HI GH PERFORMANCE STATI ON CROSS- REFERENCE [ 0001] Thi s

application clains the benefit of U S. Provisiona
wao\ppBiog@sd on Serial No. 60/883,733, filed JanueTyUS2008/050058

2007, and entitled "H GH PERFORMANCE RECEI VER, " t he

entirety of which is incorporated herein by reference.
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mul ti pl e-access systens include Code Division Miultiple
Access (CDMVA) systens, TBAEKGROENGh Multipl e Access
(TDVRA) systens, Frequency Division Miultiple Access
FERDMVA) systens, and Orthogonal Frequency Division

Mul tiple Access (OFDMA) systens. [0004] Wreless
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for multiple terminals by sharing available system resources. Examples of such
multiple-access systems include Code Division Multiple Access (CDMA) systems,
Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access
(FDMA) systems, and Orthogonal Frequency Division Multiple Access (OFDMA)

Systems.

[0004] Wireless communication systems are growing in popularity, and as a result
higher demands are being made on the performance of such systems. For example,
there is currently a significant demand for wireless devices that can receive high data
rates from large distances and in the presence of increased spectrum interference and
noise. Generally, as the maximum data rate in a wireless communication system
increases, radio links used for communication in such a system become increasingly
vulnerable to impairments such as in-phase and quadrature (I/Q) imbalance, channel
estimation errors, and interference. As a result, there is a need in the art for techniques

that improve the performance of wireless devices in the presence of such impairments.



that inprove the performance of wireless devices in
the presence of such inpairnments. SUMVARY [ 0005] The
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[0008] Yet another aspect relates to an apparatus that facilitates signal processing in
a wireless communication system. The apparatus can comprise means for obtaining
data relating to operating characteristics of the apparatus; means for identifying one or
more adjustments to be performed at the apparatus based on the obtained data; means
for computing parameters selected from a group to be used in connection with the

identified adjustments, the group comprising I/Q correction factors, interference
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drawings set forth in detail certain illustrative aspects of the claimed subject matter.
These aspects are indicative, however, of but a few of the various ways in which the
principles of the claimed subject matter may be employed. Further, the disclosed

aspects are intended to include all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 illustrates a wireless multiple-access communication system in

accordance with various aspects set forth herein.

[0013] FIG. 2 is a block diagram of an example station that can operate in a wireless



principles of the clainmed subject matter may be
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[0021] FIG. 10 is a flow diagram of a methodology for performing I/Q calibration at

a wireless station.

[0022] FIG. 11 is a flow diagram of a methodology for performing interference

cancellation at a wireless station.

[0023] FIG. 12 is a flow diagram of a methodology for performing channel

estimation at a wireless station.

[0024] FIG. 13 is a flow diagram of a methodology for calculating a constellation

signal-to-noise ratio.

[0025] FIG. 14 is a flow diagram of a methodology for calculating a MIMO rank

metric.

[0026] FIG. 15 is a block diagram illustrating an example wireless communication

system in which one or more aspects described herein can function.

[0027] FIG. 16 is a block diagram of an apparatus that facilitates adjustment of a

device operating in a wireless communication system.
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local system, distributed system, and/or across a network such as the Internet with other

systems by way of the signal).

[0030] Furthermore, various aspects are described herein in connection with a
wireless terminal and/or a base station. A wireless terminal can refer to a device
providing voice and/or data connectivity to a user. A wireless terminal can be
connected to a computing device such as a laptop computer or desktop computer, or it
can be a self contained device such as a personal digital assistant (PDA). A wireless
terminal can also be called a system, a subscriber unit, a subscriber station, mobile
station, mobile, remote station, access point, remote terminal, access terminal, user
terminal, user agent, user device, or user equipment. A wireless terminal can be a

subscriber station, wireless device, cellular telephone, PCS telephone, cordless
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[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
antennas 108 and 110, and another can include antennas 112 and 114. While only two
antennas are shown in Fig. 1 for each antenna group, it should be appreciated that more
or fewer antennas may be utilized for each antenna group. In another example, an
access terminal 116 (AT) can be in communication with antennas 112 and 114, where

antennas 112 and 114 transmit information to access terminal 116 over forward link 120
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wireless communication device, a terminal, a wireless terminal, and/or other appropriate

terminology.

[0036] Fig. 2 is a block diagram of an example station 200 that can operate in a
wireless communication system in accordance with various aspects. Station 200 can be,
for example, a base station (e.g., access point 100), a wireless station (e.g., access
terminal 116 and/or 122), and/or any other suitable device that can operate in a wireless
communication system. In one example, station 200 can communicate using resources
generated in the form of channels via one or more techniques such as Frequency
Division Multiplexing (FDM), Orthogonal Frequency Division Multiplexing (OFDM),
Time Division Multiplexing (TDM), Code Division Multiplexing (CDM), and the like.



[ 0035] An access point, e.g., access point 100, can be
a fixed station used for communicating with term nals
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[0040] Further, at a station that utilizes multiple modes for different data rates, a
data rate can be selected based on the error probability over a link for the data rate. In
such an example, choosing a suitable data rate that will have an acceptable error
probability on a given wireless link can be done by considering the signal-to-noise ratio
(SNR) and the MIMO rank for the link. Based on the SNR and rank metrics, a station
can predict a maximum possible data rate and number of spatial streams to achieve a
desired maximum packet error probability. Thus, inaccuracy in the SNR and/or MIMO
rank metric utilized by the station will adversely impact the rate and/or error

performance of the station.



by, for exanple, conputers and/or other electronic
devi ces. Because these el ectronic devices can be used
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200, such interference can adversely inpact the
performance of station 200. [Q039] As another exanple,
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par anmet er conput ati on. nodul e 220. In one exanpl e, )
m@m@p@qf station 200. Station adjustment module 240 can then adjust station 200
based on the computed parameters. In one example, the adjustments performed by
station adjustment module 240 can correct for impairments to the performance of station
200 that are identified by parameter computation module 220. Examples of corrections
that can be applied by station adjustment module 240 based on parameters computed by
parameter computation module 220 are provided infra. In accordance with another

aspect, parameter computation module 220 and/or station adjustment module 240 can

additionally interact with a processor 254, which in turn can utilize a memory 252.

[0044] In accordance with various aspects, techniques that can be utilized by

sampler 210, parameter computation module 220, and station adjustment module 240 at
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af fect the performance of station 200 fromthe data
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par anet er conputati on nodul e 220 can conpute one or
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I/Q correction factors 222 using

decreased by cos(¢; ) . The second term of the expression provided by Equation (2), on

the other hand, corresponds to a subcarrier at a mirror frequency —k and has an
amplitude of sin(g; ) .

[0047] In the frequency domain, a similar expression to that provided by Equations
(1) and (2) is available. For example, X(k) can be defined as the fast Fourier transform

(FFT) output for a subcarrier £. Based on X(k) and a known 1/Q phase imbalance ¢, , a

phase imbalance corrected signal, herein denoted as X (k), can be derived as follows:

X.(k) = X(k)cos(@,) +j X*(=k)sin(p, ) . )



short finite inpulse response (FIR) filters as

follows. A signal x(n) can initially be transmtted to
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the formCGs( ) +j Sm t) . However, in the presence

of an 1/ Q phase inbal ance (denot ed here| nas fk ), a
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expressed as follows for subcarriers and
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accordance with one aspect, imbalance correction can be done in the time domain by

()

station 200 by approximating ' (sin(¢,)) as a small FIR. By doing so, the overall

complexity of the imbalance can be reduced as the small FIR can require fewer
multiplications per sample as compared to the above-described frequency domain

method.

[0049] In one example, a three-tap FIR approximation can be used by station 200.
By way of non-limiting example, a three-tap FIR approximation utilized by station 200
can utilize I/Q correction factors 222 denoted as ¢, and c,s, which can be determined
by parameter computation module 220 and/or another suitable module associated with
station 200. The three-tap FIR approximation can further be defined as shown in the

following equation:
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correction can be used by station 200 to elimnate
cross-tal k between subcarriers k and -k. [0048] In one
exanpl e, station 200 can al so! pply phase i nbal ance
correction in the time domain by performng an inverse
Fourier transform fBr'(dguabiono(BY as fol | ows: xc(n)

=x(n)F i (cos(fk )) si nf ) As used in (7)
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| ance aries approxi mately linearly across
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A linear phase inbal ance variation can be caused, far
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di fference between the | and Q conponents, which can
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approximately linearly with frequency. The mean phase

sampling rate. Thus, to approximate a linear phase imbalance correction, a correction
circuit associated with station 200 can be configured to run at an oversampled rate. In
one example, I/Q imbalance correction can be applied at an analog to digital converter

(ADC) output of a receiver and/or at a FIR output of a transmitter.

[0051] Figs. 3A-3B are diagrams 310 and 320 that illustrate example correction
schemes that can be utilized for I/Q phase and amplitude imbalance correction. It
should be appreciated that diagrams 310 and/or 320 can be implemented using circuits,
logical modules, and/or any other appropriate means. Further, the correction schemes
illustrated by diagrams 310 and 320 can be associated with station adjustment module
240 and/or any appropriate module(s) associated with station 200. In accordance with
one aspect, diagram 310 illustrates I/Q phase and amplitude imbalance correction for a

receiver, while diagram 320 illustrates 1/Q phase and amplitude imbalance correction
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[0054] Upon performing amplitude imbalance correction, an FFT of x(n) can be
performed to obtain a frequency domain signal X;. From this signal, parameter

computation module 220 can estimate phase imbalance as shown in Equation (9):

©)

(k) =tan™" [—_ ImiX Xy ] .

X X

From the phase imbalance provided by Equation (9), parameter computation module

220 can determine phase imbalance correction coefficients ¢, and c,, where ¢y 1S the



converter (DAC) and/or another suitable signa
processi ng phase. [0052] In one exanple, station 200
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as shown in Equation (8): Based on the anplitude
i mbal ance correction factor ca, station adjustnent

modul e 240 can then O&r G@hde(h irbal ance .
correction forx. qu rfprong anplitude (11)
i mbal ance correctlon an FFT ‘of x('h) ‘tan be perforned

to obtain a frequency domain signal Xk. Fromthis

KI0§Ak1 |, Aoaitlasteated by Baystioad| Bnth%a@pl@tlglz of gaparels dopsthy

B} L D8, SR MBI (G SOIAN (11
mmngha'tzé ‘@nesn@l?nld)tecli ﬁ]ﬁ??}lgmrln dg]trzgs ?)n & opb>at?1t§)l¢é rfronadl snoé€tones
fq%r <'{ 3. 2he' lgfh 2R ievpab i can be Eyndéwﬁgggfdf%vé@ #p(18)1/ 48
T Mt .
fh(e slog)fe of akirdBsldiiNBibakhi4adorRRESH! RibrR QQ%B%% hlﬁﬁ{ PI‘R imbalance

across frequency around the nean value c I'n one
exearpbe cart twsfeerparsmmoﬂalsl/ Qahaszambs lihomtadssdszquency while actual

| trated 0 1 wh
plst B i sl g SORn bR dero s mealiPih s Mg be
EQRRRId Mifeal hhads k1opt 8sh Qé/mﬁﬁfﬂ)ﬁtadi 9? a(cofredtion ﬂl&’[Sr as shown in

cal cul ati on of cps can done g; eragi ng phase
Birgftiond hbewch dhat rtamat@le@ﬁhe;ﬁb@petqf\t $1@‘Fﬁ@§§a€ thebrdansg cppiection. In

%% c{ange WEth fﬁ}% aPeCtk ng KoLt ct1 %Eﬁoyﬁtlllz%?%gn (ig o%qhe amount of

Equati'on

besresnglivgaisedlinadn dssciihted aﬁm HR&orfeB&}n CIBOEH agshtbglddw
be conducted over f(-30)-p(18)]/48 and  [f(-20) - (28)]
pppgciatettthet prethe oxersyppling faHe apRiepdics giingtyythe camegion factor can

'a’ﬁﬂrl)écﬁezqn,tvﬂna?fs%gprommately equal to 0.637.

[0056] In another example, station 200 can additionally and/or alternatively estimate
transmitter I/Q phase and amplitude imbalance as follows. Transmitter I/Q calibration
can begin by first performing receiver 1/Q calibration, thereby permitting an assumption
that residual receiver 1/Q imbalance is negligible during the transmitter I/Q calibration.
Next, a single tone can be transmitted using only the I component of the transmitter,
such that Q = 0, and a first resulting signal x{») can be measured and stored by sampler
210. Next, a single tone can be transmitted using only the Q component of the

transmitter, such that I = 0, and a second resulting signal x,(n) can be measured and



the sl ope of a sinusoidal inbalance correction. In one
exanpl e, a short FIR inbal ance correction can

WO 2pBes®rn a sinusoi dal 1/Q phase inbal ance acP@BEES2008/050058
frequency whil e actual phase inbal ance is assuned to
be linearly varying across frequency. Thus, the
estimated |inear phase sl ope Ban pe multiplied by a
correction factor as shown in Equation ( 11) such that
ptoredeychmplar BE0.s Bagsd apfthessacsiltmessagrad, aitiebsthigtacemplitude
correcti-on. In _accordance wih one aspect.. the
EGH-BED PBfbreaceDRER b PTG b aheRR CE Ry Ematule 239 o the
R¥AS $aA0PbT N divigRithyl the RMS1$506 bt a8 fohers: FI R
correction circuit. It should be appreciated that as
the oversanpling ratio appro nfinity, the
correction factor can appro nZKﬁﬂ which is 12
approxi mately equal to 0163 "I n anot her (12)
exanpl e, station 200 can adéﬁfﬂéﬂﬁ)ly and/ or
alternatively estimate transmtter 1/ Q phase and
Pt e FRTLARECAR DR HeRRR: o MBI K ®h S adiupmgnt
maluler2df iupon its bemettipnechrihat amglitade msslaot does rdnahpact phase
residual receiver |/Q inbalance is negligible during
pRelaeg SRRy |/ Q calibration. Next, a single tone
can_be transm tted using only the I conponent of the
0037k i tAfes pefgpning gy lityde imbalgpes calipyatien, phasgmbatppce

. . ‘ 0 ‘
SPGB U0 L AR
piedet@roianpomabdr adfsamples (4. anéd)i dftaetceiwudaligahatarlbe Qored by
and a cond. resultin i gnal x can be asur ed

SR ¢T @d Weé%liﬂd@%%r Yesaust g%?]i’ri‘tﬁ’é‘s Eutiple fopps,epn be

SLRIPALBanPutll D ME t&he BARIPEHER GO hEGTkORy pARL HMioff® having
can then be estinated by paraneter conputation nodul e

a2 Oquas dishie ciRvBM\eadcoe sublcarxitdi i didd dfye(nt)lven BB begletferroéd to
xq as follows:; The transm tter i nbal ance coryection
etadion oSt aqrman s alE: iR B B 0 SR A0 e
EndupPast iribAsideTRIn APasfibwihat anpl i tude inbal ance
does not inpact phase I nbal ance calibration. [0057]

After perform ng anplitude igéql e f%ibration,

phase i nbal ance caIiQ;l(@:ﬁ:m.jﬁ*1 an £ yrmed by first (13)
generating a tone at a subcanrieX, X, fromwhich a
predet erm ned nunber of sanples (e.g. , 64) of a

FRAESHNEShR¢ 8RR ante CaRG S RALRY REITR 850 nﬁal:l'l?(}eéel%zline phase

descri bed above for receiver callbration,
tnolvdence aorrbeiogeneff@tents @ndndit i, wiredcatis theensand thd phese

royided that there are no pairs of fones having an
Beitins ek ) R o afias B8 fokey frd O RRelo i B pidfide a close
ﬁl%pchtbrf]:?vgee%%hg &{afsg rcgr?éjctitog 2c, sin(2zf/ f,) and the actual measured phase
variation across frequency around the mean value ¢,,,. Similar to the procedure for

receiver 1/Q calibration provided above, these parameters can be estimated as follows,

where N, represents the number of tones used for calibration:
1
Con =— 2 0(K), (14)
N, 5

Yo o(k,))— ok
c,, :O.68EZM. (15)
F N o k,—k,



obtain a frequency domai n signal Xk. Paraneter
conput ati on nodul e 220 can then estimate phase

WO pi98l0so6e from as follows: Fromthis phase i nPel/HR2HE§/050058
par anet er conputati on nodul e 220 can determnm ne phase
i mbal ance correction coefficients cpmand cps, where
cpmis the nean of the phase 1&rbal ance f (k) averaged
over all measured tones and cps is selected to provide

Hl0§8bs e Imn@ hxatmlwébm calpidatinaefe,citipsteaded lanEcw@Qné i H(can be

%I‘ rfogrsnsea Tb&’ aﬁﬁragn& pg?soeu(ﬁﬁjereﬂcessfura%alv aql%ggsﬂl ong? )Fﬁ a}ng negatlve
tones priaaseile rhainer RCEiuaaon (11Q hﬁhﬁd@lﬁe’itekﬁﬁpll@[ he lcdﬂ’élﬂant applied
above, these paraneters can be estinated as fol

W\%‘B@UN@ (F é@retsaéﬁmttﬁtr W& srlibeionde <t riss” 6Dean Peificrént for that
ﬁfelg 6‘§ 8 12&'01{] aélibg%(fn as prgwded *lga%t}oélr]é()f Iiﬁlfﬂ&rences between the
trststsrappied yEdgtiatid @) érﬂcﬁ()lspeam Hteaﬂmﬁ)[lfedrtﬁEfdr b>§ample
3%%ra in, phase |fferenc for pairs of positiyv

mmﬁ@@ B (EC B LRros v 4 281 FAPSR e exrgple, the
M@attﬁ ﬂ[r(‘)vfdea i) qullaﬁloﬁr(@gk%ﬁ bR\ RPInSonh&Eiof %ﬁlt@@Bversampllng
appli1ed in Equation ( for transmtter 1/Q
walle ﬂrealonstmlt{peogds?d 0. [BRiaBdy) (Idanabke dicflfie p@mech‘i@r withd&

Siserdine SER T eprEeRtas <BerdBe e RS W RELURg for other
Mlin@c}aﬂem Eﬂ*ﬁﬁ:\}' i084h e abprectiiell thdbthe €Mk apiiclil By@&tion (15)

for exanple, differences in oversanpling rates
w@@ inarcoareptéqnesions thatrig twica as lve asethe cpsection slapk @rovides by

r Qv Equat |
BT LB A5 Dy SR bs SO FRBAT S i rstc i
plb@a/nud@d approtietadibh 0na (E§)encAfegieh 6fSA@rdsh connecti on
wWth 4X oversanpling. Simlarly, correspondi ng

pasHECt I1RRuMaGE %évec(@e@cmldﬁtﬁrbwa&dteaﬁﬁ Wk e c&@l%’cl:ﬂlﬁlgyed by a
rates. Further, it can be appreci ated % hat th

glotmet 206 foa bRl indhalange a{ﬂv&aﬂmn{ipsyrewmftaémnﬁmwer and/or a

correct pe t hat tw ce .o
TeCeiver, tII& ghn A[ prr)?% Vte%Zl weyerEthﬁg 1the Aog c!l_efgrlpt}%l is provided by

eeslé an(Sﬂl(ﬁQu’IWﬂlVl@n CObF &Qhipdd) itxhseld berapﬁﬁbuﬁtddqﬁat(tﬂa@;mmer
can result in a close |inear approximtion in a
fledanen 69libratigrols net repired OIMpPregasaTvar imylancergalbiEey e

g@%%ﬂggg% %hﬁﬁgéb@gr%teﬁ;f %F{ﬁ'e% G L0 @Q%a@?e Sﬁﬁie‘aga‘ﬁg/or

I mbal ance cal i bration an
paforect iiwa ddferenttorden shant deeeriteedd/ or a recei ver. |t
shoul d be appreci ated, however, that the above

p0®d%0] | PtTh @Bcdr&aniet @Nihd@dthiey a@&&”ﬁhﬁotﬁﬂﬁ) adtpelforth i@bif@once
Eacrjlrcel?aﬁ%myecon{ptutnslg gllilcli gpp%?mg ?n%r%e%ler?cteecgnctzetl]lg‘aorg [:(?er%fgicr:?ertltts %54 as
follows. The following interference cancellation techniques can be utilized, for
example, to improve the performance of a wireless local area network (wireless LAN or
WLAN) link in the presence of interference caused by nearby computing devices. In
one example, such interference can be wideband and time varying. For example, such
interference can be in the form of impulsive noise, where regular bursts of impulses
with amplitudes of more than 20 dB above the thermal noise level are present. As
another example, computer-induced interference can be in the form of chirp

interference, where a computer produces chirps that sweep across an entire channel over

a period of approximately 10 microseconds. Like impulsive noise, the chirp amplitude



i mbal ance calibration is not required to inprove
recei ver inbalance calibration performnce. Further,

W@ 0v8/08d0eps of the above techni ques can be om PEEUS2008/050058
and/or performed in a different order than descri bed.
[0060] In accordance wth anofher aspect, station 200
can performinterference cancBl | ati on by conputing and
applying interference cancellation coefficients 224 as

¢l beomere tRe2G & labowearthe thermelfreissritanr c As gelatditiood example, such

' ilized, .for. ] ' .
AL ST, b B B AR R i

hanifieh &s8] dfAN @1 JAAN)s dbbiK theRhdrial psiesResEb@fwhich is strongly

i nterference caused by nearby conputing devices. In
efEclERAPPES reetiehanteidpf er ence can be wi deband and

time varying. For exanple, such interference can be in
10961 or mhbws, tompaxinize @crfoingance whar enviegoicat w bl pigngiceft amounts

i Jpul ses, W t.h i tudes of re than 20 dB, above the
bR 8 bl AR G g o i o008 Prelio ARG
EMTPIlt R by Héefeadinigting lof 810eN6©the 86l1d¥dng Furichiend difk, Pharameter
chirp interference, where a conputer produces chirps

EQTBR USROG 834 canesEAl @oRHeREItiop valuch arbeansef lasion

y ; | [ .
FREFEMEENELY sefloTh L IRERRGT e Pk Cur B BRlfaenified
inafararce paiasecdivaiotignalbefare iadettisi anaatonexiagalreconsoLAGC)
interference can be additive ussi an _white nojse )
PYATRBAGIY PRSI 2B 3F1VR BT (denaied hatgings Reve padipr R&Rd phtation

ee 'Plﬁ% SarPROY & ofl ﬁsﬁela@{yffﬁﬁ e%}hﬁl@, éét&ﬁﬁnin% YicaaiGtod signal based
c as. [0061]

strongly correlated across recei ve anten
ai the, estimated xiasszerrpletidrovateescadican@hlaeory coedierents and infecting the

si gni fi cant upts of these and/or, o r _types,of
FE el ioPorical TG BT en S06 R0 MU bt BRVEFRABERXB blocks
SanefhljakthRAt R¥dREnEOLMH hen BRedAfionRyenYlofdd€o ensure that signals
follow'ng functions. First, parameter conputation

froducepcR20e Pdennes Boina o cespseivepreledt deticotarsedisigtion 3p@¢have
ERE LB B R D bar L B RAHEATE R o improve
&t QIoh§IcedaRaRs iR cises @hvedn@ifgRate Qehor i fully @mieI1sd il where
automatic gain control (AGC) system and/or one or nore .
fasgcanqjery iptgefpisheqdifiareares @a brepebrives Fugnagt For example, in

gé&%ﬁ o289 thaTm) o eﬁ?elmfo% aﬂ?e%ﬁme}gﬁl@gg,ec%l{eg%i&? hfét%&%l:gcan

etermning a canc ation signa
égiradvdtaactnaaspedarce algaificantly dlffeeant antcr feamnadkbVas.i Binus, antenna
coefficients and injecting the cancellation, signha
PAYD le¥rds saachs SauplizcH AFIRE topmcg?t dets o tonamimigg ANis prEprgpance
g%gagﬁ@ﬁks. Station adjustnment nodul e 240 can then be

addi ti

Itionally enployed to ensure that signals
[0062] In accordance with one aspect, an interference cancellation technique

performed by station 200 can utilize cross-correlation values between receiver chains.
In the following description, it is assumed that there are three antenna input signals,
denoted as xo, x1, x2. However, as one of skill in the art can appreciate, the described

techniques can easily be expanded to a station having more or less antennas.

[0063] In one example, samples of signals x, x1, X, obtained by, for example,
sampler 210, can be utilized by parameter computation module 220 to estimate cross-

correlations between the receiver chains as shown in Equation (16):



fromrespective antennas going into respective packet
detectors at station 200 have equal power levels. In
wW@ewengi@nte with one aspect, this function canP@EUSZIEE050058
to inprove detection performance in cases where
interference cannot be fully cancelled and where | arge
noise or interference differelfces can be seen between
antennas. For exanple, in packet detectors that do not
perform ant enna wei ghting, d@igc%xon per f ormance can
degraded ant ennas expefi ant |y different
interference levels. Thu nEeh Nﬁ@Mﬁr | evel s can be
equal i zed prior to packet det, t|on to mnimze this
per f ormance degradati on. [00 -%ﬁzaccordance wi th one

aspect, an interferente T chni que (16)
performed by station 200 v 0¢% Pz dBr oss- correl ati on

val ues between receiver chalﬁgm In the foll ow ng
description, it is assuned t there are three

ant enna i nput signals, ”de?z} 2 JO0; X1, x2.
However, as one of skill X X Tan appreC|ate
t he described techniques can easily be expanded to a

-\ a&édlﬁ an‘dtildﬁg( 16,17 r@fredca@tsh@nir@bdras sarhPlRS 3y crlwhicin€moving
exanpl e npl es of signals xo0, X1, X obtained by, for

BYCHRESI 18 O%f‘a%&i cardenates a Ergss-pRITQlatian bt hswerarantkenay and antenna
é%%%&éﬁ@e”&féﬁ 'cFos§%9 ElQu&?lte'd Sofst AV 1&%%%%E'F%P§xample,

etween t recel ver C al ns as own I n
{ddong Brdd XEMEDS {ali)g the B d@sﬁeﬁ\lngnM bAs unsectldted fajsatanansult in

oL LB TEh b TOR raShe SRS s BEF Ot anc
FtRSose A4 §u%'s@hﬁe9ﬁz ARl PAT MREhaSHIANRANE sighdds BRAY SEWR in no
] . In one exanpl'e, such cross-correl ation reduces

moirggn@ganagi ng gai n. For exanple, adding three
signal s having the sane desired signal but
0064} eIWhedstmm'Ihsﬂ)Odam 4 eswdlationrstitbgaiiRtaf contpatacd eabdule

THE B saPoahaT I BoH e Fatan il SRy S iR cross
g’(\gll“ée?iggoinﬁxgi%g Irdﬁé ke@AH RIS Q838 s DB rel R heakir e Bver a
preceding T;. seconds. In the event that a packet is detected, all cross-correlation values
that occurred less than a time of 7 before the packet is detected can then be discarded.
Further, if the worst case cross-correlation estimated by parameter computation module

220 exceeds a threshold, cancellation for station 200 can be activated.

[0065] In one example, computation of the moving average provided by Equation
(16) can be simplified by splitting the computation between an “integrate-and-dump”
operation over a fixed minimum number of samples and a programmable moving
average module that can operate at a lower rate. By way of specific, non-limiting
example, a minimum of 64 samples can be required for estimation of correlation values.
Based on this minimum interval, interference cancellation estimates can be performed
by parameter computation module as shown in the following equations. For example,

estimation of correlation values can be performed as follows:



[0064] When station 200 is in a correlation state,

par anet er conputation nodule 220 and/ or anot her
wWa@pesopioshat e nodul e at station 200 can conti NURCEU$2008/050058

estimate crosscorrel ation values and keep track of a

wor st case cross-correlation peasured over a precedi ng

T1C seconds. In the event that’ a packet is detected,

all cross-correlation values_that occurred |less than a

time of T before the packet Dsddepgcted can then be

di scarded. Further, kj_jhe wos st case

cross-correl ation estf?mat P %er conput ati on

modul e 220 exceeds a thr4222?§2°2;gg§ lation for

station 200 can be activated 53665] In one exanpl e,

conput ati on of the noving avéE3 &provi ded by Equation
L dy.

(16) can be sinplified .conput ati on (17)
bet ween an "integrate-an §§Q§m§g§§§fgp§on over a fixed
m ni mum nunber of sanpl e§y~and a proegranmabl e novi ng

aver age nodul e that can oper at.a |ower rate. By
way of specific, non-Iim’tingf32 e, a mninmof 64
sanpl es can be requi rgd - Fen=of correlation
val ues. Based on this m nalk; i nterference
cancel l ati on estimates can- Be pefd & ned by paraneter
conput ati on nodul e as shown in the follow ng
Bojtiedr] Sfimatibn bf exadiilten cosfficieatsi can befedomiel atshown in Equation
val ues can be perfornmed as follows: Further, estinmation
Jcancel | ation coefficients can be performed as shown
in Equation (18): TV64 W 1 =WSS1JV, 64VV*
TV,, 64 [0066] In one exanpl}®, dSymimtions over the set
of sanples perforned i Equatd ens (17) and (18) can be
i npl enented using an "1%htedr *akd- dunp” summat or,
whi ch can operate on, for exg@ghple, 20 MHz or 40 VHz
i nput sanples. In addition, a §29 sum can be
performed over the last N c ouggz 0f the sumfor the
set of sanples. Thus, Wwapthé-speeis xanpl e of
summat i ons over 64 sanples, the FfAg sum and
correlation coefficients can be“updated once every 64
sanpl es. | n another exanpl e, Ytherxfunber N can be
programmable with a ra@ggqgfm,mto 8. Further, the
coefficients wo, W, W cah béég} grgmmabl e with a range
of 0 to 1 and/or a default Val'te of 0.5. It should be
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[0066] In one example, summations over the set of samples performed in Equations
(17) and (18) can be implemented using an “integrate-and-dump” summator, which can
operate on, for example, 20 MHz or 40 MHz input samples. In addition, a moving sum

can be performed over the last N;. outputs of the sum for the set of samples. Thus, in



appreci ated, however, that other nunbers of sanples

and/ or ranges forN and/or w0, W, Wcould alternatively
wheoshsdoszed. [ 0067] The conpl ex cancel | ati on PCT/US2008/050058

coefficients WO 1 to W2 1 can be fixed or changeabl e.

In one exanple, the cancellation coefficients can

additionally be set in sof twat®e used to | npl enment

cal cul ations. This can be done, for exanple, for

herspesbe cximple bﬁ@gmmgtum @ver 64 @mmﬂ theenevingsinoasd correlation

BB R EB RN R SlPr stihbst P GRUE i e R hfoer v

@&iﬁlﬁrp&ﬁglraﬁﬁsﬁdbﬁ@iv&ﬁ a@lgk,of Gagd 8. GuahM)tht,co¥itientsWy, 21, w, can be
, W0 , i , etc. [0068] The follow %
B@gmrp@ble Wltbradf@n%f‘e%f Otoglneatiadefrdvalyergftd- hglt shairipbe

[
S5 SRS sl Rl Al gL b e B o v .
Bt aduldnltdadtivednbd utilsdedkeep track of the wor st case
cross-correl ation val ues neasured over the past T

pd6oNds . THefcomppaCdatiellaiofl €bfitiets vl @S5 ¢l betiréd &thangeable.
val ues that occurred |l ess _than T seconds before the

Beriecrapile, Hetcapedlgtionpodscignts cat @F@dﬂm}aﬂﬁbﬁ &¢t injsftwpys used to
Wg[;léﬁl drgt%gfcuﬁar 1§I§i o’ﬁg’g Cal g f@ %Qﬂng @8&5%998bug?mg

cee cancel T'ation c tivate
sel/@cb impleaichevainne camrt sidratcloniquee et Mﬁhﬁﬁoém&%cddarfor

the cancel |l ati.on, er conputation nmpdul e 220 can
ERTPYLNG CpceAlption P?q%ﬁws&ts atediongd Bléﬂ%‘wg CRITARIES Caurfigh €12, Wot,

ug, of, i.pn 200 and/or a channel change at
% Qﬁ% . 06””32r32b|es utilized for the algorithm can

|t|
(B30 e SRR B BEHE rhng BAPE charple of an
f]?ﬁfléﬁbtht&ﬁd)tﬁﬁhaﬁdagdfehmﬂnmd bY&aSIn Mm)ﬂ’@r imérféramdezandcdlation as
aneel ion_coefficients can then bhe sel ected by
rlbiﬂl ﬁ)gw? hetaipp 8 63 lr&blf%ﬁmt@ak 8§ Hﬁé"é‘?fé‘ocaéf‘oﬁésﬁ -gprrelation
C Y I R

g%gﬁ%&g&ggﬁd%wﬁ{ ﬂ’i% _E\in }% 45%2&1‘?1 ﬁda Oﬁaglga 1% dﬁteclt%?(, ﬁs)s %%E%Uon
viluesak{t| axOuridd bessctivax 7, kenonds betforeehﬂ pavkemaxs dl&bqﬁactd@n be

éagglelfc{ ]SFu%t%re{, elfs &8 Q)vcci)lrsnc aé:eacr}(():sesl-clozlarte a%on\?eun hb tatlon 2%0 exceeds a
threshold, cancellation can be activated. To seclect interference cancellation coefficients
224 for the cancellation, parameter computation module 220 can utilize an algorithm as
detailed below. First, upon startup of station 200 and/or a channel change at station

200, variables utilized for the algorithm can be initialized as shown below in Table 1:

Variable Name Description

n=20 Sample counter

k=0 Counter for number of correlations

buf[k]=0,£=0,1, ..., 31 Buffer containing the previous 32 maximum correlation

values as well as corresponding values for co1, coz, €12,
Wo1, Wo2, W12, W13, Wao, and wyy, and a received signal
strength indication (RSSI) for receiver chain 0

Table 1: Variable initialization for an example Interference Cancellation algorithm.

[0069] Upon initialization, cancellation coefficients can then be selected by
employing the procedure detailed as pseudo-code in Table 2 below for each received

sample:



7 else 8 buf[] = buf[( + 31)%B2] 9 if AGC-state > 3
(Correlation state) then 10 make buf [i] buf [(k
wGa-3s08ed2] for |ast Td val ues, so for i =k, P&I/US2008/050058

+31)982 , (k +30)%82 , . .., (k +32 - (Td - 1))%82 11
if = 0then 12 if + 1 > cL &RSSI +1 < RSSI then 13
store maxi mum correl ation coéﬂficients cOl , cl12

Co2 and update cancell ation coefficients using val ues
in buf [( + 31)%32] 14 el se 15 bypass cancel |l ation 16
cmax=0 17 reset counter to 32 Table 2 : Pseudo-code
for an exanple Interference Cancellation al gorithm
[0070] By way of specific, non-limting exanple, N1
can be set to a duration of 4 seconds, T can be set to
a duration of 8 seconds, cmax can be set to a val ue of
0.7, and RSSI can be set to a value of -70CdBm

However, it shoul d be appreciated that other val ues
could alternatively be used. Further, while the

al gorithm descri bed above can utilize sets of 32 or 64
correlations, it should be appreciated that other
nunbers of correlations cal also be utilized. [0071]
Referring to Fig. 4, schematic diagranms 410, 420, and
430 are provided that illustrate exanple cancell ation
stages that can be inplenented by, for exanple,
station adjustnment nodule 240 for an exanple station
200 utilizing three antennas. In one exanple, the
cancel l ation stages illustrated by diagrans 410-430
can be based on interference cancellation coefficients
224 conput ed by paraneter conputation nodul e220.

[0072] In accordance with one aspect, the techni ques
for interference cancellation described above can be
conbi ned wth techniques for adjusting the determ ned
cancel l ati on weights to maxim ze the

signal -to-interference-plus-noise ratio (SINR) of a



recei ved signal. This can be acconplished, for

exanpl e, by taking the correlation properties of the
waele®Bog®esi gnal into account. [0073] In one surdiI/US2008/050058

exanpl e, a receiving station operating in a wireless

LAN network may | ack advance know edge of which node

in the network will transmt the next packet. In such

an exanple, weights for the receiving station can be
set bhReecdvaonsomdedarti cul ar conmmuni cation |ink. For
exanple, a, cli device can set its cancellation
mé?ghts 76(ﬁﬁ;ﬁﬂ$§e the SINR of packets received from
am i dentf,i-eglggour ce, such as a particul ar access
poi nt. One manner in which this can be performed is as
fotl ows. Fikrstk,+136BEwar e and/ or | ogical nodul es at the
station can anaky ﬁNR metrics for received beacons
wit h inter Hepex eﬁ@a el =¢.i.ohedct i vat ed and
deactivated for a period of tine, Based gn these SNR .
rics, the SapPfine e M@ HiHorRno Blgl@@%iﬁlaﬂon weights
i nterference cinderrafityfihctivated or deacti vat ed.
[0p74] To fgther inprove the interference
cancel l ati on performance of station 200, interference
esti mat es canbudk]reldd[@uriig3plackets in addition to

bet ween pagkets. |1 n_qne, ex | e, is is achieved by
al1 owi ng tHeAéélTS&F? égéﬁege_@gg%éﬁa@?'r% mechani sns at
si@tion 200 Hﬂﬂ&ﬁﬁﬁﬁﬁ§bﬁHKkﬂQzﬂ@C¥%§2Fﬁ&ﬁﬁ¥EQQabé& the
end of a received pack he cofrelation e

t, t stimates
1, C02, G , welerisk, Gk 23DWE3, (Fw28)% % -1, (éﬁé%—(@a%)%”
be stored in s rate registers to separate desired
sfbnal estﬁ%ﬁf@gﬁ?¥onjinterference estimates. In one
exanpl e, thesecoperat) grRSIIAN<RSIImheented in
har dware, software, or a conbination of hardware and
st t war e. [ 007 5}totemadsanteneeation tcheficainbat, 2808k, and update
the paraneters woghceMdtioh corffitiMELusimivAlBesUs Qhf R +31)%32]
digital pre-AGC to ensure that all packet detector
i Wput s have aser oxi mately equa
npj se-pl us-interfer vel s. In one exanple, the
pg%ket detectoré“%%§&%%?ﬁ%5§forn1SNR wei ghting due to
the fact thatc,l €0 SNR per chain may not be known in

advance. Thus, %he erformance of station 200 can be
d gr aded if JHWAQU t?m have appr oxi mat el Vi pqllnl

TRSIED! PLENEIIE Y& & exBfiplEMRIREGIce Bah QUGN AIhRRHT,
with the nost noise and the | argest power can

ti hi. gh YN at .
BAPEEL o8 Bt kPR DSBS R B PEHSS i o
sacohdsa i capbid sea td DdenatisredORsecondss of, 4 et bd @t td diwvaue of 0.7, and

he foll ow f .. Fi
gg%ﬁ;ﬁ(%a;qlﬁ% Sghtf)%u\fa?l\llg 0%78({13%:1(9 ilsowce%fr:]r, Pteshgli[i bg raggr%ciateldrtﬁgt 'other
values could alternatively be used. Further, while the algorithm described above can

utilize sets of 32 or 64 correlations, it should be appreciated that other numbers of

correlations cal also be utilized.

[0071] Referring to Fig. 4, schematic diagrams 410, 420, and 430 are provided that
illustrate example cancellation stages that can be implemented by, for example, station
adjustment module 240 for an example station 200 utilizing three antennas. In one
example, the cancellation stages illustrated by diagrams 410-430 can be based on

interference cancellation coefficients 224 computed by parameter computation module



power Pnm can be estimated using the equation Pmm

=mn(z0 '0,zn ' ,z2 '2) . Figs. 5A-5Billustrate
Wa@le@gsies3 510- 590 of stages that can be utili zRGI/B§2008/050058

for exanple, paraneter conputation nodule 220 to

conpute correl ation paraneters, such as correl ation

paraneters that are necessar :#or the estinmation ofP

mn, in accordance with one aspect. Next, digital AGC

&Yrrection factors wu can be cal cul ated using the

equation [0076] Schematic diagram 600 in Fig. 6 and

Ellﬂﬁéhat ilo adécadpmaowiiGnicaspacy thertethdigtsrfart igterference cancellation

alc tions that can LUt ized
a0t mb b O St O stk Sine e erpron
Eﬁdtﬁﬂnewlght% AR ANGE kioah LeNn PRt &hRRINDi WY atio QSINR) of a
Wiile only one calculationis illustrated in schematic

L‘hcalgﬁ(éﬁtgnﬁo a hmnm @ccanmplshedi|for dxemppp bE ¢dkangdic chuelation
ons Qu d be utilized to obtain

B%??%eﬁPF@ﬁ 8%5¥% %H%Hk%a“ﬁHnCancellatlon coefficients

r gny antennas and/. Further, it shoul d
blgsCei 3bad Biteretnlsmasce By AHORS T FOG sah AN
hombaMeay efkuaidige %ﬁé&l@@g@oﬁ%ﬁfekﬂ 166k W thOh&wrdeY £8ns@it the
otherw se, firmmvare, programmable circuits, hardware,

am /p@frkea nl}l sochen esamplam@ghtﬁmreth@mcammtat{omw]oe Betdased on

a culatlons | trated Fi 5A, 5B,, .6, )
Sk e 5 ool GRg ik oF Safye i Htsa o ek Sa Beapgetiation
Gaighbao @@dxcruizattmsmz bff paeRéts adceflel Yrot @pidamifBioufte, such as a
F 8. In one exanple, the stages used for

igWRBAGCRY NOATts Ongenaghet ing el thy eani bengsforaedsig apjollows. First,

T A v
basawnmltnnrtafaemr@h&llahme acnﬁzhteviaﬁd tieadm@'ht&& f@t&ﬁlbd'rfa)@ of time.
factors_internal he recelv chaj ns.

Bawedraadhess Sk HlegﬁsSa gtafighgn g%w cthgr&e }9%%) Disticrcane
Qaﬁfcfel‘?aftf@n%laﬁ%@doﬁtﬁatabﬁ%ttéaon by conputing and applying

C annel estimate cutoff points 226 as follows. |In one

ﬁieﬁ? aln t zﬂ(ﬁﬁh@ﬂﬁ{w&e e iﬂt&%ﬁl—: (1% ctaﬁccehlghwgﬁgc%ﬁltgpéeo&tJ@atlon 200,

€ 1 nto account correlation o

&ﬁérfeﬁratoe&staﬁates Sarshi@add dieing. paByetdin diditim, to bavweeh @mﬂ@ts In
estimates HM k), which are the channel estipates fo
SudM e (R Ingrchicaes by alowing e it ienee skiell#iop mechanisms at

ﬁ&#ﬁo L&k ]?af k&*}@&gﬁb? et Hﬁ%%ﬁ%gﬁ%c%%d packet, the

carriers, can nprove 0079] 1t oul d
egprpaiaﬁjnaﬁtsémateh a1, tohe 1, ool onnh, vy 2, das 0Pb bes, dc. smdaefswﬁd n

non- I|n1t|n exanpl e i np] ementation that
PP S Ba ) SRSl o SRR BT IRPRC: ggfmares. In
one example, these operations can be implemented in hardware, software, or a

combination of hardware and software.

[0075] In accordance with another aspect, the parameters wog, w11, and w, can be
used as a digital pre-AGC to ensure that all packet detector inputs have approximately
equal noise-plus-interference levels. In one example, the packet detectors may not
perform SNR weighting due to the fact that the SNR per chain may not be known in
advance. Thus, the performance of station 200 can be degraded if chains do not have
approximately equal interference levels. For example, a receiver input with the most
noise and the largest power can effectively get the highest weight at the packet detectors

when performance could be improved by giving such an input a lower weight. To



exanple, the follow ng inplenentation can be utilized

for a 20 WHz communi cati onnbde. I n one exanple, the
waele®snsdoesl | npl enentati on can be extended to aPdDUNERS/050058

conmuni cati on node by utilizing a 128-point FFT/IFFT

i nstead of a 64-point FFT/IFET and by adjusting the

band edge tone nunbers to t he?band edge tones of the

40 MHz communi cati on node. The foll ow ng

raorpdce fanhiaeffest, bamoawing erocw qan the meddrmgsl. NiingHa minimum output

on node utilize differ

Bgm%%nﬁﬁfﬁt}m 7 SRR I RFE i B AER oag) ¢ R SA-SB
S}glgttrﬁ §f'ar O L (;}es a&g§ ﬁlgF %adgat lllt{rﬁ aLe 1?5 (}for &8I ptaharneter

eam separa ‘ordanc

odgp@six@cihodide L2 ndamiitd batelivn ;ﬁﬁamﬁtbﬂs suehl abyorrelation
station 200 for channel estimation _can begin by
PHERFT§alHe nesessby o thgeseimatpe Pt Esm,ulm@%%daqﬁ% Rythgne aspect.

f\I@J&t 8?§?QPAGC c%%‘@% @S‘BQ%@l%’an”i}@ 'lo%!la)féd“?s ﬁM\é\‘/[\I(O[I(])

chann estil nates ow ng

%J.?Fl ws: fop® o k)2.=W k) H( k) , (19) V\here k 0,

63. 1 r"one gxanp? % t he wi ndowi ng function can be
Ienen d by the par neter comput at i on_nodul e 220
6E an NG HIE U 18 Fh 0 %?aqcsdlﬁ%ré@éﬁp ip gig. 7

flﬁ@tr&t@%l@ﬁ‘l@ﬁ&%l thﬁ%tah %@hﬁﬁz&% %F%\!(hﬁ le ?éft] an eter comy utatlon

discontinuities in the spectriam exanp
tlodulwi236 davobiginf apnctation cofkipicnts ceqn@bartcolla_fmohmoeﬁlcients wy. While

t gnes exc for., 3 e tones

oty S SC IRt R LSRRy QR S A ogb g Ghoutd be

%ﬁgﬁéted tha Sfhilar BaldftBdonsQodR A% utPizéPRobtln 48@Slation coefficients
5000, 0.5975, 0.6913, 0.7778, 0.8536, 0.9157

endbemoc!lagioggoefficienoodpr a%@é@naar @n;i:,z Fanthpe 1tasbpulﬂé>@
Ig)éem%cl? ﬁlag sc%d%._efg% 81re]1§1§anll(s q_q{) an ’700 cg ﬁ be 1mpl?1ﬁleﬁl’[eé usdn%\ﬁsoftware

Her “F'bRed e W n

éxuaated @ﬁth\ﬂ( kYedanohsth@tid, fitrdwdre, progeuhemena ot dts, Bardware,
channel estlnate Sm k) can contai n unused tones. In
fkpr aayy athe spitable ipleaRfaiéen -t ones can be nul l ed, or
alternatively the unused tones can be treated as

HW73k- orbaged amn u@galcptm@nq iliNetrated by BigspDA B, 6FETd/enh feese

wglgsgu%P 1pg ffaﬁz%r% aorl]r?]rt%c%\% ﬁlﬁtng catq Ct r @ S{fg(als )111 Mtea Eycdla&ehm 800 in

FRC8I Vebnasahpld, @N@sta@aa@éﬂ f@ﬂ célb@aﬂlﬂmwlwwélgsmﬁetors
estimates, DC offsets can then be estinmated by

dlpeiraigd hy diagean 899 casrberyidizegby F@él"ﬁéélk?@rﬁsaééo%@\i@i with station 200
BATRR S L AL O PR R ARG
internal to the receiver chains.

[0078] In accordance with an additional aspect, station 200 can perform channel
estimation by computing and applying channel estimate cutoff points 226 as follows. In
one example, the channel estimation techniques set forth herein take into account
correlation of channel estimates across subcarriers. By doing so, raw channel estimates
H,(k), which are the channel estimates for subcarrier & of receiver m and do not take

into account correlation of channel estimates across subcarriers, can be improved.

[0079] It should be appreciated that the following describes a specific, non-limiting
example implementation that can be utilized by station 200 for channel estimation. For

example, the following implementation can be utilized for a 20 MHz communication



respective estimates fromthe i npul se responses as
follows: [0082] In one exanple, a frequency-domain
WO pao80fobkat i on that can be used to conpute theP@ZUS2008/050058
portion of the channel response for a M MO channel can
be conputed using the interpolation function as
follows: This interpolation c#h then be applied in the
frequency domain prior to taking the I FFT in Equation
(n@d? Imcmezexel(nno)esthqr@ieeqr)bed iiplenentation F@O@@?mmie m@@ H@ MHz
after I I us d . by
EARE S fbpte bnio i AT PREOFEETHEE Rl ST b i
BAUAFET agd By Sdjusag the badt @igh téheSiundets t@@h@baﬁﬁd:dge tones of the 40
&(wer del ay profile that can he used for channel
P%Qg;@m@mcat(on)mede kﬂ(edouay}p@d@@;en(eggi)tlop <pn ﬁur@le[ b@g)gp]:nded to
RS E R AR B RREE e RRRE! SstaRhH R por
sratinkesipamdynagpplyipgthsempeapansies tetire chenmel tstofidtesadf cach spatial
goi nt vvheres a signal -t o-noi se-pl us-truncat ed- power
téﬁiapbsepﬁ‘)liat he channel estimate is maximzed. In one

exa par anmet er conput ati on nodul e 220 can

HOS8 | |I§ ﬁquaﬁia;lcww@sqmer@ﬁchag t%@nque\r%atéﬁ@ be pkigad\hy station 200
F e E}oBh S U6, by BBl o SR TSR Pestimates 1 (1)
o ﬁﬁwﬁaﬁplepmmﬁi 210@unt1 b liy igehd faat claancilestimates e4,(A) by a

| at e bur t|m function (BTCF) timng, the use
anqog’r“&’e ‘?V&S'shifts and/ or other factors.

In one exarrpl e the cutof f points and Cn can be

cal cul ated by par arreterS,@Ufﬁrquék)fé,r&hDdul e 220 as (19)
follows: cp = :Ph(k) <s -sJ2 , (26) cn = mmJk-|

whbBh)= st hess I]tgone &@fphs tﬂésﬁ‘ﬁidb&}m%quﬁétio%%n (P ﬁl%ﬁfénted by

(27), a noise estinate sn 2 can be obtai ned as t
ﬁ@\m@ran@ﬁermbmu@@pe m@am@@ndfcam woniglize aridrtos eféent that is present
sent

et tl trainin
for e]ia anne eaanate rnov1 ]% ey({};% nt11'13ue1§ %s 11 the spef)tr%m In

pac r e celrve
heotRerRkO@HRMNE Wlﬁddvﬁhg $1!i’t@t16n ) i@@:qﬁalrt@m gér an toﬂ;ei @(cérpt for 32

t\g\ﬁantdhed%e ([O%Seg)l gltlrltl?e? t?lfe ﬁ:llr-s/tjl-g eleln?en?snooft VrI}(% ce?ri( ‘t?engllvgn b}ll {0. 0096
0.0381, 0.0843, 0.1464, 0.2222, 0.3087, 0.4025, 0.5000, 0.5975, 0.6913, 0.7778,
0.8536,0.9157, 0.9619, 0.9904, 1.0000}. These values can be applied to the band edge
tones k= {-28, -27, ..., -13} and {28, 27, ..., 13}. For all other tones, the windowing
function W(k) can be equal to 1. In one example, a channel estimate S,,(k) can contain

unused tones. In such an example, the unused tones can be nulled, or alternatively the

unused tones can be treated as noise-only values.

[0081] Next, a 64-point IFFT can be taken of all interpolated spectra S,.0(k), which

can result in channel impulse response estimates for each receiver as follows:

27rzkj (20)

o) = ZSmo(k)e p[

Based on the impulse response estimates, DC offsets can then be estimated by averaging

the tail of the impulse responses over 16 samples:

X tho(l) 21)

132



value of k is found for which Ph(k) is below the noise
threshold, cp can be set to 64 to prevent truncation.
wQ 0®8H%60b5 one exanpl e, truncation | ength val uBST/UR20881050058

Cn can be overridden by programmabl e val ues MAX- TRUNC
-LEN and M N-TRUNC-LEN as follows. First, if the value
obtained for cp is |less than %ﬁlﬂ TRUNC _ LEN cCp can

i nst ead be set equal to MN TRUNC LEN. Further, if cp
Ih<NDC Q‘_ﬁfsetSSesgme én Etmetwnm CPRWMD berorreated sebtRactiag the
respecti e tlrnaﬁ s% %ﬂ 111 utloer}esso 8 stah% hannel estimate,

gp nd” EhCER BATH be ERY T8 %‘saﬁle truncati on.

[ 0086] Adter t he channel estimate cutoff points 226 cp
and Cn have been conput ety (5t &td@n fadj ust ment modul e (22)
240 can be utilized to all sanples between cp and Cn
pag2ral akloat exdoific bArQRIcASy-Bbrhaiffintbipd] dioH ieRt@tbe used to

I mpul se responses. In one exanple, the FFT outPuts are
t:crrépu.te dierldd perignreditheehanpelrespopsenior o RJIMO whargks! eaarberemputed
SS the desired channe
um ﬁ%ﬁ%@q¥ﬁﬁﬁg( ‘“QPé/d%CQFned they can then be
nultlplled by the inve se ,of t he frequency w ndowi ng
function, or WJc) 1. |Lh I [ se
mnndomnng can be e)tad £or p %%E/S egggftones (23)
speci fi ed above. [0087] Flnalky t he baEd(edge t ones
speci fied above can be replaced with the original raw
channel estimates. In one exa the nunber of band
@blg entt:m@@elon lvan then de ppplicslon dh ngmlee@edmn@n p8NRtodaking ¢he IFFT
a% ﬁﬂat the anmount of G bb's rippling near the
é can decrease as SNR decreases. By way of

SpeCIfIC exanpl e, a programmble value ssnr is used to

set the SNR threshol d as; AfD;% ﬁﬁr a desired (24)
channel estimate H n(k) ¢or 8%§ﬁ6 g to a band havi ng
subcarriers {-28, . .., 21, 28}, the subcarriers

loosS] Whh %Ho&la%xqg?!er ﬁﬁeICtH@ ﬁ‘@eé)ffs%% Lo p®tin Hlds(rgt)ed % I'qugtlon

set equal to the raw channel estimate H raw (k) can
Rogba clivaseldmpulst hesppedcacinbs sqlprddemd/eemntekieo nbfiagea single

estimte sn and ois t hr | d s For

%%W’BF power{ E rg)t?a cgg uged;‘9 or oleawgﬁ tpH]éatlon

subcarriers k for whi ch raMIchanneI estimates can be

used can incl ude - - 26, 27, and

28. O herw se, the é&Bcgiﬁij «k+%gh0%§®uh raw channel (25)
esti mates can be used can |nclude -28 -27, 27, and

@gﬁtooqg]acgqg it cngo(:fle‘a?]iaeic? 1§ 9 ease >fR SKi28P Ich(:‘\annel estimates

I ques can
made by station 200, the corresponding impulse responses can be cut off at a point

where a signal-to-noise-plus-truncated-power ratio for the channel estimate is
maximized. In one example, parameter computation module 220 can accomplish this
by estimating positive and negative channel estimate cutoff points 226. The negative
cutoff point can be used, for example, to catch precursor channel contributions that can
be caused by late burst timing cost function (BTCF) timing, the use of large negative
cyclic shifts, and/or other factors. In one example, the cutoff points ¢, and ¢, can be

calculated by parameter computation module 220 as follows:

¢, = min (k:K(k)<o, 0.}, (26)

c,= min {k—1:P(k)>0,-0.}. (27)

k=48..63



station 200 for channel estimation. It should be

appreci ated, however, that the above description is
w@e@siogi®ds by way of exanple and not |imitati onPERTS1008050058

some of the acts described above can be omitted and/or

performed in a different order_than described. [0089]

I n accordance with yet anothe?7aspect, station 200 can

conmpute and utilize a constellation SNR netric 228 as

Aslubaiin.EqihgorfsdR6)oamid(@7), e abist gstesate ar] b hetdbtdizeihs thopower of

exanpl e, by a device using a wireless link that sets

gubtreetcd sermplas datve ¥.Anecigagredd ospetinensgpial long trafingsymbol present

link. For exanple,.f a. lower quality link, a |ower

bt ik ae g e RS 100 TR RBG e trHlsboBragHuctly o

BEBoldaN g a BhiEsMdol A Rith a réRIutRdnifaNe. 164abthéyexaipks, if no

a higher data rate can be selected to increase

BRI FtsHoundfos Wéliﬁ‘élx%ﬁﬁﬂ i%belpwéh%p@'p@‘g@eshg]@ecpt dgatbeiset to 64 to
@%@%h%ﬁ#s?ﬁﬂﬁ results in a sufficiently |low error
robabi Tl

y on a particular wireless link can be
ted. Further, neasurenments of error propabili.
RSE e °da by it e: FRETUSrEERb Yoy SroguRb e prsgrioden by
proaR@habl BYalusd A A TRUNOBIEN 6nd MINLBR ONESLBNaistfllows. First, if
predi ct a maxi num possi bl e data rate for a given

hawialgrabirardddor erip diss fraoBABY 1 TRYNC] bBYot, wadbyterdiyl spt equal to

u | on. e 2 t
BASETRALC SaRUE OO a. e 220 Bl AR, FEET N whor
yeb equtal @the hiimbbiosf] tand3dn dpvhasidkathatb@yaMe e, cdnlt@th be set to 64
ot her signal quality netrics can be used in addition
todigablg HungrEe® of constel I ation SNR metric 228. In one
exanpl e, constellation SNRis a better predictor for
[008R] quatfitaryhe ehanneleadinaicentafil BIGNALO Guand ¢nhave been computed,
L.ndicat.o | qor i e qt e fact
R R DR TR B G, b gt nd
sdl@atd $ha@i-p&int FIL 6f fhertencaed anshisrespnbdsndabhé esnple, the FFT
whereas the traditional indicators do not. [0091] In
omputsxemtht desitedehbmiel estinmgespHop@duwbicbh@an be exyiredsed esifollows:
by paraneter conputation nodule 220 for calculating a
constellation SNR 228 for,séation 200.,Fjrst, for a
series of synbols H@Jﬁ$:daﬂgh%mbeﬁpr{ﬁ+sTDthe Ns (28)
squar ed recei ved const el [64ffoon poi nts &rresponding to
the synbols can be summed to obtain a signal estimte

OncORtAectifldathh Mt tQirhdl6s 809! e 68RINRE, MEPVIBEL bOmultiplied by

par arret er conput ation noddfe 22% by, for ‘exanpl e,
SRRl ke ﬂr&gJeQE analoheng fkctighloe mrdulig oas seahsik Sdverse
with station 2'O.ﬁéxt the Ns squared di stances from
pinsdomareeandie aroittsd &rithe band qdar Fanss srscifind abexs-est

sliced constellation points corresponding to the

HW8Bb| s eeallypthedandrediza tonespagificdabove can be replaced with the

original raw channel estimates. In one example, the number of band edge tones that are
replaced can depend on SNR due to the fact that the amount of Gibb’s rippling near the
band edges can decrease as SNR decreases. By way of specific example, a

programmable value o, 1s used to set the SNR threshold as follows. For a desired

channel estimate H (k) corresponding to a band having subcarriers {-28, -27, ..., 27,
28}, the subcarriers & for which the desired channel estimate H (k) can be set equal to
the raw channel estimate (k) can be chosen based on the relationship between the

noise estimate o~ and the noise threshold oy,,. For example, if



noi se estimate N. [0092] After obtaining signal and
noi se power estimtes, the signal and noi se powers can

W@ b@s/od@enver aged over nultiple synbols. As a BOEUBI008050058
exanple, this can be done by using a one-pol e | ow pass
filter that can operate as follows: = (I - ) '+ (29)
Nk =(\-a)N k_g+aN , (30) wherd a is a progr ammabl e
averagi ng constant. In one exanple, a can be
¢mat (RN eedovy 1d] ! athealthresubedreietsédfof whinhtrve ofypoiep etiiles, can be
1/32, 1/16, 1/8, 1/4, 1/2, 1}. Oher filters m ght
heodeas iinﬁludar-meﬁf’,oﬂﬁaﬁée%o 2603 hend d&sOtheivwviscftbatuhceiers & for

%ﬁwﬁ%&%ﬁr@%ﬁ%ﬁf 5%3??3333%%9%36 F?ﬁi SeDes Loanli 38
S N
E@%blo By Mdymoficd %%a%%rﬁg%%%@ ¢ teR lhﬁf‘géﬁ%twﬂﬁrﬁsfﬂlfﬁé by

GaliGH @ R chathb Ceshiafiad ditlshanaibk % @%Cl%ﬂf&w&gr ttl@dt the above
obtain a representation of the const el l'ation

descripteorPid @rovndadiceyi wey ef cxfa0pd3nd not otietida nmbtlw sdmmfethe acts

FrRaRy @%bﬁ%%rﬁﬁeﬁta%@)ﬁ“e ot i PRy g e tbeo
m)d | ation s s. Additionally and/ or

e f
E]%(Blg]r ?la P\?‘écf%y angp @ﬁ@fye\{ %EFQ} & agpgetpEtion %pb sy cqqapye and utilize a
Qtﬁﬁ’féglgﬁ&QSﬁRarhé{Flg 299 aéjﬁ)tll%% “'P'H@tf(glﬁfvvlﬁ% F&gﬁhﬁéé @hRMtilized, for

SNR for the | ast synbol (s) acke
epproxibyet deviccegngla Wmelt:stsémémhatagfe ot o¢lstteh Hathiratn bsNR.on the

F l . foti [ ff h

G5 pEAE Bk oot ol gend Pvat apsTi g o RGr e e FHfebe used

& @stireFhatdraR @G isGbns HBXMdre kdbust f L@ARR BY F§itaShivhdr ublitd link, a
acket, or channel changes during a packet t hese

igherdata rtacandiselested 40 tereasebandpndtheln end erompiRthe highest rate
{Hﬁ{ {s a1¥a%§e }mdt r\égué‘% fn[lJ Q5 f“ﬁ efnﬁ %]w e%o @Jtoggbcihfé/[ glgelrtléurlar

accor er as ect

G/RRTRL Enlam Beétdeleczd. auMléanemkemttg ofereb3 Qratmbilny tase
Simlar to the techniques described above for

aetreniped. iforgexapmerlau fiop) ¥ SNE of ﬂé%ﬁ@fl@?ll & winesNRNRenetrie, it is
BAG I BT bEE AR Phssfl Bt R 08 o MR FRLL Gror

probabidtyess | i nk t hat sel ects a data rate based on |ink
gquality. In one exanple, a neasure of error

[090RbI | Adcyrdidtly patdr@tessnguitdtionGasdubs PINlistgioh Q0@ can compute
M MO channel can be determ ned

a constellation SNR metric 228 to aid in rate selection. It should be appreciated,
however, that other signal quality metrics can be used in addition to or in place of
constellation SNR metric 228. In one example, constellation SNR is a better predictor
for link quality than traditional signal quality indicators such as RSSI or input SNR due
to the fact that the constellation SNR incorporates impairments such as noise,

interference, and RF nonlinearities, whereas the traditional indicators do not.

[0091] In one example, the following procedure can be utilized by parameter
computation module 220 for calculating a constellation SNR 228 for station 200. First,
for a series of symbols of Ny data subcarriers, the N, squared received constellation
points corresponding to the symbols can be summed to obtain a signal estimate S. Data
relating to the symbols can be provided to parameter computation module 220 by, for

example, sampler 210 and/or another suitable module associated with station 200.



froma netric of the rank or condition nunber of the
channel . For exanple, M MXxank netric 230 can be used
W@ 200808@5311 ne whet her nore than one spatial stPEEOS88$/050058
be transmtted over a given wireless |ink based on a
predet er m ned maxi num packet error probability. [0095]
I n one exanpl e, an appr oxi mat® M MO rank metric 230
for a M MO channel can be cal cul ated by paraneter
Dontp thedYsi samarad distaa cesdoon shef igp¢ivadsconpigllatinn fophts swihggrearest
escriptipn, the matrix H.is ed t.o.denqgte an .
glscﬁ i Sé%lpaﬁ}i"%o%lﬁsa“r?ﬁrgﬁp‘?n?%ngam31?%5 A0l EL G B dp gotain &
heigasdinige ¥he matrix H can be provided by, for
exanpl e, sanpler 210. Based on the channel matrix H,
fOdE s - WhdNSBtaimh g knseRn nBRe palveEdAhRekbsame QlgdhNehdidise
the follow ng representation: G-HH' . (31) Fromthe
pegerh yaNdisn haevéragd ovar pakplasimbals. CAs anpdselicedapwllatldsl can be
@Snef ol Isows: OTt]e lggt ri Co glrtovj[ %gda b(%/ E uasttio n §-32) can
Qe MO K PEGBLE IREF Y RSB BEAHO% si ngl e
average M MO rank netrig¢ 230 per packet. Based on the
cal cul ated M MO rank metr&s @80, <5t i on adj ust nent (29)
nodul e 240 and/ or anot her suitable nodul e can be used
to determ ne a nunber qf spatg, ste®ans to utilize in (30)
order to obtain an optimal data rate. [0096] In

anoLher .exampl e, pparanet er. comutat on, %Dgé“ LAt SRfgured
pErTdt @?%econ%o& ti'sn o eath oSt et da i WO

eiannalucasrefedifiten the drbup R4, WB, /18, 1/8, 81, NSsEbyotheSilters
upper triangular matrix. Based on this, paraneter )
ekl hewe Viewanpaiiraapgrorsher slesisbiafcpetsy Raagden tieaverage signal
' . _ : C i :
RO Gy By G I R4 o2 O GAARTL 0o 5./ 2
suditan theramstebatadnt SINR nectise B2 eBavey af spdvl iMdexaaiple, the logarithm

ric 230 per packet. in a sim|ar manner to that .
BBE Filsaaeit P rgeHiongllEh BETEMCd 82 potptroreprepetatipn of the

EXRMALEoNIRRENNES 278 in Udcitk) be appreciated that, up

scaling factor, Cis the harnonic nean of the

to a
er ' | rj X .
ROF S 1AL OMEL WRHER A LORGIARIPLUIPLLL 60y sl
aramdcuraet corstellsti@gSR dstmbevsiapgliber awatiesas. mdulation symbols.

contrast, en_one singqular value is significantly.
ﬁégﬁl@flaﬁmﬁ%rw&e@taﬁ‘é?ly, e afiRS it b 1 ap debugbing foature to

P& il & lo¥n §tFbn SNK R tl?é‘iﬁét%ﬁ@b%i(@%f'a JacVd |isﬁ§plproximately
0098] Referring to Figs. 9-14, t hodol ogi es t can
bpiaptertho aneregd conatctatiaa$NR. For example, if time-varying effects are
present, such as voltage-controlled oscillator (VCO) ringing at the start of a packet,
short interference bursts within a packet, or channel changes during a packet, these
effects can cause a calculated constellation SNR metric 228 to vary for different a

values.

[0094] In accordance with a further aspect, station 200 can compute and utilize a
MIMO rank metric 230 as follows. Similar to the techniques described above for
calculating and utilizing a constellation SNR metric 228, the techniques for calculating a
MIMO rank metric 230 described herein can be utilized by a device using a wireless
link that selects a data rate based on link quality. In one example, a measure of error
probability for a wireless link corresponding to a MIMO channel can be determined

from a metric of the rank or condition number of the channel. For example, MIMO



wi th various aspects described herein are illustrated.
Wil e, for purposes of sinplicity of explanation, the
woreaoRosiobdgi es are shown and descri bed as a sePCEES29D8/050058
acts, it is to be understood and appreci ated that the
met hodol ogi es are not limted by the order of acts, as
some acts may, in accordance Wih one or nore aspects,
occur in different orders and/or concurrently with
vinkerctae 230 ¢andim ushdito ddigwnnawbcttiesoerictsben drerspitial sfroam can be

xampl.e. those skilled in.the art wll _ understand an
TRl Rt BRG P bt et RS RO Bt cor

pephsisgnt ed as a series of interrelated states or
events, such as in a state diagram Mreover, not al

[doospt r 3hede aednSplBBY HpBrdxadite MEAOaARLRFENY f6r a MIMO
net hodol ogy in accordance with one or nore aspects.

tlongel] canbr isalcelptnddyqaranete epmpditation nustutead Hhksifellews. In the

R PR yiethe B g RS 0P ShBEas Y Erefr B o onge for
222y sibtaicM Deta8Sar6 @RI InG@Rixi /9 0ars YSHRRAJCE bg, for S¥£h518) sampler

100) . Met hodol ogy 900‘bzfins at bl ock 902, wherein
3HhpBesd pathy danpe) matrin 8, an Marlky-IYs dptin £ @8 bhsalcaktadon

. (o ' (e.g., by a sanpler 210).
%%ﬁp1@%933?gﬂﬁéﬁngg%%ﬁgﬁgﬂéﬁz can correspond to, for
exanpl e, signals received at aqne,or nore antennas
associated with a station for i ch nmet hodol ogy 900 is GD)
Eerforned channel information, and/or other suitable

Tomo eefsi-byr Vo] DETOE]. aNei meic Grake cenlateghas ilowsr e
inmpairments related to the radio Iink and/or the

station are identified fromtnij1 anpl es obt ai ned at

bl ock 902. In one exanple, i iIfarents identified at

bl ock 904 can include |/ @ phas¢—and/.or anplitude (32)
i nbal ance at the station, cﬁé;ssgggstination errors,
interference, and the like. € gg on the inpairments
identified at block 904, a set of paraneters to be

SR Erbrp oy by PYAicAR53 oSl SRR Bl 31 A Kbt o
siaglchecragt BHVH rak rétacR3OPEr packdtudasdd €@ thalchlonlatedMIMO rank
fitries AP evicon i ishgns e 0T aedor Sl ket used
fAng&ehiA 4 RnCARrkh a8 MR htilis A &Lr tb bBRGRIH QRimal data

val ues (e.g., channel estimate cutoff points), channe

goal ity indicators (e.g., constellation SNR netrics

228 and/or M MO ranknetrics 230), and/or other

996 b| dnpasthomdxanple, pO@iid chippatatioleniodfilgi2a can patforaf QR
arameters to he conpute | ock 906,. the set of ,
RCHIPOLIEP OB 4RC tlE@WEF&JY'E\?ba‘iQ‘aB? SRe gL {1, ORpyhetee is an

RAMRORL §pp& AR BE ki OHM] on this, parameter computation module 220

can alternatively calculate a rank metric C as follows:

N, -1
H 2
Rjj
_ j=0
C o NSS71 NSS71

S SRl

i=0  j=i

(33)

Rank metrics obtained using Equation (33) can then be averaged over all subcarriers to
obtain a single average MIMO rank metric 230 per packet in a similar manner to that

described with regard to Equation (32).



220) based on the sanpl es obtained at bl ock 902.
Par aneters can be conputed at block 908, for exanple,
wWaIg008H8@ne or nore techni ques descri bed above RET/KS2008/050058

respect to Figs. 2- 8 and/or one or nore other

appropriate techni ques. Methodol ogy 900 can then

concl ude at bl ock 910, whereitl the station is adj ust ed
(e.g., by a station adjustnment nodul e 240) accordi ng

{9 he Jaraserepls vdsnpited, dtcabboeRproaated Byt prrtbarsailmyg factor,
d%H}S L rren(tanslg?ﬁe%{q lgg léélg)gioz’g Cﬁr(rl)éuel‘ar Va?uels or?}%hreecrﬁgrt%'herl %%XS

ati@aingly; ameh ehdyingdigediuat a ghal tlﬁﬁaﬁl@lﬁwMI@ Bqual to the singular
nmet hodol ogy 900 is perforned. For exanp I/
E@H@Se dnicoprashathsnong smsuiestelue 19cﬁ18§1§ﬁ03£1)‘@8 l%raﬁf tb@n the other, the

PR Bl R8RS %98854’6@%5{02‘%% e A e

t d t
E‘#“’?H AL E%f'f%?%"ii ST hE o R R Rl %angogtpgffgﬁa?d jn ageordance
wuAReriof aspead ﬁ@bnﬁéd leaén atdidlstnitdd. WaildSBeplpodRef simplicity
statlon for comruni cation. [00102] Fig. 10 |I ustrates

af pplanation. diymethodolpaies prsrshowAiaRd dpscabeciis bycaics 8hacit iiis to be
({eﬂt&jc‘ds t@b@gkﬁ%&_{%ﬁggﬁ ﬁ{eﬁ{odfm)l%?eg Qt}e ndY%‘hﬂ%ﬁ%é,%é’ 01Jdg1O Qf acts,

eg|ns a erern one or nore ton
gesuateatoetdmaydn accfolrdaﬁlbe vt Wint ion ghosé @pad:ts I(ﬁ:c&amdhf@cdent orders
(e, g. , by a sanpl 1 Xt b 004, .an
%@I‘. naETEEy vadt 9 P oy a@L& §SRRbehcreing For example,

os@s IR AIBAShrt %ﬂﬂ&&&thﬁ{‘b H@aﬁ%&la@@@a Ql;ne{h%aéfogx @ould

part by determining an i bet ween an i n-phase
ploaﬁlatrml}dmieareqm@tt atamaepof infeorelapéd stites 61 evstits, such as in a state

resul ti e t block 1002. [00103
iEeHmINSes 050 AETR Rl somatle KabgrolamIgte dner o
h@ﬂ%ﬁol@%§1@%6fcﬁh.€@wﬁh oflc SEMBRL RPeciet of subcarriers
using the anplitude correction factor estinated at

Fﬂﬂ@gr 16@4h ?é}greﬁcesﬁ)clﬁi? U higsdtlatddnga ﬁ{eﬂﬂﬁbld 2 9BGTH f2lcessing
y sanpler 210 Au bl ock 100 5 ase

sigihxeb amacﬂatufn (elze asexsondint é@hdtttd/mtgacsa:sg mahnmaéml téhenl 2B¢in a

eSt %@%ﬁ%@%@}%&g@g&%\% \,Ismggtglglsl%g g}qdplggy @ﬂ& gﬁgms at block

9@ RARdi® %@Q@&ldt@d e hafoRat zad f&%oﬁﬂﬁfn@é&hﬁﬁb? d station are
u5|ng a finite inpul se response (FIR). This FIR can

pltainfdfe.@xbyrpamplar 3Lh)adampRs khirineg at:blocle 802 ean correspond to, for

SRR S SRISRBROE, Aot bl LETBRE IR RGugor wrion
#Hdolhepel i RrfFeasd, RhasR| infhialioa @m@lﬂfrroﬁfdr ls@ifable information.
coefficient and a pair difference phase i mbal ance

g}aB? gﬁ]; : 'el‘?&t G2 8fdck 908 Nncdr endr MRpYi BfkrkEreited tolMe radio link and/or
the station are identified from the samples obtained at block 902. In one example,
impairments identified at block 904 can include I/Q phase and/or amplitude imbalance
at the station, channel estimation errors, interference, and the like. Based on the
impairments identified at block 904, a set of parameters to be computed (e.g., by a
parameter computation module 220) can then be determined at block 906. Parameters
that can be selected at block 906 include 1/Q calibration coefficients (e.g., I/Q correction
factors 222), interference cancellation weights (e.g., interference cancellation

coefficients 224), channel truncation values (e.g., channel estimate cutoff points),

channel quality indicators (e.g., constellation SNR metrics 228 and/or MIMO rank



conmput ati on nodul e 220) based on the phase i nbal ance
estimated at block 1008.[00104] Fig. 11 illustrates a
woreaoRosiobdgy 1100 for perform ng interference PCT/US2008/050058
cancel lation at a wireless station. Methodol ogy 1100
begi ns at bl ock 1102, wherein_ jnput signals received
by one or nore antennas are led (e.g., by sanpler
210). Met hodol ogy 1100 then proceeds to 1104 wherein
@wbg§2é@}ﬂ@WatWEWHmawweymanwﬁwancelIatlon coefficients
are estimted (e.g., by paraneter conputation nodul e
PmaY1 b adgebnaderttifging apat ofyiagmadters s@abpt@dpwt athlockod6] AR, set of

thhodolo 1100 C ncl ude  at bIo k 1106
PARe Y b P ST aQC {BF i hapiofie P module
Q@)Q}asedvdrﬁth@ S f‘ﬂeé Shtaiddil ¥SE168NH02TO8 A Beted @hn B@@@I‘ﬁpﬁ’t@d at block
the cross-correl ation values and cancel | ation

e fien axammics using pn@@@momte@lws ﬂmmbecﬂ @M@@Tlﬂnieg)ecm Figs. 2-

o REDRL el PR FERMish . BFRb A PLg oG SRORE conciude

BEQbHESI 1@, wikRekthd %&aon Mﬁ@tddi (W byaiRRIn @flsthi@it @fodule 240)
are gbt ai ned (e.qg., at sanpler 210). Next, at bl ock

acrouling feethe pojarisERheImEed bleck 8t Byrreaiorming adiusmenpat
Blotk tc'oHJeétﬁ)% Ay 1Iﬁpam9qu&9chf£eg)rhcf% 2R 9?@ agd/grz% or more other

par anet’er conputation nn
tfifgntd @@ eguphunse aesttatimt fos wich mbthadcﬂbgyaﬁ)(meﬂ performddaeror
w nd meﬂ%channel estimate create gﬁ bl ock 1204.

§9FTorPn faati cpmpeied a%blpek Sea bpzpplicdwidieskp 10 to
Borket RINIAFmBASRE Menlificd BEOIMLDAMEE SRANACLarflk! (BhRel quality

I's 1dent DC of fset is then corrected

blldmators_mmptbyd adqlcmcéq 908g:at1Fu>e ultlttpfw gdlocdkHOne eeleczttaldaaitreg: and/or
bt t bl k 12, .
%89@1 OsRbria For Ry S ise Rk P o ReC emPpisttiay.
|
B8k S . T Mlasiest e eadsngr o e E%égégﬁéyézwﬁb@gon ata

t
SR MRS 3. SpIe 290, e gRRLRY SOt g o

amnoroooc toeks aad gdmeratdd dr@lefirsiMesuleng sighd is sammded €., by a

I espon t ted at .bl 1214
e 0 R A e LR 7 PGS Foritenon O5eSai6a; is frignated
3.1 by M?érﬁﬁ%f%? c@npiaﬁmgﬁb@m 238040 1ER1 m%hqw @ertérﬁﬁuﬁg an

conste ation S|gnato- noi se ratio (e.g
wibaddngs deigtean o m-pBy poNentiodel cmg@ramwo@an otiétgu frrstaesulting

?é&ig %$€§atg@§k?2&zconstelIatlon poi nts for
C

are sumed to obtain respective
VIR N e S
SHITRAE Batdf L1 HAEB L LALORT @k Bsih e AREFHHIUBIQIrRRtion factor estimated
at block 1004 and a second resulting signal is sampled (e.g., by sampler 210). At block
1008, a phase imbalance of the second resulting signal can then be estimated. In
accordance with one aspect, a phase imbalance present at a wireless station for which
methodology 1000 is performed can be approximated using a finite impulse response
(FIR). This FIR can be, for example, a 3-tap FIR having correction coefficients
corresponding to the respective taps. Accordingly, methodology 1000 can conclude at
block 1010, wherein a mean phase imbalance correction coefficient and a pair
difference phase imbalance correction coefficient are computed (e.g., by parameter

computation module 220) based on the phase imbalance estimated at block 1008.



power estimates. At block 1306, the signal and noi se
power estimates obtained at bl ocks 1302 and 1304 are

WO b@s/0sopes aged over the respective synbols. MR¢DUS1008/§50058
1300 can then conclude at bl ock 1308, where a
constellation SNR is determned as a ratio of the
aver age signal power to the aver age noi se
power.[00107] Fig. 14 illustrates a methodol ogy 1400
f(l9r1 0¢lal diig-akli iHysteatesd methodolpgyp lit00higr penpdreningnperference

oRlish 3R WRA SafiSiy Doy BhioRey LD B33k Fidckd 1 82 agspin

mpandighal dREEivEEBy BficCoraabicimteatad 46 szirﬁﬁl@@@é &.YBy sampler 210).
subcarri ers Met hodol ogy 1400 can then proceed to

Methadologyd 10QHen drercediefont] U whaapiRerosswprrladan syves wdd
%c&lﬁ&% c%é&%w%%searg%tﬁﬁﬁéd ge% 5%! éﬂﬁh@tef (Iitio\ﬁemodule 220)

rmtians to obtaln respect nterrre e square
batd oo else inpit sigrelseseaippddent bidek l&lez.nMeﬂmdslofgy r1 10t ean then

especti ve channel matrjces can be obtai.ne ]
E@wf h@cgl IE@WMW%@F ﬁerf‘alﬁe B’F?S?Iﬁgorrae%eﬁ%‘éf? %}gﬁ'al (e.g., via

%MQ)& E@ﬁﬁﬁfenﬂm)ﬁdl@ 9§O)tt§és&¥’&§‘ihe F&% %ﬁbl@ﬂoﬁélﬁésca%ﬁ -cancellation
Next, at bl ock rank nmetrics are conputed for the

c@ﬁecmtw@lmubntatrhio@rhl%ased on the internediate
square matrices obtai ned at bl ock 1404. In one
poa0d e Figorpiliustdten méthbﬁ@iogy 12006foe porforidhgldieannel estimation at

per.formn nNposi for pective
} Mt iib oA Ma@sﬁ%l%ﬂ? i Siﬁcg 1307 s et caannel
é’s‘?ﬁ?dp[esta{ré 3&9 g@'(e gaﬁtr §a %r@ng) CQER Ut 'bﬁ%ktlb@4 rtﬁ@}‘aw channel

matrices base terrre i at € upper triangular
ﬂﬂlmatezse:ﬁ)talm a‘tdnﬂwlkd@W mmrﬁuktlahed bea woodrotiog &uration [ g kby

wherein.the ran tri,ce ted at bl ock .14
AL AR R IO OIS R Sr iR SR R S PR
en @w@aq‘rdﬁh M2 widBkw Bt Hanfel dsQRR& caRef R bIdcRA 204)WMe%odology
Fi g. a block diagramillustrati ng an exanple

MQ%uheIs proseqsiio Plogk il 08, ygl@tfema mbgffm’q pwserthn dreevipdowed
gﬁ)annel dma{e 1S 1(fent1§l & Cfllrlg %% o &%}a)%rie%pe%talt 8%01(%210 by

n one exanpl e

ﬁﬂjhiti ltRe inRilde Iﬁwcﬁls@mnfawswbtalﬁdw dBlockyISHEMNERRLt block 1212, a
includes a transmtter system 1510 and a receiver .
B%@redﬁl%ﬂgeﬁlq ip defpningd Famahp FREFCALAIMPURSHRNPERSC ESHENRLCS

Qﬁg&"af 15185 ﬁ/ﬁ)t %ﬂbé%ﬂzoloﬁﬁd{hQ HEGE Mx?ﬂul&yr%%p%ﬁkel%%%ates arc

cou a mul ti-1 Aput’ sin
(rivh G€)d ‘tslyed mmhwlpevver delay pfofﬂe(aaminanedmltﬂquxl rier ﬁnmﬂ'y;
n a base st can transnjt one

am‘wﬂ?@&i}ﬁ%@?aw@&% god B on@er&m R Gt ERpise response

E&inthtes @edTOPAt B0kt @l AR condEdid (oAt chhine? B HeDe
appreci ated that aspects of transmtter system 1510

ﬂﬂ»‘iﬁ@]“ rlﬁg &1 RGNS eﬂbthodology 1300 for calculating a constellation signal-
to-noise ratio (e.g., at a wireless station 200). Methodology 1300 can begin at block
1302, wherein constellation points for respective symbols are summed to obtain
respective signal power estimates. Next, at block 1304, distances to nearest
constellation points for the respective symbols are summed to obtain respective noise
power estimates. At block 1306, the signal and noise power estimates obtained at
blocks 1302 and 1304 are then averaged over the respective symbols. Methodology
1300 can then conclude at block 1308, where a constellation SNR is determined as a

ratio of the average signal power to the average noise power.



1550 described herein could be utilized in connection
wWth a single output to single input (SISO antenna

w3 rBe8a06§ 00109] I n accordance with one aspectPCT/D8f0h8/@50058
data for a nunber of data streans are provi ded at
transmtter system 1510 from a data source 1512 to a
transmt (TX) data processor ¥514. 1n one exanpl e,

each data streamcan then be transmtted via a
[@éﬂ’é]ct iRig. krillngirates eametbadelogs 2400 fag dfilltsliﬂ@ww 4 yultiple-input

L PRORERADA0Y Bl B2 G B 00 it Hology

pzara da@Wegin =€ BWHCR gaone;mraﬁ INIOM© @hhraie]l BRGttek @ﬁam@ﬁﬁﬂatéﬁ for
data streamin order to provide coded data. In on

ERBIRSIe suhq%’leésa duathaelaey bH0bewrihempracedria hick dA0f Hehercin the
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ﬁ’zﬁ MO ‘f %cw &R%lﬂ,é& A bIGAL ﬂoﬁ%&@&uﬁﬁnomww HffeRtive

can or exanpl e,
Hatrhieinms ﬁ)hﬂ)taun gespeadive me@nedmtaSWMamm éih.onEwkirhgle, the

E@e pllg% ata can be useol1 recei ver sys en1 50 t .
TiSARBIoE gfRMcCwsMEMELe aBB%ll{n%Pflc?Srcé‘H i ?\)’sﬁe ng a
ﬂl@ljrgl’tlaﬁ BEer bt brp{h%)%%e&ﬁ\le%ﬂﬁ@jclﬁﬁﬁjﬁ %éﬂﬁée@ t(f) QBtaﬁﬂqamltlan

data stream can dul ated (i.e., synbol mapped)
trawds.oNed, garodkcidOar ran chdtradsi aon ccgnpletncéf((reh@tespeBﬁﬁmubcamers

Raehon heammilialdn s ir S ebtiddn PRER SA0E it s ampe.

wﬁ%ﬁmmoc@au% cat Ricludle Ye8rmiad @)b hipbbieBnd @F the
each data stream can be determ ned by instructions

prepdcsiv erederore diatisayerpnaivicereld dvieip miaadgc upgotriangular matrices
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Mﬁﬁdﬁl@fog@fl@loe 8&n thbe comintlcadt btk 940D ol tserdie 11gs rank Batrices
orthogonal e uency division nmultiplexing or OFDVM

oMYA Srare HErged ©VeHEs reﬁp%«‘ﬂvaégbqqm%m%m@ﬁ
§%%%%I tﬂ%ﬁﬁnkﬂwN T transceivers 1522a through

n one exanple each transcei ver 1522 can

[B3G61S 18055 A5858 i IRREEL YR BNT R SR il wircless

rovide oné o SI gnal—s nscel

d&ﬁl&uﬁl@@tldﬂ@@&ﬁﬂfﬁd@ﬁﬁ vﬂ@ﬂﬁd)ﬁel @ indre efhbodin®ipy dekotibed hereln can
filter, and upconvert) the anal‘gmflgnals to provide a
frogtiomisatoderhan cvgickample. Totem < pR suilénedut nyltinlgoutput

R0 by 80 BB A PRESS R Y AR BeliVHBem 1550, 1

slroathlvd dtpectidted mnweqeramhemmmlﬂaxgaemrsa O0ghd/dbdétiver system
In accordance with

r 5 Ve' %/? ?@2@#@ ? BRIty singlg-iyH M%%ﬁ/@%@l wherein, for
&@aqlgjdy erﬁiult"}%lertﬁﬁﬁhﬁ %ﬁteﬁmt(@g 132DakY stNBANLLNNASMA IR Br more

gh 15 The recel ve
symbol streams to a single antenna device (e.g., a mobile station). Additionally, it

should be appreciated that aspects of transmitter system 1510 and/or receiver system
1550 described herein could be utilized in connection with a single output to single

input (SISO) antenna system.

[00109] In accordance with one aspect, traffic data for a number of data streams are
provided at transmitter system 1510 from a data source 1512 to a transmit (TX) data
processor 1514. In one example, each data stream can then be transmitted via a
respective transmit antenna 1524. Additionally, TX data processor 1514 can format,

code, and interleave traffic data for each data stream based on a particular coding



signal from each antenna 1552 can then be provided to
respective transceivers 1554. In one exanple, each

W@ e@ses@syer 1554 can condition (e.g., filter,PErpbiobs050058
and downconvert) a respective received signal,
digitize the conditioned signal to provide sanples,
and then processes the sanplégsto provi de a
correspondi ng "recei ved" synbol stream An PvX
MhDE daliceted forces!s mspddsigo detantredne m erleriofeoddel cptedalatss In one
the NR.recej ved nmbol streams fram NR transcej vers.
O AEE STV gl GRR b B S S BEREG! VR Bilot e

L 8eH OFONE tdciniguey | The Pibt daelcet be dor Surpld, akhb@aEta gaftern that
one exanpl e, each detected synbol stream can jnclude
sypessediip gtkngye negppigiusthepithe pitot dadsrabe 8redsy figrsiver system

i %'Eisﬁﬁlﬁt% g&%ﬁneﬁ &%Pﬁg%r %ﬁ&?&d&dﬁgmﬂ% %s?é)r% l? §L§, thY ﬁ%ultitplexed

processor can Nn process eac ream a
pidatsind icodqaladata foy cakdhndakustatainngyn bdenadudate @@, Bgmbol mapped) based

anddecodj n ach detected s | streamto recover

P apﬂﬁﬂeuf&a%aﬁﬁlarw%S%Wé@-seﬂ%ﬁ% Qe Nrskaior VD) sclocted
FhQaf REEIALOath ¥er & BY %%gﬁo&é@&oﬁﬁgﬁ&?symbols. In one
conpl ementary to that performed by TX M MO processor

¢8R0 g idtaTxtededdang raod exslolativs fer cath tatassedn tar bedatrenmed by
1510. . RX pr.ocessor 60 ca ddi ti onal Iy provide
R0 AP GHRB ooras e P bt e 9564 [ 00112

I n accordance with one_ aspect. the channel response
e e Sy ;

L0 Ol ¢ NegbriBeatlaipnsymRelsdpralbday streasgran b prevideddig & BX

£Q6M $02GA{ch IR fRIRE BRREAInEMoliFRHES SR g%gg,dﬂloi"%fthogonal

ower |evels, change nodul ation rates or sche
froglicory diviseon mplbipbyxingatreOERM) 0 A MANIE piooerabt 1520RXn then

Eﬁg%@g?&gh@&g@% gg@ gl;sir!g%la fo%&%&?ﬁﬁg%ggqggg through 1522t. In one

Slaiad, -chen RS vt 2D RhL FdBIVBRAE pFRbiaSTeb d syibd! Reecam to
det ected synbol streans. RX processor 1560 can 't hen

piowidedae @s moihtdochanre | Eashdaraasecevar 4622 eantthemfurther condition
roces 70. 1n one anpl RX pr.ocessor. 1560 .
B SR At SRR e gl BHESIRY o pelard siena

afitabRefor @ReHEtdici0oveBhRIMNIO chithesy AteTinBly0 88 ERlilaldlfdgnals
can then provide channel state information (CSI

RMAFANSEaRv & D MR ad Brough & 344 cpm Hicp &g AiagsRigiet fi@m Nr antennas 1524a
&ﬁ&gﬂpﬁﬁg{g&ﬁahkgﬁ,and/or the received data stream
s information ca

n include, for exanple, the

fi SNR, The.CSI gan then,b ro sed .TX
ARTAT | 8 E8entl St fiR atnd” h R B R R Pechyditis can be
fRbigkd hiabedvdrsyiteANS6e by &V Sindnddal 3526 enuglighl b5, TEOEbceived

transmtted back to transmtter system 1510. In
sigen!ifiogncach aatanga $6% ¢ thanlbe provided & eapecsiye frapcaizse 1554 In

SRRV, AgcrAPsbdin0als sH LRSS @'LHARE Gty Wqdat
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 MIMO/data processor 1560 can then receive and process the N
received symbol streams from Ny transceivers 1554 based on a particular receiver
processing technique to provide Ny “detected” symbol streams. In one example, each
detected symbol stream can include symbols that are estimates of the modulation
symbols transmitted for the corresponding data stream. RX processor 1560 can then

process each symbol stream at least in part by demodulating, deinterleaving, and



processor 1518. [00113] Back at transmtter system
1510, the nodul ated signals fromrecei ver system 1550
W@ 208083 be recei ved by antennas 1524, condi t PGIES2008/050058
transcei vers 1522, denodul ated by a denodul ator 1540,
and processed by a RX data processor 1542 to recover
the CSI reported by receiver %@sten11550. In one
exanple, the reported CSI can then be provided to
gecodmgsoeh dBaacasmdnh sticany tasrevarinaficdatafor atceyesponding data

| | cogdi ng and d tion s s 1o be used for
i, P 8 e N BN R TR E G RET At riRE ey o tat
patbrht ibgT s MIB® prazassot NIV LRl PX Axtagesbebdr 1514 at transmitter
transcei vers 1522 for quantization and/or use in |ater

pysEs e K i R pracgssos d o e agiditonpily prxyideuegopsedrsambyl streams to

gagég&kqggﬁrnatively, the reported CSI can be used by

processor 1530 to generate various controls for TX
prqgcessor 1514 and TX M MO .processor 1520. 1n

R TREr TGRSR ot B e VPR R Sff Pt dbnerated by

Mgﬁﬁﬁé‘s&ﬁr 1390 X% Batisednod ?6@@1&0§paﬂ;5ﬂ&e<}ﬂd§be@ﬁn@ hOYE eRdiveR adjust

a data sink 1544.[00114] In one exanple, processor )

1o53e larely, chinesinpedaatiopgptenpr shoman gng/phelbssanprapsiate agtions.

rAﬁﬁlet‘iio}{Qiy, RIS 1%%515515%&93%? ?ﬁoﬂl%P lggtﬁflétg @hﬁbe%@%&efctaetﬁstics such as,

respective systens. nal Iy, nmenor

foraranple! @gndysheize-hbd-Ontarfictenematiys (BBRR) af theeleticiedsymbol
system 1550 can provi de storage for program codes and
HEREsu SEHPBFCRPL LGP hopgpy! ﬁSStE%af?f_,{ Cl}aé@%‘éi‘ﬁ“@&@fl?t}cs toa
?ﬂgg%ﬁ&f 1578 1h SREEVREPIS HEX BPOCEsBP 1 5HPIHIRY Q%P S § 761 8an further

ni ques can be used to process the NR'recei ved
dérgrainsstimacietf dlnt “dphetinNg TSNRdos thietsy g dms YPmdusbsos tl 6 é@ e, then

Thes ecei ver .processi echni ques can incl ude )
EOSIR A EER Y EhRERERRE Rk TR HeDal e yotiien spsading the
Yhth & aforAliSCardfortBE RLEICE HRa 8@t UBhik Zibidlion can include, for
techni ques, and/or "successive nulling/equalization

exeannilettes pparatingeSNRnd bt ICRI canthen be eiogessed bp e dSs il#tg processor
ni qu whi ch n be,.referred to.as
FE6 Mo fid o4 B0u R0 T4 e iy anly il 5548 dprpuen

¢s8%e edrldatanemitted SREk MetkanBhdeR S§iterg 1586 sild@son, b A kBhirce 1516
Fig. .16 illustrates an apparatus 1600 that facilitates
gldr ey srsmitenfl 580 gavpieideadditiony dagaste bsdrepessed by e defp

%&Cgﬁ&eﬁﬁgterninals 116 or 122) operating in a
W rel'ess communi cation system (e.g., system100). It

be, appreci at.ed t hat at us 00.is .
03} 9 o ERRLEG TR NG SHEE iR B sty system
&5 (f dRGhdromadecdil @Clsarittiatas N 8P, @RditioddNst th@RSeivers 1522,

i npl enented by a processor, software, or conbination
fierapdited by g demodulator 1540, and processed by a RX data processor 1542 to
recover the CSI reported by receiver system 1550. In one example, the reported CSI
can then be provided to processor 1530 and used to determine data rates as well as
coding and modulation schemes to be used for one or more data streams. The
determined coding and modulation schemes can then be provided to transceivers 1522
for quantization and/or use in later transmissions to receiver system 1550. Additionally
and/or alternatively, the reported CSI can be used by processor 1530 to generate various
controls for TX data processor 1514 and TX MIMO processor 1520. In another

example, CSI and/or other information processed by RX data processor 1542 can be

provided to a data sink 1544.



firmvare). Apparatus 1600 can include a nodul e 1602
for obtaining data relating to operating

W@ bmsagtet i stics of an associ ated station, a nBCUUS2008/050058
1604 for identifying one or nore adjustnents to be
performed at the station based on the obtained data, a
nmodul e 1606 for conputing par%heters to be used in
connection with the identified adjustnents, and a
H9dldle 1808 ﬁwnmerﬁrmmmd 5pBet nr@émhtefrusweladp 8 e progessor
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Pésgechm eRRh&Iat ﬂace‘ié’% SYaL& 1550 YJEP{%@%mE&s%ﬁ ﬁ%l%%can be
ts ey ca

rocode, program code’or code segne
sdcdrte gracossaherdg n¢dedrcd spaal lte deredtithenV, stiedmiasd syrsiicd sagEms.
nponent. A code segnent can [epresent rocedure, a
%E%&tr?“é’hwr Qr‘?ﬁﬁﬁ}%ﬁﬁ?lg{mueé P B]Q[“QE\SP%P 6‘%? ?R%ée'“gle receiver
SHREQHHI tBGmi i TRAULIE carPal §PBd AR IR G K BBz &k té&ﬁnqou%ﬁ, and/or
any comnbi nation of i1nstructions, data Structures '
uogessive stldingfegnalszatign muﬁlates%ganem tarzabatiye” congpice dracessing

BRGEFs, BBERSRRGT he sracd B atas T lirarrte BRRSlbn or
PRCAITEILE ConceDitidHE FBIc 8 BRYcB M tebMiUgRL | ON,
arguments, parameters, data, etc. can be passed

f(ﬁﬁ‘l‘@]r defe, @/ 1'ilﬁ§cfh‘% aﬁ)gaﬂéﬁis%oé‘ﬂiét i1} 5(%] ﬁ‘l‘%ﬁt of a device

I ncl ud |ng nenory s ar| message passi ng,
(ras sdaagss poatt ioo knd/paorsarcssitominas ¢16 $r022) @per%mg Jaa a wireless

ﬁ(g{ntél\fl\la irCeté(Hlng'é e }gg,hslé/gtglg]dldk? t ﬁe.#[}&m es d ?jf: tlilat apparatus 1600 is

%@&sﬁ@a 8SinchdiGt fluRfifonaPRIEcI&EOwATh chh @& ﬁﬁféﬁf)@e[l MRS that
functi ons described herein. The software codes can be

mpcﬁsem functinapbmylcuanted baadresestnut @fﬁtW@ye pr eubvaiien thiigef (e.g.,
1 ok %\U 'P%argtﬁln 1860 LIPLETBD 5 ren%dV\fe 1% % nrn%ged% 2961aflhg to
erndl e processor, LN

61§>smimrg &afact&ﬂsﬁcmﬁla@@cta@ed Eﬁlﬁldﬁr @ﬁ@ﬁaarlmn afoMaéntﬁyﬁlg one or
means _as is known in the art. [00118] Wat_ has

BeEcHdimwrcnip v ke pHEarmgd ot b atwpe basse cnribe ehtaingd éata a module
‘f‘@(%ei% §oméﬁt1ﬂ\%§bal‘rﬁflet&g W5 B€ serdqh {19111 @11&1 Qhedﬁéﬁtfﬁekﬂeadjustments

every con e conbi nation 6 nponent

anet zhmddhle dices f(frqrerfprmmgsle&deiﬁtlﬁmisadgushnﬂgs hthhe station based on the
af orenenti oned aspects, but one of ordinary skill in
?%%mﬁgfp%ﬁﬁwwgkognlze that many further conbinations

and &ernutatlons of various aspects are possible

M3 861di Agisyo be Hadageed theble asprststdeserthed ihgrcamepahba igplemented

by hardware, software, firmware, middleware, microcode, or any combination thereof.
When the systems and/or methods are implemented in software, firmware, middleware
or microcode, program code or code segments, they can be stored in a machine-readable
medium, such as a storage component. A code segment can represent a procedure, a
function, a subprogram, a program, a routine, a subroutine, a module, a software
package, a class, or any combination of instructions, data structures, or program
statements. A code segment can be coupled to another code segment or a hardware
circuit by passing and/or receiving information, data, arguments, parameters, or memory

contents. Information, arguments, parameters, data, efc. can be passed, forwarded, or



enbrace all such alterations, nodifications and
variations that fall within the spirit and scope of

w0 b@sagpended cl ai ns. Furthernore, to the extePCT/URADS/050058
the term"includes"” is used in either the detail ed
description or the clains, such termis intended to be
inclusive in a manner simlar3o the term "conpri sing”
as "conprising"” is interpreted when enployed as a
traenyited wvieg anjosudtabla nzeans ichdirumemerymberng. trhessagsrpassing, token

"%;ﬂlagt%gﬁguén gggge&_the detail ed description or the
R R T EOE A " De?s " non- excl usi ve or. What is
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or comuni catl on; |1 ent | fyl ng one or nore | npal rme'nts
fungtiensrisebtcd ihgestn. s Bipiodsyare eodsa cimbe garedan menragy units and

ar a ers based .at | east in part .on,the, gbt.ai.ned
CE R LY aher ORE™; s PPyt b dRRlerteny v iThip Hisraggsor or
SQbRL] BitRYpR0&sseY, inWhRhich&s cehin@tudit AeR doupled td bR
list including an in-phase and quadrature (1/Q
PiPBeISanGa VaiaeySaBeans s fSAaowi, in #i¢ 4rht er f er ence

cancel | ation coefficient, a channel estinmate
100d h8lat i Whatdwes hesn deserdredtadbyainchdesexgmglestad-oneios more aspects. It

ratio (SNR) met.ri and. a nultiple-input . .

ROt i8St e i RS PO RsiebRBpinbinerign g components or
adihedbloptes fhepuinhdsed 8Bdessiisth et HaSaRn@shct RSpRBEH@ one of
nore conputed paraneters. 2. The nethod of claim1,
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conmponent of the resulting signal, and the conputing . .
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part of a root nean square (RM5) val ue of the |
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t he C nent of .the resultin ignal . 3. The nethod .
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conmponent and a silent Q component, measuring a

resulting signal of the first signal,

What is claimed is:




transmtting a second signal having a tone at a Q
conponent and a silent | conponent, and neasuring a
w0 e®8lsdony si gnal of the second signal; the i deCE/US20081¢50058
conprises identifying an anplitude inbal ance between
the resulting signal of the fjrst signal and the
resulting signal of the secohﬁ)3|gnal and the
conmputing conprises estimating an I/Q anpl i t ude
i mbal ance correction factor at |east in part by
di viding an RVS val ue of tK&kdAMM8Iting signal of the
first signal by an RVMS value of the resulting signa
of thg rﬁ@cﬁ d‘ﬁ)r &%@émédatg he, WRERAG&fonC l:&h 1§ng
wher ei n: ent| ng conprises | ent| ing 1/Q
phas eobtahaigaﬂawlessrsl@mdao edadap {ihk uhlezodi iyl wgslesst siaticmripr
the co utlng conpri ses approximting the I/ Q phase
?ﬂ%%?%ﬁgénh5|ng a finite inpulse response (FIR)
filtefdentifyenddiR drivhdr€impamhéiis AEMARE aﬁtﬁﬂleElan les;
coefficients, and conputing the associ ated
c oef f panpuitng;ong e HtOhfépQIdljna‘@tS aged afrtpast gwe@rtacppuhy ohtginedeamples
(ﬁhgg eanth entagr(ﬁle;flttsa a%nrmgrgl %ltno{‘llsi%r% O%Q gre 1tenés selected
frbe it lisf in€lhidinfad in-phae ahd qh&t&atﬁfﬂl@eﬁlbhlah@rﬁcﬁrectlon
conprlse a nean phase_ i nbal ance FIR coefficient and a
cwﬁeaqdﬁtﬁ%rqnﬁ% %@ﬁ%@m redisemt.iacghamnel cstiyaate francation point, a
r [ S
L
UWﬂMﬁhaBanmhhﬁkanma:andoss frequency and sel ecting the
slope hase j nbal nce Flﬁg§ fficient tore rese t an
appro H%’cnél © MR ésr St FPoAn thy AR e moes Parameters-
i mbal ance across frequency around the nean of the 1/Q
Ehase I nbal ance. 6. The nethod_ of cIa|n15 wherein the
dent FhyMeGod @f elign lowhpicinsibs ob@ining W@p & COEIPTiSeS generating a
EHBAE 1S SWERrPald AR URER GBS heidb AR AR colprise
siehnﬁymg aerampidudajmttalefnye hgwleél@mhmpomfbmmim:e sofnponent of the
gghrs of €05| ive and.negative subcarrier

t
o fr B tne Sdnonas et i Aween e BRlds Fibalance

b(ﬂp&ltléﬂ %t(ﬁr aRle%&elfl b 'bz Qﬁw&‘ﬁgﬁrrbzﬂ%rﬁﬁ' L QG(St'rH&ntsa@are (RMS)
sl ope p ase i nbal ance FIR coéfficient at |east in part

ialue ofﬁihatl Icwgpalmt afjibs rofultingsignatbp aBS vila¢ afibe£) ¢amponent

5,0 sitive and negative subcarriers in the
gg@’g g?grers 7. The nethod of claim 1, wherein

t he obtalnlng sanpl es conprises sanpling
3. The method of claim 1, wherein:

the obtaining samples comprises transmitting a first signal having a tone at an 1
component and a silent Q component, measuring a resulting signal of the first signal,
transmitting a second signal having a tone at a Q component and a silent I component,
and measuring a resulting signal of the second signal;

the identifying comprises identifying an amplitude imbalance between the
resulting signal of the first signal and the resulting signal of the second signal; and

the computing comprises estimating an 1/Q amplitude imbalance correction
factor at least in part by dividing an RMS value of the resulting signal of the first signal
by an RMS value of the resulting signal of the second signal.



respective input signals fromone or nore antennas,
the identifying conprises identifying interference
WEe@sesioed n t he respective input signals, and PEEUS2008/050058

conmputing conprises estinmating one or nore

cross-correl ation values and gne or nore cancell ation
coefficients based on the resﬁ%ctive i nput signals. 8.
The nmethod of claim 7, wherein the adjusting conprises
éanceWhWQWﬂh@fﬁdbﬁvdfM@@fﬂhterference based on the

estinpte oss-corr.el a and .cance

coct { T don 082 ofef s PRV LS P Er SR with he
SRR stxgor ur t her conpri ses conparing the
cross-correlation values to a threshold and the

canceflierfgmpHENg eRIARLIYSS apPIPRiMEAting than@ phasambalaneqesing a finite
ERABEGRE! BR) AREL AR Y BLUAS 08 kAR LB RS, and

per forne one
anﬁgﬁmgah¢ahaMHmaFM&bdﬁﬁcenmeﬁds t he threshold 10.

The thod of claim8, ereln he ustin rthe
corrpﬁ’@@éﬂﬁté?%?‘?ﬁ@m’?@ app lalﬁéléq F@t ﬁfdé?lamg modulator or an

i/0 d%?&dd{lgttdrfb@so%%&ﬁxkitﬁ%ﬁe%rélbﬁ%@Jtloh0 a receiver chain
prior to an automatic gain control block or a receiver

bl ock. 11. The nethod of claim?7, wherein the
?dj us h@ﬂleﬁ%g%'g ﬁ? 4b3h A6 R FIRROSALREA CBH%\P@{ a rnean phase

evel [ npose the respective input si
iﬁﬂalaneb Rl coéfficicai and]a]slopd*;ﬁtaee mbance & I‘RJ ud)efﬁgwfm amhthe

rlS stimating, a m.ni m out t a
lﬁ}ngtfflﬁgerﬁ8ﬁ7é’ifls : SRR ¢ 59?361? %ﬁ%‘rﬁ?eﬁgﬂleﬂt by
ﬁﬁl@%b?ﬁl‘: srherentasd mlléﬁ’lc@BCI{)gkeﬁéCﬁl%WEIﬂdVS%IGICW{hG slope

ignal s and the m nimum out put power |evel
lal@ﬁsg gnbaigncrelBIRweﬁffmmm'pm rspresdyd lan appnoginatey ;bmwrvatletmi ig the

R HE: BEERcE ey Pt PaBp GO T80 ef et BT byl Bubes
cla|n17 wherein the conputlng further conpri ses
gglt glt ﬁbm nﬁ@h}(&‘q%ﬁ@%%lé;/e Qgrt%%” tgg cﬁeﬂﬁfyalgg Eﬁﬁgggﬂﬂ%lses selecting a set

6RduBEARENACIEIHABSo SRS Sublatichin VIR 4€8f AibdasRncet hby AN distance
coefficients based on the resgectlve novi ng aver ages.

ﬁmrn frméo prefrchatr and tsieaﬁlﬁﬂng /Qtpepssiimbeliacesdpppaiismeg positive and

1&: Flbt{cgri}r%rsclggﬁ? S iOeF]l% art'r% (?816 fgl%gtlng thé slope phase
ﬁh@ﬂkﬁice FOR icOéfEiEfeat @MERishs stsedih St J1G3d fthakSiniWalanet FIR
packet s recelved froman identified source. 15,

Th
srafhgiantsit laaptdn part by sRBwBlRE t¥rsagsp oAThsilHY pé%sﬁgmbélanc%s for the
ﬁﬁfﬁp(ﬁ*p%%?wg Qﬁ@héﬁaﬂge §iWarriers in the set of subcarriers.

7. The method of claim 1, wherein the obtaining samples comprises sampling
respective input signals from one or more antennas, the identifying comprises
identifying interference present in the respective input signals, and the computing
comprises estimating one or more cross-correlation values and one or more cancellation

coefficients based on the respective input signals.

8. The method of claim 7, wherein the adjusting comprises canceling the identified
interference based on the estimated cross-correlation values and cancellation

coefficients.



channel estimtes and the conputing conprises
mul tiplying the raw channel estimates by a w ndow ng
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generating an inverse FFT (1 FFT) of the w ndowed
channel estimates to obtain channel inpulse response
estimates, determ ning a power-delay profile fromthe
channel inpul se response estinmates by squaring the
ghann&he methed ©¢ clags Bonsercasthe vempstingnidrtbemennmyischeomparing the
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truncating the channel inpulse response estinmtes
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cutof f point, and converting the truncated inpul se
response estimates to adjusted channel estimtes. 16.
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estimates. 17. The nethod of claim 15, further
conprising conparing a |l ength between the positive
cut of ThppietoddTdlaih e, RBgRIH the agbid cadgirRks bating
maxi mum truncation |l ength and the truncating the
bnaspheartnayysy lavellprasplspdeofdhe ravagctiye inpubsigndbned i f t he
| engt h between the positive cutoff point and the
negative cutoff point is |less than or equal to the
txi miihe method &f icgﬁnllénwghﬁ.emm@ camputingt fhgbergomprrigpmestiglating a
further risi onparing. a |ength e e
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truncation of ctarm erein
the conputing further conprises replacing band edge

nes— .0t ' d I s ' n .
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ﬁdspédlnﬂvé. mdgﬁ%faiieﬂllgbhéf @bip&ésrﬂbtvglnaiaﬂamhﬁ& I(qufﬁlafiizﬁﬁput signals and
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VLSVt Qearest sliced constellation points
corr sponélng to one or nore synbols and the conputing

conprises sunmng the received constellation points
127 T PRPHCHMDS claim 7, wherein the computing further comprises estimating the

one or more cancellation coefficients to maximize a signal-to-interference-plus-noise

ratio (SINR) of packets received from an identified source.

15. The method of claim 1, wherein the obtaining samples comprises obtaining raw
channel estimates and the computing comprises multiplying the raw channel estimates
by a windowing function to obtain windowed channel estimates, generating an inverse
FFT (IFFT) of the windowed channel estimates to obtain channel impulse response
estimates, determining a power-delay profile from the channel impulse response
estimates by squaring the channel impulse response estimates and summing the squared

estimates over one or more receivers, calculating a positive cutoff point and a negative



synbols to obtain respective signal power estimates,

sunm ng the distances fromthe received constellation
W@iRN8606D t he nearest sliced constellation poPCE/ESI008/050058

the respective synbols to obtain respective noi se

power estimates, averaging the signal power estinates

and the noi se power esti mat estover the respective

synbol s, and determ ning a constellation

gitgiipoint basedionghe mW@-cte%NR;rOﬁb, wuncating thefchpneel ampulagessponse

si.gnal po to.the avera npj se wer.. The t hod ..
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estimates using a one-pole low pass filter and a

programmabl e averagi ng constant. 22. The net hod of

¢h.al NTROMMdA0ECRIh N8, WH&BI thy toldp@guitB&Somprises estimating a

i dentifying a maxi mum packet error probability and the
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of claim1l, wherein the obtaining sanples conprises
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theanagnog thireatt@npugted rank metrics over the
respective subcarriers to obtain an average M MO rank
metric. 24. The nethod of claim 23, wherein the

coNMpuTh&gethodtofielairg aSpfurthesScpirfstigndonghatRe a length between the
deconposition for the respective M MO channel matrices
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BT WARReR 188 or  probability and the adjusting

conprises selecting a nunber of spatial streans for
comunj cati o ased aon the maxi num packet error,. i
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BAHEL B Forfel B a8k e RRarHRP A RlatS wiBPHRd 3O nes in the raw

channel estimates.

20. The method of claim 1, wherein the obtaining samples comprises sampling data
relating to received constellation points and distances from the received constellation
points to nearest sliced constellation points corresponding to one or more symbols and
the computing comprises summing the received constellation points for respective
symbols to obtain respective signal power estimates, summing the distances from the
received constellation points to the nearest sliced constellation points for the respective
symbols to obtain respective noise power estimates, averaging the signal power
estimates and the noise power estimates over the respective symbols, and determining a
constellation signal-to-noise ratio (SNR) as a ratio of the average signal power to the

average noise power.



a menory that stores data relating to a radio link
utilized for communi cation by the wrel ess
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relating thereto; and a processor configured to
identify adjustnments to be perfornmed at the wirel ess
connunlcatlons appar at us baset? on the one or nore
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of claim 26, wherein the nenory further stores data
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signal. 28. The wirel ess comunications apparatus of
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he w rel'ess conmuni cati1 ons apparatus of clalim 26,
weeagei MIMBeranke netrc. f urt her stores data relating to a
signal resulting fromgeneration of tones at a group
of subcarriers selected such that no subcarriers in
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di fference phase correction factor. 30. The w rel ess
comruni cati ons apparatus of claim?29, wherein the
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26. A wireless communications apparatus, comprising:
a memory that stores data relating to a radio link utilized for communication by
the wireless communications apparatus and one or more samples relating thereto; and
a processor configured to identify adjustments to be performed at the wireless
communications apparatus based on the one or more samples; to select one or more
parameters for the adjustments from a list, the list comprising an I/Q correction

coefficient, an interference cancellation factor, a channel estimate cutoff point, and a



an approxi mation of a linear phase inbal ance variation
Wth respect to frequency. 31. The w rel ess
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processor is further configured to select the pair
di fference phase correction ff\ctor at least in part by
conputing respective averages‘%f phase i nbal ances for
pairs of positive and negative‘subcarrLers in the
graongl pklisubdigator;end (@periormethpiideatifed adjostmgniscat i ons
apparatus of claim 26, wherein the nmenory further
stores data relating to signals received at one or
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pparatus of clalm 32, whereln the processor Is
further configured to bal ance respective power |evels
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30.  The wireless communications apparatus of claim 29, wherein the processor is
further configured to determine the mean phase correction factor as a mean of the phase
imbalance across frequency and to select the pair difference phase correction factor as

an approximation of a linear phase imbalance variation with respect to frequency.

31.  The wireless communications apparatus of claim 30, wherein the processor is
further configured to select the pair difference phase correction factor at least in part by
computing respective averages of phase imbalances for pairs of positive and negative

subcarriers in the group of subcarriers.



signals and to cal culate the cross-correl ati on val ues

and cancel l ation coefficients based at least in part
W@prooslgsondi nt ai ned novi ng averages. 39. The wi PEI/ES208/050058

comuni cati ons apparatus of claim 26, wherein the

menoryfurther stores data relating to one or nore raw

channel estimates and the protessor is further

configured to wi ndow the raw channel estinmates based
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truncation value and the negative truncation val ue.
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correction factors based on combined noise and interference levels of the respective
signals and the minimum power output level, and to balance the power levels of the

respective signals based on the power correction factors.

38. The wireless communications apparatus of claim 32, wherein the processor is
further configured to maintain moving averages of samples obtained from the input
signals and to calculate the cross-correlation values and cancellation coefficients based

at least in part on the maintained moving averages.

39.  The wireless communications apparatus of claim 26, wherein the memory



power estimate to obtain a constellation SNR netric.

44, The wirel ess communi cati ons apparatus of claim43,
WOR@BMO8GI63 he processor is further configured tRCDOS2081050058

t he average signal power estimate and the average

noi sepower estimate using a one-pole | ow pass filter.

45. The wirel ess conmuni cati offs apparatus of claim43,

wherein the nmenory further stores data relating to a
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stores data relating to a maxi num packet error
probability and the processor is further configured to
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apparatus; neans for identifying one or nore

adj ustments to be performed at the apparatus based on
ihe obhalielsd@fmunications apparatus of claim 26, wherein the memory

further stores data relating to received constellation points corresponding to one or more
symbols and distances from the received constellation points to respective nearest sliced
constellation points and the processor is further configured to sum the received
constellation points for the one or more symbols to obtain respective signal power
estimates, to sum the distances from the received constellation points to the respective
nearest sliced constellation points to obtain respective noise power estimates, to obtain
an average signal power estimate and an average noise power estimate over the one or
more symbols, and to divide the average signal power estimate by the average noise

power estimate to obtain a constellation SNR metric.

44. The wireless communications apparatus of claim 43, wherein the processor is

further configured to obtain the average signal power estimate and the average noise



means for conputing paraneters selected froma group
to be used in connection with the identified
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factors, interference cancellation coefficients,
channel estimte cutoff point$7 constel | ation
SNRnetrics, and M MO rank nettics; and neans for
performng the identified adjustnments at the station
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conputing the sel ected adjustnent paraneters; and

performng the identjified adjustnments based on the )
tonput BewHg|csseareRunisaiongapriratus of claim 46, wherein the processor is

further configured to perform QR decomposition for the respective MIMO channel
matrices to obtain corresponding intermediate upper triangular matrices and to compute
the rank metrics for the respective subcarriers based on the intermediate upper triangular

matrices.

48. The wireless communications apparatus of claim 46, wherein the memory
further stores data relating to a maximum packet error probability and the processor is
further configured to set a number of spatial streams to be used for communication

based on the maximum packet error probability and the MIMO rank metric.

49.  An apparatus that facilitates signal processing in a wireless communication
system, comprising:

means for obtaining data relating to operating characteristics of the apparatus;

means for identifying one or more adjustments to be performed at the apparatus
based on the obtained data;

means for computing parameters selected from a group to be used in connection
with the identified adjustments, the group comprising 1/Q correction factors,

interference cancellation coefficients, channel estimate cutoff points, constellation SNR
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metrics, and MIMO rank metrics; and
means for performing the identified adjustments at the station based on the

computed parameters.

50. A computer-readable medium, comprising:

code for causing a computer to acquire information relating to a radio link used
for communication, the information indicating one or more impairments;

code for causing a computer to determine a set of parameters to be computed
based on the impairments, the set of parameters selected from a list, the list comprising
1/Q calibration coefficients, interference cancellation weights, channel truncation values,
and channel quality indicators; and

code for causing a computer to compute the set of parameters based on the
acquired information to enable adjustment for the impairments based on the set of

parameters.

51.  An integrated circuit that executes computer-executable instructions, the
instructions comprising;:

identifying one or more adjustments to be made at a wireless station;

selecting one or more adjustment parameters from a list for the adjustments, the
list comprising an I/Q correction coefficient, an interference cancellation factor, a
channel estimate truncation point, a constellation SNR, and a MIMO rank metric;

computing the selected adjustment parameters; and

performing the identified adjustments based on the computed adjustment

parameters.



