05 0sd B8nasf VG pRRBE 5 Fuser S Fmaise s8R GEordance
witht @rbd18eMEhs4@EvS embBdithontsA81C MeOinDéhtion. ﬁ%@ﬁ% Phelinvention is not
[ 0050] Sone denonstrative enbodi ments of the invention
limitgd eing gy rictnsdt, hettceion eret pecretionset thd ractbedbtafakigor3 may be
1mpl%mg}1fed%u% {)()%f:& 960 agg/"or ﬁ%ﬁ)&ﬁgﬁsﬂg%—llarag r 304 conbi ner 208,

el ng separate Unl tS

[0052 WF}B ﬁli] @8?}%?@? 6 t ™ ﬂb)% Igalelﬁ]gﬁ@gr ?stlgt%gfgz géet oafn one or more

hyp&Hé{fbh?{falu@ t8-a subSMH nﬁ&ﬁdlﬁ dne 8r Foid ﬁ?‘ffﬂs §5thk B & NTx transmitted
g., estimator 212, and/or a selec e.g., selector

Slgnalmresp@tlwglm @parea@@pbalcoent@if 2e2 d@’fb’o dférgn enfg or ngjse dugethetical

Values _,% ﬁol_lgl\{\ée %F t[ﬂhore of t \Z':l\f(l:eCO fox Iransprf e § s re Hveslﬁ,t § E o:‘als tc%%crlbed

mm“mnventlon t he decoder counter, hypothe3|s gener at or
subtractor, conbiner, incer distance esti mat or,

[oosamsils%dl@ﬁk& et 96cKTROA, e Ms&rﬁﬁﬁyeﬂqﬂsd 1ﬁclﬁﬁ‘é’d&&'ﬂﬁﬁmg a hypothetlcal
sui tabl e conflguratlon and/ or arrangenent

Valudeﬁcar stlededsicoal of the Nef epmsnuded sighilg. baged p@dgeuset of assigned

nyo el Pifes Paf eSenBR: Brosthougrydciofad’ SEGRARE The Yatue of

§, (s£0E ECHRRQAGNEubBo7set of N TX transmitted S|gnals in
1
accordance with some denonstrative enbodlnents of the

[0054EV%Q{X|§10 Iéet((’gfslotrnlr]eodeje%l(%ns n%e)t}vgené/n%] tdll?lre]ntlﬁs e {nﬁgn %nt ﬁgt&mcl)]fnng the

hyp(ﬁh@lcaﬁvdlﬂé/ obde ISBIE&tEdITEﬂghﬁan indRiEe dleferrﬁﬁﬁhg @By Psthetical value x
hypot hesi s generator 204. [0052] As |nd|cated at bl ock
baseécml the hapetaetal viRgs tmitidibe repssicg ianglsa. det cxgmpdhacerding to

Equiffins, Y Bﬁﬁ‘%hg %g%cgﬁggfélﬁ?@&%ﬁ%e e{a@l%hgg'g{%@p@’eﬁéal value

nor e ’si transmite
X, €. g esg)mdtcamdlaybloae B0 aatfolr applgzmlgmtsfhbln%@etmyn assrgult ofiepplying
re hypot hetj cal vaI R to one or nore of the
the QUD Hﬁ@ﬁr?geasgwﬁﬁﬁpén ge%tively, e.g., as
descri bed above. [0053] As |nd|cated at bl ock 304, the
[005%b ¥sserdiasytoa108ts domansiaativeesnehadimeniy of theyinpemion; & aypothesis set

of values, denoted s, representing a hypothesis of the N, transmitted signals may include

the set of hypothetical values sz and the hypothetical value 5§, (sz).

[0056] As indicated at block 312, the method may also include determining a distance
value corresponding to the hypothesis set 5. For example, estimator 212 may determine the

distance value dg’, e.g., according to Equation 8.

[0057] According to some demonstrative embodiments of the invention, as indicated at
block 314, the method may also include repeating the operations of blocks 302, 304,

and/or 312 to determine a plurality of distance values corresponding to a plurality of

12



val ue of a selected signal of the NTX transmtted
signal s based on the set of assigned hypothetica
wWQo 200088300For exanpl e, hypot hesi s generator 204PEEYS2007/064565
determi ne the value of SI1(S R) , e.g., based on
Equation 7. [0054] According to sonme denonstrative

hyp&m@éef@ﬂﬂtzﬁldﬁlfg 4 Mralify 8Nthi QBts oft ﬂ{ee‘&d]%délgﬁgeﬁr&%ntmg a plurality of
othetlcal val ue of the sel ected sign i ncl ude
aval@é cepanisielLafipm pembippémnh exfitbasubsal ofethy I%aﬂgﬁlakSnrqsn@twely, and a
ot hetj.cal aIu S apd the received nal s -
fesp?% RERIEERr BEvE SoSy P ol BUNEE 20 LR ap ™ ser
blfﬁﬁé% 305 @[%BHJ Yib NGV c%el@ﬂﬁ)ﬁ%h%ﬂlattlgﬁ B€N.; signals, ¢. ., if the
¢a n ERIs58:

ypo het i lue x, e.g., as Indicated at'b
subsan df oranappiedi nignads mqlluieng?\f@@esmtaisonf tle &/7¢ eéaodnittofl signals, as

applying the MRC operation, e.qg., as indigated at .
desefL b8 Afotsy T AeEarHPhgOF it eieopar s dopgetical values
S, (s ﬁr&%blﬂﬁgh% t8fthé herd QM€ iR estﬁnﬁ%pﬁ’ffﬁlﬁﬂl %let%ﬁﬁm@fMNT" ! distance

val ues oted s, representlng a hypot hesi s of
valubHl éﬁ)rfdsp@ﬁiﬂ% foerd""sitgnathesissdts b,redpeievdye. el d@écnbed above

hypot heti cal val ues s and t he hypot heti cal val ue Sl(s
[OOS)SH As[19&l5z§]:d &@blba@lB P@ttﬁéinéihoelrﬂaka@%chfde QOB HROShBMhe A1V

so i nclude etern1n|ng a di sttance val ue
hypathesisessproradédhgn ey sth@bw;npmrtaegmse@mplg selegtor 2b4<emlselect the set

Urmtm 21 deternmi ne the distanc
s reghd L i P oMLY B o2 Mafatf i puing rom
othes RIRINRE! &8t by geseribartibyeat s of the invention, as
cated at bl ock 314, the method may al so include

[OOS@T S@f-‘h%' dRehdnbiBatRR &M O br MGQQK&U%QZG 2304 de@be@Mabove with

3 to determne a plurality of distancé val ues
refersoes wslpgndl agl/ero, ael@tmtpadpptyyng)fhhyl‘ﬂmwlogm or more times to

ncl udi a plurali . the sets of

one pEFPECEE e ReRet P up i) BRSSariatite oo fenelfie Rigpmining the
hypstpétianailuensaf béfae: 5@91{}1@@ taé stibigg MpEratidh JABWEver, according to

respectively, and a respective plurality of the val ues
othegd¢rmomfrativeginbediments of thegnrensionpthe MG oag@tlgh oy be performed,
e.g. Cogltlgé tfgf F)gafﬂl%ol% Q%egcﬁr%a%% ﬁfﬁ% Ql?@?yq@}gtﬁall\@al S| _§ to the selectefd subset
of trimenigebsighalQfe. & raarissiribeédeldingnal s i ncl udeS N X i

signals of the NTX transmtted signals, as described
[OO@PQ%@@rdﬁfgCt@ rsé B ehhon GeNEE Mo d At Ethe aRRhaéEe MWl adtednas 110

Y pot heti cal val ues S1( Soﬁ£ corresponding to the A Tx
(Fig! 1smey inchydyy oo adenngat decopdinglirathe dén diapsmigted sippals may include
e r

two qrfa%&ﬁ%ﬁ s‘tfgrl ?H 3hé 8& &f&g&;gfd %%5% %@gﬁa@éﬁ?%ﬂ% g?s?éged to the

subsenelf thatwd s@halbhﬁ)agkm&llﬁe atdaﬁle[’fﬂéﬂwfﬁﬂ STRYssRIns® td B EilrdtdRnal of the
sel ecting one of the Tx ' hypothesis sets based on any
two éfaP&HalHF‘éSlBPi‘lﬁoéh‘i’ scleqtent signad r%ﬂyenclslé? aégqond signaldgnoted s/, of the

two ﬁg{ﬂs‘?ﬁﬁte& n@l’gnagghéehitﬁé Eﬂr&qll'npdyain a Q’WRxx‘é'rﬁétﬁQ(ﬁ Vi gnﬁrst and

ue conpare I st ance "val ues resultlng ro
second columns, denoted %, and 4;, respectively, corresponding to the first and second

transmitted signals, respectively. A hypothetical value of the second signal, denoted s, (sg)

may be determined, for example, as follows:

©)

s0 slzce[(7 y hso)
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ot her hypothesis sets, e.g., as described above.
[ 0059] Sone denonstrative enbodi nents of the
WO poen1ioon, e.g., as descri bed above w th ref ePERUR200T064565
Figs. 2 and/or 3, relate to applying the MRC operation
one or nore times to one or nore of the sets of
[0061Y M8t RigdtArea | vayal é&&s;?mdmgr RsMeafyp¥ldis st Yinch@finethe values s;
determ ning the hypothetical value x and before
and grypy bheéetemunel, ifer axgmpfse pafollows: However, according to
ot her denonstrative enbodi nents of the |nvent|on t he
MRy I =iy -ei” be performed, e.g., once, for (10)
exanpl e, before assigning the hypothetical values SR
[0062p Aicherdf®] eCi@ne saerditrative tohdbodimdrte df shanaiestiore. the ,following
as descri bed bel ow. 060]. Accar g.tq sone
valugeman 8¢ Agfemyiac %&%ﬁ@éﬂ@pmg qwmtélﬁwi alugex
antennas 110 (Fig. 1) may include two antennas.
Ace dizgky, the NTX transnmitted signals may include)
Two transmtted signals; the set of one or nore
hypotnetlcal values S assigned to the subset of the
6 ¢ ghals may include a val ue, denoted so, assidniél
to a first signal of the two transmtted signals; the
whefe@l BGca6tes b g8@tel YN bpueingde.ca /Secani eogndh theakgnathedollowing
si, of the two transmtted signals; the channel matrix
varighlepgpay bedafteda NRXX2 matrix having first and second
col ums, denoted h o and h , respectively,
hg;respbﬂdbng to the first and second transnitted (13)
signals, respectively. A hypothetical value of the
seco d g en ted Sl(So) may be determ ned, fQr
a@ {o E 1] The di stance val ue 84)
correspondlng to the hypothesis set s including the
(00634 AgesrdBigaocsoBE drayorniseratihet @nodu@cnts fod thexanmian, tlesvalues of sy

ond P AT TR BOHIRE P OB BRI RS BT

invention, the fol|ow ng val ues may be detern ned,
Taefne c(py) %?T@eﬁg%itﬁjlﬂﬂﬁlgp?ﬁé@ hypot heti cal val ue So: Az

Titiaftee 51O SXL%Zhgw%iggh@ﬂé%ggyaﬁes a constellation

spaci ng,~é. n the art. The
1thh®Mzng)va&|&QLQ&nﬁ@yxb3mﬁeﬁlned bx y =y - hO -s0
OOG&L A@fﬁrdlnﬁ 9 sone denonstrative enbodi nents of
h& 7 R&nt i 8k, ﬂg val ues of s o and/or S1 may be
etern1ned according to the foll ow ng pseudo-code
alg FVﬁ frfo m-1

= slzce( xy)

2 2
dx,y = xy_ﬁlsln
Qx,yﬂ :Qx,y _]&0 A
Zy oy =2y, +j-Az
Qm,o = Qx,o _ﬁo A
Zeny, =2, T Az

}

select so, 51 corresponding to minimal dyy

Algorithm 1
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Define c(x,y) as the constellation points initialize b

: 00 =y - hO -c(qg,q) (conplex vector) initialize z:
wQao®7as00b 0 O (conpl ex nunber) for x=0 to m BCT/US2007/064565

mesqrt (M { for y=0 to m1 S1 =sliceczx y J bx,y+l =bx

-j-h 0-AZx,y|l =Zx,y +DZ} DZx+,y =2Zx,y +
[OO% 2sSRhmSq, may 66T &:§3RQRHIIRgvArRouRT RinPRdgedX cicuits or firmware

gorithm 1[0064] Al gorithm1 may be expressed in

struafatics,o asd/pia mepya §e simpd¢rnenied Pyoerny j suipkle esodtwayet bardware, and/or
ﬁnnﬁ%ﬂ!gr.%§ﬁa3 E&g@g&pnted by any suitable software,

Arawar le or

e, an I'rimvare, e.g., as described bel ow.

6 Ref.erence is. e t.o Fig. i.ch :
00dsg AR ReTI<E i oae 1o, Bis of aehidh qeismidicaligdfihiates b deeadge 400 in
accofldnle aRRl h@btHe Rk Ritivee cABbAdichE ™ @E fnléntion. Although the
~ invention. Although the invention is not limted in
inventprs iy petpbimited dedbidaesreo deegdep 0P ompy tpadorm the functionality of

func i i1y, @Qf der 120 (Fig.. 1)., A though th
decddHETH0 PO 1L BB TR Blyeoh A ghlog 18 RCHSRel Wgpper 400
mayPRYfofit bhe biinorcopRFativas 6f Apkidirh ANs.gohs Msgibéd butdvk,

e.g., as described below [0066] According to sone

[006@3 MRBSHINRL th \WBmS AL SRS cBiboliftgentdWRRE iRRntiSIE GOERIer 400 may
400 may dgenerate, for exagﬁle, an out put 448 incl uding

genasb ot expmpde,augfut ¢4 1 g seddctedpepdund ob sy angéor s;, based on the
e AR 1 L2 AL BB R o

desckiBe®Bdlomccordi ng to sone denonstrative enbodi nents of
the invention, decoder 400 may include, for exanple, a

[00671 BRESEBSSBsoME AchRniediRE RhibediniSity/d tHE iRkn¥n, dcddef 880 may

initial val ue,
include, for example, a preprocessor 402 to determine the value of 4z, a first initial value,

denoted zj, and/or a second initial value, denoted by. For example, preprocessor 402 may

determine the values zy and/or by as follows:

b, :X_ﬁo'coo (15)

Zy = (&1*@1)71&1* by (16)

[0068] Preprocessor 402 may include, for example, a first combiner 404 to determine the
value Az, e.g., by applying a MRC operation to the channel estimation 4, using the
channel estimation #4;, e.g., according to Equation 12; a subtractor 408 to subtract the
channel estimation 4, from signals v, e.g., according to Equation 15; and/or a second
combiner 406 to apply a MRC operation to the value b, using the channel estimation #,,

e.g., according to Equation 16.

[0069] According to some demonstrative embodiments of the invention, decoder 400 may
also include a first counter 422 to propagate the value of z,, by 4, e.g., for each column of
the QAM constellation. For example, counter 422 may propagate the value of z, as

follows:

z  +Az

Zx+1,y = X,y (17)

15



denoted zO0, and/or a second initial value, denoted bo.
For exanpl e, preprocessor 402 nay determ ne the val ues
wQ@oantioer b o as follows: K = - k -c Cb) [006BJT/US2007/064565
Preprocessor 402 may include, for exanple, a first
conmbi ner 404 to determ ne the value Dz, e.g., by
[0078P Plc¥bridghgato Nbac QRBI0AL AR ¢ teﬁlbbhi@n&ﬁb%mﬁ& iR ehiidRde&ch 400 may
usi ng the channel estimation hi, e.g., accordi ng to
also gaelndg @rseqcmd eousitstA24ctoorronanta thesve af £x,the/ dhampewithin a
t | S r
colu%%uéafﬁﬁ% g o%stgl}l%?oqnabgg g%an C}M rg%h%r 42%81&191 pqog%s eythega value of
zy,, dYRElcoper at i on to the value b o usi ng the channel
estimation h , e.g., according to Equation 16. [0069]
Accordi ng; it Q, some denonstrative enbodi nents of the
iriventi'on’ ‘decoder 400 may al so include a first (18)
counter 422 to propagate the value of zx-y by D, e.qg.,
[007l b Aceardmgtyn| ammuipfit #he cdAMuotenst2d| inay iineluddore exlaapifes.,, for
qunter d42% fgate the value of zX as foll ows:
cxample. gecoram '@ng f 1 7 )[0070] According to sone

nstrati ve enpbodi ments of the i nve tlon decode
[007353%%91% tggoms degastiptive cBvad Gy &t zzw%onp ﬁs&%&f‘%o may
also 1Hﬁu3feall WBcRf428Xz g BYQAM Bieer Bo% e})""atsﬁhﬁ 3p&Qigi o Bhitput 426,
£ mpr Ter 424 may

he QAM const el | i on. For eXxa , counte
€.g. mcoqudg@tte EdqvativaOud cofrdmgly, as dutput chi@: ofsligeri 428zmyy +Hjclude the

-Dz. (18 Q071] Accordingly, an output 426 of counter
hyp%gém%'évgl‘il%éll(@ e the value of zx-y, for exanple,

according to Equation 14. [0072] According to sone
[007d¢ m’mnsttdh@ttb\seme rdbrmbhstm’uitvs cofbotlimeentsnafehe im/nnticoie (de@teier 400 may

40 | l i 28, §)2M
also 1883ga M t%ga qoue‘ieﬁ gqut r}%{)}l)az%eﬁl{et% oYﬂllbeugf £2J6b éls e. g €fsr each
coluﬁﬁl%}f tHé WPAMOcoRGHR4tIGAN F8r cxAG§AE, toBley 43&&1@%@1&&%&&% Qhblue of
slicer 428 may include the hypothetical value

bxy gsdOlI®Ys:According to sone denonstrative enbodi ments of
the invention, decoder 400 may al so include a third
koyntkr, 484 A o propagate the value of b by 0-A e.@9
for each coI um of the QAM constel l ation. For exanpl e,

[00791? lAr&grdl to sg%\é d%m%B?tga%tvg e%nb%d n‘rflenlfls on[Ile invention, decoder 400 may

also include a fourth counter 436 to propagate the value of by, by Asjd, e.g., within a
column of the QAM constellation. For example, counter 436 may propagate the value of

by, as follows:

b

Zx,y+l

:Qx,y_j'EO'A (20)
[0075] Accordingly, an output 438 of counter 436 may include the value of b.,, for
example, according to Equation 13.

[0076] According to some demonstrative embodiments of the invention, decoder 400 may
also include a subtractor 432 to determine a hypothetical contribution value, denoted ¢,

based on the hypothetical value $,(sy), and/or the value by ,. For example, subtractor 432

may determine e as follows:

szx,y'hl §1 (SO) (2 1)
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bcy as follows: bx+l,0 =bx - hO -A (19) [0074]
According to sone denonstrative enbodi nents of the
WO paoen1joon, decoder 400 may al so include a fourP@TUS2007/064565
counter 436 to propagate the value of by by hojA,
e.g., wthin a colum of the QAM constell ation. For

[0079X ARBb@ingCtd %Bfn% rdefh%ﬁstfm])(fe RhMBABRNS éhBe URhBorDidebidér 200 may
foll ows: bx,y+l =bx -h0 -A (20) [0075]
pf(yﬁkZ tadg

also Apchedech 1?111@'13906 st tegning s distanaerlnags. e basrsl on the

Valu§ F[Og(?g%f&&t g%tﬁ]ﬁtoﬂ‘ 2%20 %Sﬁgrzgéngfatea %S { rg{ \g/lélhg n‘gr%y tnld%{é to the

vdueﬁ idfellowyent i on, decoder 400 may al so include a
subtractor 432 to deternine a hypot heti ca
&OMri bution val ue, denoted e, based on the (22)
hypothetlcal val ue S1(So), and/or the value b y. For

[007%1(; ABbRin [gStH bR G RonSRRIVERMbAGIER S&hE iR3ntion, decoder 400 may
fol 'ows: [0077] According to sone denonstrative

also emdhodt a‘rmitcstoro446t toenaintagns pbmalitgd of dltbedist40@ vedyesad; sorresponding

o 0 TSI B B BLAIES ETATRS AR S B TLIE RS o 3 and

and €X 38BEConcest IHEBY MNicsAd2s M JRBAEHRIRG SHet @ﬂ"ihe‘%ﬂues of s;, by
corresponding to the value ds as follows: dg-1I

applymg) at{ymrrtaylemtfmajtmglet dstenreevalessods Foackample, selector 446 may

Lovent | deco 400 al so
sl DR 3o b SPrebBETRbE W sIEERT Hsbir ufBY, °0f °t e

[007%;35{%%; I\g/gllgﬁ S‘rivegsé gﬁ{ﬁxgqst’lﬁsgn? HEg dpyel‘mglro Lﬁ%? lrle{'f% t%f decoding a

tranﬁﬁ’i@s%@ ARIdiR® tWelsp@sal Qfresm® trdfdhifbd b3, L0 BRkaGkioANMitennas,
he values of s o and a correspondi ng one of the

c.g. ,\aaldawlbod alsqwe vioigh eqf@bmedg Fagly‘l shdowensi.at will bepprrceiated hg those

of o%u}a& pKi ﬁﬁ% rfa t(lelgts ot}lergerr%bo ngg gy ts Of t%? rmgvg:%o%lallrnﬁzﬁ uy?ﬁlde decoding a

tranﬂﬂu@élﬁiﬁhndﬂlll(ﬁﬁg:l@ﬁﬁ ottedr %ﬁ}ta‘t{lé)Qﬁﬁﬂbeﬁ@ﬂﬁpdﬂﬁﬂ@ﬂﬂé&rﬁsﬁﬁhﬂ&ﬁntted by any
enbodi nents of the invention may refer to decodi ng
suitabmy AR s¢-8n Nored> @ TABSRIRHORS prieings. Berrexample ﬁ@ﬁ%iﬁi ﬂQ(balay be

modifiedth degcic%rtﬁaﬂgrﬁlsa%h%g RALe %ﬁ%mﬁgg antefiS,descr i bed

ove erence wever, it wll be

reci at ed t hose of o Kill int rt, t.h
ooBF5 A i LT B SRSt e e SO wie
refe@EOE BTIcdodel, 20§ MdesddRR 200 qFULi) Ginddy d%b&&& 4901 (Fabl 4, able to

nunber of spatial streans transnmtted by ﬁ
determine a selected set of values s based on the plurality of sets of ypothetical values sg
and the plurality of respective values §, (sg). However, some embodiments of the invention
may relate to a decoder able to determine, additionally or alternatively, any other suitable

value, e.g., one or more metric values, based on one or more sets of hypothetical values sg,

and/or one or more values §, (sg), respectively, e.g., as described below.

[0081] Reference is now made to Fig. 5, which schematically illustrates a decoder 500 in
accordance with yet another demonstrative embodiment of the invention. Although the
invention is not limited in this respect, decoder 500 may perform the functionality of

decoder 120 (Fig. 1).

[0082] According to some demonstrative embodiments of the invention, decoder 500 may

include, for example, a metric generator 502 to determine a set of metric values 512, e.g.,
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sui tabl e nunber, e.g., Ntx>2, of transm ssion

antennas. For exanple, decoder 400 may be nodified to
w@le®edesodT ansni ssi ons o Nt x>2 transm ssi on ant BCFEHS2007/064565

[ 0080] Sone denobnstrative enbodi nents of the invention

are described above with reference to a decoder, e.g.,

inclEREL RS 02BBrd FHGLike)ihGSHR Mio (eI uAOPastiod- théﬂeceﬁ@ﬁ Bignals

to determ ne a sel ected set of values s based th
v, ail theaghiangel cmatgétfé g, hy gotchbed balowy é}qsreéerSiﬂ@Oamay ahe “nclude a

rnetr?é n%éc?dért é’]tO %?e%?&t\haégeﬁrﬁg#gﬁgg%gig@g%eéNﬁﬂg&g{etggégﬁgls, e.g.,

bascdl@neratues § €2 .avigiric &lcc@itd! Sl(D ﬁfagtluhcyudﬁ angl suablatecodey foragxymple, a
ot her suitabl e val ue, g., one or nore netric val ues,
FEGylesaderong on &/ 1t§rbi ﬁiﬁ?@eééi i§ kppwRyhBCKREL i cal val ues SR
and/or one or nore values S1(SR) , respective
[0088$ Adeigesliaiebic bt wVrx [rer@gr]d JRefadsy e My b%mﬂtﬁﬁﬁ‘ﬁﬁ% by taopredeﬁned

nurngetgofb?[’s,r d%h%gz(%}f)tqﬁ{mgls i§ Eno&é% Ln{ tlhgsci}tr ates a decoder 500

n acc enonstrative

oog Aot Rt '”V%@EV%%%MQ[ o P S0 HRR O pep G cherator
502 1P deHhatd RArivhote OfF vEIREPSIET bakd® of FhIpludality Bpﬁ)ﬁ%}hetwal values

According to sone denonstrative enbodlnents of
s, angiorhe ipbnality ot sete of BO®thedipali ablcade ¢ &.0as descaibst! é?loaf

nmetric generator 502 to determine a set of netric
[008\5§1|Al@esrdﬁig2t,0 seng. denobtudiviegndrodimentsrof the invention, metric generator

502 pd el ORER AT alpracd LERGHE Rr SREEE o b P o an o
sign@SOFARS KT, ithRcn RRUQWna ReGREeH 500 FRYIA! f‘épeplaﬁ?ﬂlél 48 ftlows:

metric decoder 51 to det ermi ne val ues 514

éﬁp sentlng tr f\ransm tted signals, e.g., based
! ué@?%‘é NQ?P ecoder 510 may i ncl ude any

SU|tabIesd@boden;af0r exanpl e, a FEC decoder, e.g.23f

Viterbi decoder as is known in the art. [0083] A

whestifg28l defot e? sct of sﬁ{lb&f@éctrogsc@f' é()ﬁgteﬁétgﬂl 0?nt¥wh'gpe¥n BR i-¢h bit of

represented by a predefine mber of
the IogZﬂKb bltggnds i s Hamown wn t hefimr t . [@ﬂﬁd] Acongd|ng onge;

one de rativ n s of the i.nventj
7 HRT S0 ALRRTB0 SOy e SR e BMS YHETb G o D of the -t
sign¥ahadasscedrd RASEde. 8N 76/0€ aRd Wh@lrdlﬂ ¥% RfatdINB RN SLEGR subset of the
val ues si, and/or fhe plurallty of sets of

trangngigiod ignils aForvexkmpls, gRnayebgin thgganesefritedVoek gwif the selected
subsh BB Lo AReRnINGyL 0 BRTE %egnaalgsgg{tﬁgweod' nents of

% erm ne. a
L W S N R
502 #&%(%tﬁ)@mi:ml a pluraliBISK MR vhREs 8ATPbSIin@ R thelpl@¥¥ety of signals of a
first selected subset excluding the selected signal s;, e.g., according to Equation 23.
Accordingly, metric generator 502 may perform M"™’ hypotheses to determine LLR
values corresponding to the first selected subset of the transmitted signals. Metric
generator 502 may also determine LLR values corresponding to a second selected subset
of the transmitted signals including the selected signal s;. For example, metric generator
502 may determine the LLR values according to Equation 23, wherein » relates to the
second subset, e.g., n=1...u-1 u+I...Nr, wherein u is selected such that the second subset

includes signal s;. Accordingly, metric generator 502 may perform M"™ additional
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wherein Z+ n denotes a set of synbol vectors of

constellation points wherein the i-th bit of the n-th
wae@nalsohas a first value, e.g., one; Z | n dePOr/ES2087/064565

set of synbol vectors of constellation points wherein

the i-th bit of the n-th signal has a second val ue,
hyp&th&es tZ&A@midNHLRRAANRE BorlespBhdh@ %o the sbiRdSabREbEMhe transmitted

subset of the transmtted signals. For exanpl n na
signgle. Thus, Haetrigrggacigforn02. may pocfore, dor cxgmplpe 24@[ ¢ dypefheses to

not include the first signal of the N TX
deteﬁ%ﬁ?%uggg?'si gnals. [0086] According to sone

nstrative enpodi nents of the invepti.on, netric.
00T AR @Sy st e g Ran ST I iBFeneiBR Diigagnersco
502 kT i8SIREN didigarlce cbitBatl B0ALd Hiteiling b PhahBtyddf dsthideStalues 505
sel ected subset excluding the selected signal si,

corrgspgnding cloothdi nlyralsy Bofuaets oof hgpotigticsl diahigh yse. rrespertevely, e.g.,
ner at.or 502 erform ' hypqt heses t
sl R TR SOy o RSBt prrossr

402,s0ueet 420, sohset 42 colitert43ansduntdreid6 silgaed 28, siirtactos 432, and/or
. generator 502 may al so determ ne LLR val ues ) )
distanige pHERRRI g 2% tfcalcsaihsn dbaw with exfcisnesioFiss4. dhjgance estimator

N ! . . : o
o SEUALLLY B0 S L 1508 L SELED2E B concor
204 lah B ov attiresonZ ) ndam glesaibed abdvcomitl? & feradertaifing. 2. r el at es

to the second subset, e.g., n=l ...u-1 u+l ...N TX

[0088M@rcedrding tosofse! Redoadtraiielenibodiméhe of thledntknsivohS@Etric generator

i ncl udes l|r‘ﬁgnal si. Accordi n]gl , metric fgene‘rat or 502
502 meay glee fustydena cellectergdfi6t fooerd eﬁ%//ﬁd’tm?é]éfé’so t @irdepkdiyanec values,

oo T AP0 S SR GEDE, B35k o s

s R iy SRR GO AR SR, e
FERELARILS, S Loy om 7t Lo gener o 02
BUKEL g signee, values, 508 coryespond ng to €At

respectively, e.g., according to Equation 10. Di stance
[00884 Acrendse 500 njonsiraftve, cripdinasadsrpf the iprasippcasisisrgenerator
unt 422, €0 4 ount.er counter
502 258 <8P Beflasof Ll s 0l Gl g ¥ cxemple
calceiator 1508 diiaydebdcragsa ALR s dehsed a8y, worrdspording ende k- bit,
to Fig. 4. D stance estimator may include any ot her
¢.2.&5ifQllY% estimator, e.g., including counter 202,
hypot hesi s generat or 204, and/or estinmator 212, as are
derfi] Eeti[idbov® Wit h reference to Fig. 2. [0088] (25)
According to sone denonstrative enbodi nents of the

[OOdOTY@@ré&@'iS gl h{%dg%qfig.t 8! which schematically illustrates a method of

determining metric values in accordance with some demonstrative embodiments of the
invention. Although the invention is not limited in this respect, one or more operations of
the method of Fig. 6 may be performed by metric generator 502, e.g., to determine one or

more of metrics 512.

[0091] As indicated at block 601, the method may include selecting a first subset of the

Nr, transmitted signals, e.g., which does not include at least one selected signal of the
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502 may al so include a collector 506 to collect a
plurality of mninmal distance values, denoted d [k ] ,
w@onrespondi ng to a k-th bit, wherein p=0,|. PRECT/US2007/064565
exanpl e, collector 506 may generate an output 507
including the follow ng mniml distance values: d [k

trandrmtted Signalll lds eiaﬁh%)le( Aftiridgenelator>02va8ly Select Bihd KrsFhdbset, ¢.g., as

[0089] According to sone denonstrative enbodi nents o
descrihed fbpvent i on, metric generator 502 may al so include a
LLR cal cul ator 508 to generate val ues 512. For
[0098% asphdicatedbthbiogk 602,508 methpdgeaematude asdigiRng alseteof one or more

oted LL orresponding to the k-t it, e.d.,
ryn G BRA Tl oL SRR FRD A ol Quitm ten one or
morgﬁ},&tﬁaﬁal v8ludd $0td8kleot Rofd 8f tHe, Nt HmfieaesTBlalC abdp¥ctively,
ilTustrates a nethod of determ ning netric values in
c.g..a8 dovcgidn¢ abarict h sone denonstrative enbodi ments of the
i nvention. Although the invention is not limted in
[0098hiAs indisgpet tt, blocke6t @k, thromethogp eragtalsonsclodle déternmeingachypbthetical

Valu.lf:: I89 H}é:? sg[gaﬁi?/eﬁgle%ﬁgg%g{i % eb%‘f gﬁ%{sig%gg ﬁgﬁ(rﬁﬁét?cébgai%és AE (')Igéx’arnple,
estirhzﬁlgll St a6y alecihifl khcBQtue df i‘ge@?}? £R0G 0Yor 1R1aHEE 7.

selecting a first subset of the“N TX transmtted

00534021 a0 6 S8 Bl S U Sl SRBmPR o it
Valu@X@ﬂRE&ndfffgt (d GhORARELAL ratﬁ%ﬁ@. $6k eec)‘(ﬁmg%,e_egﬁﬁl%r 504 may
subset, e.g., as described above. [0092] i ndi cat ed

detemhinb tiackistaRie, valival retdradcdraingito Elquateonassi gni ng a set
of one or nore hypothetical values to the sel ected

[0093Y DsehdichRl £XAGak 608, @é B maP4ndade AHRhid): MHeCoRhations of
nor e E%pothetlcal values S R to one or nore of the Nrx
blocks 60 Hi0t andl/ayi 69Rdp sleteraimgacnlisakityyof distance vadued sgwrespoading to a
oV 93] As. indicated at block 604, the method -
plor 8 e RN bRl e L G5 Se R el e g A pnting

plurdlit§ of el fbrRGodbtgn@lontstindidont bLthestlcotd asikeqg i&Pectively, and a
hypot heti cal values. For exanple, estimator 504 may

resperstve PTalety tof ghovepluss Sofsr/SI(%, 9s deseilgd abpegswith ggference to Fig. 3.
Equation 7. [0094] As indicated at block 606, the

[0096® RO dizad @t BlocknEloydie: detiedniiy Agodndludd doretnmagUthe values
corresponding to the values sR and/or S1(SR) . For
dP Exlakpt exangde, icotieater FOmapgencrate output 507 according to Equation 24.

[0097] As indicated at block 612, the method may also include determining one or more
metrics corresponding to the signals of the selected subset. For example, calculator 508

may determine one or more of values 512, e.g., according to Equation 25.

[0098] As indicated at block 614, the method may also include selecting a second subset
of the transmitted signals, e.g., not including the selected signal; and repeating the
operations of blocks 602, 604, 606, 608, 610, 612 and/or 614 to determine one or more
metrics corresponding to the selected signal. For example, metric generator 502 may select

the second subset, ¢.g., as described above.

[0099] Some demonstrative embodiments of the invention are described above with
reference to a metric generator, e.g., generator 502, able to determine values 512 by

calculating a first set of LLR values corresponding to bits of the first subset of the
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determ ne the distance value d e.g., according to
Equation 8 or 10. [0095] As indicated at bl ock 608,

W@ b@7ietobbd may i ncl ude repeating the operati oPGI/U82007/064565
bl ocks 602, 604, and/or 606 to determne a plurality
of distance values corresponding to a plurality of

trandhYiR0d RBRLS, $Bich thile hatdinBmda 1R sHlehdd Mefl; hkecaalstimS a second
the values S R representln% a plurality of avail able

set efollsR elelugs icorresnondingaeitoiiptdhe serondelubect @ff thaigieamitted signals
1nchﬁr?%§§é s\égec‘égéd ﬁglgalg eer F.“,f?t Jh}{g tBl E\(}‘?J(t otny 2? ferﬁeoqu\]x%:éfgr?l ¥EFill be
apprE&:i@ted By thex0 Wb brdisary rsldﬂll(lﬁttl&darathabh@@{mﬂ@.ﬂx othh&nﬁﬁiidhﬁ@hts of the
al so i nclude deternlnlng the val ues . For exang
invegpn Berpeti ENGHHPT BeNariErBING AN oF MIuy ofthedrldt Mefueby applying
I t
any gn@?ﬁ%déﬁﬂle%gﬂr{é%g?’%%;’P@gté&gg’t@? r%? %Ilcﬁ% hgéfgﬁ%}cg%luésl} 7, which may
be deetmincd b}lSdfd‘ o8 pon dirngoteorckpeetise getalof lnfpothkecad elabes ed, c.g., as
sEqigH. For exanpl e, cal culator 508 may determ ne one
descgpedibel@Wot val ues 512, e.g., according to Equation 25.
8] As indicated at bl ock 614, the nmethaod nmay al so
[OOI[OH]:Vimer%g & engikeradesranstielvsupakadiment ofethe ayrafPr. g sclected
I I 9,
Sen Rl e ISR 6, B0 1 AR ot B
matrtikl &, F61 xammdé,ahe 6ddctedsided] anayi meluda an ar-/nugeal nadnotedss,,, of the

corresponding to the selected s For ex e,
Nre RV @t Siresee dnigyAisér! colf 0%@&&%%?1@%90%01 hn. The
valu€ ofm mBFbIESEMiR&H fGRIUE: Ple[ QORMLwsome denpnstrative

embodi ments of thé invention are descri bed above with
ref erenc ® a netric generator, e.g., generator 502
%ﬁﬂggpﬁxjéﬂbrn1ne val ues 512 by calculatlng a firgeo)
set of LLR values correspondlng to bits of the first

(00 DR A g sk S b ARG L | §H 0GR i llsh PorfTotigMBhe o gretocted

sign@(ihanbe frEniBt i SRPTTE TR Mt bRl B SRuwRRRR vatues

sk aSSEINeE k@ theSuBR LS V.. ,gtransﬁ@tedairsﬂgﬂags &R ludanathie @8leé3d signal, c.g., as
However, it will be appreciated by those of ordinary

follogysi || in the art that according to other embodinents
of the invention the netric generator may determ ne

e or ithg LLR vg] ues by appl ying any ot he
%ﬂ?-tlfbfﬁggﬁwglgrr) 6#@%33} ation to one or nore {27)

hypot het i cal values si, which may be determ ned based

[00100] OMe followinp 8ctf ESPRbLIs \eaysRt defiabd:hypot heti cal val ues
SR, e.g., as descrlbed be|OMI [00100] According to
ano e nDnstr ve e of t he nventlon t he
g‘ék»edf Egﬁé{ Ibéh% @m JfoﬁﬁRtSh 28)
transmtted signals based on the val ues of the channe

[00103] The LLR values may be determined as follows:

LLE,(n) = min (@,2)- min (@?) (29)

wherein the distance values ds; may be determined, for example, according to Equation §;
and wherein n=1...Nr.. If Z" is an empty sct, then the corresponding distance value d;
log, M log, M

may be calculated over a larger set, ¢.g., the set s € U Z'" . 1If the set U Z'" is empty,

i=1 i=1
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matrix H For exanple, the selected signal may include

an mth signal, denoted sm of the NTX signals, which
woreap7aaiopespond to an mth col umm of the matri RCHUS2007/064565

denoted hm The value of mnay be determ ned, for

exanple, as follows: m=arg max |[/znl (26) m[00101] A

thenPth& ARtdnk Y Qlfue tegplgeﬂga{l.&lﬁ?tjgd WALLGS engfené%'i od §fT(Z$’ s an empty set,

correspon |ng e se cte si gha
0 d I [ set s
thendtﬁg %%%%}ﬁ)ﬂ%im% 1st§ﬁ?1%@sl’1?esn§gsn% ca etﬁgcptoﬁéetaé lﬁ)éeroget,f gé., the set
1P % - 1transn1tﬂ i gnal s excludlng t he sel ected
s € djJgRh) - Ifahgset 7 ol aney, (heotopilistines Falhe pwyhg cebaulaggd over
synbol s may be ‘defined: [00103] The LLR val ues nmay be
@&f&ﬁzned as follows: LLR (n) = mn 2)- mn (ds 2)
29 erein the distance val ues ds may be determ ned,
[00108} Ascardihge fo gefc aralhargdenonEgatatel emb@ imanmdofimter mivention, one or

: TX. ' an en the corres ding, .
morgyt LRyt sargebndingdy T il sig S Lot SRewimBubey A¥blyine
one | R @6fc $&b-foRik (ZE8q Rk _O]gerélohs tol fhet f@:@eﬁ@d sthnélsty, e.g.,

is enpty, i=\ |—Ithen the distance value may be
according to tht dollovieg Alpeitbmtire set 2. If Z' is an enpty

set, then the correspondi ng di stance val ue may be

A pply AF ecjua:iizelr togh¢ sipgEs y s@tgterige an ed[vzalize:t sétog 2 M

\og 2 Ms JZ . If the set J Zis enpty, then the

di s*t%l(rﬂﬁ’éHga nelyerbia /At anotataedngler canheaertinsposs @pplied to

Z' . [00104] According to yet another denonstrative

entfednaent//.of the invention, one or nore LLR val ues

corresponding to the received signals y. may be

T Repeatithetdl oy impieydtiogs dsrg=0INpnireeszer o- f or ci ng ( ZF)

equal i zing operations to the received signals , e.g.,

according to the follow ng Al gorithm 1. ApplswrZF

equa CaksplatepashéF SIYRafos kyh dety srearer e =aj zed

set: r =\HHH) HHy , wherein i denotes a c k

€O anu galtegt r¥1 % mgg BT orfril % NTXd[ransrmtted signals corresponding to the

maximum SINR: m; =argmax SINR,, .

c. Define: Q;=set of G constellation points closet to the m; -th ZF output r(m;),

wherein G is predetermined number. Large G may increase performance.

d. For eachs,, €0, subtract contribution dueto s, ,e.g., v=y—~h, s, .

Define the channel matrix: H = [h1 - h, . 0 h, , - hNTXJ
e. Apply ZF equalizer to y.
3. Z=set of symbol vectors of Nrx signals Z = {(sml, S )} The size

of ZisG"=,

4. Determine LLR for i-th bit of n-th signal: LLR, (n)= rmn(d ) rmn(d 2).

seZ SeZ
in

5.1f Z" or Z~ are empty sets, then calculate LLR over a larger set, e.g., as described

above.
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the matrix H 2. Repeat the follow ng operations for
j=l..Ncx tinmes: a . Calculate post-ZF b. Select mth
W@ @malsodT om t he Ncx transmitted signals corr eRQDOSNTY064565
to the maximum SINR. n} =argmax SINR. mc . Define: Q
=set of G constellation points closet to the m-th ZF
out put ri pi ) , Wherein Qlgsriftiidet er m ned number.
Large G may increase performance. d. For eachs me Q,
[00 1%)9?@&63@&9&5 rdf thE IR AU ‘ﬁlvteﬁtlc?ﬂnma €@ imp¥nichted l%;\{nsmare, by
i ne the channel ‘'matri x: %h1_ 0O hm+1 hN e .
hmdmpgiyKZﬁ/eqnabnbemnmmofseﬂwzﬁsemﬂ@ﬁhaﬁwwwlwwemydwsad@bb for

e RN 7 oDl T B BB i i o

the pbdt dvedtioM mdydingluvdd - unStsZandt sub-unfits ZivhRh @aﬁ'b@ s@ﬁlﬂlﬁé of each
sets, then calculate LLR over a Iarger set, g.,

otherer eombiaed &sther.Ah gdidle primpqroend @}ayﬂ?mwmlﬁ“emtgd u$mg lpecific,

rnultﬁ gl%ﬁ)%né érn\é netgél groce&o?rsol natdegl S a%d lfb o &ég;h\gﬁ{jﬁhe be}ﬁ Some

embbaih s & tAs ptmynttiﬁv@ubh allyeintiade $>nﬁ“eﬂs)‘ tegisenf| stcﬁragd @8 and/or
or in accordance with specific des n requirenents
Mengp SRt AL STPOrRET NEsiED sioesfi dstr Mdon nrderdo fagititate the

Opmgpﬁ%gﬂps PirkS t%ﬁmﬁ&ﬁ”ay be separate of each other or

I ne toget I'n whole or in part, and may be

[001 SEE \gﬁen tc%ganl{sf nglr P&E Ithe 1ﬁve%&n haefl:J r‘t%gl? ﬁlllustratgeen%rlc? described

SSOors, ev C S as are Known

hereﬁﬂmyﬁﬁdlﬁcdﬁﬂ‘onﬁ habpitesen] cHany &N bhdBquieyleiti &laydRcur to those of
buffers, registers, storage units and/or nmenory units,

ordinagy skihjotherart. dt is. dheyeioas. rip dcornsigestasd hat theamprrded; flaims are
1ntetg{ng§éichgﬁz A kdc'htrﬁ&ﬁﬁgeﬁﬁ)ng RE4 %hﬁr%%s %E 21 %&R‘&’lﬁ{ IHeCtrue spirit of the

invention.
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[00106] While certain features of the invention have

been illustrated and descri bed herein, nmany
wore@7fliseet i ons, substitutions, changes, and eqRCT/EEENT/E64565
may occur to those of ordinary skill in the art. It

is, therefore, to be understood that the appended
clainms are intended to cover all such nodifications
and changes as fall within the true spirit of the
i nvention. CLAI M5 What i s(diAiMBd is: 1. A method
conprising: determ ning one or nore hypotheti cal
What & ¢cl@isnedfis:a transmtted signal of a set of transmtted
) si gnal Tz}f)gased .an _one or nore respective sets of
: hy%ﬂnﬁ EqMPYAEres assigned to a subset of said set
of transmtted signals. 2. The nmethod of claiml1, .
wher ei n ESTBIAL RIS PT 48678 hypriheficanylbesRfpdtemitéss) signal of a set
va . i i I . '
o R oeY Bty BB O Sl ol R s o s thstigel values
on assigiedrtah istlysebdf saskypeof iramsnsitdssigifalhypot het i cal
values. 3. The nethod of claim 2 conprising selecting
2. ond&hefmdtiel ¢ dldial 1,twhaéinhiepomheig cad ovabresrohymahatical values
transm tted signal and a corresponding set of said.
compriggs fefarpinipg a hlurabtysfdhyprthstigsl eghrep ﬁ’g gaid tangitisd signal based
t - ol ai ' i d predefined
ona rll ?@idg?}gs gftg{%esgisiggﬁgp%ﬁ%% ﬁlgébf di stance val ues
co i n ' Lural [ty of hy [ .Cal -
3 Lar g R P ol SOt BRI RY of hyagtherical
valuafolf §aidtrafisniiedsiped eind actorfaspohldmgnet tiddhidpluedliay 6f dets based on
wherei n_determ ning said one or nore hypot heti cal
a prefsfinedcriteiipR i ses appl yi ng a predefined function to
sai d set of hypothetical values and values of two or
4. nordée mestkodseliclging damvdereg sajth gragefinesticiofrion s¢lafesto a plurality of
- rei lyi sai gd. funct.j on-+¢ rj.Ses i ni
aisiOE A RRR ROt Pl O GHPBR SRy S G o e

of hiyypiedtieel vatdds, atal twesor amndle kdeiveal ues of said two or nore
received signals. 7. The nethod of claimb5, wherein

5. apAhYint@hPb 1N E i RRcia QEREMSRSS sad BhE B€ oRIhffoRiBitMBvalucs
val ues of said two or nore received signals products

compfises gipllysit a predpiymst fuactiarato spal s of Arpothetcabralpey and values of

channel V-a|d,leS'
two Or more received signals.

6. The method of claim 5, wherein applying said function comprises determining a
maximum likelihood solution based on said set of hypothetical values and the values of

said two or more received signals.
7. The method of claim 5, wherein applying said function comprises:

subtracting from the values of said two or more received signals products

of said set of hypothetical values and one or more channel values;

applying a maximum-ratio-combining operation to a result of said

subtracting; and

applying a slicing operation to a result of applying said maximum-ratio-

combining operation.
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appl yi ng a maxi numrati o- conbi ni ng operation to a

result of said subtracting; and applying a slicing
W@p®raliooh to a result of applying said PCT/US2007/064565

maxi mum r ati oconbi ni ng operation.8. The nethod of

claim11l conprising: determning at |east one

8. hymat Rettdaals cramuecohprasidd: r st sel ected signal of the
set of transmitted signals based on at |east one

respect gRrifingOft 1BXPBANRL AR R HES oS FrdREMcke® sfinal of the
first subset of said set of transmtted signals; and

desgrafitmnsgittad sigeals basmdeonhay patshatel resiectrad seg obhymthetical values
nd sel ect ed Si | . of t t. .1 I tted
LRI ST U

hypot het i cal . val ues assi gned_t second subset of

0 .
sai d sefCEFmPIEndnFy oaC @wa?téea?m@?_ 7 el sedetrdysignal of
fnl; ?%g%)t lopHlandfted %ig‘i‘lafs' Ba3td 88128l Q9Rctivd tset-g(%}enypothetical

of claim8 conprising: generating a se
vabhaless aspned ént isegpnd asbsct iof stid setbefgtanemittadasgmils, twdatrein said

si gnal ased t he ot hetjcal ,value of said first

seg%%?§8€@$bWﬁﬁgaHﬁ&1g%@“ﬁ%ﬁ“%?gﬁ9pothetical val ues

assigned to said first subset; and generating a set of
9. valllie eethadrf s §1eprapiisthe i r st sel ected signal based

on the hypothetical value of said second sel ected )
si gnal , senfdatingeaswst obfvaygsotcneseiae sead fost auspigabdrapgmitted

Sa:%%nglg %91&91 (ﬁluﬁ’l%ql#’ o&lgtica]-hf?lug?)tfg?lﬁ fﬁgt é:‘—:ie%jtew s} al, and the set of
conpri sing genera Png a set of values represéﬁ%lng
sahgpakétical vdlianssipitidded ssidgirst ssibseased on t he

hypot heti cal value of said transmtted signal and the

set of ByReithetd ¢al ol SreprbientihD SalefiR del&dte® kidh M Based on
conprising generating a set of one or nore |ikelihood

r athcohypethesisalbeaduciolosnid econy selepistl istemal, \aafl (e ot afdiygothetical
t ' | t of hypothetical val ues.
1;§g$%%&%§gﬁ%gggﬁi%%@&%&@?daﬁergin Zg?d geicgf vartes

transmtte i.gnal s conprises n.transm.tted signals }
10. {3 M AoRftARL 2058 BRG SR R P vhEES RisrRh iggsaid set
of transtfttePdiguld b4 Bh BRS hygRthevidd WAk cdTShid MRHshRted 'sﬂg_rrlal and the set

signals of said set of transmtted signals. 13. The

of hypethatigalofalugsai m 1, wherein deternining said one or
nor e hypot heti cal val ues
11. The method of claim 1 comprising generating a set of one or more likelihood ratio

values based on the hypothetical value of said transmitted signal and the set of

hypothetical values.

12. The method of claim 1, wherein said set of transmitted signals comprises n
transmitted signals, and wherein said set of hypothetical values comprises a set of n-1

hypothetical values assigned to n-1 signals of said set of transmitted signals.

13. The method of claim 1, wherein determining said one or more hypothetical values
of said transmitted signal comprises determining said one or more hypothetical values
based on one or more respective sets of hypothetical values assigned to a subset of said

transmitted signals not including said transmitted signal.

14.  An apparatus comprising:
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of said transmtted signal conprises determning said
one or nore hypothetical values based on one or nore

W0 e®patidVe sets of hypothetical val ues assi gnedI/us2087/064565
subset of said transmitted signals not including said
transmtted signal. 14. An apparatus conprising:a
hypOtheﬁHﬁm@@@ﬁﬁ@kﬁﬁmb@uﬂ@&@ﬁﬂh@%n@%@nﬂﬁem?b&hdumlVamesofa
hypot heti cal values of a transmtted signal of a set
of tmnmétmi sieaal off yprilod tivasatted migiaks hﬂsed%@m en¢ o5 pwie fappective

S e&e& o?rpe{tlpglﬁ] a?h%l aysgén%ﬁsfo Q%3!5s%qgfdsaflcﬁse"f‘oﬂﬂ?n%%{itt@({ si%nals.

- Wﬁnﬂéﬁrﬁgg’f S PEl =g pinsiof R edtotff Y § Blyratiy

of h hAR@lcabaged smarl t@isﬁﬁﬁtltédt el bhQIIRRLCA bM@alﬁ?t& & ectlve sets of
pot heti cal values. 16. The apparatus of claim
hypat | wilwgg. a sel ector to select one of said plurallty
of hypot hetical values of said transmtted signal and
16. a dbe rpppemsionglaget] Sofongaisthgpd seledtor tp wlecs ens obaséthmaiity of

nyp Sl R @R b P o RPER Al by or

sdsB&%ﬂ%hb&%a&%n@&éﬁ@ﬂ@ﬁ val ues corresponding to said
plurality of hypothetical values, said plurality of

17. S€%e %@pi}m%h %fa'uﬁail6 VALHGD salél?fjedteﬁHed) EritdROE rdI5ES {QVQ glurahty

si gnal he apparatus of ereln sal
of dts;apod: helsescagenpoating ta sidplueality oﬁbp}bqthcawpk ededsi pad plurahty of

ctlon to said t of hypothetical values and val ues
sets o RS g e wddvo e b P S 3§Mai e appar at us o
claim18, wherein said hypothesjs generator is able
18. detlbe #pprais @b 6l 4. WharsiRosl Byothssisremsaeiy 1érﬁ‘b£ea‘i0dapply a

pred%ﬁltlecpﬁmgﬂcﬁp{or%%{d &&lof ﬁgﬂn&ﬁélc%pgalg&eanﬂaéam o?ftw§ %('1; lqi%(%rt\}f‘n’?ecelved

nore received si e apparatus o
mgnmﬁ, wherei n said hypotheS|s generaotr conprises: a
subtracter to subtract fromthe values of said two or

19. rTDﬂ"he apeeatvedf daigndd,sviiea @ﬁﬂ&ypﬁﬁthé@é gengedtoraf able to deterrmne a
pot heti cal val ues and one nmore channel val ue

maxgﬁwl%hh@@ s basaden it freétoif SYPIRHIGH ﬁ@luésp%trdatheowlues of

smd%@o%?nﬁﬁ%%%&v&fmgﬁﬂg subtractor; and a slicer to apply
|C|ng o eratron to an output of said conbiner. 21.

20. Th %hggf ygf %{nm i@lwrﬂe%én sm % gétﬂes§saéeqlepa\6P ctogl%‘?lsgs

genera
a subtractor to subtract from the values of said two or more received signals

products of said set of hypothetical values and one or more channel values;

a combiner to apply a maximum-ratio-combining operation to an output of

said subtractor; and
a slicer to apply a slicing operation to an output of said combiner.
21. The apparatus of claim 14, wherein said hypothesis generator is able to:

determine at least one hypothetical value of a first selected signal of the set
of transmitted signals based on at least one respective set of hypothetical values

assigned to a first subset of said set of transmitted signals; and
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determi ne at | east one hypothetical value of a first

sel ected signal of the set of transmtted signals
wha®ed1vn’ at | east one respective set of hypot PEL/USANT/064565

val ues assigned to a first subset of said set of

transmtted signals; anddeterm ne at | east one

hypot heyieahin¥at astUneay ?8@1@0&1 $8lue oF @desdranalecRl sidh@l of the
set of transmitted signals based on at | east one

r eSped tiapemidted sighallppeadinet 4t degst eugl rgenschvssay ﬁéh{m%heélcal values
se fi e gnal

oo 483 M gD i A QAR BT Re st sccond
sekgisteficlhidgiald fidPsclddial agpar at us of claim 2 1

conprising a decoder to: generate a set of val ues

22. I eMneappratdgos@hith 31 EsthpSitRsLteRMet oansm tted signal s
based on the hypothetical value of said first sel ected

si gnal @lﬂgat[‘: Iﬂ%e‘?@ﬁ Vé?lflesrﬁf Eé?ﬁmg %Qild ﬁ%@tj s’ﬁg§et %% %ﬂaﬂﬁﬁﬁe& ngnals
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26. A wireless communication system comprising:
a wireless station including:

two or more antennas to receive two or more signals, corresponding

to a set of transmitted signals; and

a decoder comprising a hypothesis generator to determine one or
more hypothetical values of a transmitted signal of said set of transmitted
signals based on one or more respective sets of hypothetical values

assigned to a subset of said set of transmitted signals.
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29.  The system of claim 26, wherein said decoder is able to generate a set of one or
more likelihood ratio values based on the hypothetical value of said transmitted signal and

the set of hypothetical values.
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