SYSTEM METHOD AND DEVI CE OF DECODI NG SPATI ALLY MULTI PLEXED S| GNALS
BACKGROUND OF THE INVENTION [1] A wirel ess comruni cation system nmay
include a first station able to communicate with a second station over a

conmmuni cat i annel. In a spatial nultiplexing communj [ temthe
first stat |‘§‘22@2’§/ Pﬁcl ude a transmtter to transmt pawgﬁﬂfgf&g@?s‘%%rm
representing a nessage via a plurality of transmt antennas (NTx>/), The

second station incl i ol i i of synbol s
correspondi ng tg@é’@%%\gﬂi‘#ﬁ %ﬁ%ﬁfé’é@%ﬁ E lﬁi%#‘%si%]}‘ﬁ}’ecei ve
antennas (NRarx). [2] The rédt a an equalizer to decode the
recei ved synbols, which nay be a mxture of the transmtted synbols, into
metrics (LLRs). The receiver. may also include a i mum Li kel i hood Sequence
Estimati on ( M.SE) decoderB,Ag.(S., GNP (L EHEISFN TN 3 viterbi decoder, to
determ ne an _estimtion of the nmessage based on the netrics. [3%9 The

equal i zer [Py Acvislpss seMpMBICHHONSYHEM B BCHF RMVBSRTATRDLS IR éPIAYBI§Becodi ng
(M.D) al gqfiint BMkeddhd ClatiFRY obdACh USenrdGARAbR khdhiel C NS %hma | aaipRkAgs of all
the Na transmt antennas. Accordingly, the MD algorithm may have a

conpl exi t yommupation syssay dienfingl slatiest B8y dndbits e drapdnitten tos freesmihpiaidnt ed by
the transmyg r : L = rithm
my have A ComTRru e 00E ot Hi i e DR R Ay " The
subj ect matatien maggacliésl a asceivse t¢ meeiveicopluraditpaf symbdlacdyespoidinget dat and

distinctly cla in the caoncl udi n ortion ,of e specification. The
i nventi on?‘raﬂ%@%%e%ea%%f’ﬁ g urquSErgfg%}{% SHN (é\?%z]\tf "hod of operation,

t oget her wi jects. features and advanta t her.eof ., may be. e
under stootbB) Tt EBtRE B SRR AR B R L IR SR RS e
w th the acconpaincead tHe anahdngiged pymbuls Hnto h&icF(Ig.RsL Tis eecsiebremay iatso

illustration of W.r el es. 0 i cati .system | p_agcordance wi.th sone
ermonst 1 at TP chDAtN G RETOp RO o QLe Ao A T RS SEQHeR e 5 oy
schemat i ¢ dedddusbir atviitemi décodedl @c aeleimihd aRREGHARACE Wt thiksge bdermistheat | ve
enbodi mrent of the invention; [7] Fig. 3 is a schematic flow chart

i |lustrat™f'Sf a method of decoding received signals in accordance with
sonme denonstrative enpodi nents of the inventjon; 8]. Fi.g. 4 js.a schematic
U1 ust r at 0] of 15 GNELRE M defEERe difc B hbaé%m[e&r ]%@ﬂ’%ﬂ@t Higfigped

enbodi mentpeeddith@ILDYARSHIRM; which may include scanning all constellation points of all the

Ny transmit antennas. Accordingly, the MLD algorithm may have a complexity of M ™,

wherein M denotes a constellation size implemented by the transmitter. For example, if

Nry=2, and M=64, then the MLD algorithm may have a complexity of 4096.

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 thereof, 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;



[9] Fig. 5is a schematic illustration of a decoder in accordance with yet
anot her denonstrative enbodi nent of the invention; and [0010] Fig. 6 is a
schematic flowchart illustration of a nmethod of determ ning nmetric val ues
in accordance with some denonstrative enbodi nents of t i ion. [0011]
It will be v&‘bbﬁ”é’&ﬁﬁ@ed that for sinplicity and clari tngfm{g%ﬁ’?fé%“?%ti on,

el ements shown in the drawi ngs have not necessarily been drawn accurately
or to scal For exanpl e, the _dinensi.ons of sone of the el enments.may be
exagger at P eFi v 1 SR TV aEn T LaHon Phf eghog Ol drafiaE HRYSH cal
conponent Sighiis irigestdinte 0@ sbrbaémonattikl dbodienslof R Atvenfrsis; t her, where
consi dered appropriate, reference nunerals nay be repeated anong the

draw ngs fEo8]n#igcat 65 aOkdhesp@NdhRfatdn anal ageods &l ard@idaice Mitheaglicr sone of
t he bl ocks, depicted in the draw ngs, may be conbined into a single function.
DETAI LED ﬁ@%@%*fﬁww‘@élmqéoﬁt @Nﬁwtw [0012] In the fol | owing detail ed
descripti numerous specific¢ details are set forth in order to provide a
t hor ough E&Q%r E‘cgar?disrf’gs%l"m?%“eﬂi‘ﬁvgwpi Gne degaren By accpidagge) Wldbéfehm’élﬁ%t ood by
those of qeglbM@hdvedthodinidht e Afvbnilonadndt he present invention may be
practiced wi thout these specific details. In other instances, well-known
met hods, pOMIORELY @Sis LANPARRNMISY-ARG: AlusGMidhSoMBYheihol JiavRmbmeR desieri bed in
detail so as not to obscure the present invention, [0013] Although
enbodinenﬁ?“@ﬂnﬁﬁé“¢ﬁﬁéﬁﬁh8%“%@%W¥EHMV@E¥®%§“?WSPﬂﬁ%“W@&&Pd, di scussi ons
utilizing ternms such as, for exaane,,?processing," "cpnp?tin "

"cal cul at LY 1 levgl b paptagingd that fos sipplicky paggelanty gh dlugtatigpe em“é‘%e%‘RWﬂg", or
the like, ¥ d&fiREs fQe ABLAALISAHNG DrerPMAbATacREAGG DB (R KhlcOForfexe@PRUMEr . A
computing platfor a conmputing system or other electronic conmputing

devi ce, t HHRCngOAT plLibeeORRE/ rMEsaiay §f ek eacrtcddpleie it dlcradepiysieal

(e.g., el ,%ﬁ&iépﬁf %éve?dl'?ﬁ%bi&dle&mﬁ%héﬂtﬁ iddRie@ AHRIHe Sfun&iohRTbIBLIELP RMELLT
menories into other data simlarly represented as physical quantities

Wi t hi n t h&udlmpwhene' oonsidayed epnrepriaten d¢foreneeenmnérals nery st fepeatddnimeneathe on

st orage i t . j | : Lo o) I d/ or

pr ocessegi.a %%i?%lé%?g%%ﬁg%g?’Er%ﬁdg%éoggé%eﬁgmlp'ﬁ\éélﬁé‘%’nsgg{eg}tﬂﬁ%pﬁ?% ted in
t hi s regadehicithen thedmwinep may &k corgBinghatd' asipdlafimbiiany” as used herein may

i nclude, for exanple, "multiple” or "two or nore". The terns "plurality"” or
"a plurality"” may be used throughout the specification to describe two or
nore conponents, devi , i ke. For exanple,
"a plurality of si gnﬁfAI@ﬁgﬁgﬁng%%@Iﬂ@%ﬂﬁg [ 0015] Sone
enbodi men{@10f It the folment i detrilndhedoeiplion Inementue dpecifar dexBngt act fosthng a

machi ne-readahl e medi um or article Lch store an.instructi or a set
OF 1ot r uBkoS WREEE § ol HEr Y Sl Al ar G e, Ty h b8y ogessor
and/ or by usddagbodsyi thadel of oftEsd BIES Jin the attSEat tikepre@edih natibOmAE b pradti@dnet hod
and/ or open%tions in agpordance W th enbodinenﬁs of the_ i ventign. Such a
machi ne mdthPcihgdfe sPaetic dxiaiyila, OBy Mstineepive 1&?188&@?%%?5?@ P

conput i NG cHhAddeis Bhd CRERMLHAINHBMLE BeenIcRGRRE M BctHiB Vb G€notGO Mtk GheSy St em
processi ng system conputer, processor, or the like, and nmay be inpl enented
usi ng anyPE&H HYF#I®onbi nati on of hardware and/or software. The

machi ne-readabl e medi um or article may include, for exanple, any suitable
type of nEdfdRLAlhoueh rbrimentayitheeinverting ale nat dimited in thiswseaydrB¥UBIRNSst or age
devi ce, st,pf icl t OrAage, pedl ur »S b AR Al i, mexamnpl e,
menory, rtelfr?rlll)%a I%ﬁ%} Cb#%%-%én%@a%ﬁﬁqn%drg@%gghbl gJ or B%l’n- e{idgsug%ﬁng’ nedi a,
wr i t eabl e“datermaning.i t ‘Gatebleshinglli danadyzgne’al “checkingal oy thedike, har delgr sik, f1 oppy

di sk, Co - D : g ] r |l e
(R, Copi i Rtot P IR bpbiigy ibenied A, Rl RRaE 7,

vari ous t ypeberaficcBogic tanpiesivictshdinshpulad/asior tandfapedatarcpwssetdas, or the
|1 ke. The féynsi:ta{ ﬁ{ﬁt ; ccl)e'c} ro&giql'la?l 1{iéés?\gitl%n¥h Sc%'n% %E:lr’? T (_%5&%5 {.d/&rorgg eorfie%rin g_xarrpl e,

source COB

cohpilea co In reted code, ex e co static code,
dynam c cothe; dae dihitarlyl kepresanel amyphimécal npireien twedling thicngopoier’s ukgistbise
hi gh-1evel, |low1|evel, object-oriented, visual, conpiled and/or interpreted

progranm ng | anguage, e.g., C, C++, Java, BASIC, Pascal, Fortran, Cobol,
assenbl y | anguage, nachine code, or the like. [0016] It should be
understood that the present inventionﬁgay be used in a variety of
applications. Although the present inventionis not limted in this
respect, the circuits and techni ques di scl osed herein may be used in many
appar atuses such as units of a wireless comruni cation system for exanple,
a Wreless Local Area Network (W.AN) system a Wreless Metropolitan Area
Net wor k (WMAN) communi cation system and/or in any other unit and/or
device. Units of a conmmunication systemintended to be included within the

Y oy S - B Y



[0017] Types of WLAN and/or WWAN conmuni cation systens intended to be
within the scope of the present invention include, aIthough are not limted
to, WLAN and/or WWAN communi cation systens as described by "I EEE-Std

802. 16, 20Q4 Air Interface for Fixed Broadban ccess
Systems stg%mgi lruysémt he 802.16 standard"), and nore pag’tc%ﬁdﬁ%"sﬁé

"I EEE- Std 802. 16e 2005 Edi ti on, PhyS| cal and Medi um Access Contr ol Layers

for Conbin Fi xe

[ 0018] Al PRSe RFRERs e SR orBhs ke PrabbfeRECRRL G ool i
respect, phdored spetitioss Aakddr peebwtsques di scl osed herein may al so be used in
units of w rel ess comruni cation systens, digital comunication systens,
sat el | i t e [@drathemhi cbodinshans tha thvettion! drkaot (04D Deviegas, thsystens and

net hods in rati,n ¢t s of, enbodi nent,s,of. the i.nventj.qn, are al so

Cui e OREBhg oF pRERREReRH BRCRG Pt D s BarP B e 8 Enf o

i ntranet anﬁhofeﬂt amaearmap;ﬂhtaﬁ@t lo@n@pluﬁnmednmﬁ@e@mrddgﬁoutmwﬂ@etlﬁchtmy be

i npl enented in unction with gvvare nd/ or software a tgaﬁ)% 0
SLANT wi de

interact fiﬁsc&g“ci‘) at é‘?or?:ﬁﬂ‘i‘?ﬁ?ﬁeﬁfét BHCHet AHFKRS: RRHMEERNY

area net Wexdin é/,\%%mraﬁyaf Raka¢ apnRitgabl ABrenghwer k, for exanple, the
Internet. [0020] Part of the discussion herein may relate, for exenplary

pur poses, [(0Q5T 868¢ ¢mbadiRekls OF titeogiting rﬁ’aysbegﬂﬁ:lleméﬁ@d@?Y@rem&ﬁiépdhﬂ@Qt s of
the invention are not limted in this regard, .and may include, for exanple,

r ecei vi ng M#AdnGFeadeidoapdymr §§rw{9dvhwlhmﬂy étew anan%ra}ﬁfépnpfmatsptﬂf InsyugtigiRet | a
data sequepgsr ededutd R aqnm;n@ @drgea |2 bpraea%‘@ésgm Andfr WY2bthéd Slidbled

content, an i tem a nessage, I‘O ection rane a transm ssion or the

li ke. [OOPEphiresh.cqamssctbe mclrrma@ ne@fonngﬁ mathodypidées opetationstin @gargance werét rates a
W rel ess d tive
rbod! ment oy RS e Gk ST, L MG MG I G EARkbE

denonst r apiogessiegh etitioent scoofputitee plaem i ewmputmgn‘dml@tat pchsgylgt @gryit®0 may

devi oo 103 ERNSE SR SRR SUER, “hollBY bBEHATS e IRE SRAMLAE0L “ver

a conmuni ua;ulementcxhasmnga:lmylﬁﬁabu:mmmammld hadhww@mdlcﬁ%o&wah/eoﬂ‘h@emlum 104 may

i ncl ude a_station,. €.4.,..i,N_accor, e 023
Accor di ng"'t 8%2 ﬁl&ig‘n%n%‘?‘fl%m%“"é%%oﬁ‘% Qje %nytsﬁgazol%\ygﬁtl or?modyegllglge 1]02
may i ncl udenmily devasel BBmas alﬂé)e, rﬁd’mﬂr?lhle@lﬁm Grdk@4ieiiay, stdm'geuﬁﬁ:ld\laor@at ennas
112 to transnt nd/ or receij nmbol s, e.q., r chann 8 vzﬁerel n
NRaNa>2. RCPHBLHK/ T REPEEIPE: & APl BEER F"rﬂ}%"ﬁ&i"d’ﬁ “PE‘T%‘B"a ety in this

respect, byMpek afnoarur@ana%admatm&amebﬂ rélSefleabRIméii, Qlﬂ%]@ﬁorlélrglc)@rkﬂéd% 112 may
include but are not limted to internal antenna, di e antenna

ormi - di r e84 stisk, floppw ditk, Campash Gt BeathPalmMemgry &rorRQM), £rarapaDisk

circul a”l{&%ﬁﬂé RNt DAk RebiReablel (OB-ROHEMNIR! Askdimb@h&ict MeRNt €nna
and t he Ilﬁe gﬁﬂ %\ccor ding to sérred de«n%ns‘ta?adt%ﬁvae eb odlgrrer?t se of the

i nvent i onvarwmmmscsft Dtgﬁaldé’@méfée 1k ly VPR laudpe. st crsagttemior ttee likpdheo
transm t i g f N x
Si gnal s viSTRERNS REL A By AL DRRNTGPE U0 okl ERI, LD oSEI At
In one exeedsl ferpreiadsede; @mcutabjscmstpfewcﬁpmyhmzczcgm,ar tlferhrmchndg\avcbeencode
t he trans i [ 0 r n (FEC
encoders %@%ﬁ?da{‘ﬁﬁ% ﬁé?%taﬁlgf Bﬁﬁ%%l?rg%‘wsfén%iel;t e &mﬁ d ?lS%s%ecél!ege ly,
e.g., as wsgl/dnowmpretad tphc%‘ranﬂnmgl langua g, heeg., éx@rﬁaj Haavax BASHEn Rasenl, H@8ammy

perform vertical c ncod th ansm ssion, for exanple, by
gener at i n§ bqfers §eé’? &Ha% “t'PY; ’é‘&cﬁeaf@ﬁ ﬁ)‘[‘i‘é{l s based on an output of a
single FE 0 i t0,sone.denon trat ve enbodl nts of
the’i mventgRITGRRn4 He3ighopt FRE B Hrokehe SRIRAET FRLRS b W AR Toe o
nore O t hagoioalonkr Llthoaplc yhe Dirssemi iovenhbih is it Emiied ﬁﬁ&ts@%@bﬂ?@he&]ﬂﬂiﬂ@l ahd

nodul at ed, over one or re subgan-i as is éfnown t elart For
o ST RASPoST R S e ot e Wek BOUNS GIAERFEy of

Quadr at ur gorhiphitdted eydvad uﬂoa&xmlé WreﬁyMasAmmmﬁqu) &skhijpal ity of
subcarriers, as_is known in the art. The QAM synbal s %n'nd ude, for

exanpl e, E‘WW Metgopeliten e diefprk JNGVIAN) a-"topsﬁ*imb@raﬂal SYSEME RS W ar v
constellation"), as is known in the art. For exanple, the QAM synbols may

i ncl ude 2- QAM synbol s, Quadrature Phai Shift Key (QPSK) synbols, 8-QAM
synbol s, 16- QAM synbol s, 64- QAM synbol and/ or any other suitable synbols,
e.g., as are known in the art.



[ 0026] According to sone denonstrative enbodi nents of the invention,
communi cati on device 102 nmay use a subcarrier permutation for communi cating
wi th device 104. The pernutation may include, for exanple, a predefined set

of subcarri selected froma plurality of avai] ricrs.
Communi cat |vgé|§%%§ Sge 102 may use one or nore other ﬁﬁﬁﬂgﬁ@%ﬁ%%?%
communi cating with one or nore ot her devices, e.g. as is known in the art.

0027] Accardin tratlve enbodlnents n
Loneni oot ot f B TRTR R R b R ERaTVER Mol o PEbRE MR < over
c_hann;al 1Gk: ?\Idﬁpé oé)ﬂwm’c&m teelovanciidd btsmyclnyr 6&:%;1\/@1@013@1 mg&ch,Mclibﬁﬂe- domai n
signal s via, nas spectively. e recei ved signals may
i ncl ude s}ﬁi%l(g F?it é’H“%éé’S ‘f‘ﬁ% Sg fBRsysr Fecﬁ%?rﬁﬁt“atﬂiedﬁ‘ “of device 104,
e.g., i recei ved si i ncl.ude synbol s
ol bsaondiT Wk iy B METaR e min i e e P PE b e it e

t ransmi tt@sopk%the[&&aﬁhm/éﬁﬁ@fﬂblu@e bRhGRARrORITASED &Y Wwaﬂu&i weds of the
invention, recejver 114 may include a front end 116 and/or. a tran?former

118, e.g. COMBUBICAIGARYSHMS 75 4%%‘1135&1 by’ Eﬁ@ﬂwé%lﬁf@%ﬁ?ﬂ%&iw’éﬂ%ﬁ? Ayi tabl e

front end muﬁ@adb@mp%\e@ersg AL88s Syd’i&n@%dﬁ‘rds(' ﬂ@@t@ 16 @ﬁﬁda\’&‘}i faam@nt ennas
112 into tinme-domain signals 117 a format suitab for transformer 118,

as known iPATtichiarlyin “lEﬁEame@? Aee 21)% Edjteons Plavsiaak ﬁfyh%ﬂcélummcqcm goatr®) urality
of frequenGysdaRicthoficd @@Jgﬁ anfMYbile Oﬂéi“lfi 1109 3h @0 afdsk 2haandidk26.

Transfornmer” 118 may 1 nclu or exanple, a Fast Fourier Transformation
(FFT) nod d)(ﬁ»S %ltﬂo%haiﬁe S§op‘én&"\ﬁﬂe 'p'?esExmem%r{tlon [19%19]111&9&% %1@%3})9&591@
denonstratlve enbodi ments "'of the 1 nvention, recelver 114 may al so include a
channel estriyitst ard Techniqgesydiselosade, hetbtas &uRYOBIsp hbe fuseqquie negitsdofravirelessgnal s
provi ded r itaPedthid g a

pl urali tylebé Muﬂg%tﬁlogll Sggértnlg’#gﬁag%s o‘?lﬂééﬁitox S?%? a% ?zit?@h%f&)glu u(rrzlgzrg{ﬁ eg;g{ein@

respecti vehgthcdikg. , as is known in the art. For exanple, a channel
corresponding to a subcarrier of the plurality of subcarriers may be

r epr esent 0191 Breviessarspitems lapd anghadsnskonpatting aspbetsodfe dmbhdiments , ofathlli veN7x
matrix s i i h 09 Accordin d n tkve

enbodi nentl@e}éﬂf?q}mm QISB Se t?%%] fo% e%)gx}p&teer T4 um‘%u&l?sng?‘fn%lél ?Pg)? B} gcgo er 120
to decode ekeh:epie emammohzﬁl Emmhes ajpﬁcattmngeﬁmb@drmem gifaths mﬁeﬁmmpne;sémtl ng an
estimation signals .transmt e 10 rlbedin
otai T boFBEmPHES ShEoRuRohE PRET ML areaeheniEat ptbme! fiudBrh fecoder
120 may beompihter dommeridadsnmetivarkd fdesadplogs LAN, e drecsinvett (ngﬁlosa e.g.,
as describﬁj\g bel ow with reference to Fig ?I 2, 3, and/or 4. In another
denonst r a# @l@mﬁﬁﬂ?ﬁne@fmﬁ‘ rpwg),lﬁ,tl}g nteE!’@E:oder 120 may be able to

perform eco |ng of the receive nals, e.g., as described bel ow
with ref ef@ﬁbbg disepssipy Agheingmayg, ’i?e or PHEEP ar%@ﬂ‘ipi"%?ﬁ [osTRBYIEI i t ed

inthis reﬁcp@fcam@;ﬂgals@ngt v eRADGRH JRAESs @ff tht Revehidhent nenidREORahis 120 may
be abI e to perfoimany suitable decodi ng eratign, i ncl udi ng one or
nor e " sof feedek &l may inglyde. don Fagpley W&‘FW“E@E‘@@H wod%éﬁmg%rﬁsblo%g dgfeher
decodi ng @R&LAL 4 BRtket, %r}ﬁw{eqﬁ‘aﬁe C@F@ﬂn@aé R sther & rcan{l;@Q%LL g¢Rfgdiang to
some denpnstrative embodi nents of the invention, decoder 120 may i nclude a
hypot hesi §on§eHeindtcsy 2 1BSsagd a@é@f@thnrﬁ@n@tatrwgmw@n@rﬂwm hetical value of a
sel ected siognal of the set of Nxéx transmtted signals based on at |east one
respect i v&00sét Referengpos hisedec dp it ubs whichi gehsmnatienlly dlinstates of whidesset of
the Na tr I ail

bel ow | nenpunigEn YRR, 90 i SRREREY S soffe Bemotiralie Ghb MRl Lol B0 may
det er m nepssgnalventic® based on the at |east one hypot heti cal val ue of the
sel ected signal, and/or the at | east one set of hypothetical values, e.g.,
as descri 2] Acaeding fo etodemns@a8RY cAbodintinhigfithe Symgicanbutihnmeton

receiver t Lar % RY ' a usi ng
separat e %‘#ﬁﬂﬁ pbr['é{g %Q‘a ﬁ%& of efgﬁ%dlgggzsgés}[?g%% ig}r{%ﬁét mr-sr ecei ver
or t ranscecbmmnmczﬁt@ﬁ%]qca' h@ abdd toebmsiugiratesvithececoecopymuméeor deviklddover a

subcarrier of the subearr er pernutation of device 104, nay be represented,
for exanple, as follows: y=Hs+v



wherein y denotes a [NRxx 1 ] vector representing the NRx respective
signal s received over NRx antennas 112, respectively; s denotes a [ N+xx./]
vector including Nrx synbols of an Mary constellation transmtted via NTx

antennas 1 ively; and v denotes a [NRxxil ve ting
noi se, e. g]‘,poﬁgoqepe%ent |y and Identically Distribut ed%ﬁ@&?{g?&@ [ 0034]

A set of estimated values of s, denoted .c, nay be determ ned, for exanple,

bythefoII kell o] VL wherein
&’ denot e 3ot GuBHRIUIR, MY 8B Ml P D07 e AREE s e

ant ennas lﬂ@udcaﬂmhmh,eafg; in atdoedancd aith die 802.12 stdeaat.es a L2 nor m oper at| on
applied to the parameter w, i.e., I w [2Bw*w. However, it wll be

appr eci at 43y Atctmﬂmgocb smnddafmwr&kwleknbbmntelne odintlte mhainoh hizviel102 inay  of
Equation 2 annin ot he S, val ues of s.

T0055] i dnle ok e AL S TR U BT IRE A s PSR D or R ER. L St

of hypot hahd/cajecwé momygbeveassmgalem; ﬁhﬁelae\rmy\ed AlRsgh tiﬁ:fsc&ﬂfbe)fN TX
Inclu smal | er than and a

transmtt nal s in of si

yoos et | 28 oS CisvepoR i e Bed p o er ] Berte bt ana s Tl ¢t o
signal s, @n@nnasal i g¥dr NOt mhGhkdR it Miré MGt SREEE ke Ghi&HRISSter@h, §1Eg1@al s, may
be determ ned based on the set of asm&ed hypot heti cal val ues.

exanpl e, &"EBER, GMNNGireRiiapAl FBICIRaR TYI0N aﬂ@@%tﬂé&ﬂ%f@ ERPH %ié%liaélﬁed to a

sel ected $uRsedd dnfshil i Rgrolif artdrinal cﬁv&ilt}uﬂ?enhg_ andth@fpem tted signals,
respectively. A hypothetical value of the selected signal, denoted I (y2),

may be deg@m] ﬂ.@ébrdiﬁl?rto @m&@@nsﬁﬁtﬁ%den%dirﬁ@nssﬁttht.SBweﬁwa coﬁ%uﬂ@a‘-‘tfbﬁ' bed
bel ow. It will be appreciated by those of ordinary skill in the art

that a I\/L S@a‘a Ercmarycluga e |f@ﬁsnclmr§@)8 to farshiey sxsa'tlailsbmuﬁlpwwrwswfé@aed
stream of y$YARGhHingdeNH B sHomalk VBN atrﬁe‘ﬁgas lrI@ n?e?ge%ﬁ\%%; &2k ?r@bﬂﬁaw%r‘iq

recei ved by one or nore antennas nay a conbi nation of a
Maxi mal R @t doebe aeamplevRE@nshiget mﬁemabycréommlzd@t@lo@eodmg fo ensedeth¢oded

stream i ”‘EﬂaH%g%lcﬁy ’FPP!:&@ dé %‘“yt &%ﬁf N%&M&os EhLG %oﬁ%’&ﬁah%i?ﬁé eﬂ{bdeﬁ%ht% M.SE

decoder I npl enent as is nomn I'n
exanpl e, @ﬁ@ifésttherm DﬁNyofragmmmlwlmlmasmmdade asaf rsIHnows in glreglrt. Isr

argm nbr féothge%xan}ﬁ; tr%nsnh{tpr ﬁ%} me%/ per. ogmllél'rgcajrj 1r{cg)dm (a ]d th)e 1 hy2

+142 (hM
transmission, for example, by generating the set of Nry transmitted signals based on an

output of a single FEC encoder.

[0025] According to some demonstrative embodiments of the invention, one or more of
the transmitted signals may include one or more Orthogonal Frequency Division Multiple
Access (OFDMA) symbols modulated over one or more subcarriers, e.g., as is known in
the art. For example, a signal of the transmitted signals may include a plurality of
Quadrature Amplitude Modulation (QAM) symbols modulated over a plurality of
subcarriers, as is known in the art. The QAM symbols may include, for example, symbols
sclected 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 gymbols, 64-QAM symbols,

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

[6026] 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, ¢.g., selected from a

plurality of available subcarriers. Communication device 102 may usc one or morc other

5



h*= 1- =

arg mn (12*h) 17* y - s2 =slic e((li h) 124 y) seQ (

wherein y denotes a received stream corresponding to the streams, h
denotes a channel between the transmitting antenna and the receiving

ngt es a predefined group of constellat] | n
It will als eci ated by those of ordinary skill 7 h
Ha AR HorBohpess

estimation of first and second paraneters, denoted 01 and 02, respec

ant ennas,

may be perfor

d b
01, and déFETHHPREP RERIEIE

PO ORATCRReT

02, for example, as follows: max (L(el, 02)), max I max (481, 02 Di
(91,02)0102 wherein L(91, 92) denotes a log-likelihood of the received
si gnal as [e0X7Unctdrding @b sérhe daacRTEiersnidlinme d&2he [FOA8, Aeennsitapnt o some

denobnstrat, ve

device ?(5? r?xgyl/ gl%ﬂl%g a?*gce;[vgre l{ %ergéeli\%ns’igr}ageov\éta cl;hliligne?f]{)d For example,

receiver 114 may receive a set of Np, time-domain signals via Np, antennas 112,
respectively. The received signals may include symbols modulated over the subcarrier
permutation of device 104, e.g., as is known in the art. The Ng. received signals may
include symbols corresponding, for cxample, to symbols of the signals transmitted by

transmitter 108,

[0028] According to some demonstrative embodiments of the invention, receiver 114 may
include a front end 116 and/or a transformer 118, c.g., as arc known in the art. Front end
116 may include any suitable front end module to convert the time-domain signals
received from antennas 112 into time-domain signals 117 of a format suitable for
transformer 118, as known in the art. Transformer 118 transform signals 117 into a
plurality of frequency-domain signals, e.g., including signals 124 and 126. Transformer
118 may include, for example, a Fast Fourier Transformation (FFT) module, e¢.g., as is
known in the art.

[0029] According to some demonstrative embodiments of the invention, receiver 114 may
also include a channel estimator 122 to generate, based on the frequency-domain signals
provided by transformer 118, a plurality of signals 136 representing a plurality of channel
estimations of the plurality of subcarriers, respectively, e.g., as is known in the art. For
example, a channel corresponding to a subcarrier of the plurality of subcarricrs may be
represented, for cxample, by a channel matrix, denoted H, ¢.g., a NpyNpy matrix s 18
known in the art.

[0030] According to some demonstrative embodiments of the invention, receiver 114 may
also include a decoder 120 to decode the received signals and to gencrate 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, ¢.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, c.g., as

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

3)

[ 0037]
at a M.
tively,
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(Sjd corresponding to the set of hypothetical values a may be determ ned by
applying a predefined function to the set of hypothetical values a, the
received signals .2, and/or the channel estimation H, e.g., as described

bel ow. [00 ing to sone denonstrative enbodi ne Lhvention
the M. estﬁgné%@g@g%& the values of s corresponding to t%\cé/[\%g?ﬂh@%%?rmy be

equi valent to determning a M. estimation of SI (a) based on the set of

oo kel APy P i ghet SR8 dfehl e % iy Gh AiiyDd By oAledeys |
Pr()); sSRp®fpmm max suitdbh) dechifg @pcrAd@gret. Ncludingosme demomnstsoftdescaing”

enbod! menftos (gf. I}She‘ :izr vent i 0 , a aQ' ot het | al c}éal&{e, dernot %d Xéb’ of a
cont ri but SBHBYSt nEe R | alretD BSOS oy, oPPEReTy BT GBI x may
be det er micomdinafi@rthesapl e, by subtracting a contribution of the set of
hypothet | Gal YAl s, 2 dom e ecel ved SLanale ¥y ok ARLS 12b 5, V2! Ue X
include a hypothesis generator 193 to determine at least one hypothetical value of a
sclected signal of the set of Ny transmitted signals based on at least one respective set of
hypothetical values assigned to a subsct of the set of the Ny transmitted signals,
respectively, e.g., as described in detail below. In some demonstrative embodiments of the
invention, decoder 120 may determine signals 166 based on the at least one hypothetical
value of the selected signal, and/or the at least one set of hypothetical values, e.g., as
described in detail below.
[0032] According to some embodiments, receiver 114 and/or transmitter 108 may be
implemented, for example, using separate and/or integrated units, for example, using a
{ransmitter-receiver or transceiver,
[0033] The set of signals received by receiver 114 over a subcarrier of the subcarrier

permutation of device 104, may be represented, for example, as follows:

y=Hsty (1)
wherein y denotes a [Nryx1] vector representing the Ny, respective signals received over
Nrx antennas 112, respectively; s denotes a /Ny,x/] vector including N symbols of an M-
ary constellation transmitted via N, antennas 110, respectively; and y denotes a [Ngyx!]

vector representing noise, e.g., Independently and Identically Distributed (ITI)) noise.

[0034] A set of estimated values of g, denoted §, may be determined, for example, by the

following Maximum Likelihood (ML) solution of Equation 1:
~ R 2
§ = argmax Pr(zb) =arg IEEFEIZ -H g” (2)

wherein § denotes a group of combinations of A constellation points over N, antennas
110; and wherein the notation ||w|{* denotes a L norm operation applied to the parameter
w, i.¢., ||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 5.



wherein HR denotes one or nore portions, e.g., colums, of the matrix H
corresponding to the selected subset of signals. [0041] According to sone
dermonstrative enbodi ments of the invention, the value of |Ist (a) may be

det er mi ned ing a MRC operation to the val ue of n ying a
slicing opé¥§3$@£“%% the result of the MRC operation. ﬁ%?ﬂg%gﬁgﬁg% t he
value of SI (a) may be determ ned based on the follomﬁng equation whi ch
may be der ubstituting y with x, Equation . 3: R)=-
o1 coke - TOOFES ARordiia ' sothq el St B Mhe duieBEGE A OAF on,
e.g., a Chlpdtcticell vilie ot Bd atsibhddotor £5ddadi fBsct of VS elaggiiae sipgingl .

[ 0042] Accordjng to gone denonstrat | ve enbodi nent s .of t@ i.nv ntlon

hypot hesi 4% A PERbQE SHEgls FRRRTNgeN phand 4 PrRo thgticalvgle £ebla aRget o

Equati on Zeledt@P4i3hal AE GRS B, NEhnb:RitiS® @%néi@ np%‘u St kthhiRdt @EDH e MeSseRbtel NE
i nvention, decoder 120 may assign a plura of sets of hy gothetlcal

val ues si tulset afirienals) met keresimaed é%redgilgjlﬂfaﬂleéof apignadyypetheicpvalicadiost or 193
may gener%mn]ﬁem&adﬂm 9§pdayo@i9£;h@we§aaenxéh éFSm@ R afigdchqo 96lcREkgd Si gnal

based on the pluralit Sets pot heti ¢ val ues, respectively, e.g.
as descri B@@efb’épbwﬂg oﬁ@?ﬂlslﬂ?f(}hwé@ @@@Wtfét%ﬂﬁlﬁrréswcwem & hmﬁ’ﬂ@ﬂ%\}ect ors s

I ncl udi ng v£1l1]8 { soFét%%%ygr[ahzi?Lﬁoiea : ,ueyb%fde%s gfciilf&ee%ca kﬁ ba@?c?gr? Lively;

and the plurali respe coder

120 may sg&gﬁte@pgugﬁx%aﬁb@@urality vectors s ("the
[0036] It will be appreciated by those of ordinary skill in the art that a ML Sequence
Estimation (MLSE), denoted s', of a single encoded strcam of symbols, denoted s,
transmitted from a single antenna and received by one or more antennas may be
implemented by a combination of a Maximal Ratio Combiner (MRC) followed by a
MLSE decoder. If the encoded stream includes symbols selected from a discrete
constellation, the MLSE decoder may be implemented by a slicer, as is known in the art.

For example, the estimation of s* may be determined as follows:
§'=arg miél“y ~h-s|' = arg min“]y”2 -2 Rebz v -s']+"h]|2 -‘s]z)z
se sef
() o b =) o |- ®

= argzﬂié]‘(h'h)“i v -y—s‘2 = Slz'ce((h' -h)“l H -y)

= arg rﬁ?[(ﬁ*h).

wherein y denotes a received stream corresponding to the stream s, s denotes a channel
between the transmitting antenna and the receiving antennas, and (0 denotes a predefined

group of constellation points.

[0037] It will also be appreciated by thosc of ordinary skill in the art that a ML estimation
of first and second paramecters, denoted 61 and 82, respectively, may be performed by
determining a ML estimation of 62 for a given value of 81, and determining the value of
81 which may maximize the ML estimation of 02, for example, as follows:

max(L(61,62))= max|max(2(61,62)) @



sel ected vector s") based on any suitable criteria, e.g., as described
bel ow. Decoder 120 nay generate signals 166 corresponding to the sel ected
vector s. [0044] According to sone denonstrative enbodi nents of the

i nvention, \?896?)%{503720 may sel ect the vector s based Or}cam{rgzbbr'fﬂlsisgsy of

di stance valués, €.g., Euclidian distances, corresponding t0 the received
signals y, the plurality of hypothetical values gi (D), and/or the

plurality qf se f ot het | cal, yal ye 2R, respectivel y. For anpl e,
Cecoder 2R L PR S elie o Aot f RoshBE G Yinafif oS

COr r esponGiafiehctcds shgdgzural ity vectors s, respectively, e.g., as follows:
d: =11Y-Hk: 112=11Y-FIRSR-HI SI I | 2(8) [0045] According to sone denonstrative
enbodi ment{so3f Alcb&dinp 6 bR Nden(BAYrAH06 QeBhdikwdtsSe! e tintddoy, &Gt Qs guch t hat
the selected vector s results in a mninml distance value, e.g., according
t o Equati on(s@,coserppadiaglto the petek hyisthetical yaluhesdnet bindsteripiicd &% apl¥iiB @i ng from
ot her vectors e TV escribed below. [0046] Reference.is n de to
Fo 2 Cwmrenrngd SR o e o1 e PRl by e obe FesthT PRTLEPRER IR W
one denonshamiti esamendnot, axeds dofcribbkbdigwent i on. Al t hough the invention is
not limted in this respect, decoder 200 may performthe functionality of
decoder 120030FiAgcording W tsbrae glenidngirdtiny esrhibaiiméerss rudt thiel mvedibnl nhé L

respect, decoder may be inpl enmented, for ex | e, to perf.orm

"ot d- dec UGN GR M ArEnal § SorroTpaOY O ARG P BB HEHTHSEr at i ve
enbodi mentdsteghintnBea NIV RN HLGAEET 380 ofBMc GENST AdsBnad vabPYS; A3

i ncluding s values representing the transmtted signals, e.g., based on

i nput 201 deteohinthigrie vahomiof @dwhich madysnaximem diteologiliiplittoo2 08y ifercs, ¢dli, k..t he
channel matrix H, as described in detail below [0048] According to sone
denonst r af'f t&'°%fbodi nents of the invention, decoder 200 may include a
counter 202, . ypot hesi $ genegyator 204, a distance estimator 212, and/or a
sel ector, asﬂgh zﬁﬁgﬁﬁﬁﬁgﬁ%hhe etail below [0049] According to sone
denonstrative eanﬂine ts of the invention, counter 202 nmay{§)ncl ude any

sui tabl e couﬁﬁéﬁxﬁ yas@;yﬁmbne or nore sets of hypothetical values sit to
the subset of Na transmitted signals, e.g., as described bel ow. Hypothesis

gener at or el i ] O ! :

ypot hoti LA 0| ERRertifE 1 SamE By EnBRATEAL BF e IBAERT PRt s R
e. g., in aclogrddasteedxwiftatvogibatianosf thie hyotheoead haltib &, (b0 wetht ranivied sigodl vl i mi t ed
in this respect, hypothesis generator 206 may include, for exanple, a

subt r act o338 delTgERe AT exantie by gebiFsting alcoymbuoner the gt of Rurathairslg t o
Equation Qaué SONBINNGE &Rl QiARP)YFSR %@&&pﬁ{ea&dl&nx byt Resdihptdeli cal

value x; and/or a slicer 210 to apply icing operation to an output 203
of conbi né&loxE8. Conbi ner 208 may i nclude any suitable MRC conbiner, e.g.
as is knowmn in the art. Slicer 210 may include any suitable slicer, e.g., a
QAM sl icer a&¥ilBxsnown in the art. Distance estimator 212 m& i ncl ude any
suitable estimator to estinmate a distance value resulting fromthe set of
hypot het i ®Akreiial/eidenofaRong ALMeIsoRARS it jodunnsy af the myirixgd Ryrresporfling taccor di ng

to Equati @ Brected subset of signals.

[0041] According to some demonstrative embodiments of the invention, the value of
5, (sg) may e determined by applying a MRC operation to the value of x, and applying 2
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 4 with H; in Equation 3:

5 (‘SI?):Sh‘ce{(HliHl)iiHI*Q—HRER)] (7)



Sel ector 210 may include any suitable selector to select the vector s by
applying any suitable criteria to distance values determ ned by esti nator
212, e.g., as described below. Although the invention is not limted in
thls respect t he s val ues of output 213 may substantia be §g¢@4 to the
val ues / &mwrﬁﬁ%brdlng to Equation 2. [0050] Sone d’ ety

enbodinents of the invention are descrlbed herein in the context of a
subtract or subtractor 206, iner, .e.g., conhin nd/ or a
oo et dEPie s oo e I o S R MG A Gk ar o
e.g., gene@gﬁpr 204; and/or a hypothe5|s generator, e.g., generator 204, a
counter, e.g., counter 202, a distance estimator, e.g., estimtor 212,

and/ or a ged4tiretordidg Gto, s eh@istative, chBbdiGese T thteinpaiiios, afpahadncoder,
e.g., decoder 204. However, it wll_be appreC|ated by those skilled in the
art that, e§eEdPHl Rgnavdletrmie hensbei memtascSng REQiehti on, the decoder,
counter, hypothesis generator, subtractor, conbiner, sllcer, di st ance

est i mat or ,[0Gfddl Aseordisp éxsonre ctm;onttetivq': wpb@ﬂemtedf the immlgticmt Hespdeuicd e

fi ;
Fon aur aULel, ROfkqEy B LAGPRA1G Quye®, HERCLURFA RBLRY Welle! Sl orce
i ustrat egpatherist frodratt 10200 gycraeceipueditg |ogm§]xsh¢malr %mnﬂ(m,gof thca set of

NTh transm tted slgyals i n accordance with sone denonstrative enbodi nents
of the i nvelagtehrignahbased ogrhe plaralifg intetsgif hygotherical yalyasegsheRtivalys € §-epect

one or ”Drd@scﬁB@d ﬁélb@ nﬁec%ﬁexi e 18t hed d&Ethega pﬁtrﬁﬁ% ob@cdt&@ s en@adigd ey
decoder 200, and %gothe3|s dgener at or i ndi cat ed at bl ock
[

302, the rm‘étlﬁéﬂ oﬁﬁgts Tnothstiesd plyes brg l‘%pgfé!t\’eléjt ar@lnfée @tw#ﬁy ef hygsshaiedli cal
| t L sl | 3
! ranem t ¢ SV TG ARG EAR, Vop NS RLORY 5 BE RigThells Mibe, e

or nore hme&ttstewcecals”yedsuesm hﬁ/ §1ﬂtaEl&Q:r@d’r1a[T'@ &€ a®HedchiBed\elow rBaEt 120d
signals, respectively, descri bed above. [0053] As indicated at
bl ock 304m3tyr$en%€ﬁtsad%§ﬁg %gwopﬁettmfeeaetfémcm%g a hypot hetical val ue of

a selecte ?nal %; t he NTX transnltted 5| é@rbased on the St of
de

assi gned 81 REFI IR IR SOMFSSMORYTALIES SHPP REYFLIYeArrdtdr0 38 may
determ ne s&ll&ﬁ halvdgort Hadd o agplurah%'s@fj de&ngau@mesort of - ELMAR] dibesRE,di ng to
sonme denonstrative enbodi ments of the invention, deterntnlng t he

hypot het i @eilrespemdm tofthe reecivel Bgralsdy. élafgpiatahmagf hypethetitel vidtcsrinfoni ary/arhe
hypothet| u base pothetlca yal ues recei ved

ol nal's. v Ty B SPre B gt Rengesier S ve YOG ABPLT 120 B ock sos:
appl yi ng detR&ine pehadlinosf diQarich &alys aédoedd c@ébow@bmtﬁgtomgﬂuramg vietidiscat ed at
bl ock 308; and/or . ap |ylﬁﬁ‘a slicing operation to a result of applying the
NRC oper athi §PecEvelys ega§5 8F&at ed at bl ock 310. [0055] According to some
denonstrativ nts the invention, a hypothesis set_of val ues,
denot ed s, pﬁgggﬁtﬂggmﬁlﬂ?ébthe5|s of the Na transnitted é%bnals may

i ncl ude t t of hypothetjcal values a and t othetlc val [ 0056]
As i ndi caE@ﬁ%ﬁt‘mtﬂr@BﬁWe #wen%t@tfﬁeammmattgap ﬁ%ﬁ&‘fl Gt OHF‘ 13!%

di stance YgkdiehCaictorsRhdhnghd R1dche RYPLPE ReslksSinS$ahinfimal dtaneX a4me, @.g. )
estimator 212 may determ ne the distance value d2, e.g. accordlng o]

Equat i on gecording to Equation 8, compared, for example, to the distance values resulting from

other vectors, e.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.
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[ 0057] According to sone denonstrative enbodi nents of the invention, as
i ndi cated at bl ock 314, the nethod may al so include repeating the
operations of blocks 302, 304, and/or 312 to determne a pIuraIity of

di stance v respondlng to a plurality of hypot [ ncl udi ng
a plurali ts’l’(g%%f’ﬁlggggets of the values &? representing Q%S% & llh(%f/&sof

avai l abl e constell ation conbi natl ons of the subset of the Na signals,
respectiv spect rali of .the, val ues Qr exarrpl e,
Counter 2084 Bondpl R delbatilth pmbdiiRene by Buiii srstib 20ERey

const el | atgkgonate anmbipatdlo ﬁﬁclmﬁngﬁl Vé[u@irgp&adeﬁtmgethg mnsnﬁttédhegrﬁlsbs el bﬁlsfcd
transmtted %‘gg@e | ncl udes Nrx- | Is of BE’W ted si gnal s,
as descri §8d" Ine E‘@rra‘?ehvﬁwlgnﬁléﬁe Gringi £ AR YPDE het i cal
val ues Si H,ag)acsgmeﬁe@@aﬂdwp@yto t he Aerx-' sets; and/ or estl mat or 212 may
determ ne Al NA-' distance val ues corresponding to MN hypothesis sets s,

respecti vg@(wsz Acammgso %ﬂ&qehﬁﬁaraab@vxﬁbodﬁzﬁ&ﬁfi&,f the inlvBdicapdRBdaD0dhagk 3 16,

the nethod may al so 1 nclude se|ecting one of the Ar' hypothesis, sets based

on any suiltcifsieet eQuntesri0z, alhéPO"E%&n%qnémt‘%eréc?(S’%“@iﬁ eﬁﬁ@ﬁt%re%@e@n@ fledset s

resul ting géiBotér, K4 226 RBLriclaSE angi€LMek ue conpared to the distance val ues
resulting from other hypothesis sets, e.g., as described above. [0059] Some

denonst rat[ﬂ)Oﬁ@LﬁH&ﬁ@ih@W:Io%quferrbhﬁrdﬁ%’@ﬂBd)d?zﬁient@oﬂthe irdentRs 6hinkedonhaye with
reference to 2 and/or 3, relate to applyi ng the MRC op eratlon one or
Y

nore ti neéncﬂltﬁie@ﬁé spitableppQuniSF 1q AEIEEEANS Q5N S BE @&ret%walygs gpto the
respecti velpiet & 19 trafibidi®id sﬁ’gﬁ%a%r@‘gbhﬁ&séﬁ&d%ﬂw BEbMEAs %’Cﬁ!ﬂlﬁiﬁ)l %04ty before

appl ying the slicing operation wever, according to other denonstrative
enbodi mentslwk anpeuitableegenerotr ta pameMRChe hepathétival \rahyc hérpearfespanding te. g. |

once, for exanple, befor Ssigning the h ot het val yes so to,the
sel ect cd SEbRRir ghoTieh feus: halt focghgre: Huh el P da ER Bt 0060)
Accor di ng itv@ntE@IE nstenmRatif fid r\éﬁae@tﬁbﬁﬁkﬂwﬁlg&e@fmr@o@ rdaf R de Ofr edanpdd)t ennas
110 (Fig. 1) may include two antennas. Accordingly, the Npc transmtted

si gnal s nﬁysup WFIOttQckepsraif thy hyRihedicgnalue: Xt 3@, SEprdiie GnaugHonS; &

hypot het i ¢ghpmal 10830 §15331}a§ Mg 8pkrhtdntth %@%5@&1@1‘ val{ter; a@oisd Rad S10M8Y
i ncl ude a value denoted so, assigned t first S|gnal of the two

transmi t t 82PI%iagHiging operAdonsiel ascaudrit 0 @éporﬁb;yeﬁ 8 Gaebies2omay ﬂcgﬁal
denot ed S'a%%l?iaﬂeMtRWc AR L ?t e i ?n th%gb‘?t &Rag"Elo rg?}t éi'é'
X C not e 11 and hi ,

i nclude a No, matri x having first and secon ol ums,
respect i vetigablecticere sgorrdQAd! tshcer e if knewn anthe siete Brigtance BsEmtor 12 giagnal s,

respect v el ARANELLGRLOY f Usinpl, Lha.aRecad ettt sanaied: Le1( 50)

may be determ ne exanpl e 7 Fows ance val ue
cor r espondymghdtioalt aeuchypainbasd Byatictisalivatleus]{spg elghacv@ting so Squativd o may be

determ ned, for exanple, as follows:
Sclector 210 may include any suitable selector to select the vector § by applying any

suitable criteria to distance values determined by estimator 212, ¢.g., as described below.
Although the invention is not limited in this respect, the g values of output 213 may

substantially be equal to the values §, e.g., according to Equation 2.

[0050] Some demonstrative embodiments of the invention are described herein in the
context of a subtractor, e.g., subtractor 206, a combiner, e.g., combiner 208, and/or a
slicer, ¢.g., slicer 210 being separate units of a hypothesis generator, e.g., generator 204;
and/or a hypothesis generator, ¢.g., generator 204, a counter, e.g., counter 202, a distance
estimator, ¢.g., estimator 212, and/or a selector, ¢.g., selector 214, being separate parts of a
decoder, ¢.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 sclector may be
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ci 82=11y-Fb. 112- 11x- hoso- hi si 12(10) [0062] According to sone denonstrative
enbodi nents of the invention, the follow ng values may be determ ned, e.g.,
bef ore assigning the hypothetical value so: a = (chi )i hi(1l) Az .= -a* h
A(12) wherein A denotes a constellation spacing, e.g., as is_known in

the art. T%O?%Vfﬂlé\(z\ﬂ7ng vari abl es may be defined: by-ho P%Jg'{sfoo”)m@ﬁ?sr h 1*

h oso)= a* b(14) [0063] According to sone denonstrative enbodi nents of the
i nvention, the values of so and/or si may be determ ned according to the
ol Fow ng BEEHEYALOnanaPEEs PRIHE SEaPRHET R PO SIS b 81 TSRS po nt s

I nitializechiw WitPscfererée to Mg, ¢(0,0) (conplex vector) initialize z: zos, =
a* bnunber) for x=0 to m% [l mesgrt(M for 3.r=0tomls, =slice(z", )

d2 [0051] Reference is also made to Fig. 3, which schematically illustrates a method of
decoding received signals corresponding to a set of Np, transmitted signals 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. 3 may be

implemented by decoder 200, and/or hypothesis generator 204.

[0052] As indicated at block 302, the method may include assigning a set of one or more
hypothetical values to a subset including one or more signals of the set of Ny transmitted
signals, respectively. For example, counter 202 may assign one or more hypothetical
values sz to one or more of the Ny, transmitted signals, respectively, e.g., as described

above.

[0053] As indicated at block 304, the method may also include determining a hypothetical
value of a selected signal of the Ny, transmitted signals based on the set of assigned

hypothetical values. For example, hypothesis generator 204 may determine the value of

5, (38}, €.8., based on Equation 7.

[0054] According to some demonstrative embodiments of the invention, determining the
hypothetical value of the selected signal may include determining the hypothetical value x
based on the hypothetical values sz and the received signals y, for example, according to
Equation 6, as indicated at block 306; applying a MRC operation to the hypothetical value
x, .., as indicated at block 308; and/or applying a slicing operation to a result of applying
the MRC operation, ¢.g., as indicated at block 310.

{00557 According to some demonstrative embodiments of the invention, a hypothesis set
of values, denoted g, representing a hypothesis of the Ny, transmitted signals may include

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

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

distance value d;, ¢.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



xyib=b ",y -jho A=+ Az b=b -h A = zxo, + Az select so, si
corresponding to mnimal dx,y Algorithml [0064] Algorithm 1 may be
expressed in various | anguages, circuits or firmmvare structures, and/or may

be i npl erre%&gog}?%wwy sui t abl e software, hardware, and&g&ﬁ??@wg@g&, e.g.,

as describ [ 0065] Reference is nade to Fig.

schematically illustrates a decoder 400 in accordance w th anot her
d t ' nbodi. . of the i ti Al th h the i ti ' t
i ted | VNS BE R RHER UG 16 TIBF T R T CRE O Dy Tof

decoder 120ailabicConddilatibh bhrabigitidnhef kHevabid: 0N tHeSVA Qlgnkls,niespectivicty, tahd 8
respect, decoder 400 may perform one or nore operations of Al garithm 1,
e.g., as deBesiveabrity shthe voluess: (b ¥ graEPleFodtir Henpnavigati ve sois
enbodi ment.g 0 ' 10N, 4e DRV €, bOJ e, an
out put 44?%{’:311%63?“%%&?@%%@ val%g%gemgé&go an%a?@{r?seé@?”b%geés’gﬁagﬁe recei ved
si gnal s y sulishieof brammeitede signalmiricodeh d/r. asighads of lie dhahaemitsit sigmds.cn h. ],
e.g., as described bhel,ow .[0067] According to some,denmn gAY
ot ment Py A SR BRD” AneBiEr 2 GhB e PR e, Bl s
pr epr oces $pfx)40Redpondles frthd ME™1 hts; uad/oieesaidz 21 Bmby dakmiimnd A4 &l distadcde,
denoted zo, and/or a second initial value, denoted bo. For exanple,
pr epr oces ydluev@rrespppdigs teln epethesissglsuersspastivaiv/edr. 8B gessgbddabP¥ias: bo =y- hO
coo(15) zo =(11* hi) h( 16? ) .

[0058] As indicated at block 316, the method may also include selecting one of the MY

hypothesis sets based on any suitable criteria. For example, selector 214 may select the set

g resulting in a minimal distance value compared to the distance values resulting from

other hypothesis sets, ¢.g., as described above,

[0059] Some demonstrative embodiments of the invention, e.g., as described above with
reference to Figs. 2 and/or 3, relate to applying the MRC operation one or more times to
one or more of the sets of hypothetical values sg, respectively, e.g., after determining the
hypothetical value x and before applying the slicing operation. However, according to
other demonstrative embodiments of the invention, the MRC operation may be performed,
e.g., once, for example, before assigning the hypothetical values sy to the selected subset

of transmitted signals, ¢.g., as described below.

[0060] According to some demonstrative embodiments of the invention, Ny, antennas 110
(Fig. 1) may include two antennas. Accordingly, the Nr. transmitted signals may include
two transmitted signals; the set of one or more hypothetical values s assigned to the
subset of the two signals may include a value, denoted sy, assigned to a first signal of the
two transmitted signals; the selected signal may include a second signal, denoted s, of the
two transmitted signals; the channel matrix H may include a Ngyx2 matrix having first and
second columns, denoted Ay and /i, respectively, corresponding to the first and second

transmitted signals, respectively. A hypothetical value of the second signal, denoted §, (59}

may be determined, for example, as follows:

43 (50)=sticelly ) 1 (s )| ©
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[ 0068] Preprocessor 402 may include, for exanple, a first conbiner 404 to
determ ne the value Az, e.qg., by applying a MRC operation to the channel
estimation ho using the channel estimation hi, e.g., according to Equation
12; a subtr, to subtract the channel estinatlo gnal s vy,
e.g., accoP%?%@9?§8 quation 15; and/or a second conbing?ﬁégg%@@géﬁply a MRC
operation to the value 1)0 using the channel estimation hi, e.g., according
to Equati 0 According to so nstr nts of the

o At SSRGS APkt Re SR TR ATHATA LS Ve SR Rp s of

t he val ue a0d boZmdy-l)C,dcb:‘fmﬁwd dogexamblel asgBldv ol utm of the QAM constel |l ation.
For exanple, counter 422 may propagate the value of z"), as follows: =+
Az(17) [ 0074} =|pcixf-ili-Ag.-h@ Some denonstrative enbodi nents ¢fo)t he

i nvention, decoder 400 may al so include a second counter 424 to propagate
t he val ue [@0627 Acyorbivig pd Zome .dgmonamtatitd Bmbodimbntiof Glic txﬂ?alt@‘i\]\&lmdbﬂcb\eﬂnlg ation.

For exanpl coun 424 ate.the val ye.o follows: ;0)+1= zx,y+
j Az(18)VFH5%TTy§&%% g%é%qﬁﬁﬁﬁgﬁﬁﬁﬂﬁﬁ mﬁ?g@Bﬁ&YéPe%24 may incl ude the
val ue of zzy, anpl e, according to Equation 14. [0072] According to
sone dennnstaa%ﬁyéfgmbodinents of the invention, decoder 400 1yay al so

i ncl ude a sllcer 428 e.g., a QAM slicer, to apply a slicing operation to
out put 426, dgrding to Equation 9. Accordingly, an putput 430 of
slicer 428 nay |nckﬁ e the hypothetical value 1:1(so) [0073 ccording to
sonme denonstrative enbodi ne of the inyention, decoder 400 al so

i ncl ude a“%%ﬁfeffbﬂéB‘&ﬂ‘i‘fgércoﬁ%‘ﬁl&t"B“ WRvje it ex"ﬂélséﬁ wn ot thgert. Wgﬁ%‘%‘i‘? e.g.,
for each celiiyd fy HelefifAM constel | ati on. For exanple, counter 434 may

propagate the value of A ,,y as follows: A(19) [0074] According to sone
denDnstratlvgﬁgngodgnﬁnts of the invention, decoder 400 may al so include a

fourth counte 610 propagate t he val ue of b,,,, by hojA, (@)g., within a
col um of the Qﬁ% t. II .,For exanpl e, counter 436 propagat e the
val ue of %QP% ?“ n%%)

[0063] According to some demonstrative embodiments of the invention, the values of sg

and/or ) may be determined according to the following pseudo-code algorithm:

Define c(x,y) as the constellation points
initialize b:b,, = y ~ A, - ¢{0,0) (complex vector)
initialize z: z,, = a - bgo (complex number)

for x=0 to m-1 // m=sqrt(M)

{
for y=0 to m-1

{
5, = Sﬁce(zx,y )

2
dx,y2 = bx,y Mfl.lsl ”
.b.x,y-tl Zb_x,y _j‘..]?.ﬂ AA

z,,+j-Az

ZJ.)-H
}
bHiO b }_10 -
z + Az

.r-il,y - x 3

}

scleet 8, 81 corresponding to minimal dy

Algorithm 1
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as follows: +1 =j ho A(20) [0075] Accordingly, an output 438 of counter
436 may i nclude the value of hxy, for exanple, according to Equation 13.
[ 0076] According to sone denonstrative enbodi nents of the invention,

decoder 40 i nclude a subtractor 432 to deter Nudo eti cal
contributioh var ue, &denot ed e, based on the hypotheti cg% 1? %%w
and/or the value b_v,y . For exanple, subtractor 432 may determ ne e as

fol | ows 00 Accordi n rative e i ments of
e e AR 1 T e P
det er m ne strh@uids Sirﬁﬁﬁemﬁlhbarﬁpl&ncrﬁug by bagsediable tdfevaval haedvearc, Fard/@xanpl e,
esti mat or 42 rra% gen%r at.e an o out put 444 corresponding to the value (4 as
fol | ows: (’fﬁ'}’vafe S Vot oga e [ 6 to some denpnstrative enbodi ments of the

i i d 400 [ 6
et oo igfSE RERTrEe Yo & B 4R PeRBuRTY alsas orP A ef

hypot hesi acaedsics withc Iantdhagdaﬂmst@atfv%eéxﬁdudnﬁmSdfe{hlcaixw@mOMalAuxﬁcSug@f thgo and
sl; and to sel ect on thehval ues of so d a cor gl?on one of the
val ues of ‘%‘ﬁmb?}‘ b?p‘mtﬁ}“il}&da‘ﬁyt BUristh decoder a‘aYd’efﬂ‘é“ iy qfes ds.

For exanpldesodsel BCiras, KARIRRYHh I BetntioRSs ial eSO BR xa@éctsnec@@érr@epondl ng
to a mniml di stance val ue. [0079% Sonme denonstrative enbodi nents of the

i nvent i on MANPCHIBPNG QJ ReREE SRR #ipn# Ot AgAdBISkiCn 8 ﬁeﬂcuéﬁdrbg %o spati al
streans transmtted by Na=2 transmi ssion_ antennas as descri bed above

with ref er[%q{’élaAF‘EPrThP% 10 SPMGIHROPEFaLIVe Fqu"Im’HéOfa&?ﬁﬂfé’épt&{“eéle%?ﬁft"fﬁ%féyof

ordi nary %Kﬁéx:lte,'fﬂr &BRPRY hn Silisl 408 Bl%fudﬁl@%@i@bt@@%l%.sc&? sd Jﬁ@/ok E‘;YSJ&E&I Qﬂ‘th@ay
i ncl ude decoding a transm ssion including any other suitable nunb of

spatial stFEHAS SEpalhIniho d@ny eétﬁyat@u&oa&@ﬁb%bﬂmeleesamauwn&Q . gofas

transm ssijef g ppas. For exanple, decoder 400 may be nodified to decode
transm ssions of NA>2 transm ssion antennas. [0080] Sone denobnstrative
embodi menjgqof Awdlhgv@meo&nﬁmm@&e@%b&ﬁﬂeﬂpey@cmvtemlaneﬁ&ra&&%ofna
decoder, ? decod 200 (Fig. 2) and eco E |l e

det er ni ne inglusle) for exathpia e Mprmsaqeé%wbb;mm@ riha Wéuqﬂfmzaeu ﬁtsymdfal yalts of

hypot heti ggﬂoté@g §/o§|§ s%@&ldtﬁ%ﬁipxla'ﬂ[eahé toYedofJc E§5G gl'e,v;?re r@&e‘ﬂ%ﬁ 4@&lm sR).
However, sone enb ts of e 1 nvention my re ecoder: able to
det er mi ne,detaulxdnet fhovalubszoand/al beshia@tawmsel y, any ot her suitable value, e.g.,
one or nore netric values, based on one or nore sets of hypothetical val ues
5R, and/or ohe orhppe val ues scL OR), respectively, e.g., &s)described

bel ow. [0081] Reference is now nade to Fig. 5, which schematically
illustrates a d cgcjar ,500 in accordance with yet another denpnstrative
embodi nent o ¥ néierfld on. Although the invention is not hited in this
respect, decoder 500 nay performthe functionality of decoder 120 (Fig. 1).
[ 0082] Act®6l] Pugptoocssamid2deapinsitda tforveampleoa finst norsbioér 40Heo idetoeming tw,

decoder 59811?%, e.g., by applying a MRC operation to the channel estimation %, using the
channel estimation /;, e.g., according to Equation 12; a subtractor 408 to subtract the
channel estimation /i, from signals v, e.g., according to Equation 15; and/or a second
combiner 406 to apply a MRC operation to the value by using the channel estimation #;,

¢.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+l,y T ay (17)
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include, for exanple, a nmetric generator 502 to determne a set of netric
val ues 512, e.g., including one or nore Log-Likelihood-Ratio (LLR) val ues,
based on the received signals y, and the channel matrix H, e.g., as

descri bed hel ow. Decoder 500 may al so include a netric er to
determ ne \)§+ GRyIBYYy representing the NA transmtted si%ﬁéfsg?“’&%&, based
on values 512. Metric decoder 510 may include any suitable decoder, for

exanpl e, decoder, e.g,, a Viterbj decoder as is. known, i he art.
0085] *n SPEREHEGRORE whicYmoRbreiy s ERRbBRRS PinEiidindeeButr dab FBx ot ea by
a predefi ngd indiakes sQondicbiucret2g.to pré}@gétdhhdidlse of 8., ity KnowR., iwitihe art.

[ 0084] Accordi % to_sone degonstrati ve enbodi ments of the i venh'iéo , Metric
gener at or 8P QAM genstelipionsForgpmplss cqpafen 444 815 PRAREEHC Gif @ OEI urality
of hypot hel ig@biiowal ues Si, and/or the plurality of sets of hypothetical

val ues 5R, “e.g., as described bel ow. [0085] According to sone denonstrative
enbodi ments pf the Lnvantion, metric generator 502 may determne a LLR

val ue, denot€d”LLR’(r), corresponding to an i-th bit of an A®h signal of
the Nrx transmtted signals, wherein i=1...1092(M, for exanple, as

fol l ows: L0071]Aceqsginglynpy @atppt 428 @f cpamtar 424 npR)istlpde the veduegol) £:3350rwher ei n
Z],,,, denpgt e,adcgtg%ingto %g@ jvectors of constellation points wherein the
i-Ib bit of the n-t ignal has a first value, e.g., one; thr, denotes a
set of sSyfiph] Xe5h®hg 1PlonkQRHostaald ARLRANGLS oA FRbRidaNGechddrRoBayOf the
n-th signal has a second value, e.g., zero;, and wherein n relates Fo t he
sel ect ed $lipdeciudsra sliser 438an-§matQéMg@nglhéﬂ gpplyaslieing apiretion]te aupt BE6,i n t he

range of Rpz2. i B Shtion 1of melyCat H085128 Uy MGLMHIRC he
first si gngg ag?oré%(%’t?\lAq%ngrﬁs?mA%%ggll g&bna%&tj@gg&gf Accor glltlar:{lg1 to so?re
denonst r ahymeheiclodiweeingg. of the invention, metric generator 502 may
determne a plurality of LLR values corresponding to the plurality of

Si gnalds ofom3] hbc&ﬁ‘diﬁ@kcﬁ%ﬁ@dieﬁl@b%ﬁtivf&ﬁﬂ)dﬂﬁh ags bhe ﬁﬁbﬁ(ﬂnﬁﬁkggii@ﬂab nﬁjy],c e.g.,
according to Equation . Accordingly, nmetric generator 5 efform
/1e7-1-3 H{?Bd’t‘*“ﬂ e e vt PO IPFPRepaF (RS vEBY P_Eipnf%ﬂﬁﬁéa B CHettr ot

sel ected sybsBlor@e GRS LRRAM! B ShEPR!l SounhBlBs %ag%&ga’agéténme%&ermy al so
determ ne LLR val ues corresponding to a second sel ected subset of the
transmitt & %ifJaTss i ncl uding the selected signal s.r. For exanple, metric
generator 502 may determ ne the LLR val ues according to Equation 23,
wherein n rebawved.solte second subset, e.g., n=1...u-1 u+1{d9Arm wherein
uis selected such that the second subset includes signal Si. Accordingly,
metric geperal Atcopdidg PPYNREIHAMNDE crBsithnéritothe iV¥R@Inhe&68r100 @t er m ne
LLR val ues, cqorrespondi ng to the second subset of the transmtted. signals.
Thus, net plse inrdlera fyrth XeuntRR{S tolor Brapagptcr e vaka hile; b&W? “iy pottiedes to
det er m ne ¥amies 1RIGAM BRBélatRRC s Qﬂlpfe?céi{ﬂf@ 4de MRp PhERLAY eneahRdsmENt S Of

X
the invention, netric generator 502 may include a distance estinmator 504 to
det er ni nela #8ifQlloxsi ty of di stance val ues 505 corresponding to the plurality
of sets of hypothetical values SR, respectively, e.g., according to
Equati on 10.2.pistlapce st mator 504 may i nclude, for exanpl &% preprocessor
402, counter 422, counter 424, counter 434, counter 436, slicer 428,
subtract O{OMSPAc@MAQ%I ah SLPDC e’ Lol BRI 43 day afcladethd esbicl Seg, akgve with
reference to Fig. 4. Distance estinmator nmay include any other suitable
est i mat or SXEMC CGodng W Eyatdul er 202, hypot hesis generator 204, and/ or

estimator 212, as are descrjbed above with reference to Fig. 2.
[0076] Accorc?ing {0 some demonstrative embodiments of the invent%on, dec%der 400 may

also include a subtractor 432 to determine a hypothetical contribution value, denoted ¢,
based on the hypothetical value §, (5o}, and/or the value b, ,. For example, subtractor 432

may determine ¢ as follows:

e=buy-hu §) (s0) @b
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[ 0088] According to sone denonstrative enbodi nents of the invention

netric

generator 502 may al so include a collector 506 to collect a plurality of
i stance val ues, denoted din(Pin)[k] , corresponding to a k-H bit,

= . For exanple, collector 506 may genera 507
tq’%%iefogﬂsg% ng m ni mal di stance val ues: d() [}ngrﬁlgizq%%@g{%
=mn (c/., : bilk =1) [0089] According to sone denonstrative

t he inventiop, netric generator. 502 nmay also. i ude a LLR
10 AR bt i Bl oMb s b B o R 3 e POB S
gen]tcer Ftlt e alsbIli_xl%li_udall?uﬁstardeagtn@wbﬂauEi%déaéctcrﬁMcrtgg ggmd%m?mcafg,tctge,_ Bﬁséc{brbﬂh&, de. g.,
as foll ows: = d- d. a m ef erence is.al so made to
Fig. 6, wiPlh -L:SR%%%WPSWWHM %fﬁ% ma% @gneagtﬁ@fl ubﬁg‘gé?%ﬁsﬁ?‘}ﬁ‘%mn@?ri c

val ues i nvage gl Aavkgvsvi th some denonstrative embodi nents of the invention

m ni mal d
wherein p
I ncl udi ng
(1(21?"[1d
enmbodi nen
calcul ato

Al t hough

the invention is not limted in this respect, one or nore

operations of~he method of Fig. 6 nay be performed by netrix)generator
, to deternine one or nore of nmetrics 512. [0091] As indicated at

502, e.qg.

bl ock 601 od78pAoRriiag tdRnel deglobidiRtiSebfsddiméhtoof the SilvertioRS@coddh 40t gaiNT,

transmtt
si gnal of

ed sl?nals, e.qg., which does not include at | east one sel ected

ajspdnctude a sclcct'o? 446 to maintain a plurality of the distance values d; corresponding
to a plurality of hypothesis sets s including the different consteliation values of s and 5;
and to select one of the values of s; and a corresponding one of the values of s;, by
applying any suitable criteria to the distance values d;. For example, selector 446 may

select the values of 5 and s, corresponding to a minimal distance value.

[0079] Some demonstrative embodiments of the invention may refer to decoding a
transmission including two spatial streams transmitted by Nz =2 transmission antennas,
e.g., as described above with reference to Fig. 4. However, it will be appreciated by those
of ordinary skill in the art that other embodiments of the invention may include decoding a
transmission including any other suitable number of spatial streams transmitted by any
suitable number, e.g., Np>2, of transmission antennas. For example, decoder 400 may be

modified to decode transmissions of Np>2 transmission antennas.

[0080] Some demonstrative embodiments of the invention are described above with
reference to a decoder, e.g., decoder 200 (Fig. 2) and/or decoder 400 (Fig. 4), able to
determine a selected set of values s based on the plurality of sets of hypothetical values sp
and the plurality of respective values §, (s). 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 sz,

and/or one or more values §, (sp), 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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transmtted signals. For exanple, netric generator 502 may select the first
subset, e.g., as described above. [0092] As indicated at block 602, the
nmet hod may include assigning a set of one or nore hypothetical values to

t he selected subset. For exanple, estinmator 504 rmay assi qn. one

hypot het i cAYO¥/HSY7 R to one or nore of the ATT, tran£ﬁ|FF€H”$ﬁaﬁa|s
respectively, e.g., as descrlbed above. [0093] As |nd|cated at bl ock 604,

t he met hod also incI r ot het i val ue

et ed e sdnin L opb ko e dr R BhEe mitt i SedighdlE o,
exanpl e, ?%ﬂdﬁb%ﬁarﬁ@l“mﬁﬁ){ Beserm ﬂl@cm@ Befdw DRBIDI500 Ry, al®. @eclunddbased on
Equat i on [0094% i ndi cated at bl ock 606, the method %gg al so include

det er i ni MUY HiceiesRe® o daigraunegie L@%B%WW@W%EWW&P’%&“ GRS 58-Sl (I R) .

For exanmplygsed @atvhliBd A, ﬁl@élcr&&'od@% ﬁ)rrﬂlt)ﬂﬁcﬁlﬁ'@ar@' SSHAIE EecHddr UBr &hmle, € -
according to Equation 8 or . As indicated at bl ock 608, fhe nethod

may i ncl udECrdsprdst.icrig at\ﬁerweM@wn% B aest 602, 604, and/ or 606 to
determne a glurallty of di stance val ues correspondlng to a pIurallty of
hypot hesi §008d1 & signgl BtithageteofgYrreerived signals fanayehesrepieseniid Ry predelineRk

represent L,ngng L Al t;a/gzgjf) % 3s lglg{oemcig%taeg | ation conbi nations of the

sel ected subset, reéspéctively, and a respective plurality of the val ues

(1R)., e. @00842%&6%&8{1&@%@&%%&%&9 hBEEHERS f 1Q ificBtiond mehROQBLras

|nd|cated at bl ock 610, the nmethod may al so i nclude deternlnlng t he val ues

d va(t)[ kP02 mey gevemipbrs orondtt of vedres508 basey agdheplatadityorfthynethgzl wéwesr ding to
Equati on g4anc[/910[gc,7 lﬂu{%ﬁg m&ggf‘@oﬁltetigl 08Ke %,26'% tﬁ%eﬁﬁbm y also include

deternlnlng one trics correspon o the signals of the

sel ect ed gé&%?kcc,o': ﬁﬁ%g?r( i cﬁtmoﬁ%tac&% @ﬁl%c&l@géf ggg%%&eﬂﬁ&ﬂ %ﬁ@(ﬂ%ﬂglra tgyor e of

val ues 51 g to Equation As 1ndicated at bl ock
614, the A82 hed dowymiat s & LRNelwdderoeidddiRiy carrspondits sudysiet: bifof ehe-th

o BRI b LB L B, e

determne o E nor e Q}ICS C Qjesponding to the selected signal. For
exanpl e, @%U@e &hatdr /502 ntly /sel ect the second subset, e.g., as

descri bed above [0@99] Somesdenonstrative enbodi ments of thg)invention are
descri bed above with reference to a netric generator, e.g., generator 502,

able to dehef 7€, & e%té@& s@ b2 sibdl Fbbis I bdtBteBatdn polint§ RherBh thd Rl afes
corresponding to hits of the first subset of the
the n-th signal has a first value, e.g., one;
Z7in denotes a set of symbol vectors of constellation points wherein the i~k bit of the n-th
signal has a second value, e.g., zero; and wherein n relates to the selected subset of the
transmitted signals. For example, » may be in the range of n=2...Np, ¢.g., if the selected

subset does not include the first signal of the Ny, transmitted signals.

[0086] According to some demonstrative embodiments of the invention, metric generator
502 may determine a plurality of LLR values corresponding to the plurality of signals of a
first selected subset excluding the selected signal s;, e.g., according to Equation 23.
Accordingly, metric generator 502 may perform AM"™! 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=/...u-1 u+I.. Ny, wherein u is selected such that the second subset

includes signal s;. Accordingly, metric generator 502 may perform A" additional
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transmtted signals, which may not include the selected signal; and
cal cul ating a second set of LLR values corresponding to bits of the second
subset of the transmtted signals including the selected signal, e.g.,

accordi ng [ Qn 23. However, it wll be appreciat of

ordi nary sbﬁ??ﬂﬁﬁ&hﬁe art that according to other enbod%ﬂgﬁ¥%%§gé§%e

I nvention the netric generator may determ ne one or nore of the LLR val ues
by applyin th ui | e, al gorithm or erati.o ne or

mypor het i arlbietodRlering hERiE At ttsiiie BG s Sibebrp e SbmiiRi ¢

respect i veigagh STais, h}éﬂﬁi peictatar! 502atbe peBhim, efof) cxanmsge,dBEETi Hiy@dthl@&isaw.

[ 00100] According .to ggother denonstrative enbodi nent of the invention, the
sel ect ed éWﬁﬂ@Pe YeShaZsel ected fromthe Na transmitted signals based on

t he val ue t he hannel t.he sel ected signal nma
el ude. atodn SRR o iontative SR ERRE QEthedmgRATS Ty efely T
cor r espongo2 ﬂm@ﬂnclﬁ&etamlﬁ@tﬁddréﬁmﬁfftoﬁm tﬁ&iefelrﬁﬁmb"a ;ﬂﬂmyeﬂ didtince tussadoge of in
may be determ ned, fo anpl e, g max 1117, 12%26) _
[ 00101] A%HF%?P%H‘%“%%/ t‘bfth%)?ﬂﬁ?lﬁ’étqf %ﬂts \Péliu’é’gth%féhdia@a R TEREIVElYr Rdspondi ng
to the selgek®fl: & Baliod B MeaRetaimieshs rﬁeﬁ/1n@lﬁ@é7%r%xa@§l§eﬂeﬁ%ﬂce%sd?| urality

of sets of hypothetical val ues assi ned to the subset of 1l transmtted

si gnal s eseP.savme PRecoypicetdeqouicyras, coanty 43 6a&lwf:ro42|80w§tract0r 43gs gnd/or
slicekh”, idn Qéstlﬂldtor QJF?. dé: ate BscribB) bodvé Hith rgﬁ%&zﬂo Flife. bRkneWtfigh.aRt Of

synbol s may be det 1 ned
may include any other suttable estimator, ¢.g., including counter 202, hypothesis generator

204, and/or estimator 212, as are described above with reference to Fig, 2.

[0088] According to some demonstrative embodiments of the invention, metric generator
502 may also include a collector 506 to collect a plurality of minimal distance values,
denoted d'2)[k], corresponding to a k-th bit, wherein p=0,/. For example, collector 506

min

may generate an output 507 including the following minimal distance values:

d9 k)= mm(d |s: bitk =0)

24
dﬂfn[k]”—“mm( s :bitk =1) (24)

[0089] According to some demonstrative embodiments of the invention, metric generator
502 may also include a LLR calculator 508 to generate vaiues 512. For example,
calculator 508 may generate a LLR value, denoted LLR[k], corresponding to the &-4 bit,

€.g., as follows:

LLR[k]=d® [k} —a® [k} (25)

min

[0090] Reference is also made to Fig. 6, 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

Ny, transmitted signals, e.g., which does not include at least one sclected signal of the
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[00103] (sR The LLR c Y, g", (IR )= slice[(h;h",r h",*H R SR) val ues may
be determned as follows: (28) LLR (n), mn (d32) _ mn (c/s2) seZsez.:
(29) wherein the distance values cl may be determ ned, for exanple,

accordi ng iogn 8; and wherein n=-11f Zr is an enpty..set en the
correspondﬁﬁ%%?’i{sg'ﬁce value as | o0g2 Al 162 M Pus3 el

transmitted signals. For example, metric generator 502 may select the first subset, e.g., as
described above,

[0092] As indicated at block 602, the method may include assigning a set of one or more
hypothetical values to the selected subset. For example, estimator 504 may assign one or
more hypothetical values sz to one or more of the Ny, transmitted signals, respectively,

e.g., as described above.

[0093] As indicated at block 604, the method may also include determining a hypothetical
value of the selected signal based on the set of assigned hypothetical values. For example,

estimator 504 may determine the value of §, (sz), ¢.g., based on Equation 7.

[0094] As indicated at block 606, the method may also include determining a distance
value corresponding to the values sz and/or§ (sz). For example, estimator 504 may

determine the distance value d;’, e.g., according to Equation 8 or 10.

[0095] As indicated at block 608, the method may include repeating the operations of
blocks 602, 604, and/or 606 to determine a plurality of distance valves corresponding to a
plurality of hypothesis sets including a plurality of the sets of the values si representing a
plurality of available constellation combinations of the selected subset, respectively, and a

respective plurality of the values §, (sz)., e.g., as described above with reference to Fig. 3.

[0096] As indicated at block 610, the method may also include determining the values

d{?)[k]. For example, collector 506 may generate 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, e.g., as described above,

[0099] Some demonstirative 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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may be cal cul ated over a larger set, e.g., the set s EUZ": . If the set
U s enpty, s=1 then the distance value may be cal cul ated over the entire
set Z. If Z1 is an enpty set, then the correspondi ng di stance val ue nay be

cal cul at edve)(gg@g/?flshalr ger set, e.g., the set log, Al Og’rcﬁ“p&%&gk&sss” t he

set UZ is Then the d| stance val ue may be cal cul ver the
entire set Z'. [00104] According to yet another denonstrative enbodi nent of

y may be devRinehSa™y it prradGadSE: AR HEBER S e el Ruhs SEHE 21 hg
oper at i onsett@ LIt vilegetorRshbontigpad ity of &wgscconalcsmbgcd ioh gmttmntsﬂnetcﬂ Glghaiwi ng
et 1 (MO B RO B201n o BRI TEoH BaH ot PEnERSEE B bd ot he.
mat ri x H appredRRAPEBY thoheoffopdihaWsiig i pRraatth® Rscol dfig foother Bhodime®s of the

invention the metric generator may determine one or more of the LLR values by applying

any other suitable algorithm or operation to one or more hypothetical values s;, which may

be determined based on one or more respective sets of hypothetical values sz, ¢.g., as

described below.

[00100] According to another demonstrative embodiment of the invention, the selected

signal may be selected from the Nr, transmitted signals based on the values of the channel

matrix H, For example, the selected signal may include an m-th signal, denoted s, of the

Ny, signals, which may correspond to an m-th column of the matrix H, denoted £,. The

value of m may be determined, for example, as follows:

i = arg max ||_l'7_m||2 (26)
[00101] A plurality of hypothetical values, denoted §_(sg) corresponding to the sclected
signal may be determined, for example, based on a plurality of sets of hypothetical values

$r assigned to the subset of Ny ; transmitted signals excluding the selected signal, e.g., as

follows:

5. (s,)= sffce[(h,,fkm Vi (o -Hys, )] 27

[00102] The following set of symbols may be defined:

Z'= {(QR, §J§_‘R e}’,§m( slzce[(h h Th (_ Hys, ]} (28)
[00103] The LLR values may be determined as follows:

LLE,(n) = min (d;")—gi&(df) (29)
wherein the distance values ¢, may be determined, for example, according to Equation 8,

and wherein n=1.. Ny If Z" is an empty set, then the corresponding distance value ds

log, A logy M

may be calculated over a larger set, e.g., the set s U Z ” . If the set U Zz '"’ is empty,

=] i=]
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a. Calculate post-ZF SINR for k-th data stream S/NRk = IHHH)| b. Sel ect
mth signal fromthe Nrk transmtted signals corresponding to the maxi num
SINR nif = arg max SINR"', 1)I c. Define: Q=set of G constellation points

closet to | D..-th ZF output r(enj), wherein Gis pr nunber .
Large G rra&’pﬁ?ﬁ@?)égg@ performance d. For each s",, E Qf Z[Eﬁ?ﬂ?)g@?%
contribution due to sm , e.g. y:y- hm;mDeflnethe channel matrix: H =

Olima .1 e, g\gpl ZF equal i zer "to Z=set of synbagl vectors of Nrx
signals Z then )113*&“%%31‘5‘? By by Caicql%te@}‘eﬁ #he entirgset Iget & g a]‘.l?ﬁpfyosretu -th bit
of n-th 5| are

na LLR; =mn(c/s . , .
enpty set§ Nt %HOE%SPES,Q}%%& Gstpna] Bius may Bé\ﬁ@é&la@‘ét"}’%@ ga.r%erégt (%sctg? Béd above.
Al gorithm 2 g togy M
I U Z" . If the set U Z is empty, then the distance value may be calculated over

i1 P
the entire set Z”,

[00104] According to yet another demonstrative embodiment of the invention, one or
more LLR values corresponding to the received signals v may be determined by applying
one or more zero-forcing (ZF) equalizing operations to the received signals y, e.g.,

according to the following Algorithm:

1. Apply ZF equalizer to the signals y to determine an equalized set:
F= (H i )"' HY y, wherein H denotes a complex conjugate transpose applied to

the matrix H.
2. Repeat the following operations for j=1.. Nty times:

SNR

a. Calculate post-ZF SINR for k-th data stream: SINR, = —
()
b. Select m-th signal from the Ny transmitted signals corresponding to the

maximum SINR: m; =argmax SINR, .

o4

¢. Define: @, =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,, , € Q, , subtract contribution due to Sn, 3G Y=Y P,

”‘1

Define the channel matrix: H = [hi b, 0 R, kNﬁ_j
e. Apply ZF equalizer to y.
3. Z=sct of symbol vectors of Nyx signals Z = {( ws T S )} The size

of ZisG"»1,

4. Determine LLR for i-th bit of n-th signal: LLR(n) = min(a.’s ) mm(a’ 2).
QGZ:.»

seZ,

51f Z° or Z are empty sets, then calculate LLR over a larger set, e.g., as described

above.
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[ 00105] Enbodi nents of the present invention nmay be inplenented by
software, by hardware, or by any conbi nation of software and/or hardware as
may be suitable for specific applications or in accordance with specific
desi gn requy Enbodi ments of the present inventi ude units
and sub-unwé?mmﬁlltsgw may be separate of each other or %ﬁﬁdgz%yu{}g&get her, in
whol e or in part, and may be inplenented using specific, nulti-purpose or
general processors, or devices as abs kqgwnzri n the art. Sone enbodi nents of
the present invention may incl ude b E%8FE™M % egi st er s, storage units and/ or

menory uni y termstorage of data,and order to
faci1 |t at d00gs] EmubSiRE o nd a8 8 Bl RO TpRerbRiEa) hkkes Bert ot n

f eat ures dhrdivass, |on\b@rmlymnfb&m3mbeel§o&»i/druahdi/ai agtdamd desgyr bbeditddber &irn, many
nodi fi cati ons stituti.ons n ui val ent s cur ta those
oF “or i naryeui APIFHOPYY BArorfie] S b ErE: TR ARSNGB Rt e
appended @ﬁeapﬁa&naﬁzﬁrentmnemdﬁdmmc Qﬁlteléncﬁkﬂlb stishwhRHithdyCed kpastamteehanges as
fall within the true spirit of the invention. js clained is:

CLAI M5 What
1. A met hGHEShpAmRERggogether, in Vﬂ@ﬂee?frfflrl??ﬁga%‘ymé’ ‘Fﬁ/‘ﬁﬁ’ﬂ"r’i‘%@fﬁ‘g YEREPHtYr of a
decoder i Rndti-GOFOINIE adechOrBl FROeGBrs, BrPhsiRL | sy aRf KRyPOtiRetccak Bahbes of a
transmtted signal of a set of transmtted signals based on a plurality of
respect i vEMBRdiBIcR!s of i5reReRs ipwantion mae dnchdsityffe. teaisrss Bt uBts Ad{d set of
transm tt egbnRir-g0&ksS for@Mporary or 1381E4T {5 @Qiedd‘?i dﬁdﬂﬁ iRbteRld fa¥ilifke the
hypot heti cal val ues of said transmtted %I gnal and a corresponding set of
said plur &P?fﬂtwﬂd-‘ffasﬁé@%ﬁmmlwfa predefined criterion, wherein said
predefined criterion relates to a plurality of distance val ues
cor r espontHgok Il @Pf‘igl“uf@étbﬁ“tsy()fbfhehylp@ttﬁéthadalbevialfhé§améa’iné Ciﬂsmb&ﬂl ty of
sets of h h r
nmet hod of M@?gll %{PC?S%@%@% Suﬁﬂ%t{oﬂpc?ﬁét{n r n"iag?r% éﬁl eag)!t( Q%g(%a%hypot heti cal
val ue of ardinargskifehdbe et %llfgmmrcfolfc, thec srdersdodt t:ham@mapmdcct rlgmad &cbased on
at | east t { I . AS S| rst
subset of ﬂg%dag ?&Je \é"tie sich m&{ {1%8@% %ﬁla h%g}];es f fMF%lt&%&é?%‘?nsﬁﬁ%ngf tgltb | east
one hypot meentgal val ue of a second sel ect ed SI gnal of the set of
transmtted signals based on at | east one respective set of hypothetical
val ues assigned to a second subset of said set of transmitted signals,
wherein said second subset includes said first selected signal. 3. The
nmet hod of claim 2 conprising: generating a set of values representing
said first subset of transmitted signals based on the hypothetical val ue of
said first selected signal, and the set of hypothetical values assigned to
said first subset; and
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generating a set of values representing said first selected signal based on
the hypot hetical value of said second selected signal, and the set of

hypot heti cal val ues assigned to said second subset. 4. The method of claim
1 conprising generating a set of values representing said set of
transmtted signals based on the hypothetical value of said transmtted
signal and the 24 set of hypotheti €dlAIMBues. 5. The nmethod of claiml,
wherein sa%% set. of transmtted signals conprises n transmtted signals,
and wher ei NP8 §288d 3 hypot heti cal val ues conprises a set of n-1

hypot heti cal val ues assigned to n-1 signals of said set of transmtted
signals. 6. The nethod of, claim 1, wherein determning said plurality of
hypot heti chl vaf REEGFCOTBIIFNE T ansmi tted signal conprises deternining said

plurality of hy&@éﬂﬁﬁﬁgs}ang;&dﬂee%istgeﬁéﬁopawhwoaéﬂiw Bl ARAEEE 4GS gt S Of
hypot heti cal values assigned to a subset of said transmtted signals not

i ncl udi ng Mwabityt efakgethetiead velughaf a trapsmittedetigngdl of @nsst iof itagsmitted signals

det erm ni hes] . k; ' Helgl

dovi co, s areyofs BHRRLVEES,QERPLAL Bl BiGP SR adindh SATHMERAED | oo,
of transmstedrappmyitalisighdseddon a plurality of respective sets of

hypot heti cal val ues assi d.to,. bset of .said set..of transmtt.ed
signals; and 5¢ ecg%?@c‘??ﬁegpiwggoﬁyﬁ%thfjtllciﬂ ﬁfﬁv?sy&g?ldﬁ?f}%?]ﬁgé Flgg{iﬂ a\l}gl ues of
sai d transnidrieggbndingrsal ofaaid Huraltyrof Sae beked pnsepreddfinsdcttefibnyrvétlerdiy saii set s

of hypothetical yalues based on a predefined criterion, wherein determ ning
said plur aﬂrﬁe@n@? Cm%trﬁgﬁsé%i’ P\}‘éﬁh&é%fd ‘gﬁfﬁ‘iﬁei‘? S SUPIDIdifed0 S?IQQBF?%H%

function tg Bablles@] YaRks, hyROpIGRLILCE sot@bPBSpARiHRIAES, @hd WO 0P 'mdTRer €
recei ved signals, wherein applying said function conprises determning a

maxi num | i IREiYHSHR280l uti on based on said sets of hypothetical values and
the values of said two or nore received signals. 8. A nethod conprising:
determ ning by a hypothesis generator of a decoder in a conmunication

devi ce, a %l ur allietryethdd ¢fyppomHeawimpalkingal ues of a transnitted signal of a set

ypot et cal - variRo MR ROREHoROBolisbl k¥ s SRS Bl et

si gnal s; arssmitted signals based on at least one respective set of hypothetical values assigned to
a first subset of said set of transmitted signals; and

determining at least one hypothetical value of a second selected signal of the set

of transmitted signals based on at least one respective set of hypothetical values assigned

to a second subset of said set of transmitted signals, wherein said second subset includes

said first selected signal.

3 The method of claim 2 comprising:

generating a set of values representing said first subset of transmitted signals
based on the hypothetical value of said first selected signal, and the set of hypothetical
values assigned to said first subset; and

generating a set of values representing said first selected signal based on the
hypothetical value of said second selected signal, and the set of hypothetical values

assigned to said second subset.

4. The method of claim ! comprising generating a set of values representing said set
of transmitted signals based on the hypothetical value of said transmitted signal and the
24



selecting one of the plurality of hypothetical values of said transmtted
signal and a corresponding set of said plurality of sets of hypothetical
val ues based on a predefined criterion, wherein determning said plurality
of hypot hetical values conprises applying a predefined function to said
sets of hypothetical values and values of two or nore received signals,

wher ei n appt yfiygotheicdl $alngt i on conpri ses: subtracting fromthe val ues
of said two or nore received signals products of said set of hypothetical
val ues and one or nore channel val ues; applying a

naxi mum r &, i 0- CEbINBILGE FRALIAL | OWhbRiresAi@SH bf @hnshditcll sighils a6inpAGs @nd
applying a slicing operation to a result of applying said
maxi mum r dEEANEBEEHSiEnals, sievherpigrsaidgset AT hppairicaloyAhres comgrises a set of@rler ni ni ng

by a hypotfy §fﬁ§ticg?02ﬁﬁ¢§tagsrigl%ti t@n—q%g%?QErofisaﬂd St PRI AL sigRAIsdevi ce, a

plurality ypot heti cal ~val ues a transmtted signal of a set of
transmtted signals based on a plurality of respective sets of hypotheti cal
val ues assi gnednt Q . of i f.1r ) i .S
el ect i ng e orteandndl Srdfinty, 3k S8hmhink OPILE S BAMR S vaee
si gnal andfasatbotramesitsddsigmal semprfessdatamiing adid tplureffity seft lsypbthsechi orluas
predefined criterjion; and . engratin set of .one, or r i kel i hood
ot o var desed o bRy Phivsuerive et O hharied odfies Brides of = HRG ot i ¢ 1 e
si gnal andrinhgiteekizapandhdgiiseiaidiamaiiteddigianl i ty of sets of hypot heti cal
val ues. 10. An apparatus conpri sing: a hypot hesis generator to
determne a plurality of hypothetical values of a transmtted signal of a
set of transm t4 efadligpAbssik@sed on a plurality of respective sets of
hypot heti cal val ues assigned to a subset of said set of transmtted
signal s; and determgingshee hpothesis genesator ehedespdeyan @ comuugicptign gvice, a
hypot het i I I 1 < Slar ﬁﬁﬂ ks et of
sai d p|ur3@%?@§dﬁq@$§%mﬁaégﬁﬂ%ﬁgggﬁ%éﬁgFﬁﬁe1 g%??%f%%ﬁ?&g erggﬂkgg?g
pr edef i nedasxd drea plomlitebegectic wtpdityabihtycabaldésstssiposl tval subsst of said
correspondi ng..to said plyrality of hypothetical values, said plurality of
sets of hfﬁ%ﬁﬁg?ﬁ8§$9§§?#%§?dand two or nore received signals.

selecting one of the plurality of hypothetical values of said transmitted signal and

a corresponding set of said plurality of sets of hypothetical values based on a predefined
criterion, wherein determining said plurality of hypothetical values comprises applying a
predefined function to said sets of hypothetical values and values of two or more received
signals, wherein applying said function comprises determining a maximum likelihood
solution based on said sets of hypothetical values and the values of said two or more

received signals.

8. A method comprising:

determining by a hypothesis generator of a decoder in a communication device, a
plurality of hypothetical values of a transmitted signal of a set of transmitted signals
based on a plurality of respective sets of hypothetical values assigned to a subset of said
set of transmitted signals; and

selecting one of the plurality of hypothetical values of said transmitted signal and
a corresponding set of said plurality of sets of hypothetical values based on a predefined
criterion, wherein determining said plurality of hypothetical values comprises applying a
predefined function to said sets of hypothetical values and values of two or more received
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11. The apparatus of claim 10, wherein said hypothesis generator is able
to: determ ne at | east one hypothetical value of a first selected
signal of the set of transmtted signals based on at | east one respective
set of hypothetical values assigned to a first subset of said set of
transmtted signals; and 26 determ ne at | east one hypotheti cal

val ue of aigakowhkersialapplyig ssiddmaktiontohpdseset of transmtted signals based
on at |east one respective set of ot hetj cal val ues assi.gned t second
SUbset of sai d set gropifisfen B valBrin id Ger i SRRl sliitrbtds:
includes said fifkall se@ragpsiheizhidRafles andléhe ofh@rapipandtvimenf claim 11
conprising a decoder to; generate a _set of val ues repress}gti n{g said

first subset of trarfPRi¥iiged FIRGHRHIATBRSONOIHNE HPRPBL Ref i B I 3T of sai d
first selected @h@nahe AR the set of hypothetical values assigned to said
first subset; and _generate a set of values representing said first

sel ected signal basewpbing helidiygendsiondala peliuel @pblying thidpeyHnsTadifal , and

t he set of hyp%ggleagljfg@!) Yalyes assigned to said second subset. 13. The
apparatus of claim cporrprl sing a decoder to generate a set of val ues

representing said set of transmtted signals based on the hypotheti cal
val ue of idtransmitted . signal and the set of hypothetical values. 14.
The appar at us n}?ﬁjé)ldr%o%flsﬂﬁerei n said set of transmtted signals
conprises n trakR&dmidigdbsh Bnmlisesisgeteribestd decsdérdn aebmafunhypat deidecal

val ues conpri ses set of n-1 hypothetical values assigned to p-1 signals
of said s uralvtytqfiwmﬂiﬁwa Véﬁ‘@%&?é.tmni@%ﬁeﬂr?‘%l’ﬁgafétﬁ% Oggmlgfcﬂélg“"ﬁs a

hypot hesi $38Qn8Y ApRfaliPoRbRLiHRtsPo Hydbdbiiday vahiedWwspohdiabiaabsey of sigs of a
transmtted signal of a set of transmtted signals based on a plurality of

respect i veeEENFRItEY HELHSt i cal val ues assigned to a subset of said set of
transmtted si %Qi%!:tﬁ% é’i{%%ff tiée lgramoﬁlshﬁf&ﬁét(ij&f)yaﬁﬁés%‘?tsaig'ﬁ%né?ﬁitté@bi@né?'aﬂ& ality

of hypot hetical values o a tted signal and a corresponding set
of said plasoakipopdiog sgef sait aeditpal wisgraededn sprddadimed etiteven; aher ei n sai d
hypot hest s_general od 8 LOOABRL Y. il B8NS Jafd/IELEOR & Ao Bt Of
hypot het i cal varues and VaPues® 8F 1o "6F 'mor e “recerved si gnal's, erein

sai d hypothlypsth&tiogevnetuat dirsaidsiranemitet eigikhadaheraxiresponding st iofi saddl phamdlitg i on
based on said set of hé/Eﬁ)Ot hetical values and the values of said two or nore
recei ved & afﬁ%lp 1ypothetical values.

10. An apparatus comprising:

a hypothesis generator to determine a plurality of hypothetical values of a
transmitted signal of a set of transmitted signals based on a plurality of respective sets of
hypothetical values assigned to a subset of said set of transmitted signals; and

a selector to select one of said plurality of hypothetical values of said transmitted
signal and a corresponding set of said plurality of sets based on a predefined criterion,
wherein said predefined criterion relates to a plurality of distance values corresponding to
said plurality of hypothetical values, said plurality of sets of hypothetical values, and two

or more received signals.

I1. The apparatus of claim 10, 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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16. An apparatus conpri sing: a hypothesis generator to determne a
plurality of hypothetical values of a transmtted signal of a set of

transmtted signals based on a plurality of

val ues assigned to a subset of said set of transmitted signals; and

sel ector to sel

ect one of said plurality of hypothetical values of said

transmtted sigh@rmamcht aaeamrnree@pmdicagvam&t ofof sesa«imhemcwﬂalgnrayofaﬁe set§ based

on a predefined

pr edef i ned ™t
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or nore reflcyadaitsand fid Wher abiknifédsiByDOtRsis sHEaNSER IS MIIRES: a
subtractor to subtract fromthe values of said two or nore received signal

products cﬁﬁldsf&"ﬁfcﬁe@éﬁedélgnﬁypot hetical values and one or nore channel val ues;
a conbiner to apply a maxi mumrati o-conbi ni ng operation to an out put of

sai d subtractor;

sai d conbilder.

and a slicer to apply a slicing operation to an output of
The, aAnarafppaf@Ialusllc@mmﬁsm?gmgiecoderto a hypot hesi s generator to

determine a bl uialhios 8 PVAGLIShLER. aLHAR: Slhsd diARSTRES Shal pneh o 2

set of transnitte

ase ECt Ive set

hypot het i cal the atzpmh;etmslsvaj;memf sordl frssadicetd sidnal amd t]sae$et of hypoghesinalt abes

si gnal s;

val ues of %S%{Wdt%?gﬂg ¥ et

ctor to select one of said plurality of hypothetical
'ﬁﬁ and a corresponding set of said pluralit
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metric generator to generate a set of one or g%e | i kelihood ratiq val ues

based on thyBOhSHsGE M@P? ehpaid spqend stenalappd theasst

YRogheliey natues AsFaE et of

hypot het i ¢giq ¥alndQSbset.

13.

The apparatus of claim 10 comprising a decoder to generate a set of values

representing said set of transmitted signals based on the hypothetical value of said

transmitted signal and the set of hypothetical values.

14.

The apparatus of claim 10, 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.

15.

An apparatus comprising:

a hypothesis generator to determine a plurality of hypothetical values of a

transmitted signal of a set of transmitted signals based on a plurality of respective sets of

hypothetical values assigned to a subset of said set of transmitted signals; and

a selector to select one of said plurality of hypothetical values of said transmitted

signal and a corresponding set of said plurality of sets based on a predefined criterion,

wherein said hypothesis generator is to apply a predefined function to said sets of

hypothetical values and values of two or more received signals, wherein said hypothesis

generator is to determine a maximum likelihood solution based on said set of hypothetical

values and the values of said two or more received signals.

16.

An apparatus comprising:
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a hypothesis generator to determine a plurality of hypothetical values of a
transmitted signal of a set of transmitted signals based on a plurality of respective sets of
hypothetical values assigned to a subset of said set of transmitted signals; and

a selector to select one of said plurality of hypothetical values of said transmitted
signal and a corresponding set of said plurality of sets based on a predefined criterion,
wherein said hypothesis generator is to apply a predefined function to said sets of
hypothetical values and values of two or more received signals, wherein said hypothesis
generator comprises:

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.

17. An apparatus comprising;

a hypothesis generator to determine a plurality of hypothetical values of a
transmitted signal of a set of transmitted signals based on a plurality of respective sets of
hypothetical values assigned to a subset of said set of transmitted signals;

a selector to select one of said plurality of hypothetical values of said transmitted
signal and a corresponding set of said plurality of sets of hypothetical values based on a
predefined criterion; and

a metric generator 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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