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constellation points, and then transmitting the streams via multiple transmit antennas as

modulated carrier waves based on the constellation points mapped for each stream.
Once transmitted, the data passes through an effective MIMO channel, after which
resulting spatial streams are received by multiple antennas at a receiver. Conventional
MIMO receivers then employ a variety of signal detection techniques to obtain data
from streams received at receive antennas. Once such technique, Soft-Output
Maximum-Likelihood Detection (SOMLD), can obtain the expected value of a detected
transmitted bit as well as the likelihood that the expected value is correct. Conventional
SOMLD techniques require looping over all constellation points used by the transmitter
for each transmitted stream and determining a distance metric for each constellation

point to find the likelihood of each bit in the streams. However, to determine optimal
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Detection (LRD), or a Guided-M Algorithm as described herein. Performance can be
further improved by pre-processing the MIMO channel matrix and/or by utilizing
Enhanced Metric Usage (EMU) as further described herein.

[0006] According to an aspect, a method for generating soft-decision output values
for a set of transmitted spatial streams in a multiple-input multiple-output (MIMO)
communication system is described herein. The method can comprise looping over a

plurality of constellation points for respective transmitted spatial streams to estimate
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streams to estimate corresponding values for other transmitted streams in the set of
transmitted streams and to determine corresponding distance metrics. The instructions

can additionally include obtaining soft-decision outputs for respective bits in the set of

transmitted streams based on the distance metrics.



can additionally include obtaining soft-decision

outputs for respective bits in the set of transmtted
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[0013] FIG. 1 illustrates a wireless multiple-access communication system in

accordance with various aspects set forth herein.

[0014] FIG. 2 is a block diagram of a multiple-input multiple-output (MIMO)
wireless communication system that facilitates transmission and detection of spatial data

streams in accordance with various aspects described herein.

[0015] FIG. 3 illustrates an example signal detection component that can be utilized

in a MIMO communication system in accordance with various aspects.



[0015] FIG 3 illustrates an exanple signal detection
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maximum likelihood detection via MIMO channel matrix pre-processing and utilization

of sub-optimal MIMO algorithms in accordance with various aspects.

[0026] FIG. 14 is a block diagram of an apparatus that provides near soft-output
maximum likelihood detection with Enhanced Metric Usage in accordance with various

aspects.

DETAILED DESCRIPTION

[0027] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set

forth in order to provide a thorough understanding of one or more aspects. It may be
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subscriber station, wireless device, cellular telephone, PCS telephone, cordless
telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop (WLL)
station, a personal digital assistant (PDA), a handheld device having wireless
connection capability, or other processing device connected to a wireless modem. A
base station (e.g., access point) may refer to a device in an access network that
communicates over the air-interface, through one or more sectors, with wireless

terminals. The base station may act as a router between the wireless terminal and the
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applications that can operate at 1G, 10G, or another suitable rate, and/or any other
suitable communication systems or applications. Further, it should be appreciated that

all such systems and applications are intended to fall within the scope of the hereto

appended claims.

[0033] Referring now to the drawings, Fig. 1 is an illustration of a wireless
multiple-access communication system in accordance with various aspects. In one
example, an access point 100 (AP) includes multiple antenna groups. As illustrated in

Fig. 1, one antenna group can include antennas 104 and 106, another can include
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[0035] An access point, e.g., access point 100, can be a fixed station used for
communicating with terminals and can also be referred to as a base station, a Node B,
and/or other suitable terminology. In addition, an access terminal, e.g., an access
terminal 116 or 122, can also be referred to as a mobile terminal, user equipment (UE),
a wireless communication device, a terminal, a wircless terminal, and/or other

appropriate terminology.
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access termnal 116 or 122, can also be referred to as
a nobile termnal, user equipfent (UE), a wireless
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techniques. Mapped modulation symbols for each stream can then be provided to
respective transmitters 216 for communication to AT 220 as modulated analog signals

via a series of Nrantennas 218.

[0038] At an AT 220, spatial streams corresponding to signals transmitted by the
AP 210 can be received by a series of Ny receivers (RCVRs) 224 via respective
antennas 222. In one example, an Nz-dimensional receive vector y corresponding to the

streams received at an AT 220 can be expressed as follows:



techni ques. Mapped nodul ati on synbols for each stream
can then be provided to respective transmtters 216

WO 200902078uNi cation to AT 220 as nodul at ed anal BGr/US2008/074695
signals via a series of NI antennas 218. [0038] At an
AT 220, spatial streans correHponding to signals
transmtted by the AP 210 can be received by a series
¢f= NR-necei vers (RCVRs) 224 v't respective antennas
222. In’one exanple, an L/"-d nsi onal receive vector
y.correspaonding to the streans recejved at an AT 22
wharedd sy %g@%@ mpdrix Hlaf gpgesgnts thgettecive YME, haanel tﬁ@ugh

: - r.es [

e A e G B e A N L N
dimecARioR4IGraanditamctail c@RBpondingtoahe Micimparsismitedd from an AP 210,

transmt vector .corresponding to the. streans
?I}‘glwrﬁntl}]%dill?lF‘bﬁH‘?né‘LV%&éEﬁm RRFOF a}dgil“aYﬁ RRCdi mensi onal
vector that represents additive noise. [0039] In

EW3Pher Tanrpoipeiecxaaiply, spatiabstrcshyrd cqetedi RydacpyLrs dbsandics

39S S AT oSt ek, URkR L 0RO PBRRR rscve
be teirvetiwr?224 anidkdomadedge dd eheofffdctiec BAIVER thanaciMb MbXain the
channel to. oag)ai E }\&n%t ﬁt eans ransn"ét ted by the Agg .
SHYMS TR ESH PR AR A dhaccqukies With ogr 3P pigatl; dsiFction
ERNPARRM 2248 RRIMARIHAFTHASsIBREEH I TbShiRNn 9%&1%!1 §tSeabBlreceived
bits in spatial streans received fromthe AP 210 by
tremgheriAR 2@ tyhdetampesg 8d sspepicdsigeatenchibit, Hepexample, bits having

EISIRAD) abBh SHEIR e
valisl8f @EarDb CRPrléntEERY SHMAt RYisin cuthiaod - degitsh@ively, signal
output of -1. Alternatively, signal detection

dopgionanmperent 2ah ceedemmine safbflecisier puiputy foikipun spatgt streams
Cie . ¢ . i ) 0 .\
B 3o 0L 1 B R SR LGRILRS ARl Dhgon o

tikelihioed thak eHeirbgrdtitdeipettbd sipp Speath b hexpeatdetdctid@orrectly, e.g.,
for _each bit has been detected correctly, .e.g. , the
fhiclisclibpaddhatindiit wapiant sl gerlt 1A gccprdange withgnofhgr aspect, the

) ' . . L '
B S e B s s dsion by
ceplegingame oy nengphayiSodt-OutpuoMarimmnen hdatthGod Deteutigpuinear-

[ mum Li kel i hoqd tection (near- D) .al gori,t hnms
SOhTR et i RescriRpd as LS e THRRDHPBrTe fECed
et eakeHstdafRR bt BRHVEIdI88 TRaGAMIE SPHPYiARMLE A T2 HAat a
sink 228 for use by the AT 220. [0040] Fig.” 3 is a

DRBE B 6048, 0 LG A6 B
seimimncandtel witized st MIMO ennoniande wisten macc@dsnce with various
RS Byl el B i 6B k) B P hSonent 300 can
be used in MIMO systems employing IEEE 802.11n or a similar standard, Multi-User
Detection applications, multi-mode fiber applications, and/or any other suitable
communication systems or applications. Further, it should be appreciated that signal
detection component 300 can be utilized by any appropriate network entity in a MIMO
communication system, such as an access point (e.g., an AP 210), an access terminal

(e.g., an AT 220), and/or any other suitable entity. In addition, a signal detection

component 300 may be internal to an associated network entity or an external
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channel processing component 310 can monitor for changes to the effective MIMO

channel and can adjust the channel matrix accordingly.

[0043] In accordance with another aspect, signal detection component 300 includes
a distance calculation component 320. Distance calculation component 320 can obtain a

series of received streams, which can be communicated by an array of receivers (e.g.,
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looping over a set of constellation points used to modulate transmitted streams to
determine distances between the transmitted streams and the constellation points. These

distances can be determined, for example, by using a distance metric such as the
approximated /'-norm, the /' -norm, the /*-norm, the /* -norm, and/or another suitable
distance metric. In conventional hard-decision MLD, calculating an optimal distance
metric for each stream requires looping over all possible constellation points for all
streams. Thus, in the specific example of Nt transmitted streams respectively

modulated using a constellation of size M, conventional MLD requires distance
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Enhanced Metric Usage (EMJ) as described infra. )
constellation points for a stream x,, in a transmit vector X from distance calculation
component 320 and/or distance storage component 330. Based on these distance
metrics, a soft-decision output value can be derived per bit that represents x, by, for
example, using a Log-Likelihood Ratio (LLR). In one example, soft-decision output

generator 340 can calculate an approximation of the LLR for a ith bit b, that represents

x, as follows:
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a(?rglglgglltyartlf%r-tsgi% ou%)ur[r%ltag%jl?m P®lihood detection (near-SOMLD) in a MIMO
communication system (e.g., a communication system 200). It is to be appreciated that
methodology 400 can be performed by a base station (e.g., an AP 210), a mobile
terminal (e.g., an AT 220), and/or any other suitable entity in a wireless communication
network. Methodology 400 begins at block 402, wherein pre-processing is performed
on a channel matrix (e.g., by a MIMO channel processing component 310 at a signal

detection component 300) that represents the effective MIMO channel between a
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can be greatly reduced while still allowing the calculation of close to optimal distance

metrics and soft outputs. By way of specific, non-limiting example, sub-optimal MIMO
algorithms that can be used at block 406 include Per-Stream List Detection (PSLD),
Lattice-Reduced Detection (LRD), a Guided-M algorithm, Zero Forcing (ZF), a
Minimum Mean Square Error (MMSE) algorithm, and/or another suitable algorithm.

Example algorithms are detailed in the following drawings and related description.
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corresponding value x3. Based on the determined x3 value, the reverse of the
constellation mapping can be used to obtain the bits of the determined x; value and the

values estimated for its corresponding x; and x) at block 406.

[0052] Fig. § illustrates a methodology 500 for near-SOMLD in a MIMO
communication system using a Per-Stream List Detection (PSLD) algorithm.

Methodology 500 can be performed by a base station, a mobile terminal, and/or any
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decomposition can then be performed on each permutation to obtain three QR
“orientations.” While the discussion of the following blocks in Fig. § generally relates
to calculating soft-decision outputs based on QR orientations for each transmitted
stream, it should be appreciated that QR decomposition at block 502 is optional and
need not be performed as part of methodology 500 and that methodology 500 can be

performed for a non-decomposed channel matrix in a similar manner to the following

description.

[0054] Methodology 500 next proceeds to block 504, wherein looping over a set of
constellation points is performed for each transmitted stream in order to estimate other
elements needed for distance calculation using a sub-optimal MIMO algorithm based on
PSLD. By way of specific, non-limiting example, estimation can be performed by
utilizing zero forcing (ZF), ZF with Successive Interference Calculation, Minimum
Mean Square Error (MMSE) estimation, and/or other suitable sub-optimal MIMO
algorithms. While the following relates to the specific example of ZF with Successive
Interference Cancellation, it is to be appreciated that any sub-optimal MIMO algorithm
could similarly be used at block 504, and it is further to be appreciated that all such

algorithms are intended to fall within the scope of the hereto appended claims.
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§a@[%ige(pe appreci ated, however, that the described
acts at block 504 can be simlarly perforned for other

[00RApM tARY cStih 8@ Bis performed at block 504, methodology 500 can proceed to
block 506, wherein distance metrics are determined for the transmitted streams over the
constellation points. While blocks 504 and 506 are illustrated as two separate acts in
methodology 500, it should be appreciated that the acts described at blocks 504 and 506
can be executed together, e.g., distance metrics can be calculated at block 506 after each
constellation point looped over at block 504, or alternatively distance metrics at block
506 can be calculated for each stream for which looping is performed at block 504. By
way of specific, non-limiting example, distance metric calculation at block 506 can be

performed as follows. First, for a transmitted stream x3, a distance metric can be
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det erm 05 r es tion i rred at
ESTISHOAE bR brBby oo T gk Bl i PP R M Sesing the
ﬂhﬁkﬁpﬂmﬁbﬁga@ﬁ%yﬂﬁﬁmﬁdﬁxz§ﬁ§ﬁﬂ@&@f”1ned for the
transmtted streans over the constellation points.
Wi | e bl pcks 504 and 506~are illustrated as two
4épa) Fafgi in o (irr) mﬂdﬁgogy 600, it should be
apprecfa W’that t'e act< described at bl ocks 504 and
506 can be executed together, e.g., distance netrics
additioealbg [Ld Rsdbettic @theb tracdmi86® stafahsrin @aat be computed using similar
gﬁ stell ati on point | qoped over_at block 504, or

Rigs OB tp threEbyrodn haEHIaRS Xengilalk 506 can be

cal cul ated for each stream for which Ioogglg
HWSPbr mdds- iliypsirs smgthogglogy (0@ forgisacP @MLD in a MIMO

e g N
BBk SRS REERRAL, LoE ROER TN ok EL RE) Tt
Meﬂnxinidg@zeéﬂo st baperf@med bghiadiaan sietmsrelarrh@bike&erminal and/or any

I t f t bl
gﬁ%‘gt%{f’]gﬁlelg?}’&ﬁ éﬁﬁ? lfef e%gllin\lrlrggllrfﬁoaiélll Bgﬁ%\ﬁ)c 3 nﬁ]etﬁ f(ﬁ olwqgg description,

ERW @?bﬁ@ﬁlﬁddescﬁ&rd'@og h \é@rﬂes Ry 3EGHahLIRE s{rgé)rn S Ok bRWSransmit
+ Re "2- r22x2 + |1 n(/ - r22x2 (4) Simlar | ooping
amenrgis 21 &at:zm AEt2rl Pk It shq;uld laet appmeccaﬂd thoeevirethgemtthodeldgy 600
for tra s r eans cks 504 and 506

t b
8 bR e g et phf s EE e o
[0060] Methodology 600 can begin at block 602, wherein QR decomposition is

performed on a channel matrix representing the effective MIMO channel to generate a
QR orientation for each transmitted stream. In one example, QR decomposition can be
performed at block 602 for three permutations of a channel matrix H as used in
Equation (1) such that every row of H is permuted to be the last row only once. QR

decomposition can then be performed on each permutation to obtain three QR



constellation point in each transmtted stream [0058]
After distance netrics for the transmtted streans are
w@a00erEsed at bl ock 506, net hodol ogy 500 can RONUTE2008074695

at bl ock 508 by obtaining soft-decision outputs by
cal cul ating | og-1ikelihood rall os (LLRs) for each bit
inthe transmtted streans based at |least in part on

tdreenditivh@n CWhitethel discuskedes Mth o sl oingd bldeks ii(lﬁg (Bgeﬂbﬁﬂly relates
of specific _exanple, LLRs can be deternmined for a

91 qalgylating goftrdsmsionauEtitshasedhan QR Qrsnfrgions foriepeh transrmtted

t (
Sﬁi‘quxﬁ %&%18?1%%@ afﬁrr%mr%tegq%faaxt ?IQ'la &%%SO@@IO&%%JD(B)@E 69?‘{5 (ﬁ)tlﬁnAl and
Aetdirtot baptrifgrmed laRparft of nictiwdoloe 1600 naddhat cthddslope80® can be
in_x c be conputed usin imlar LLR. expressio
Pﬁ&l@eg Qfe%n%g%awmﬂr@a%‘g M (59 Slm[”@b%@]mqfut%t eoflowing
h&%ﬂgﬁ&ptes a met hodol ogy 600 for near-SOM.D in a M MO
nication systemusing a Lattice-Reduced Detection

Edﬂ%ﬂ) al &Bb&&l@&y &(gfIlﬂe‘?c??%o%@é’ds@?Qlo%gg})g,ew@e?&ﬁ‘%%ﬂﬁ% Yo

ase sta | on, erm na
sufttt@kih@oﬁmte @pphleﬁ t@a ydcerk ersstocmtmmfo@mtdadn elomienwin khe receive

In the foll owi.ng descri pti on, S. gener
Hesetr i eampl Btagr s G b Hep Hf§ ol ?refaiagw?ee hieciligatg Lattice-
Ba§1§ R@ﬂ%tﬁ)ﬁ %ﬂﬁﬁb bt ABLEETASIn DA e?&mﬁ@ e re%(]:ﬁ)a VeétBr utlhzed at

shoul preci at ed, however, that
blank 694 sambd aTdCVIVapgitOIeyjaS‘ wed anEqmumbéi) wﬂndhrcanmobtaaubd from

tre 006 t hod 600 can., begin, at bl
B S e Ao e A T SosRrag Sy it Wiy i aspect,
R@"ﬁb@forﬁ’i@& i PhethBBSIBEE 6@0 Rdbabdieorel BRCUnder M3ND, ghannelis

to generate a QR oriéntation for each transmtted
detersained sushdhes beshaivph &P o o8 hypdsiomipbax lwgerb@trles and such

H]ﬁl”—lo lifﬁﬂ q{ i—l&s anot%zr Or %s&%ﬁrﬁt | oﬂg(zrﬂi t Jl"ﬁ) a ﬂm y represented

annel as u

ByﬁﬁrytHeQWs@fH bl 152 Iﬁpﬂeﬂéﬂt@ﬂw p=Ipe'xtihehd @msts H‘OéM(Dtﬁls)ban be
once. deconposition can then bqrgerforned on _each

Wﬁ&&@(b Y Bing Ehecsvatl@ﬁqm X fidbe= CRP YR Bht dF 7 ofrther\ahix i vector
i e e S R

bmlefdr cemER cotimetidraitibdock G08rsimadh’ las anﬁ]mebchﬂidg&tan&m
it should be appreciated that QR deconposition at

fosgk GQQccbﬁhgglfll Rbialg AkhifEed cittbe pefRekl oh el bRtk 604 to

gart of meth 600 and that methodol ogy 600 can
ansform the MIMO systern model into complex integer representations that can be

used for LBR and LRD. In one example, the vector y can be scaled and shifted as

follows to obtain a scaled and shifted version yiis:

y=Hx+n
ys+s = Cscaley + Hcshift

9
ys+s = H( scalex + cshzft )+ Cscale

vy, =Hs+n'

(6)

where Cseare = 0.5 ((M -1)/1.5) , M is the size of the constellation used for transmission

of the streams to be detected (e.g., the size of an M-QAM modulation scheme utilized
by an encoding component 214), and ¢y is an N-dimensional vector with all elements

equal to —0.5 — 0.57. In one specific example, x consists solely of constellation points in



performed for a non-deconposed channel matrix in a

simlar manner to the follow ng description. [0061]
worwbhoZIBDOgy 600 next proceeds to bl ock 604, WhEF/E52008/074695

scaling and/or shifting factors are applied to a

receive vector to transform edch elenent in the

recei ve vector to a conplex integer. This can be

petodaratiesl scHeale 18%¥@MRItRNshBsibACInki b atresultat it it GomPRE lifteger

Reduction (LBR) at bl ock 606. In one exanple, the

FPESFValect or utilized at bl ock 604 can be a receive

vector y as used in Equation (1), which can be

9631 ned rémdhe abayet it odn beehsicwved shaa Hy seeonst linsrof Hgjuatady @) can

onponent s, cordance w t.h one. aspect, LRD .
BeMRB Ak Biost Rof ROBhIREG b Ve REIREE tormT s for LBR 10
bBPrf@nmiFatat bloclP60E B@tiRr Mt agchesdbsbrvidatat BRttinEoanstida diven by
consi st only of conglex i nteger entries and such that

ie

Fruatiopp6) ¢imapeilttn bedergseioranos ygthssubraptiggsd MIMO detection

a-.pai, t ' . .
QAR Tl of e BBty RO E R R oo B Oticd by

andtiplyihg ycaby EPExgprfodsesd by using the equation y = Hx
= (HP)(P 1X) = Hz. Further, if x is a vector having

X L onstel | ati on points, sinple rounding
%ﬁﬁyte”“ip%gﬁgﬁg? Ezﬁlbe used(fyor el enent estimation
at bl ock=B08+§HPgenP 1 has conpl ex integer entries.
[ 0062] Accordingly, scaling and shifting can be
RELE PR ‘iin&F otth ontl] fﬁﬁ{‘f I-ﬁgﬂd 1,0 s gﬁﬂ'rﬂ' 1b& ¥ Mse as much
system nodel 1 nt® conplex I nteger representations that
taise brehansaaknt es HL'BR1 &pldinl’ RIP, improved pefanaheg cante achieved by
vect.or can be scaled and shifted as foll to )
bEARHEL SRR 25 SRGeShort st it s youpored f chfplex tgeer
YalgdsS sifcifty SFRMBIY withrespeolZ cafi be perfbtri&d &%(ﬁsi?ﬁp[’é ®unding
shift ) + ¢ scale n' where cscaie = 0.5-*((M-1)/
apeBytiony] iThe eHtenaipyel rindishean dlanshedionnd dolellowed f or
transm ssion of the streans to be detected {e.g., the
gizgﬂg%d@p%§$@fpynp ul ation schene utilized by an
eficodi ng ‘conmponent 214), and &hfl is an Nr-
disrehéional vector with all el ements equal to -0.5 -
0.5/. In one specific exanple, x consists solely of
f6d] el |4t orerofpodingry skitbintixdart adn gipratdienemas bel difbicult to

transm ssion,. and as .a result s is its conplex integer
RIS HES BRI R DGR iR HisPFfé boie ?_rwﬂ‘g%ﬁm@éed vatues for s
8bg fhaY ¢811 bdlic R oRSeBRtbnl HolRdBies FAALLRRt b8 orG@M RBrdingly,

applied at block 604 to transforma received vector
amexgrasslicorgmedp wonld &b inecded forl IBRI-docikien petplibdepedingtto obtain
?‘%@%@P@&ﬁ%@}ﬁ% %&1&61157 gﬁi cbi}gtgﬁatg)% b%?nslc?arri\égd Htogv%%ert, 1 eshould be
appreciated that the extra slicing step is not always required for soft-decision output
decoding, as it may be better for performance and complexity to carry out detection with

respect to s, for example, by using the equation s, = Pz.,. Based on this, the Euclidean

distance metric then becomes the following:
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Equation (6) can result in better performance with
sub-optimal M MO detection techni ques. For exanple,

WO 20007029930 Zer o- Forci ng (ZF) M MO detection i s BEPUB2A8/074695
by multiplying ys+s by (HP) 1 as follows: (HP) = (HP)
1HPP 1S+ |i' = P 1S+ (HP)- 11321 Since HP is nore
orthogonal than H and as a result (HP) 1lli' does not
[GSE a0NBGbal Qi 58 sBIfHENSGFEBEm@bat Hlddki 604 medbaslogy 600 can
ZF, 1nmproved performance can be achi eved by Uti|lZlnP
E9Gerd terblqek) 0o rwhemsr lapriag oxgricsst of qogstgHatie Rasptp sssiegformed for
Qefchcf&ﬂ?%ﬁféd'sﬁgﬁlg %LOMQ} fﬂ)%%timﬁ%' o‘Hlé?%lteﬂ)e%rfsaﬁ{lée%]c? foW&Espance
respec 0 z can be performed using sinple roundi ng
opeulationousing arhid-@sinald B0 algaritlan hascdamrMRIDe Nnleac eramnple,

s follows: z est =roundi? + (H 1l 0064] As one
Boveieds pet QrmegipeT snajak sireamyat b@)&ﬁ 6@6 sv%f*%&%%m 1% C%ig?ﬁaféon
Fhitdsiotha shRiat QRSLOGTI COR S Rleki b LRI POHRIRN: 850 Whdthl streams.
respect to z . As a result, estimated values for s or
¥Winigythd folllowong ddsdeptidnerckitmso peif@iniog LBRUrdachasselnathx

respect to.s . Accor di 1an extra slijcing, ste

isoRrond Rulid@h doomRaTdeP oyt St g RS AmRY 1§ niaues

Ot By 10N $drlelBihRAB IR Bh & n¥hidoédhpdied eRMntBhh@kiRR channel

boundaries. However, it should be appreciated that the

antrixadaspingpyey usingmnpthendecogipagifien mgmcm@ dFgrdyer, while the
ft-decisi-on output, decadin as | be.better fo

B aEErr Rl L STFREBsorl o}t VS U R stoutd

besRRediatb @ttt siblar XAMNPLS, caBe usiliAg] toliRtee A3 iudibes 651

=Vzest. Based on this, the Euclidean distance netric

bt yHeaSt he following: = y-Hc 2 \W+ HsJ (9)

Cscal e y HPz[ 0065] Once scaling and shifting is

BW66br ndd aapcdifioexengda, a first @Bdvico@yios 0 bawppbicd or ek naymal

bl ack-&06, rei n, 41 Qopin ver .a_set el latio

DR S g YRS i PRt B BirifuRe BlpeEBREkghet b ihe

@zﬂd@ﬁelg@, aBigiossTBle@onitbiRition lpoiid)tos traganiedd fosantk S tEHRE €or the first

cal cul ation using a sub-optiml M MO al gorithm based

OR wrmfation, Witk Hexamprd! =1QBpk B s bpeprfeimedpnghe first two rows
SPRYS Bbtafil 4 SBHRE PLOAFR, SRCL WS he ENGRAFE! B! San such that
art at | g Regesid

cons ation points o Spa strea
Qs rd:N.01 2SR pELE, 1:0e) -oHhek. JiP\OwIspaP! ids thé fodlawing structure:

o

Py P O P o,
= . (10)

P'= p p =
21 22 01X2 l
0 0 1

[0067] Because looping is performed at block 606 for all values of x3, it should be
appreciated that there is no need to affect the last column of Hemuwea by the LBR.

[0068] In another specific example, the LBR on R(1:N—1, 1:Np) (e.g., on R(1:2,
1:3)) is detailed by the following pseudo code in Table 1.



While the follow ng description relates to performng
LBR on a channel matrix deconposed using R

waele@onposi tion, it should be appreciated that BECTUB208/074695
techni ques can be utilized for performng LBR on a
non- deconposed channel matrix2dor a channel matrix
deconposed usi ng anot her deconposition techni que.

Furittherizawhéd)e the foll owm ng description generally
ketates to a series of three transmtted streans, it
Sheoul @ (b8'rappiteéi ated that simlar techniques can be
Btk |5 Réd: Ntoldetéet any nunber of transmitted streamns.
EEG@GT}IEI e EPeetie! edahpt'e, "at i st QR orientati on
an be" applied on the normal order of H = [hi h2 h3],
and Loopizng can be perfornmed at block 606 for al
QggglpLg:mglpes (e.g., all possible constellation
p&d Ntis} xofi: tfansn1tted stream 3. Then for the first QR
ori enhatd eoyndnrt h(H,p) er mitedi AibH) = QR LBR can be
perfoitfred on A he first two rows of Rto obtain a
nmodi fi ed C%and RIRWhPeH<caane]eXbr@sse@JésRGkQ ‘andiiR
LR, such tR&t *QRE N r ™1 PR4) 1:Nt) =
Hper mut dP? where P' has the follow ng structure:
[0067$(§gcaQ§g5looplng is perfornmed at bl ock 606 for
al | vabugs:of- %, (it; shoubd. he appreci ated khatthene;
I's noneedct timak &§§'£hﬁw]a$t colunn of Hpernuted by
t he LBRembOQGBLRInkanother specific exanple the LBR
on R(R'=(Nk) |5 RLi:N:/Y-1fe.g., on R(1 :2, 1:3)) is
det ai Red(hy-the fotdmewi ng pseudo code in Table

1(|nPL‘i631P|zapc|o]F1)) k =2 Q'LR=QI: =Nt-1) R'LR
= R(Iphb I%‘IP N 1§P is the two dlnen5|onal identity
rm‘t ri )&iakcg L)E;lt’%a LIE? ay\rpl | is up<_ I\tlté;i\n arl)%trl_l%:tlfurle') l_ lO
( kb)eta B(2 5 K wnorrR(R 151 ‘end ‘and belta = 0.75
G = [-alpha beta; -beta —conj(alpha)]
R'..(k-1:k,k-1:Nt) = G” * R',(k-1:k, k-1:Nt)

Q'wr(:,k-1:k) = Q"g(:,k-1:k) * G
k = max(k 1,2)
else
k = k+1
end
end
Qr (1:Nr, 1:Nt-1) = Qip'
R (1:Nt-1,1:Nt) = Ryy'
(the 3rd column of Qr equals the 3rd column of Q)
Qr(1:Nr,Nt) = Q(1:Nr,Nt)
(the 3rd row of Riz equals the 3rd row of R)
R (Nt, 1:Nt) = R(Nt,1:Nt)

Table 1: Pseudo code for LBR on R(1:N—1, 1:Np).

[0069] As the pseudo code in Table 1 illustrates, a check is performed on the
number of times, denoted by the variable mu, the target column of R can be subtracted
from the other columns. Next, it is determined whether the column with the most power
is the rightmost column (i.e., the (Nr—1)th column). If the column with the most power
is not the rightmost column, the rightmost column and the column with the most power
are swapped. After swapping columns, a rotation matrix can then be applied to

maintain the upper triangular structure of R.



if delta* R'LR (k-1, k-1) L2 > R'LR (k, k) L2 + abs
(R LR (k-1, k) )L2 (swap colums of R'LR and P )

W0 200802730 R "LR (:,k ) R'LR (:,k) = R 'LR (:,RET/YSR08/074695
"LR (:,k-I') =r_tenp p_tenp =P (:,k ) P(:,k) =
P(:,k-1) P (:,k-1) = p_tenp (24ke sure Rmaintains its
upper triangular structure) alpha = R'LR (k-1, k-1)

[o0g0Mm ( R ohReﬁa{fnﬂle HSI ush‘ng]the LHRG(BIﬁ:rﬁldR debdRibel above) looping
/'norm (R LR % k \klhal ha beta; -beta
p%ffﬁﬁ]meééF Plegly 696 gan rLche(eré als qullqm e dpllowing deeripkion relates

)

oot prih Pplehied et g SE%I&%&D%%?I&%@,@%@#“@H be
SR arly igbiRofrhedMt black: 6N6)forq)tﬁ%trl?ransmttied sBrange oF imbaséd G- Rscaled
equal s the 3rd colum of %L% Nt) = QI =Nr,

pd Sheﬁtffﬁeresfflaedr Yﬁﬁt(&fysRLcht@a 3 @qlfeé%r whwawa%be RXpregeqRas
Eﬂ'ﬂt Nt) = R(Nt, 1 :Nt) Table 1: Pseudo code for LBR

°P¥(SI CNL T, 1 I\IT) . [0069] As the pseudo code in
Table 1 |Ilustrates a check is performed on the
Nunbet..of HimesCdenot ed by tB& variable mu, the
target colum of R can be subtracted fromthe ot her

&P W dialevdctoriyt cnShedRi@mM ey whigther Jalﬁgn col um

with the nost, power |sther|ghtrmst c(ll‘ (i.e., the

¥ PVQL)(E BV, doViTim).. Bhsedtdnethe weaiomy she tramshmttﬁd) sitcapowern be looped
over the set of possible constellation points to determine a second intermediate vector y"
for each possible value of x3 by using the equation y" =y' — Rrr(1:3,3)z3, where
Rir(1:3,3) are the first three elements of the third column of Rir and z3 = ccateX3 + Comipy
where ¢ 18 one entry of ¢4, In one example, respective values of z3 can be pre-
calculated prior to looping at block 606. Based on the intermediate vectors y"
determined for each constellation point, a corresponding value for z; can be estimated
by using the equation z; = round(y"»/r1r 22), where ", is the second element of y",
round() is a rounding operation to the nearest complex integer, and 7 r 2, is entry (2,2)
of Ry r. By finding z,, the / "_norm approximation of y", — rrr 2225, which is [Re(y", —
rir2222)| T [Im(y"; — rir2222)|, can then be determined. Based on this, a third
intermediate value y"; can be calculated using the equation y"'; = y"| — r1r,1222, and from
this equation a corresponding value for z; can be estimated using the equation z; =
round(y"'1/rir.11). From the estimated value of x;, an I*-norm approximation of y"'; —

rir.1121 that can be utilized at block 606, which is [Re(y™ — rrr.1121)| + |[Im(" —

rir.1121)|, can be determined.

[0071] Based on these calculations, for transmitted stream xs, a distance metric can
then be calculated for each possible value (e.g., each possible constellation point) for x3

using the approximated /'-norm given by Equation (3) as follows:

|Re( " RIIZI)+|Im( " ru? 1)

(12)
+|Re(y2 1{2222)4—|Irn(y2 R2222)+|Re( )|+|Irn(y”3)|

Similar looping and distance metric calculation can then be performed at block 606 to

obtain distance metrics for each transmitted stream.



is not the rightnost colum, the rightnost colum and

the columm with the nost power are swapped. After
WEHpO29780 col uMms, a rotation matrix can then PE&I/US2008/074695

applied to nmaintain the upper triangular structure of

R.[0070] In one exanple, by u¥ ng the LBR operation

descri bed above, |ooping perforned at bl ock 606 can

ogeeped Aferfddtdmescti¥y foethchenkalted wirogn das chlicplatedmt block
relates to looping for a third transmtted stream 3,

pRo, ﬂ?élaﬂd@lquéOQ (AR é@%@@oﬁﬁbw 608 Sipiohiniam Saft-decision outputs by
I
édtlgﬂlla rnsé I}S%Hff(re[ﬂ% (Zst L;ll%aﬁf gbggﬁgn l&gLn dtﬂé ﬂﬁ{lstntu J@@ gtgéearnii/sgoglsed at
icagttiopaiy os tise d)kthmelmetnas dé)émnkecﬁﬁlb,lookdﬁ%h B}i&Ma§bofesp601ﬁc
+S ~ cal e -pernuted® shift

expr as fol] ows;
Iﬁﬁslrelrdﬁseqaﬁ&a.dateémwgatf%fr @h it i 1B M8 gyping the

EER@pf@@ﬁoﬁ%H@ﬁ'b @qﬁatlo 22 W Riowd: :N T, | -Nt)Hy s+s .
Based on th vec or vy e transmtted stream x 3 can

b e logped over the set f possible constellation
Mbn)tﬁ—%@nﬂetd K- nmnai(sﬁ)gond (1Bt er medi ate vector y "
for ea€

Podsi bl'e ial ue '@ f X3 by using the equation y

- RLR( 1:3,3)Z23, where RLR(1 :3,3) are
Aheltﬁ)hms;t LURsE8r b @A tran®dnifted ft€cabldiin & caf lbud®mputtd BbiRg similar
and z = csca i eX3 + csh where c is one entry of C.
LHRcﬁ?fEreéSéathpﬂoéhoﬁeéé‘ﬁ?@d{lﬁﬂéaws dsend (1323 can b e

precal cul ated prior to | ooping at block 606. Based on
10983} nt eV ﬁbmfalteecww tr Bigy 7,"a nlethedofoge d0¢ tor neare$OMLD in a

|
R A I T SR 3

0 2d)be pbRERey, fbr dxaniphe bsas @B@s@b@ﬁf; @h aéceks drminal, and/or any
round() is a rounding operation to the nearest canple

ptheieyetable gaHty In apvipgdcss sommumycation pytwerk. I the ollogyng descrlptlon

080 gl DR BORERY JBLLIN Rypieregfik . fom

B RaRSAR phteniear2 1 8 aemm APE 10et ke sioudd te afgasaatedrhonleiver, that

el OIS & S 2 il 3
uation a correspondi ng value for Z1 can

B’g’ﬂﬂ}mt dethedoligey ﬁ@ @gegingt biork Oilowhfaely QR .deiqmwltlon is

g&%ﬁneﬁ%n%ﬂscthlaﬁ%? ﬂ%\tr‘fﬂe%%s&ftfnlgﬁl ?ﬁ&t Ve lMH\@@ Ch nell to %egerate a

PpPr oxi mati on o at can' b e u
AR drlcnecdtion @6y, casch Itr@i'mrmstedl R&(ayn "In one leRambleZQR) deorhposition can be

[ Im(y' i - 7"LRLiZi)l, e erm ed.. [0071]

B%fg'éﬁ‘eéﬁt blogls dUx Kr et %\P?Iasrﬁgaﬂqﬂép DAY Iéta? lé%ﬁﬁiwm

K atﬁ,ncénfgueﬂ%t lr&w%m & %ﬂn@eft&@é tﬁeha@%@v&ﬁ ofechor
possi bl'e” value (e.g., each possible constellatio

fifc;uontp)osnhon can Benbi pgrfomedamprack pemttegaidn tb-ohmipthres QRN
Si

by. Equati 9 as..fol l.ows: ar opi ng..a

P EHRES ol PiTe RS ShE B o BB Bt mingrally reates
B QeI RPG sbA-decision outputs based on QR orientations for each transmitted
stream, it should be appreciated that QR decomposition at block 702 is optional and
need not be performed as part of methodology 700 and that methodology 700 can be

performed for a non-decomposed channel matrix in a similar manner to the following

description.

[0075] Methodology 700 next proceeds to block 704, wherein looping over a set of
constellation points is performed for each transmitted stream to obtain a predetermined

number of candidate estimates for other elements needed for distance calculation using



obtain distance netrics for each transmtted
stream [0072] After distance netrics for the

wQ e@poe78t ed streans are cal cul ated at bl ock 6BGI/US2008/074695
met hodol ogy 600 can concl ude at bl ock 608 by obt ai ni ng
sof t-deci sion outputs by cal cff ating | og-1ikelihood
rati os (LLRs) for each bit in the transmtted streans

hasedptahal MBIO GidPp@M al@Brithie As sdrotcephRidie Ly one of ordinary
determ ned at bl ock 606. By way of specific examle,

pikkdn therarty Bl A3y QM dHhasexDanautiabsammitatipnal eyt thoa
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near-SOWLD I n MO conmuni cati on syst em using a
ﬁ?ungied}umedklﬁcaigctrhkmmasb]olck 64, raquectd chbiphody liogdudddycaarching
be perforned, .for exa an access point, an

Qe B0L T B SRRy RS etsh o ent ity in a

W rel ess commu cat on networ K. Inthefollo

HOek i ptBonay 161 By IMEEG agRlfe toPIE r&égep?cb@dﬂock 704
Eéﬁrpr@cc%ﬁrak %éuc% 3therf§ gtd%&rﬂlf)ﬁ%&‘?erilﬁr Rates (bl b @ctml&ed M

transmt antennas 218 at an AP 2 It 'shou
algprithoi tinechn H@qmeﬁbaned othathamathoetolxalgyoripdsed asung QR

m | ar fo n r tr itte )
Goctimnititn SRR e i s Ta5 el o Cupdaf Yeaggorithm
(7 M)h@{cﬁw&em s‘ﬁ@ﬁl@%%?bfe’cﬁ[bd‘ tBatRBE foRpBGt BIdCR 704 can be

annel matriXx represen the effective M MO channel

slmﬂgelm @c@f@@n@ii fq-'ea @@Iilém(mmﬁﬁd tlnnelgudirix padionh changel matrix
03|t|on can be

Besof e i ol T SanoSRof P RARER, e Cons ot

el r Ha ed C
GSP0°; gibiorty 14B3eiaarebs sTBE R patbs”bihsmtgiate vector v
e de@%nﬂx%a%m%%igt t!h@ Bql%l%ntyhe Q('P &V, R919N§)5§ m?l@er@ %"N}eh :N7)
pernmutation to obtain t ori entations. ile
tepecseits thessst ofrelonenthm @dﬂan@lm@C%I adke NrbyHi . NT7 Frorn the

BEQERTble o B S B WP LA RO e B ©

bdnsﬁeml@tid)tﬂp&ﬁtsd@ petemhiat @ deddrdtinth oo pas y'i f@ﬂe@h possible value
bl ock 702 is optional and need not be perforned as

plrstyasingehnemisriony” 700 Rabr3dat Brsehenibr sgfgrmroiate ypctors y”
Q&eﬁﬁh&%&%gchf s 1%%?#&?@0%&%3 c&r{lﬁ‘&‘ﬂ lestﬁ[x?att{ B%_?Efresébondmg

simlar manner to oW ng escri ption
iveishdded agyumid@an b bstihaee byl 8sih@ tHel cqitiofldd .. MSELEH N/ r22), where

| oopi ng over a set _of constellation points is
Pens GF neren e SHemeIE T Yy SHEGH Beetic e paRips Qe aeprest constellation

B&ﬁ@,‘ ehé H}Hé"&ﬁ’ry (2,2) of R. By finding x,, an /'-norm approximation of y", — ryx,,

which is |Re(y”2 — l’zz}Cz)| + |Irn(y”2 — 1”22)C2)|, can then be determined.

[0078] Once the initial candidate estimate x5 18 determined, partial distance
metrics of the four constellation points surrounding x; st can be determined. In one
example, the partial distance metrics can be determined by assuming that the vector y' is
scaled such that x; ¢ is on a grid that can be expressed as {-7,-5,-3,-1,1,3,5,7} +
7*¥{-7,-5,-3,-1, 1, 3,5, 7}. Based on this representation, the four surrounding points

can be chosen as xzest +[2, 2j, =2, —2j]. In one example, an additional check is



nunber of candidate estinmates for other el enents
needed for distance cal cul ati on usinga sub-opti nal

worMDIBIBMed- M al gorithm As can b e appreci at BCI/b§20081€74695

of ordinary skill in the art, full 3x3 SOWD has

exponenti al conputational com exity. For exanple,

full 3x3 SOWD for a 64-QAM constel |l ati on

pardraRt it® sadulythaedie siesundi 16th dower faB4buedde the constellation
ssibilities., In other words, if _an outer |logp is

g@fnrdéw% dAirdhe sirToupdingipeints @rﬁ@btaafedsthearpam@h ésstamé%aletﬂcs can

nakg éeﬁ?f?g{h@ +ﬂeﬁ%e§i§&lltgfv?ﬁ? Vél‘” rd%xn%t? 9?{&18 =7 26%1] -2,-2j], and

&ien detegninany the éoupeesfpectmd -horngepprodimationcont r ast ,
using a Gui ded-M al gorithm at bl ock 704, requi red

FOBTP| eXiA yhitdSinfeedbdied vajueSeastienalvkesd R kY. Mook i
In the second dinmension in a guided way, [ 0076]

Brayndmiomts hyRsing fheqdnipiekampl e 12609T pagh n@mto%rﬁ!@ these

I 0
gdeuam)t%c {é?%%s%og%g B{rﬁﬁ&%g?ﬁ]?naft&tflgp ! Igrjn-liggd gtﬁc\)ﬁ J-HI)WCQ@ b% estimated
tding tlm&qualimmxpersmfe(m'd/m)] Broahihnretimared of x, ﬁeﬁmﬂﬁﬁsed
usi ng ojposi ti.on at bl ock 702), herein
ﬁ@fr%%m@a% a&ag aﬁ@f@ﬁaaléagm%? goreh i %@RewanSI + HmG™y
Hows Ve bel detc3 gt d FBr @acﬁ@@((ﬁ@aﬁﬁlﬁge tegt%att‘:@ ?ntleﬁl‘?&iﬁd?g dRtance
bl'ock 704 can b e simlarly perforned
metricd eantheo dedechamae usimg the ﬁzﬂlawdigoarquatmhannel mat ri x
deconposed usi ng anot her deconposition technique.

Lz@g?%]) Iﬁug gty ,plgcgf Irﬁ(?vio,oggljng over the constellation

oints, i hter e vect e determ ned (14)
by usi ndR?Gj’ezerquF +|@ﬁ)yzLFz#z§Xi‘%(}\lR N?XHJ wher e
Q! :NR,1:NT) represents the set of el errents in Q

hayh e dlsﬂéﬂc@ fetiQés c:hlctu@até\éﬁlski’ly Eqda@iolN (14) JoFefPohbRg to the five
i nt ernedi at e vect or y %ransmtted stream %3 can

initeal Icgmbéaie estenat@smf gethe ©$tm@at§ﬁ Mtélltheatrmmmupodlﬁﬁascet etric can then

e m ne i.nt.er vector y " r _each .
B EPERE 0y BETERE M EATER GBI S8 gD Fsriny FreEREW points
Rirdoundind)the Bow Bam@de 0dh B @nkidteuNedt atLnpleGt o I§W yst " Xpest + 2,
determined for each constellation point, an init

themecheins g4t bodgtertied Rorres pohti RY £ila ﬁ%&hoytdelt? observed that

%Lwe g{n ¥ %séfcﬁ ﬂs{ﬂ ﬁnc%si{ feg@;ts 1q ﬁ %&/éﬁgw%sgﬁ]ieggy géetlg%laed to not

ploeidenhe oiiniyiim Ehtate(hetiris. Fughérahbgkinpednathewbe pe:rfdrhﬁd to
near e tfggonstel [ation point, and r 22 is entr

grsure thaghe pew gopgs doonotdall utsige ﬁhea@&ﬁfsuamb%lﬁ(yiwes Aé@r
geleé%h%ﬁd bﬁeck (F thnew 501?1%)(831*&]5 duﬁ% rna?es fo ,ﬁxa%hhhe

can then dét er m ned. e init
dlatadccdmtmcesf thfmhlee nawe)gtnts eand:@tfemmd medsimgar Ilnalaier to the above
i st.ance netri

the four cons atio oints
G UG e B PoipimiowTdil Sonh HHE S GIVE Resermpekass
bldek PO4 tdrbe irdinaie Sr Rl biies p6ial aﬁ’oﬁlddﬁ es@frmnnﬁéisé@ysuch as [2+2],
assum ng that the vector y ' is scaled such thatx

e3t2)i£-8h 2a2idrdad beteansiderpd- bOacethp ﬁeséag@d n@@ﬂ({S-a?e det@’mmed

- - + } ) .. . .
xz?;gwfestldan Jf)b u%datgd to7rehect the point having the minimum of the distance metrics
corresponding to the points xz new est and its surrounding points. The above calculations

can then be reiterated for the new x; new est and its surrounding points.

[0080] In one example, block 704 continues until M candidate points for x, have
been considered. Once this condition is satisfied, methodology 700 can continue to

block 706, wherein the candidate values of x; and x; for which minimum distance



j*{-7, -5, -3, -1, 1, 3, 5, 7}. Based on this
representation, the four surrounding points can b e
W@bweerw7as x2,est + [2, 2], -2, -2j]. In one eRENPEMN8/074695
an additional check isperformed to ensure that the
surroundi ng points do not fal28 outside the
constel l ati on boundaries. After the surrounding points
aleico icad d@ekmih&Are spiattbd.abintllas i Gopisy ARl distefceG@dirib cflculation
found by taking the internediate value y'\ - 22X2, est
ﬁ@be pq;rf(gglea at blgf:k 706to Q]Zﬁéjtl]l MIBHIR HiSFnge MSHHRS ,fprr@ch

ARl B ol BRE ot R, FEDL A Sl 8 epndhoed by
d&jvesgd a gradidnt snd wiing tha rgrataiumrd tondetEmiing Ehe legyndidatagalubef x, with

uation y''\ =y - i 2x2 for each i ng. Fromthese
@%m}%@ dlSéadWei*me.aﬁgwaal& acieuS PHiE parferglance as QRGM
Witﬁﬁ\ﬁmé foﬁ% éﬁﬁ&ﬁt@rﬂ)rlxz%@d R & &3tdafmteeheusd ?@l%etot?%le extra
equation X Slice(y ' "i/rn). Fromthe esmateso
ddmplaxity fo-cabppintahergoedierdat i on ofy'i - + |Imy'"i -
TnXi)l, can b e determ ned. For each set of candi date
F8i et esfreri sl]teétlir[@tdib atirintlins tiatabec Metrids @asbloak 704 enctiodlogy
det er m ned foIIovmn equation: + Re
seong|ydgy ﬁtﬁo&g? ROLAUNRE 5P ~d§91$1an?wput83b>ﬁ%ﬂ%l%tﬁg log-
Hk(ﬁfh%ﬂ& ?atg)? t(LLR% fﬁﬁé&ﬂlbzﬂtlﬁ %é"t?étﬁﬁllt?élf@ltehﬁg bﬁs:leﬂ)at least in part on
correspon he five initial candi date estinates
thic animthehsteastce metrecswictdnmired atbloickiife.dBg twaryed spetifi¢ example,

ER ¢ dePode iR saRur B o s R bt G80e oL

SHIERQIND NG ByhEqRevh EStdsHBl@vean b e considered. For
exanmpl e, if X2,new est = x2,est + 2 , the new points

can b g etermned by x2 newest +[2, 27, -2j]. It
dHoul=d—b mmlds{el)vaﬂ}ntal”(at)jﬂ né® est - 2 is not used
since fi \iedul'ts X2, edt, which was al ready

determined to not provide the m ni num di stance netric.
Edditioasllyc hé®sifogthe athet bremsnhitted pegahorinadah dc eospiited ukiag similar
t he new points do not fall outs&de the constell ation
BbBaaresuens tahese ewmnde FRBHI D EREkT g of the new

oi nts, corresponding estimates for X1 and the

082 hnc Figed Hiugtzatet a mrthodploge SAQ {or RV POmPERHY SO B-ouEW
?ﬁe@hoﬁ' i NV BBORERE ntié)dtllbg %xé&?g\(xﬁthdl%ﬁr&%&f Mg{llic %@5 @EIOIQJ)

olnts surroun Ing X e event
M&:IHIE[WI(&@BOG cai2bepérforbledefor ¢adnglarbybaneactesspoitat dchcotss
f our ?th poi nts around x2,est fromthe set, such
‘[egmgia ang[pg Yy of: erzﬁultablg egilqy in @ yreless celg}ﬁg]pa:@i;l% net@qg% In the

I?vﬁi‘ﬁgg&%@ﬁﬁndﬁeh{eﬂﬁﬁoﬂ g 8@695‘3 éﬂe&ﬂg deﬁvrﬂ)%avf(ﬁsat seﬁ@é‘ops e

updated to reflect the point havin e m ni num of

tthmnatt@cbstrﬁenm(@g cfmm 2opondi ageims 2hé apoi AP214R, 10 quld be
d.i,ts sur The .a ati ons

est pOi 0

e Ve el BLPaEdoPaY SO o RSB ABLE TRt fgnber of
B AHRALRANROTRE $endrHA88] béhﬁh&@ﬁlﬁi’é Q@H{aﬁe n@r@@ﬂfeczlqé use of
continues until MTcandidate points for x2 have
calculated distance metrics. For example, it can be observed that distance metrics found
for a given x;3 actually also apply to the estimated x; and x, for that x3. It can happen that
the distance metric for the corresponding x,, when going through a loop for x;, is not as
good. This may occur, for example, when column 2 of the channel matrix H through
which x; is received suffers from fading. Thus, by reusing the distance metrics derived

in the x3 loop for x, values estimated in the x5 loop, a kind of distance metric diversity

order can be achieved.



been considered. Once this condition is satisfied,

nmet hodol ogy 700 can continue to bl ock 706, wherein the
w@amvdizkase val ues of X2 and X1 for which m ni NRET/US2008/074695

di stancenetrics were determ ned are selected. Simlar

| oopi ng and di stance nmetric ¢l cul ati on can then be

perfornmed at block 706 to obtain m ni num di stance

[088B] CS TherfoBawihgldeauiphioh geskraily RaimRs tABMURRE] WahWPSLD (e.g., a

the cal cul ations at block 704 can be conducted by

B&Dwgﬁglt@ngma@n@ﬁtedmdm@fh@%ogm@% Hawewer, tghould be appreciated
gﬁ{ ?Mﬂ' B %1&%&&%9 Wal oz?i:léf%u? atr-%dl\r/IEDrQIéB
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t hodol ogy 700 concl udes at “bl ock 70 al ni n
sutfidlizced by se:ttmg dustaport sictuie starhgaudradyis u’gord(ng,l dsfk,e(m)hmmiddsmre(xs) to a

(LL for, each hit in,t transmtted,streans
bRbaitst kit e bRl RRmed bl b il s caed et Pr R el
determ ned at block 706, By way of specjfic exanp

(0841 <o Odlo®t FAHER thest Ccamiialigrct o fJH“é”PF@H%WF@H at
@%@ 808 hAShARK A Jr%t e%?rh@@at%léfﬁ@ 80u-sEg Ul bRk 806,
2) as fol di |onaI y, LLRs for the other
toopamgrvian be gegomeanfer & nurxemlarcobsd@ed'pﬁnd:aeld ougiangt ofi qpnbtalation

LLR xpreSS|o s to those n.in Equati

P 10 PUbBST oG e et dped s A e tD gy o Bt
HRWNEORBIrRY fdrths RfspcBivt BitmASd S1ehiefR. BY wayi\ptcific, non-limiting
conmuni cation systemw th Enhanced Metric Usage (EMJ) .

Mentdeldoeriye B teasmipied paredro rpeah, bof perfossaadpl Wockoy06aas follows.
access point, an access term nal, and/or any other

HOB8Shb| Premto topping ceremthe (ebmdlad:iompuimit& at imernrediaovdctor y' can

n.the fo descr t Ql 800 | .
Beab PGS PP e R Ry S aE TS, o tlmediate vector
g‘t {He R sthRicl sircdrh QMRad Yell8G)RAyv cAE @&mogs]f@la@&)n Binf o

It shoul d be appreciated, however,
deteimoidoh oeppng mﬂemmdl%@vgqtcm }{"effﬂi gach ppmﬂé@l val@c Oémby using the

A nggtg y?]; y%?@?%b g% 1 tglgtl? (gaﬁ% gf:c ?ﬁs aft g%telbn%ned gor each

b3 tclaGen PEiht, b@ﬁesTpEﬁ)dlng &aﬁmﬂu&ed bttca@@k, Ren BOSRIREH Byhdling the
di stance netrics found for a given x3 actually al so

gption o SHecArdndar(&e xh AAETV " Brthe preond glemept ¢fan.
gg&%ﬁﬂlﬁ&@ il Qﬁgﬁhgggﬁgﬁm{%&ﬁé ﬁeafré)s'i 55&?eél%ﬁ%r§ ﬁ&ﬂpﬁg{ eﬂ&) returns

or X<z,
fﬂ&nﬁdemi)f tlmmmstellﬁMn oiatnpl ese avbiyek OB wmd 12 1@fenﬁ'§h@ 2)of R. By

? nnel nﬁ frix H throug ich X2 i rec&g:ed suff?rs
RGAE Fadh A goIPPIoHRatien el ng —t e a\f herrpee)l *
Eig()lb"y@%z@, E{lﬁg&g?& g&ernfu%d XBadkdloH €8s, %irﬁ%t@gné(f‘até D8tue y,

oop, I st ance netrlc diversit
"

can be calculated using the equation y"'; = »"| — r15x,, and from thlS equation transmitted
stream x; can be estimated using the equation x; = SliceAndIndex(y™/r11). From the

estimated value of x;, an /'-norm approximation of y"; — r11x; that can be utilized at
block 506, which is [Re(y"'; — r11x1)| + [Im(3"' — r11x1)|, can be determined. A distance
metric can then be calculated for the possible constellation points for x3 and their
corresponding estimated values of x; and x, using the approximated /'-norm given by

Equation (3) as follows:



order can be achieved.[0083] The foll ow ng description
generally relates to EMJ used wwth PSLD (e.g., a PSLD
W@ k@ona7Bm i npl enent ed by net hodol ogy 500). HoR&Ew€82008/074695

shoul d be appreciated that EMJ can al so be used with
any ot her suitabl e near-SOML.B@&Il gorithm Mt hodol ogy
800 begins at bl ock 802, wherein initial distance

rjc trar,e nsef constel l ati on points
:Zyﬁ%?*ezé)ge):cﬂ 8 arrglyAq o(% a séﬂ es of transmitted
streans. #Re e~ lexa [I@(yfzcrrzz)@ACh recei ved M MO vector (16)
Y, dlstan age arrays can be initialized
by setti naﬁgl{mfyﬁeénéjrl c storage arrays dstOe(xi),
dstOre(xt) , and dstOe(x3) to a high value, such as a
Hl{)@dbt er@ﬂqeéhie diafanes maptxicy/ate, defegmingid|at ls(l_bck £06, raettiodcgogy 800 can

r es Ve t hadol o 800 t hen be .
byl s YRS L RIRU AR B o s PEle figp point
S&érmlaéd R thhdueient @eRINGhIGRAMBRdREI elciRdtsake BbRAKS place of
806-810. At bl ock 806, |ooping can be performed for a
bigheresierey disemss Bskiy fat the suirey étreaan 9@4 cspimated other elements.
&%’#@éﬂnk@%@ %P;? g{%}; r%lgsrﬁgt%% 69 o@eﬁig)ﬁﬁﬁg e@t%%gt%ﬂ values
foetey hdxf tic stdred dispecinties €§Jrel(ffaah&ﬂ u@bleta& as ﬁxlloBy. way
of specific, non-limting exanple, |looping for a

Sarq,gmtntnggf st O3, Gy be performed at bl ock 806 as

Prior’to. |l ooping over the
e’w§{z$’|i|fg o ol AE5; %2 2R nt e(llﬁdl ate vector y ' can

bljm ‘d@t)&rrﬁ”ln(kggr (ay), 46l ng, L e equation y' Ql :NRI:N

Hy © Fromthe intermediate vector y', the
L(fﬂ%l?f m t f?ﬁg tﬁé {hgt%n%@( 1%?&1%5] f(?ethé Qque%g stPeh] aré I?igte%%}neg fat block 808,
onstel | s 10 determne a secon

methedoiedy 80@ theagirerecds’ toftﬂxsckeaoho desahink evhedlet ﬁuﬂfer %aﬂmymtted
usi ng the equation y" 3,3)x 3. Base

BLFRR}S P @ PSRN a%féuv%@tsaﬁ%m@ aredPééSéBW&@dP@gy 886 ﬁdvances to the
@Jg%ﬁ rhittbli Qe ht(fj)&l%d&@lfzf a‘?ﬁﬂ@ﬂ%ﬁ“&oél{sﬁk@ﬁ r@%gtf&dsa% SRAMP Ifno

an e esti mat Yy usSli ng the equatl on
ﬁiﬁheemmqu(t;ean@/are mae,nt \Mmh@:lcﬂogyZS(]Oscohbﬂad&eact otk 814 by

Slice is a slicin eration.

| t
SR sebbicbisioruirtap et Aclkods dn RerdoR e B RERES eflics. By
gof M%fﬁcofloﬂ hﬁu&r%‘éfaﬁ{ ‘leatsbi@aeﬁgibﬁbu{p‘ﬂfs déﬁ%e %En&ht@& Kt 814 by

Is entr By finding x2,
taltulwcxgﬂpgﬂykpbh@qdaailm(IMS) fqzz:ao_h biwh tnassniuRefd yfr®ms rFor

det 1 hed,
Bl g i Pt g L P A TRl i the
CBRGhAk 6N Yhieh By tHyQa @A@Y Ferhy Stbred Wistarrce indotidss RTolllows:
fromthis equation transmtted stream Xi can be

estimafjed using the equatio =
#lhde mdle&(my( )—/mtrt)ds,oF( a.tlﬁé esti mat ed val ue of

X1, arf ‘iknopn appH‘JX| matidgn ofy"\ - 1 1X1 that can

be utilized at block 506, which is |Re(y'"i - can be
[O88}) mi n@obrna%ivtdlyst@mmiMrsbarch@m’ﬁLrt(eﬂ “heindl.c0 pred, x,, x3)),

Ltgr pE:r omPe(()i le)cl% 88 rc]a?rg fl: lcoantltl)lgfr:]d &9[11 nhesabfo(\)ffr: Liﬁ ca qula',:t{(])lell Iin such
an example, minimum searches dyre(x1) = min(dy,r(x1), d(x1, X2, X3)), etc., are not
performed at block 808, and instead each distance metric d(x, x», x3) for each respective
combination of spatial streams can be stored at block 808 together with their
corresponding xi, x2, and x3. From this information, LLRs can then be calculated at

block 814, as illustrated by the following:



correspondi ng estimated val ues of X1 and X2 using the
appr oxi mated 1-norm gi ven by Equation (3) as

WO a00bo2s3d(x, ,X2 , X3 ) = |Re(/ 1 - 1L + || m(/PAT/USI008/074695

\ + Re(y 2- r22x2 + |Inmly" 2- r22x2 (16) [0086] Once

the distance nmetrics are dete¥lmi ned at bl ock 806,

nethodology 800 can proceed to bl ock 808, wherein

dIS cs f esp ctive)constellation points
Wﬁq: nﬁhé r p§tﬁ§gn1and estimated other (19

eleneﬁ%s re stored | place of “hi gher stored distance

nmetrics for the current stream and estinmated ot her

HI08Aknt sThunppengarmple i & ﬁHﬁA%ro@e@w@hwtth éhrs@rmarieldtransmit
r a ; spondi n Xi

SHAT R, 208 RLARSREDAL 08 RELALER AL 5D s o

vpttattee it it odlxl v after whioh eheGnlnithum m d st ore ( X I
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[0091] Referring now to Fig. 9, a block diagram illustrating an example wireless
communication system 900 in which one or more embodiments described herein may
function is provided. In one example, system 900 is a multiple-input multiple-output
(MIMO) system that includes a transmitter system 910 and a receiver system 950. It
should be appreciated, however, that transmitter system 910 and/or receiver system 950
could also be applied to a multi-input single-output system wherein, for example,
multiple transmit antennas (e.g., on a base station), may transmit one or more symbol
streams to a single antenna device (e.g., a mobile station). Additionally, it should be

appreciated that aspects of transmitter system 910 and/or receiver system 950 described
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[0094] In accordance with another aspect, the transmitted modulated signals can be
received at receiver system 950 by Nz antennas 952a through 952r. The received signal
from each antenna 952 can then be provided to a respective receiver (RCVR) 954. In
one example, each receiver 954 can condition (e.g., filter, amplify, and downconvert) a
respective received signal, digitize the conditioned signal to provide samples, and then

processes the samples to provide a corresponding “received” symbol stream. An RX
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modulator 980, conditioned by transmitters 954a through 954r, and transmitted back to

transmitter system 910.

[0096] Back at transmitter system 910, the modulated signals from receiver system
950 can then be received by antennas 924, conditioned by receivers 922, demodulated
by a demodulator 940, and processed by a RX data processor 942 to recover the CSI

reported by receiver system 950. After successful recovery, the stream can be provided



"detected" synbol streans. In one exanple, each
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1004 via a receive (Rx) antenna 1006 and transmit to the one or more access terminals

1004 via a transmit (Tx) antenna 1008.

[0099] Additionally, access point 1002 can comprise a receiver 1010 that receives
information from receive antenna 1006. In one example, the receiver 1010 can be
operatively associated with a demodulator (Demod) 1012 that demodulates received
information. Demodulated symbols can then be analyzed by a processor 1014.

Processor 1014 can be coupled to memory 1016, which can store information related to
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hde access termnals 1004 via a transmt (Tx) antenna
1008. [0099] Additionally, access point 1002 can
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implemented by a processor, software, or combination thereof (e.g., firmware).
Apparatus 1200 can be implemented in a base station (e.g., an AP 210) and/or a
terminal (e.g., an AT 220) and can include a module for looping over constellation
points per spatial transmitted stream to estimate other elements using a sub-optimal
MIMO algorithm 1202. Further, apparatus 1200 can include a module for determining
distance metrics for the streams over the constellation points 1204 and a module for
obtaining soft-decision outputs for each bit in the transmitted streams based on the

determined distance metrics 1206.



i nformati on. Denodul ated synbols can then be anal yzed

by a processor 1014. Processor 1014 can be coupled to
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streams and estimated other elements in place of respective higher stored distance
metrics for corresponding constellation points 1408, and a module for obtaining soft-
decision outputs for each bit in the transmitted streams based on the stored distance

metrics 1410.

[00104] It is to be understood that the embodiments described herein may be
implemented by hardware, software, firmware, middleware, microcode, or any

combination thereof. When the systems and/or methods are implemented in software,
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metrics for corresponding constellation points 1408,
and a nodul e for obtaining softdecision outputs for
W@2wh/0p780 i n the transmtted streans based on PEEUS2008/074695
stored distance netrics 1410. [00104] It is to be
under st ood that the enbodi meni& descri bed herein may
be i npl emented by hardware, software, firmare,
m ddl eware, m crocode, or any comnbination thereof.
Wien the systens and/or nmetdoddsre inplenmented in
software, firmvare, m ddl eware or m crocode, program
padeisulaigede: segnents, they may be stored in a
machi ne-r eadabl e medi um such as a storage component .

A cod sent .a roced a function,

B cubiBaRahior 2 p b e de e Pt ahied Borg el frangmitted

Eﬁ?ﬁ'&ﬂ Sreafds $0h N Iﬁe-ﬁ)tﬁﬁllﬁ ASip 1806t ﬁ‘?@\dll\q()t) 8h¥imunication system,
nmbi nati on of |nstruct|ons data SLTUuc ures, or

pmngm%mgstatenents A code segnent may be coupled to

anoth r code se rdware ci.rcuit assi.n :
and ofopERaeT RatF i e BRACHERSn S ShinsaPe RARRIA spatial
PEdaai¥Rb etimatO b a BRI Yiheo th@Mited $tifadlsmRbddoN least in part on a sub-
argunents, paraneters, data, etc. may be passed,

pRimRMBIO abgorithmisni t t ed using any suitable means

i nclu r e .
passi oy SRR SR BES AN RERT G LI consetlation
poihts\ier the irggpbaiventaabmiied spirenl beeanm; qmdes d es cribed

herein may be inplemented w th modul es
proc eameéaémgfseﬁ%méwe OULHS 196 therfsheptYe tﬁaé}s%tﬁ?ﬁ gams based at

ﬂﬁﬁQﬁBg@%nﬁﬁﬁgfbp@gaﬂggﬁé@ eThe sof tware codes may be

stored in nenory units an xecuted by processors. The
menory unit may be inplenented within the processor or
gxterpgl . Lo4he cﬁﬁﬁ%ea@%m t‘thﬁ s bgtl?m&laﬁﬁwbt algﬁﬁhﬁﬁs based at
comuni cat'i vel'y coupfl e € processor via-varilous
reests Res-StisakiawDdtection€P8LD). [ 00106] What has been
descri bed above includes exanples of one or nore
enbodi nents. It is, of course, not possible to
descr Themehedwf chiael wableth the Jih-bpdimamMIVIOcagmithartased at least
or net hodol ogi es far purposes . of descrlbln t he
i BpERdR¢ I diverdratonds HEtHtsECCeptive Birafesincy Pawlaps»n skil |
in the art may recogni ze that many further
conbi nati ons and pernutations of various enbodi nents
4r e péBamsthed ofelegndi whpipin tha doapineevich ey rAwi bty afeangellation
ﬁoﬁmlgaﬁ ed to enbrace all such alterations,

fications and variations that fall mﬁthin t he
Spi ri appyidg aciepe oat of hecadipp ézmﬂ@thndlaaihl’fﬁng Fagtdrhen Erhmmal matrix
to the extent that the term"includes" is use
Bt KareseHe ey etietive M%\é@sﬁﬁrﬁw drowsh Whigh gieache Fly ‘ragigted spaial
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e term "conprising” as "conprising” Is

imm¢gerpred ed when enpl oyed as a transitional word in a

wherein the sub-optimal MIMO algorithm is based at least on Lattice-Reduced
Detection (LRD).

5. The method of claim 1, wherein the looping over the plurality of constellation
points includes:

looping over the plurality of constellation points for respective transmitted
spatial streams to obtain a predetermined number of estimated candidate values for

other transmitted streams using a sub-optimal MIMO Guided-M algorithm; and



claim Furthernore, the term"or" as used in either
the detailed description or the clains is neant to be
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nmet hod for generating soft-decision output values for
a set of transmitted spatial ¥treans in a
mul tiple-input nmultiple-output (MM comrunication
syst egalet@ERkbiBAY carl o RPuVieF tha redpdttald dtler@fansmitted streams
constel | ation points for respective transmtted
gﬁhmtaml@trﬁg)gﬁqu ¢jstange mefries &mtlyer@spe@]av%trwfmtted streams over the
ne based at least in part on a
%{E%F%ﬂs{eﬁﬁﬁﬁ}f%ﬁ% gorithm determining a set of
di stance netrics as values of the plurality of
onst e n
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in part on the set of distance nmetrjics. 2. The nethod
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spagjol dttchns lba seioh and leeast’or oth eRBirSmii ] s]nd:ems neing thcodecomgosed
M SUCCGSSI ve interference cal culation. 4. The

Xclaim 1, wherein the | ooping over the

plurality of constellation points includes: applying

at |least one scal ing.factor and. a hlftlngfactor
70 a CRamS odr?éfﬁmwafﬂ% F dSEMRROS Y tﬁ? elappehrpatir gsludes

HR RUGRp¥EHiGTok IR RSincPhall@nsm tted spati al

treans are rec |ve to convert respective entries in
the channel matrix to conplex integers; and wherein

he s based at | east on
%attlgg %%gt)ceg ‘I\Dé‘et eétﬁlrgl%{%{%glé% The met hod of
cl ai mythringvretiaidistdrive rﬂecrxcml foga sateff colseeliation pbintsyfoofhe set of
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storing distance metrics for respective sets of transmitted spatial streams

and corresponding estimated values for other transmitted streams in place of
higher stored distance metrics for the respective sets of transmitted spatial
streams and corresponding estimated values for other transmitted streams; and
wherein the generating soft-decision outputs includes generating soft-
decision outputs for the respective transmitted streams based at least in part on

the stored distance metrics.

9. The method of claim 1, further comprising generating hard-decision outputs for
the respective transmitted streams based at least in part on the generated soft-decision

outputs.

10. The method of claim 1, further comprising;:



that m nim ze respective distance netrics for the
respective transmtted streans over the set of
w@eeghzd7B@t i on points. 6. The method of cl ai m BCT/US2008/074695
further conprising deconposing a channel matrix that
represents an effective M MO4hannel through which the
set of transmtted spatial streans are received,
wher epéhetdiRglhaaPidkioy Qitpttd forthélfe3pédtiye @hnsmitted streams by
constel |l ation, points incFudes | oopi ng over the )
papehang foy a srinieyHe distange MeHiger ﬁtt@n%'%teii slgprae 1] the respective
' pat4 al streans to estinmate val ues for
%%%@?H%igﬁgﬁﬁt é% streans using the deconposed channel
mat r i gbtaifingleed-detikion oofpus far the Granwhieted istaicdnnend corresponding
deconposi ng the channel matrix includes performng QR
g St ¢% BW%WCPH%“%WQHH%‘{ Stirgs bescdgat Ieprin pattipg ¢ toyerse
EbRidMdon fdppiRer conprising: storing initial distance
netrics for a Set of constellation points for the set
of transmtted streans; wherein the determning the
PEL OTnhRiRAGe BRI GRcllitht dasr oHRkEL HbiagoiFhanse
netrics as values of "'the plurality of constellation
paiinorsinpot valespepectine s epsesoitingratisaict tvethes pathic atansmitted
streans and correspondi ng esti mated val ues for other
fﬂaé‘ﬁgsrﬁef‘@é'd streans, storing distance netrics for
respective sets of transmtted spatial streans and

orrespondi.n stimated val ues for qther transmtted
Ly canbe mﬁthﬁaa)g éfaaﬁﬁi \fjh@mestg% seftrdfiipR Hput HbeY 456 Sgnspated by
Ba&ﬂ@§%§%ﬁ&¥&néﬁ&ﬁe°f transmtted spatial streans and

correspondi ng estimated val ues for other transmitted
streans; and wherein the generating soft-decision
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e respective transmtted streans ed at | east
pahideodettineénsigohectt df dis@ancempeics b galu&. of Theploeilimoaf of
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claim 1, further_ conprisin eneratin
69}18&&%%04 BNt H@r the §%§e<mv\?é'%??raﬁ@ﬂismt@3 stegamsAsined Lt one of an
i t. o er t . Sion
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conpri si ng: generating hard-decision outputs for the
spective transmtted, streans by searching.for a

Loy SR SR B oSl B emea B NP oSty for the

tRedtios peadnhivted b @RsThElLes @IduRARE lo@hkk MBbakdHoR gor respective

har d- deci si on outputs for the transmtted stream and
bl még%gmnﬁged streams based at least in part on the set of distance metrics.

15. The method of claim 1, wherein the respective transmitted spatial streams are

modulated using phase-shift keying (PSK).

16. The method of claim 1, wherein the respective transmitted spatial streams are

modulated using quadrature amplitude modulation (QAM).

17. The method of claim 1, wherein the set of transmitted spatial streams are
allocated among a plurality of subcarriers using orthogonal frequency division
multiplexing (OFDM), wherein:

the looping includes looping over a plurality of constellation points for

respective transmitted spatial streams allocated to respective subcarriers,



estimates for other respective transmtted streans
based at least in part on a reverse constellation
worepiozag30 11. The net hod of claim 1, wherein tPE/E81008674695
di stance netrics conprise softdecision input val ues
respectively representing est4lmat ed val ues of the
transmtted spatial streanms. 12. The nethod of claim
11, wherdeteiminiey hefsbt cfeititSice mdti@uhcMadsuRSermliting distance metrics
enerated by a decoder using an outer code. 13. The
%aétrw@uctafe teingniied spalfe pesams aloceed & TepPACHYS suRsaisrs, apd
di sta
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oepstiet ltraﬁsimitteqb sirgiins dllocattde regsjoeed subeartricasnsm tt ed
spatial streans using at |east one of an approxi mat ed
Zl-norm an Zl-norm an Z2-norm and an | -norm 14.
The nehdodthol of chimilwhedear tk todpitg; @enefegilirabty of constellation
soft - deci si on outputs for the respective transmtted
?lp@aﬂ“sluqiqséwm%&bacsﬁﬂ S0PAE PhGOTRf-ZeTKOrdinpaRe # Binigwng gean
in the transmtted streans based at
&hk g%?ﬂhgn the set of distance netrics. 15. The
nethod of claim1, wherein the respective transmtted
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subcarriers using orthogonal frequency ~division
mul ti pl exing (OFDM, wherein: the |ooping includes
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stre ed tor ective.subcarriers. .18 The
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21. The wireless communications apparatus of claim 20, wherein the processor is
further configured to loop over one or more constellation points for respective
transmitted streams to determine estimated values for other transmitted streams and
corresponding distance metrics using the matrix and a sub-optimal MIMO algorithm

based on Per-Stream List Detection (PSLD).

22. The wireless communications apparatus of claim 20, wherein the processor is
further configured:
to perform at least one of a scaling operation and a shifting operation on the

matrix to convert the matrix to a complex integer representation; and



poi nts includes | ooping over the plurality of

constellation points for respective subsets of the set
wW@Row020130m tt ed spatial streans to estimate vaPCEESI008/074695

transmtted streans not in the respective subsets

based on the sub-optimal M M32algorithm 20. A

W rel ess conmuni cati ons apparatus, conprising: a
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streans and a matrix corresponding to a channel ) )
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Doection (R1®). const el | ati on points for respective
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other transmtted streans and correspondi ng di stance
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metrics using the matrix and a sub-optimal M MO
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shifting operation on the matrix to convert the matrix
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23. Tﬂﬁlo@% bedrems of aIvRItins el laatSp iR dbiBetiseciie BhmniNteDstreams
wherein the processor is further configured: to | oop .
dateramee estimaindeyatusy Sererthesttragpmpisd sirgarpwnd eogisaanding distance

A S o el

and correspondi ng di stance netrics using the matrix

%].d aTM We%i Qo%lqﬁu'\lltlli%lltg) rsiafblg]amltuggg claim 24, wherein the processor is

further configured to process the matrix using QR decomposition.

26. The wireless communications apparatus of claim 20, wherein:
the memory further stores data relating to respective arrays for storage of
distance metrics for the set of transmitted streams over the one or more constellation
points; and
the processor is further configured:
to store initial distance metrics for the set of transmitted streams over the

one or more constellation points in the respective arrays;



to select estimated candi dates for the respective

other transmtted streans having m ni nrum correspondi ng
wale@varoeo netrics for the respective transn ttRCOI/US2008/074695

streans over the set of constellation points. 24. The

Wi rel ess conmuni cati ons apparét us of claim 20, wherein

the processor is further configured: to process the

matrix usi Rodp GedrithXoktesaniRebhdtelhtios pomtLIde theashebtve
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conmuni cations apparatus of claim?24, wherein fhe .
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to generate soft-decision outputs for the respective
transmtted streans as log-1likelihood ratios of the
54 or egh A, $LRECE A ons 2fpardti§ oPE1LEh 88 Swherein the processor is
comuni cati ons apparatus of claim 20, wherein the
prideeswdizguial th detchreme clostdricg nragiicstusingen égast @c of an approximated
har d- deci si on outguts for th%)respective transmtted
STRUENEN Y 8eEn.GR It MOTRet®t 3 heBOWst ance metrics. 28.
The wirel ess comruni cati ons apparatus of claim 20,

wherein the menory . ) ) )
30 The wireless communications apparatus of claim 20, wherein the received

streams are modulated using one or more of PSK and QAM.

31. The wireless communications apparatus of claim 20, wherein:

the memory further stores data relating to respective frequency subcarriers
having received streams allocated thereto based on OFDM; and

the processor is further configured to generate soft-decision outputs for

respective transmitted streams for the respective frequency subcarriers.

32. A system that facilitates multi-user detection in a wireless communication

system comprising the wireless communications apparatus of claim 20.



further stores data relating to soft-decision input
values for the set of received streans. 29. The
WORMe0ZE30 comruni cati ons appar at us of cl ai m 20PCTHKI82008/674695
the processor is further configured to determ ne
di stance netrics using at | eakt one of an approxi mated
Zl-norm an Zl-norm an Z2-norm and an Z -norm 30.
The WAr@nesisiCaBndNiteatapparatus BRApatvides ddw CbiplexaQ near-soft-
wherein the received streans are mpdul ated usi ng one .
guippigrexipunpdclihaed @mtloglfpr Fp@iegof Epresstted streams, comprising:
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al l ocated thereto based on OFDM _and the processor is
furt h@ea%gﬁf 5@%&%&%}?@ PERUECSGY HedBe) it tdssireams
Hed theSRBELINR LGNSk gf Streams for the respective
frequency subcarriers. 32. A systemthat facilitates
mul t i mgsmy fodebtemingxnofi-decasion owpws Sorcospeumicdatsiiothe transmitted
system conpr i si.ng the w rel ess, comruni cati ons
SRR pE Bt (8 AaTH 860 dianeS BRI cat i on syst em
apparatus that provides | ow conplexity near-softoutput
Xi | i kelihood detection fo% %gs rieg of al
-ans 't FUBMERICAI0RSYSEBHPPEIHET cid@nS: PBFEiTbGpshyoptima
AMEI0 BlgdathnPls ta0aBdtetdsadd P&-NRiaRE Bisl BEtef &HP@SLDYIE.
transmtted streans to estimate other elenments using a
sub-optimal M MO al gorithm neans for determ ning
§é St anfecdRilh£8tidPlystRPagpERRAI Y Aml 132 AR @ f
streans over tﬁelsegmogﬁ%%hstd z&f%% bgﬁnfs; S
leamg dver the bttaifwongelébioh pdexds wclodeout put s f or

respective.bits in e.transmtted streans based on .
[ heP cEbyoRaio Brd R atedr il St R e AR R epigios in

¥ ThemcRRRaHabUSHlcxthRifs3shd Wherein the sub-opti mal
M MO al gorithmis based at |east on Per-Stream Li st

Det ecticans foPBloping @sr thElvet feansipliatianipomtsips respective transmitted
arat us. of. cl ai 3 wher ei n,t he neans. for | oopin
SPRAST SRurfiee B Fema T b R Rl b X B

MIMG eRtbtittgn Baxdd ShilfattleR cAuedtipDeettiohIURDY. t 0 convert
respective entries in the channel matrix to conpl ex

i ntegers; and neans for | ooping over the set of

genst ehé adrh@AnRAMiGH §sfed appaBRRCic¥emt 32 Bickt 8 means for
Streans to estimte the other elenments using the

Bleningelventie sebofaaustellatioh popts imgludsa: MO al gori t hm based
on Laﬁfeh&sefoﬁ f g&gdovgﬂh% GLf o%ogitﬁ?a)tibfligintsg@? r%\slﬁectivs transmitted
conmuni cation System apparatus of clarm ) erein
tthanyeagsndrate estimated candidate values for the other elements using a sub-
optimal MIMO Guided-M algorithm; and

means for selecting respective estimated candidate values for the other elements
that minimize respective distance metrics for the transmitted streams over the set of

constellation points.

37. The communication system apparatus of claim 33, further comprising means for
processing a channel matrix based at least in part on QR decomposition, wherein the
means for looping over the set of constellation points includes means for looping over
the set of constellation points for respective transmitted streams to estimate other

elements using the channel matrix and the sub-optimal MIMO algorithm.



| oopi ng over the set of constellation points includes:

nmeans for | ooping over the set of constellation points
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esti mated candi date val ues for the other elenents

usi ng a suboptimal M MO Qui de#b- M al gorithm and neans

for selecting respective estinmated candi date val ues

Bor t ke adh@unRhisEdysent dpphratisutid I3eapeet totlprising:
di stance nmetrics for the transmtted streans over t

set oMcawifer epTing il daitance megres fppdic sefrphsanyaliation pomts that
PR GITLRRBALHME QiR Uetina M B ARTRE &) "0, oA
on Q?wﬁelenmhemetan@fo;r defeenming d1htenafeaaestsic:f ijmcluldaopl ng

over the set of cgnstellat on poi nt.s | udes neans
for | oopi nEeBvsePr fffernuping shistensr ety F IBHCHE Y tagpmitted

respegld i ahf %E‘t%gétweeegtlﬁﬁfeﬁ 3Rr ERnRALIBE fic QLR constellation
el ements usin he channel matrix and the sub-optim

M ND;aMgmrmuhn138 The communi cation system appar at us

of claim33, fu ther C r sin ans f or

it o M eadot Y6ing SERESEHies EE G Rls Shu Afpmiited
poi Nt §pyakilBdtreb S RBE biti@dtyd SRET ASRORE i Pladd6F BRELRBIR higher
transmtted streans; and wherein the neans for

deterﬁpﬁﬂn@ﬁﬁkém%ﬁ@@%ﬁ@drlcs i ncl udes: neans for

determ nin dlst ance ne I.espec
transmtt egrhs te}nea egrﬁsd%or Blséum %oefp g% 151(r)m Plétgutg tuﬁcludes means for

el enegbtain@ipNofit diRist@t ouvputs ﬁﬁ?&‘ré@b&tﬁtel R ipdientsmand streams
nmeans for storing distance netrics for respective sets
of t rh%ﬁpﬂﬁlﬁ‘cﬁt@rﬁﬁfhsﬁm@m@g&ﬁs and estimated other

el enents in place of correspondi ng higher stored

di stance netrics; and wherein the neans for obtalnlng
39f t - @b@@@n@lﬁn@@tﬂ@ﬁwemmp@m qfskia Fewhelstrathaimpgns for

faltmn% s?)#ts%e%ﬁtlo%ué n%ﬁt% ing g 81% Cftoir %{aﬁgllﬂgtﬁfgﬁ lo lﬁégﬁhood ratios for

rea ase
resp&citios bitShh thd henwoirsal str@ﬁtsl tm@ecsatsetasmnqnptafnahu aeteifmmed
¢l aim 33, wherein the neans for obtaining
diskneg@eiriss on outputs includes nmeans for calcul ating
| og-1ikelihood ratios for respective bits in the
transmtted streans based at least .in part on the

et er AhaemaELBicaRIESYivNY dnparatupel i Bowheisic e inggns for
ﬁ%@ﬁ&rgv@pﬁ@rs@tt(ﬁ%oﬁ;t?lﬁti?h?g?h% in ﬁgseﬁlga&sqgr ]{6881%&% a gll(;itlelg set of

pi-ng over the se I on poln
oastdlafior pdiosFon@smeare trhlfsnﬁ&éd gfeams to estimate other clements using
one or more of zero forcing, zero forcing with successive interference cancellation, and

a minimum mean square error algorithm.

41. The communication system apparatus of claim 33, wherein the means for
looping over the set of constellation points includes means for looping over the set of
constellation points for respective subsets of the series of transmitted streams to
estimate transmitted streams that are not in the respective subsets using the sub-optimal

MIMO algorithm.

42. A multiple-input multiple-output wireless communication system comprising the

apparatus of claim 33.



constellation points for respective transmtted

streans to estimte other elenents using one or nore
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i nterference cancellation, and a m ni rum nmean square

error algorithm 41. The commMfni cati on system

apparatus of claim 33, wherein the neans for | ooping

oyer hheulsiehodd fis@aptielcbabi@itaion Hstenh Behpidesg tRaPParatus of

for | ooping over the set of constellation points for

¢lagmddti ve subsets of the series of transmtted

Streans to estimate transmtted streans that are not

in the respective subsets using the sub-optiml M MO

4t.gor Atdempusz-regrlapigimedinma hianipg stoed thessoe comppigr-cxecutable

i e co | catl . t (Y h ar
I 5 SO A RSy BT AP B REL PR
sotsina@nicatisnyiseit) the iRstrapipas edrigrisiig: cl ai m 33. 44. A
conmput er - r eadabl e nedi um havi ng stored therean )
conputte-faxeidipingt ehanpehpefexiaa sprpdpet MMIQ @lgorithm

E&Qﬁf%& bog o & o?po%?ﬁ)leogongt%ﬂﬁﬁﬁil% ifd f&%&sﬁa@%e‘&%ﬁmﬁted streams

W rel ess communication system e instru

oothp s¢tif gnsmoittde sfreamsubicktimata goacspoading valms farothen tramsmitted
sub- opt i nal hﬁh&)aLgorithn1it£r§iiveL over a set .of
HELEIED ecEhet BT TS 5anA ART ogfeldr B ecdricyRending distance
heansMddt ed streanms in the set of transmtted streans

to estimte corresponding val ues for other transnitted

st r eanwlei for obteingwgt sofif decrsamsomitpute thr sespeetives tatsdn the set of

et er.m correspondi ng. di stance netrics; and code for
Bt e R BRGSO T eopective bits i
the set of transmtted streans based on the distance
tri . 45. The ut er - r eadabl di um,of ¢l ai m.44,
er of RS EHBDUEEAFEIC e o P ey En SYRarvaIn eafls for Uhging the
t@nsURatPR ah@ele sMbM@lﬁﬁiagMIM(b] mggﬂginv ﬁﬁﬁd@@é‘&ieff@ilf utli\}lizin the

utilizing the channel matrix and the sub-optim

ehagoeli matnx lvad du sab-dpéiasd MINMQalgoridm besed atepst ampart gn Per-
tecti PSLD . The conmput er-readabl e nedi um of

gﬁg¥%iﬁﬁ?k&ﬁ§§%pﬁﬂﬁ€% code for utilizing the channe

matri x and the sub-optimal M MO al gorithmincludes

d tilizi he ch | . ' 1d..t h
e oRY Rl bUb ot S PR St Whetdt meoga for giizine the
biainhblGRatriRedy aedubeIpaaial MM RRbrittth inchl¥8s code for utilizing the

conput er -readabl e nmedi um of claim 44, wherein the code
ehpnneliatrixijang therpaib-optimal MIMO algorithm based at least in part on Lattice-

Reduced Detection (LRD).

47. The computer-readable medium of claim 44, wherein the code for utilizing the
channel matrix and the sub-optimal MIMO algorithm includes:

code for utilizing the channel matrix and the sub-optimal MIMO algorithm
iteratively over the set of possible constellation points for respective transmitted streams
in the set of transmitted streams to estimate candidate values for other transmitted
streams in the set of transmitted streams; and

code for determining distance metrics at least in part by selecting respective
candidate values for the other transmitted streams that minimize respective distance
metrics for the respective transmitted streams over the set of possible constellation

points.



channel matrix and the sub-optiml M MO al gorithm
i ncl udes: code for utilizing the channel matrix and
W@ b@ses3opti mal M MO algorithmiteratively ovRCT/UK08/074695
set of possible constellation points for respective
transmtted streans in the set7 of transmtted streans
to estimate candi date values for other transmtted
88.r eaMbe tdnplrer-eadabdd mbdiRRBEHA dldigdi4s FireRABomPAsIng 66t for
for determ ning distance netrics at |east in part by
Beresingibe 9@@&%@@% baspddit drastanpart 9aLQR gecanmospioner
transmtted streans that mnim ze respective distance
netrics for the respective transmtted streans over

the she eompygisicadablepadivel ofaldiondp ibarein thg codpor obtaining
SR SEn {)St?gtg l?ljlq?uc[g? %loajé]}o(?fcal%hl%{i]ﬂ%ﬂ)g’-likfeﬂ%&f“rra%ios for respective
conprising code for processing hannel matri X
bigs@dhatet beéastsniittep@rdantbaldd sleodpasict efics49. The
conput er - r eadabl e nedi um of claim44, wherein the code
for obtaining soft-decision outputs includes code for
8@ cuThé taigpltogrebddid inbgiach 6fatldinsad, GirtHee sp@ptidiNg bits
in the set of transmtted streans based on the )
di st aprds fresterieginitey distmec ewinstier the sefcdpoesible gpusis!tstion

: : ; 0 ol [
fitBTh & et A T E AR LD Rors 838 Lo QUMM el s
poi nt g/hemiraths ebdeofor atiliayg tHehvhtinied ettt andethy sasoptiagpavitMO
to the sef of transmtted streans, wherein the code
plgerithn e3R8y t he channel matrix and the sub-opti mal

M MO al gor p§fuot AGLHEHESver BRACseRfivd ﬁa@t{sﬁ{ii.tt&gst&\éﬁlrs té B&imate

respective transmtted streans to estinate
cor r espompgomgnoother transantsat stitcens shd wadreramet ¢apresponding
deterﬁipe cor%esgﬁgding di stance netrics; and code for
st ori A§RACHECRIY WED di stance nmetric for a

const el | at ;e BPItBind N d&BrAhERYiskAtd BSRRYEE Reods1Rtion point in
transmtted streamor a correspondi ng estimted stream

i f t hen grsdyesariospehdisstoarteamsmittad; serem or @werresploaging estimated
stored di st.ance netric..i.n the arr for the . .
const ST RE S Gt AEACeEys e it et lgh ¢ Sioaeq gigtgnee metrcin
conpuitRrar@y €sith@ bbb tdlagdm peiht.ons for | ow conpl exity
soft-out put detection in a M MO receiver, the

i nstructions conprising: code for |ooping over one or

FPr e aghistBsdrahdt @Red¥@somplii-ck &SR ind@udtionl fdAldbk &dmplexity
streans to estinmate other elenments and to determ ne

ss-pepplodriiatign an & VM@ repstver.dbe insirwiioas semspopg:nal
M MO 9(&(%%% folaﬂ}ng%r\]fgr one or more constellation points for respective transmitted
streams to estimate other elements and to determine corresponding distance metrics
using a sub-optimal MIMO algorithm; and

code for obtaining hard-decision outputs for respective bits in the transmitted

streams based on the distance metrics.

52.  The processor of claim 51, wherein the instructions further comprise code for
obtaining soft-decision outputs by calculating log-likelihood ratios for respective bits in

the transmitted streams based on the distance metrics.

53.  The processor of claim 51, wherein the code for looping over one or more

constellation points includes code for using a sub-optimal MIMO algorithm based on at



code for obtaining hard-decision outputs for
respective bits in the transmtted streans based on

w0 b@grssance netrics. 52. The processor of clBCTUSDO8/074695
wherein the instructions further conprise code for
obt ai ni ng soft-decision output& by cal cul ati ng
| og-1ikelihood ratios for respective bits in the
fehaBEiof PedSséane BI¥E DeRsech, 1ttiddR ddiuséBDeRctiae, b iGisdedOq.
The processor of claim51, wherein the code for
plgepthay ZstaForsie. i akininugniican Sguars Krigh plgpsthnhe| udes
code for using a sub-optinmal M MO al gorithm based on
at| east one of Per-Stream Li st Detection, '
P4t t i The RgersetoMdaiact3. oderan theilgeacnprs fgghetdomprBer o
For ci . [ qyar e r I
sa. - ThetedBE Rl PGPS, By AR W resonts an
tfifsdtin e G IND hiintiet hesughonipich g trapodatcictreas freredengddOR
deconposition on a channel matrix that represents an
ef f ectNFEINIRIPEHRE FROPIZRVELGRE MHNets af e ¢onatslagan pants

V B .
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btomapisrig esiueate other elempnts @nd onddtedniia¢ carespanditgdikance metrics

respective transmtted strea estimate ot her

BRI CO AR MR o %ﬁbr@t@&l%@@% ABORATE st ance

netrics using the channel matrix and a sub-opti mal

M MO al gorithm 55. The processor of claim53, wherein

e Cghgpqoa?ssplb%fpﬁﬂﬁl Dy e{ﬁitét ©oflg) ]fq;(i(aﬁpu@gqgver one or more of the
CORsliglidabdifR iRQhods i ncludes: code for |ooping over

one or nore constellation points for respective

t r ansoodetfedlospmganver ¢ @sbormebestadtanen peingnfentespanice transmitted

et ermi ne. correspondi ng di stance .netrics using a :
ST RTINS e et SITe S roES Ry R g tge metrics
Geheh FhneskiRANVEIPoNgdiamdi stance metrics to _
respective stored diStance netrics for the transmtted

st r eapelednricangparmgtteelddeitnedarpspenslingadistagerdactfios to respective

stor,i pg the detern,ned correspondi ng, di.stance nmetrics.
i i ol ot hienSalleda s Aot uctficppein: and

ar e highebr §tbiang thaelctieh Blcticoaespoading Ipthde AtiisSh pree of
metrics. 56. A nmethod for generating soft-decision

BEpgstive vierqdedistange ractyey thafare highshiben ghe deprapiingd cofregnonding

hgmﬂcfgggygication system conprising: |ooping over a
pﬁura Ity of constellation points for respective
transmtted spatial streans to estimte val ues for

St AT AR ATl B PG o
spatial streams in a communication system, comprising:

looping over a plurality of constellation points for respective transmitted spatial
streams to estimate values for other transmitted streams based at least in part on a
single-input single-output (SISO) algorithm;

determining a set of distance metrics as values of the plurality of constellation
points for the respective transmitted spatial streams; and

generating soft-decision outputs for the respective transmitted streams based at

least in part on the set of distance metrics.



determining a set of distance netrics as values of the
plurality of constellation points for the respective

W@ e@pe2a78G ed spatial streans; and generating PCT/US2008/074695
soft-deci sion outputs for the respective transmtted
streans based at least in par49 on the set of distance
metrics.57. The nethod of claimb56, further conprising
grner ahé ngthoaiod cheaiss] RiRtherddmirsifeaientReing @sfdetscisich outputs for
transmtted streans based at |east 1 n part on the o
teneirasiae tiasmitlpd sireqmn basge plieast i gart gm ghergoppigtpdgpit-decision
Sﬁtﬁh@ 56, further conprising: generating hard-decision
outputs for the respective transmtted streans by
searching for a mninmum di stance netric for a

ansmj t m. i |ve transm tted

é%'r eaﬁxrrls}% &gﬁlgagrbr?%mﬁisﬁgﬁ%gl?dsoznpgfsgs4gon outputs for the
t r ans pirctRihgiard deviAantlontpiit €sithe eisperties tianghiesd fdcams by
ot her respectjve transmtted streans based at |east in
prarehinghion a mEpeRwe disise Ercfrig fos A LrRPPItAE Strepgn T respective
eidhad.fir&hli mpb. wherein the set of distance
nmetrics conprise softdecision input val ues
r espechtainélgyharédeasienvitpgtseot thaataeshiviatl wesanohnd b@responding

transmtted spatial streans, 60. The nethod of claim
8IMafESdPEPC ‘I%ép@HY? Er@%“ﬁlg?%ﬁranELFS%t { 14,p4rt on a reverse

ssRelati&tmlypiag decoder using an outer code.

59.  The method of claim 56, wherein the set of distance metrics comprise soft-
decision input values respectively representing estimated values of the transmitted

spatial streams.

60. The method of claim 59, wherein the soft-decision input values are generated by

a decoder using an outer code.



