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BACKGROUND 1. '?H[&S@@@ CTION MI osure

rel ates generall'y to comuni cation, and nore

speci fi cal IQRDMeANDIMIMO TRANSMISSIONS
correction for wireless communication. |1l. Background
[0003] In a wireless comuni cati on system a

ORRP T G b KL SN O QERRGEBrit Prorovis BRATISD ABPieasion Serial
Noﬁb WFOEG$%,%?EM‘DE§IS§W-E{E§ECE Eg:lglgﬁlggi (EX]E)]RRESETH)@NOEOR SISO
ANl %M@y SO Ty §Y§ﬁﬁM&f|ygE3§‘§?ab§?szqoé, @%@Pgﬁ%t@ gssignes hereof

ineavsnehtddiflciiibgnérengd transmts the RF signal
via a wreless channel. The wirel ess channel distorts

the transmtted RF signal with a channel response and
further degrades the sign ' ise and
interference. [0004] Aﬁ@@&@&lﬁves t he
3Eransi;ieﬁ(ﬁ)ed RF signal and processes the received RF

i gnaf'! obtai n sanpl es. For coherent detection, the

[602] VerTIRS hidiBite diskldgurt eRABS ?eﬁ&all h@ Wl @RStion, and more
channel based upon the received pilot and derives a

giivatiivelly exsterhmgqees fathrerformiong phese ¢dregtipre fdroyingess communication.
detection wth the channel estimate to obtain

esti mated data synbols, which are estimtes of the

fpta gypRRbangent by the transmtter. The receiver

then processes (e.g., denodul ates and decodes) the

H¥0Bhat dd adwirelessyerinohsnitgicobtyaicm, ademcaettr dgtieally] B00Skes (e.g.,

The recejver, typic y, estimates frequenc ror at
Hedr e verulih] B il londreas SHE OBE: i % seerent system
thef trangmesr ifulapleked et dyhdRUeRGtesh@tdatN&ymbols, processes the
transmtter and receiver, Doppler shift, and so on.

mugiplexsdi dast apgypilogpgmbolshie ganstpie ncipdier figquanen r(RFY rségnal, and
BRI SLCATHS! SEILGD, ot U HANSY isons
REIMIBZORFE /sQmABRkh aZhannel response and further degrades the signal with noise
and interference.

[0004] A receiver receives the transmitted RF signal and processes the received RF
signal to obtain samples. For coherent detection, the receiver estimates the response of
the wireless channel based upon the received pilot and derives a channel estimate. The
receiver then performs detection with the channel estimate to obtain estimated data
symbols, which are estimates of the data symbols sent by the transmitter. The receiver
then processes (e.g., demodulates and decodes) the estimated data symbols to obtain
decoded data.

[0005] The receiver typically estimates frequency error at the receiver. This
frequency error may be due to difference in oscillator frequencies at the transmitter and

receiver, Doppler shift, and so on. The receiver may remove the frequency error from

the samples and then perform detection on the frequency corrected samples. However,



there is typically residual error in the frequency
error estimate. This residual error results in phase
w@eooan3izel t he frequency corrected sanpl es, andPthes2007/069501

phase error may degrade perfoZmance. [0006] There is
therefore a need in the art for techniques to perform
phase correction for wreless communi cati on. SUMVARY
[HROH typeahpiraii@sal feror AR rthe frdqighchNatR &BRRact TAR fedidual error
WI reI ess conmmuni cation are described herein. In an

plécin phaseefriasdinpihe oteapndpoerrenies paerlpy edddiie sphase error may

bt ai ned from an orthogonal frequency
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§rHRsEPR forguisgesy COMAREIGAHPBr mat i on i s obt ai ned based
upon the received data synbols. The first and second
phase informati on may be obtained in various manners
and represented in vari oSUMM®BRYhe phase of the
recei ved data nbols is corrected based upon the
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g@%{}ﬁe rmln%ﬁ d{ﬁ%}’ eﬁb&lbes%ﬁﬁ%hﬁ%& fifo %{101?15p(§5t8{1¢f‘d ‘t())ahsed upon the
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reyivbe dper fyobokd dhetfiret plibseond phaecinganpiibotmay bbobined in
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FQE @% 'BEME 5 %ﬁg”nay be corrected by the

[0'0r03¥1 PhEsEbthinftRs ARt pefie infBRhARNM AR pPBse drehPRICEREMBHot symbols
on the phase corrected data synbol s to obtain

é@V|h¢aQOé@ctedattyaarsynb@|1§1aS¢—laﬁdr, deutls mﬁéom’dny fthese error for a prior

obtained for the estl
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Detection may be performed on the phase corrected data symbols to obtain estimated
data symbols. Hard decisions may be obtained for the estimated data symbols. Dot
products of the estimated data symbols and the hard decisions may be computed,
weighted by scaling factors that may be dependent on SNR and/or other factors, and
combined to obtain the second phase information. The first and second phase
information may also be obtained in other manners.

[0009] The phase correction may be performed in various manners. In one scheme,

the phase of the received pilot symbols is corrected (e.g., based upon the second phase
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prior synbol period), the first phase information is
wobioailseel based upon the phase corrected pil oPCT/US2007/069501

synbol s, and the phase of the BPeceived data synbols is

corrected based upon the first phase information. In

anot her schene, the phase of the received data

Hf6iRQtSn i ffor @ (}j' tseehbbiRs@bAYae firfighhéd HiforBA@SE is obtained based
informati on, detection is perforned on the phase

Ry distnbigscieareectodnmiton symbolshang the dbasenel thel rergrved data symbols is
ggrp& dsbasgé]ﬁ 01? ﬁl%ofﬂgt gg %%Hﬂﬁ[o%atqn%o{h%rg eﬂ{e ﬂ% a%hease of the

ase pon t estl a synb and
tdceitvbé detstslyﬂﬁbeds datrectsd/ hmti Slpbﬁ tioofirse phasd 1bﬁ3mdt1cup @otection is
he second phase information. In yet another schene,
PHETCA thia Phasec eTErcidadate SHPBRIAe iogﬁur} SStiwie Aa Syinpols. the
bAd Bh&Qrhk gtl&h &s t!nﬂ&@ 'E)%H' n (RO EstiriGed g@% esgﬁlfbtolhs,e and the

Al
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al.so

f th } 0
RS 0% Y e QP e s ey i FC0 seird POPE ale b gy combined

{&oﬁtﬂlht Mblﬁi&i glﬂdse iAW onBRhEfth OFRERIP -ﬂl@éc@%ea Id%:ta symbols is
DRAW NGS qLOOl FIG 1 shows a transnmitter and

ﬁ@’c@itadebase Hpen e Sombinadgrhiass ingermatipo0 T2p phpe, cozregmmmay also
and a receiver for a M MO transm ssi on.

nsmttg i
gﬁmﬁfid% fd 4> show t wo processes for performng

FUIHB}E‘ covdrRab Iaﬁpfbcwl dnld fe@areliofi @itk @ibassire Bfedel@iticdrin further detail
E0014] FIG 5 shows a data format in | EEE 802. 11 a/g.

@9‘1’5] FIG 6 shows an OFDM denodul ator. [0016] FIG 7
shows a phase correction unit. [0017] FIG 8 shows a

phase error conputation unit. [0018] FIGS. 9 and 10

show two pBRHSEBESCRPPTIONIOF PHEDRAWINGSN in
multiple steps. [0019] FIG 11 shows a generic process

{9 1per flAONI shophaensoottersmdiagnceivdro20$1SC) Eanshdssdrows

AR12P P EsTheR et B BT i aida EEM BT ppppisson.

fomabpi quassdesaid hedoRere) Pro¥Biked CorUp@tbrindig BRdsk QdSrection with
conmuni cati on networks such as wirel ess w de area

p@ﬁbm@sha(swafmamm rel ess netropolitan area networks
(O0YANS) p1¥ 56h&FSa hAG Rl GAERST YWY Ky d WANS) - and

[0015] FIG. 6 shows an OFDM demodulator.

[0016] FIG. 7 shows a phase correction unit.

[0017] FIG. 8 shows a phase error computation unit.

[0018] FIGS. 9 and 10 show two processes for performing phase correction in
multiple steps.

[0019] FIG. 11 shows a generic process for performing phase correction.

[0020] FIG. 12 shows an apparatus for performing phase correction.

DETAILED DESCRIPTION

[0021] The phase correction techniques described herein may be used for various
communication networks such as wireless wide areca networks (WWANS), wireless
metropolitan area networks (WMANSs), wireless local area networks (WLANSs), and

wireless personal area networks (WPANs). The terms “networks” and “systems” are



wirel ess personal area networks (WPANs). The terns
"networ ks" and "systens" are WD 2007/ 137281

wea/Ws2807/ 069501 4 often used interchangeabbP@T/USvewes9501

Wi rel ess networks may use Code4Division Miltiple
Access (CDWVR), Frequency Division Miultiple Access
(FDMA), Tinme Division Miltiple Access (TDMA), Spati al
Bitvd ase@rinﬂvkdhtahg&ael ACTIRSS w(u%liaylé\hem@’rksh@gsa Rgd ColfMAvision Multiple
39 Singl e-Carrier FDVA (SC- FDMA), and/ or sone
MA@I drequenes sDepREultipkDcass (FRMOFDme Division

i) t? ToraSER (FRM Ebut TR AR YR er Y BRIR Orthogonl

Epsie r‘(ﬂﬁﬁ‘dﬂ)dﬂhlglel ﬁtn(memHDM[Al ESC-KDMAS, hﬂgi(bcb’taiiome other multiple
subcarriers, e also reéérredto as tones

BICHE SCAfIRCS oOFQMA E&@ﬁess%le%(fr r P DM Wilizg sigelsrcagricr frequency
dﬁb@ﬁhﬂgléﬁh@@@eﬁﬁh\/{ VBLHdo8C mghﬁuﬁhqhe 3%%1 bihdwidth
ncy d time

the frequ mai n OFDM and in omai n
Wit tnuB(pleFCbﬁ/) orﬁmgondlsabcatlycrs twigch echidoqutesredt@as tones, bins, and so

?138 e égl":%rgE amr%y e@o&;agt%glv&gﬁs%gm itggét}egqtll rlnloczhﬁatlon symbols are
Sdn ﬁTe' fRRMEnS MGhfn QUIPOFDOMVPLRPIN theSiM@USmbAPVEh SC-FDM. For
nmul tiple-output (SIMJ), nultiple-input single-output

¢IrisOphe teghmiques picj q@B@lbed poita FDM:b@sed @quo@m that/luml)}es OFDM.

m .Si ngl.e- | pu
LARER v s Rm B % i b ol By el Tyt SPERRM g, o150
angernga fradltiplatoutput r FRIMOR S inutiplSiifglte shiglpaiitpitef(@®11SO), and
to one receive antenna and nultiple-output refers to

Frultinlpeput geefiple- c&ﬁménﬂ\éwpértrwwsr@éep Sighe-inpyg refers to one
LSRN BT RRERE LR o TP TR OBy for

tvhiashyissi@u aﬁlmgtewmpta rrpferst mdmermchweaaﬂterma( d\?ﬂd@%hlltlplefcﬁﬁﬁiﬁ]refers to
Fluf 1 shows a bl oc g|agramof transmtter 11 ag
RS Forver et 1ar daip derentighs nT s FSATI Ry Magalso be used for

davlsi AkddIMor| neRId shiihk) MiabARaMRet (ef kjeirglg"’\rgg-e@é() and M-ary

part of a base station, an access point
awﬂi/r@turesmltpéltmerteodtquniM @Gl y. Recel ver 150 rray be
ation,.a nobi t| on

(8251 cauthaions LBt PR of Airdonyiy Bl s iy 150 for e

980 &@nsnﬁ@sﬁoﬂ hieoruRd ddknlikr (of R RaEElidk) dansmiiticdNS Uintdy&e part of a
110 may be part of a termnal, a station, a nobile

basatstapan, an ageess Pei pNeds B. anddorsemsmthcandtvrask entiter Receiver 150

f{%geb ’artbgf P 6[‘5%11%1 ?dgl%i? %ﬁjﬁotblﬂg Ntatd Q%%%l o pgrh&tt, a ubscriber

and so on. transmtter

tlﬁiara&mot s¢rhXpthdatievien dF gy the tiplpiko@e setse Ik ), s ieed 10 may be
(e encodes, interleaves, and synbo] mm ) traffic
Bt af f eTRHErattation e anelylesition. a p?@é@é%@a}en £9d gp 98, and receiver

IENERILE DR Rlof @bathiRhSa PRl Uit ISl NBHE Bl RIE%EH. L e

pi | ot ols wth atas used herein,

4] Syrmoﬂransmltzeerslyl@baltraﬁlsmntc(a“ﬁ(a daal oid pﬂlotsgrnd:mlsorl ]sl2 processes
(e.g., encodes, interleaves, and symbol maps) traffic data to generate data symbols.
Processor 112 also generates pilot symbols and further multiplexes the pilot symbols
with data symbols. As used herein, a data symbol is a symbol for data, a pilot symbol is
a symbol for pilot, and a symbol is typically a complex value. A data symbol or a pilot
symbol may be sent on one subcarrier in one symbol period. The data symbols and

pilot symbols may be modulation symbols from a modulation scheme such as PSK or

QAM. The pilot symbols are known a priori by both a transmitter and a receiver and



a synbol for pilot, and a synbol is typically a

conpl ex value. A data synbol or a pilot synbol may be
w@ewmy/1am8obne subcarrier in one synbol period. B¢EUSENZ069501

synbols and pilot synbols may5be nodul ati on synbol s

froma nodul ati on schene such as PSK or QAM The

pilot symbols are known a priori by both a transmtter

aRg R used ab \teficralRkh¥ &@QZﬁé%&&# Rk iS00 B8 IpEEL ofDilot, as
may be used to generate short and long trainin

doritibrcs betai.or Hot QGRME meduitpriransautic] 6QEPMeMIORITHHIR) 116

smi.tier -
B PR A TR (Bl e WA Rkl oprgin ouput
shiphoTsntmitebl &b fhrmef pltd)bessed‘l(er:gs, cohvaisid dnhieg, filtés, arnphﬁes and
further ocesses ., converts to analog, fil

wﬁﬂnw?ﬂsééfle QHpput &B’d’é r%r&eélyra%q%ea aindplatcdeteprd. wht s Hansmitted

g@ﬁﬁﬁ@&%&nglm@dulated signal, which is transmtted
froman antenna 118. [0025] ﬁu recei ver 150, an

HO28hna A5 2coceeei Mds dnhenteodiul Id2e decsivgnahe fmodulated signal from

ransm t 10 and rovi des a r elved
b | Sratipenta Pt ety RS R degulator (RCVR/
DFPARISERIAT®),. 954 pldckises gafﬂl’ﬂefsf 'aﬁ@hﬁ@@%&ﬁ@f&ﬁﬁ'&&@; digitizes) the
digitizes) the received signal to obt ai n sanpl es,

toseivat seakdobtempsae ¢y esflraricy aed rNRowEs frm@elilqyeﬁtrror at receiver
i-g&ﬁp ngn r{) ndf ¢ hl%m%e Hﬂﬂs%m@ﬂrﬁloﬁ&? l at Ig%nnples to o%taln received

eO aln receive

SyhISES foreliSsubartiés f @&trestA HPRKEE coatstRMmt undNl A0Ndbtaiddthe received
obtai ns the received synbols, estimates phase error

ﬁ}ﬁﬂl&lw%m%mha&er PBer 11y gaehyeanioh @cpndsismovepihe plipge error, and
g{]og}/dneo ¢ Sa’lgétqﬁcci?ec?e%r bSi¢ dﬂ@ Oifirs Mot %EEE‘ off%EtIg O£re often used

are o en use interc angea
negaltahgtably metuegny t@frdquinag end phaet aCdanerctdrﬁlzszqmﬁoﬁnmﬂetectlon

etection (e.g., matched filtering or equa |z tion)
ghg -t H@tﬁglﬁ%sféteegg (08 B 122 oPs t@nﬁ%? GO eR afeqlﬁa% grovides
RitinPle APHotdaidad 2y ThabSls. MIRASE cGPLIBR lunfN dNinky %@tQmﬁrt%Vthe phase

estimate the phase” error based upon the received
siyorb bdssd aupdh ghe troeieedt symtodd ad/ob Hlesestiratd@Xsyhabals. An RX data

BiaRERac o1 A taBe ke domits i i EoBlord BT Byt dua symbols

g prbe el AbcodcBIdARE SPREesh &4 | Rdha¢ *hleUladd Rg-likelihood ratios (LLRs)
| og-1ikelihood ratios (LLRs) for code bits based upon

fhiecadst hitppbased dwpa thy rebamated rdbts symbelp andi inrthey deipteslcaves and

t,ai.n the decoded dat a.
?%%gg%%%g%$§5§P§?§b§§8%§§§g9%:120 and 170 direct the
f®e6Rt i afondlolltfsgnsdtsidren 20 had HDCHlfeeC dicv@rerdthld, at transrmtter 110

respectively. Menories 122 and 172 store data and
mdo@ra%zmrclé&egespwwele/r MRS 2 p1d 14A stoFedat ggt progtpm codes for

RSy BT F Gyt o b okl aramof
[0027] FIG. 2 shows a block diagram of a transmitter 210 and a receiver 250 for a
MIMO transmission. Transmitter 210 is equipped with multiple (T) antennas, and
receiver 250 is equipped with multiple (R) antennas. Each transmit antenna and each
receive antenna may be a physical antenna or an antenna array.

[0028] At transmitter 210, a TX data and pilot processor 212 processes traffic data
to generate data symbols, processes pilot to generate pilot symbols, and multiplexes the

pilot symbols with data symbols. A TX spatial processor 214 performs transmitter

spatial processing on the data and pilot symbols and provides T output symbol streams



M MO transm ssion. Transmitter 210 is equipped wth
multiple (T) antennas, and receiver 250 is equi pped

wowaoh/1smBt i pl e (R) antennas. Each transmt ant BOESZ20T069501

each receive antenna may be abphysical antenna or an
antenna array. [0028] At transmtter 210, a TX data
and pil ot processor 212 processes traffic data to

BEN O HadiAatsinRekmittdys OTRSHRf1IgRIZI6L TR s@@tﬂﬁ ad@ssor 214 may
pilot synmbols, and nmultiplexes the pilot synbols with

perfoms givess| MIMR mpRipEt sRetiak ﬁwé@h%rtr@fmltp@wépmmg, ctc. Each

g@@@gﬁg&taﬁ{ a?%?héfaéyr@ &f&ﬂ ns%ngg'oﬁr@}edﬂltt&ng&% r Rl mapping)

3OItipB/ ﬁﬁémﬁﬁl(ﬂoU&iMﬁVé@é&ﬁ@an(ﬁbdamﬂm@EW Each OFDM rnodulator/
nmodul .at or s étr nsrri ters Zéga throu h 216t. TX spati a
HP‘E?&‘&E%@ ]B%M‘ Brogtlgtipnep 1 Wlﬁa*éi{ﬂ tO generate output

| r b et.c
0, A B Ayl gt T

eotlelatvd s(lgmuls ﬂomemnsrmtpﬁps Qgﬁa tlopughul tGtpire tlamrelmuadtsﬁom antennas
r.spati spreadi ng and beanform ng). Each OFDM
%%JPE@@E‘/Z%E Ff‘g v ]g'er 216 performs OFDM nodul ati on
Pﬂ)ZDLS Akt REEIVEY DD R dn@nd@NebR enrBdPUb2r £RERE RO modulated
rther processes the output chips to generate a

ﬁgn{qjﬁ 0@1@{ t@ngnmer 210, awdehclt aticryiagh®] providam a received signal to a

relsl]t) cr%ﬁ}{g S}receévle OLLN E)%eg ? §§r4e§%:(:t Ire\;acnsxfrer]r/b?:g)géé{emgfiulator 254
pRCeIsvElts ZbiveRsnbednssain ﬁaﬁptebf&ﬁgﬁtegfaﬁﬂ ré@6edsVigedubley error
T nmodul at ed L}énal s fromtransmtter 210, and each

ainteseiver 23b and Jurtherspaforas PKIM demgerdutlation en the samples to obtain

[&LeRES ts#*%o:lﬁ)wlc% é) ff%/ ga:rgyjugggﬁg l56@ BC'S%?G% thg%:&lved S\}’én ols from

recelve tor esses I'ts recei
OF M| dethrdolatas @Ssamtprbe@ 264t |esmt1m;s andl rereomg gshase error in each

fregyency, error receiver f erfqr
exon e eronde BrPDeHeC AR n%baﬂ 5t S%Iﬁw? dlegioy & performs
IMVRD dStecbPHRER AL @(ﬁ{réc% %ﬂdﬂo Hols2&f 15}691%l€s3§s$§nattélﬁpﬂot and data

recei ved synbols from dul ators 254a t hrough
S5dlpols.e MIiMfatdetectom E62 enmmplphalyememmwm mﬂanemhre error (MMSE)

e el g uBa ol P o REelliohRAG, o TE: Sinef Mivo

Bl8&RMAEHNRfilce PhaseddRlesti G Ghi PP 60/ ind @ SstBBdth MR el sdértk@tbased upon
and data synbols. M MO detector 262 may i npl ement

thenfageivedreaimbetiu andiore tiro est{VBE)symbelsr oo ReX rigty pRcessor 264
é#’%gssgi}lh?é/%@tlf{é&tg& hSh S nl%EOlg %H& §1lov§({e eco(d§!i (fhea OF SOME

ase correctl on unit

ARGo Y (Gtﬁitﬂoﬂaﬁs@rbchﬁsq\im ase aad g0 d:iﬁb%edleuﬂmﬂatloﬁlhﬁ transmitter 210
nbol s and/ or the estimted synbol s

r ece| ved s c%i(,l) RX
8t TeCHi e s Brpeiiaclyp Meeaies 2P ad 842 pivkt dda aut arogram codes for
SRS AR LAES s6lecgles, [ 0030]
Contr o?rl ers rrocessors g%% %?270 direct the
fi98ipht i dn aatOEIDMn@m:d swster2 1 OFDM symbol may contain data symbols on
data subcarriers and/or pilot symbols on pilot subcarriers. A data subcarrier is a
subcarrier used for data, and a pilot subcarrier is a subcarrier used for pilot. A phase

error may be estimated by performing a dot product of an estimated symbol and its

known symbol, as follows:
f=tan (s -5) , Eq (1)

where s is a known symbol, e.g., a known pilot symbol,



and receiver 250, respectively. Menories 222 and 272
store data and program codes for transmtter 210 and

WO e@eilyesl 250, respectively. [0031] I n an OFDMEGEESN07/069501
system an OFDM synbol may con?ain data synbols on
data subcarriers and/or pilot synbols on pil ot
subcarriers. A data subcarrier is a subcarrier used

for datlaanagtdnaecpsﬁ@ﬁols&@caf EdtiddatéSpifot SPABA! fnder used
for pilot. A phase error may be estimted by

per f ofisribe Bhasperrpr btween G catimated amﬁhkwrswﬁmls and
its known synbol, as follows: 9 = tan-|I (s* s) , Eq
(0DB2] V\,hdn%eser'a]s tlge sstionvatedsgymidwll ,§ eag.be aa dstimatedpiiloosymbol or an

nbol l 7281 PCT/ UsS2007/ 069501, 7 |
SXTte QT sygek | TS GTow B RBR: ket Piet syisb et dnfnown a
Erzbﬁ b?rl"ﬂﬁe fé'@@i%@r (ﬁrrarﬁ%ﬁrd RELWELBF ﬁthgstlﬁﬁ%dr@attaﬁﬁn%b@ KNRWD decision is
32] In general, the estimated synbols nay

bf@lcaﬂye&trmrhldaéwnpsymbols@lab@ﬂ clsesin(e.gesin fackdeadadiatance) to the
he wn synbol s may be a pilot synbol that

F%r%ﬁ%%ﬁi%SW%Vﬁorl by the receiver or a hard decision

o33 et piet Bdcd phaseyfilele mdy PEbBtaliRE ibaécdupos pilot symbols for

typi cally a nodul ati on synbol that is closest (e.g.

symimloeriedanmsdplevtice) to the estimted data symbol .

[ 0033] A pilot-based phase esti mate nay be obtai ned
based upon RilQL, synbols for synbol period n, as

foll n k K :
ol oo Soi 0 i, Eoam® o e s

Pk ,m(n) is a knomn pllot synbol for stream m on

subcarri er k, Pk, n1i ) is an estlnated pi |l ot symnbo

for stheamtanonXs(béarrier Kk, /3k,m(n) is a Eq (3)
wei ghting factor for stream mon subcarrier k, NP (k)

i's the nunber of pilot streanms on subcarrier k, KPis
vherenumb et 6 ksiomatpilotimeabal iferrsgreapn pp pulogrrier £,

pi | ot - based phasor for symbol period n, and OP (n) is
a pi | o ,bRsednghHivace prl@trsyn{b@bgn]strmn ét{QIHbe@ﬁTl@Q;' 6k
m(n) represents the weight given to each estimated

pi | ot B, (n) is a weighting factor for stream m on subcarrier £,

N, (k) is the number of pilot streams on subcarrier £,
Kp is the number of pilot subcarriers,

X ,(n) 18 a pilot-based phasor for symbol period n, and

6,(n) is a pilot-based phase error.
[0034] In equation (2), B, ,(n) represents the weight given to each estimated pilot
symbol and may be determined based upon SNR, some other indication of received
signal quality, and/or other factors. f, , (n) may also be set to 1 to give equal weight to
all estimated pilot symbols. X (n) is equal to a weighted sum of the dot products of
the estimated pilot symbols and the known pilot symbols. X, (7) contains the weighted

average phase error between the estimated pilot symbols and the known pilot symbols.
[0035] In a SISO transmission, the number of pilot streams is equal to one for all

pilot subcarriers, or N, (k) =1 for all £&. In a MIMO transmission, the number of pilot

streams may be equal to one, to the number of data streams, to the smaller of T and R,



synbol and may be determ ned based upon SNR, sone

ot her indication of received signal quality, and/or
woetwensfactors. /3k m(n) nay al so be set to 1PCDU§I0B069501

equal weight to all estimated8pilot synbols. XP (n)

is equal to a weighted sum of the dot products of the

estimated pil ot synbols and the known pil ot synbols.

FPidepercdent aF Akest RuraeiteRt edhe avaibag e)fgjim &treih®may vary from
between the estimated pil ot synbols and t he known

phbicarics ympydrarier prshasjom PEDM|sgnbelk tof A NMsiygol.t he

EE’EJ@E; r ?lfer gﬂdﬂ%er %EE’?@@:T&@%[ of Utgk C'éﬁy ﬂﬁ%h;ﬂﬁlﬁ}gﬁhm Rhd Rbmber of

tiatarsgmbelsn Q%,phhiﬁ:eesltll:mittemapfth@ botmpret ek bymisingythddata symbols as
to one, to the nber of data %ﬁxrearrs to the
|aﬁ dhc potsymbglsg T %Wh@éw@ln% PR e I§6YEY However,

ﬁw%c&@&%ﬁ%@%ﬁtque L HRSRItRA 3 bols Bs n% detection on
subcar

ot streanms may vary from subcarrier t
ﬁmdteoclvéd alataOFDivbay rth obbtaio SEDNtesly digal synjtoG36#d TAk makmg hard

BRSOt L TR, Sl VRS Al P AaTE e s e
Bignd1rBhavediony utsll 108 tHehutA iRty MPRYE Bardecid®hb n§ Hehféed as the
pil ot an‘ool s. The data synbols are not known at the

trélms@mv datpisyebels, andtthey b@@@linp@ned @gninststhi getiatedhdata symbols in
I agsmmatnnd d . i) toS Sy (1) perform ng detection
on “REEe 8 data Q'nbooﬁsto obtain estinmated data

g003tp! s f&ﬂdta(b'é);ed’lﬁi@ls@ gsthﬂdtéi magari sbitans ®3ed DPon the estimated data
estimated data synbol s based upon the known data rate

tmbpls fusymbel pesiog ats ©JAYSel | ation) used for the data
synbol s. The hard deci sions may be used as the
transmtted KgIaIDa) synbol s and may be conpared agai nst

the esti(aptéd B M &)@, (Whe sae manner as for Eq(4)
t he pil ot synbg 1s [O)Tb’% dat a- based phase estimate

may be obt ai ned based upon the esti mated data synbols
for synbol perlodn as follows: KD ND(k) 7 7 X d (n)
= | Y96¢(l)mt€”i*1) din-(n) dk, m(n) , and Eq (4) k=1 Eq()
ml Od (n) =tan-1 {Xd (n)} , Eq (5) where dk m(n)
IS an esti mat ed data synbol for stream m on subcarrier
Whergk de, () isias cgfirgied defe symbelrfor grcagsionetbeprdertia
synbol dk m(n) , ND(K) is the nunber of data streans
on sullgcan)iisr Herd ddissort foe cstimbied dah sylabal @u”mn}a,r riers,
Xd (n) i s a data-based phasor for synbol period n, and
N (k) is the number of data streams on subcarrier £,

Kbp is the number of data subcarriers,

X,(n) 1is a data-based phasor for symbol period #, and

6,(n) is a data-based phase error.
[0038] In equation (4), X ,(n) is equal to a weighted sum of the dot products of the
estimated data symbols and the hard decisions. X ,(n) contains the weighted average

phase error between the estimated data symbols and the hard decisions.

[0039] In a SISO transmission, the number of data streams is equal to one for all
data subcarriers. In a MIMO transmission, the number of data streams is upper bounded
by the smaller of the number of transmit antennas and the number of receive antennas,

or N, <min(T,R). The number of data streams may also vary from subcarrier to

subcarrier and/or from OFDM symbol to OFDM symbol.



9d (n) is a data-based phase error. [0038] In equation

(4), Xd (n) is equal to a weighted sum of the dot
w@e@wdastsl of the estinmated data synbols and tP€T/0s20d7/069501

deci sions. Xd (n) contains the9wei ghted average phase

error between the estinmated data synbols and the hard

deci sions. [0039] In a SISO transm ssion, the number

[o4dpt 2 Si BYIBci $hadsléabr ihhyOhe obRincdl H)ase&l &pan the pilot and data

subcarriers. In a MM transm ssion, the nunber OP

sanbols s &llewvs s upper bounded by the smaller of the

nunber of transmt antennas and the nunber of receive

anten The nunber of data
strea q?? gﬁva¥;b$*' gﬁ%@Qleer to subcarrier Fd4(0)
and/ or fron1CFDNIsynboI to CFDNIsynboI WD 2007/ 137281

iy WLE’?’%@%@Q@’; %r%?%%%%ta"[gﬁo%tﬂllstfﬁp PR pliﬂf%g?@ﬁ?lﬁ R fively, and
— +1
S 00l i SR R e B R AR s AP At B R rbors.

data and pilot synbols, respectively, and gabs (n) is
EheabEmMaméaghagHisnh@phﬂbuakmeﬁmhagbdl&pﬁhﬂdﬁxmdanduinmybe

B SSRGS P
d
] G eom G e ), g8 (SRS

ﬁl%r@ elIR6IcEphas® cHiMSe HnAALKS w%\i%thH atlessafellgme Ff)hﬁé%l ésﬁa{a@e in the
phase estimate and | ess weight to a less reliab
porabieinggirperss.e The wehghting (fqu)rmrm@ lpn' bk waluchmey conﬁgurable values,

wei ghtin f ctar be Xe ues or confl

% RlerRh 35! SR S Th S alTRRsaBY g 8 Whefied basea
ﬁfdrﬂﬁfakﬂﬂ%fr@d‘é Sdrmbidy @hﬁ%ﬁ s&rié %ﬁk@‘éo&%ﬁﬁ&g tcdR¥fue. Both s,
maxi mal -rati o conbi ning ( or sone ot her conbi ning
LRE NI AMebe BAt ode ﬂcdgwae?!udl wigiYo e, (ﬁ;ftan& 2 (A€ /,Omay also be
gi ve’equal weight to Xd (n) and X p /-td may ‘al so

848 to 88b té BmAex 0(,,1) Oaim, A Kbkt 1o Ridtddmirey (B¢ set to
zero to omt p (n). [0042] The receiver ﬁhy estimate

Pmazf r ecn%%yel@err medy e%hmfaféﬁhé BCGhANRY cADatItBEORVEIvENSd remove the
requency error prior to perform ng O-DM denodul ati on.
Reguctiaal creprr i 9 phdornfing oERdY d@nnodulaé@m niesedugdasees in the

?I'G e%%e GS lOopeUl%Vt%r at S &, ilase S10 he 8 cr 1rne r IG%C l’IlbO GI'IOd a
n| n {TO{ |S ? CIP pre\[/) I OUS ase correc IOﬂS ]b%

ﬁmm@tedl asalf prlcl 0w phBBatredtidng mby be cainptiRl as f(ﬂldwism

(n) + aabs - Bab, (n) , Eq (7) where etotal (n) is

the total phase error in synbol period n, and atotal

and a&bs(ar® s€al i fg.Pactoor U460 etotal (n) and gabs Ea(7)
(n) , respectively.

where @ ,(n) is the total phase error in symbol period #, and

@ a0d @, (n), respectively.

A)

are scaling factors for 6, ,(n) and 6

abs

[0043] 6, ., (n) may be initialized to zero prior to the first OFDM symbol. «

total

and ¢, may be set to various values based upon the desired weighting for 6, ,(n) and

=a, =1,

abs

(n), respectively. For example, ¢,,, and «,, may be defined as o

abs tota total

and equation (7) would simply accumulate 6, (n). Alternatively, «,,, may be defined

abs

as 0<ea,,, <1, and a, may be defined as ¢, =1-a In this case, equation (7)

total *



[0043] etotal (n) may be initialized to zero prior to
the first OFDM synbol. atotal and aabs may be set to

wQ a00708®8val ues based upon the desired wei ghtiPgr/i82007/069501

etotal (n) and gabs (n) , resp@ctively. For exanple,

atotal and aabs may be defined as atotal = aabs =1,

and equation (7) would sinply accunul ate gabs (n) .

%h@rlﬁ@lérﬁ&{tm iRl tcAim iRy a8s 8 d (Iﬁ@b fiR&, Qfthat 1@%@% value for a

<--1, and aabs may be defined as aabs =1- atota

thrspeatieg toagoRtllRRing /IndWike220sH, 137281

PCT/USZOO7/069501 10 would inplenment an infinite

M4l se Thesirsianein gquriion i(7x apms et phages. afyapothen designgcomplex
ndi r i)t n

FUBLE mp 0BG ARG GQBich Dmipr ol b BBt oo BE i since some

piasesion nmyardosievhedssmgnng onlyphephaswal ues nmay be

myed, i ch d a nore accurate estimte since
AR, G %ﬁym SgBaY ‘af‘smh%&wwﬂﬁsﬁéﬁ%wy the
phases. [0045] The received synbols may be phase
corre a f | omsicnr ., . je.,ar(n) Eq (8) where
rk m %$9? = Lceived’synbol for stream m on Ea (®)
subcarri er k and rk'. (n) is a phase-corrected synbo

%Elree?fpc(ﬂ?1§19retc9w5&§ﬁhlycﬂqfo fEQ Im oh éapﬁerk @046] A

ase estimte nma {ai’ned For af I"streans
d
2y 1 0L 6 AR BB,
Alternatlvelgwlg/phase estimate may be obtained for
|y

total

HWEAI st rAeaimg &m%mnat@maam obegipdd fod atl otredres pabwibgeicrs and
%[?Pal t% tIl? Irr%c;ttlvaetd n%tn{bbo > Lot %f gtl%)%%%r {)Ir ea%%/blcgrﬁ esgearsa scribed above.

alteetBelangd phaye Bst[szﬁé ady dulsbadinéers edttl stappl beduidarrier and
the recelved synbols for these streans_ and

aiedriei Be srecwqde pyrabrls pfﬁra%lt SHEHR it fubRarTiget dBtgcgaral, a phase
ﬁ%ﬂf&% 'bF %B%Gdg? 0 %@\ig)f gﬁ%atrngkg%@s grgléﬁﬁ%i §€L@arriers and

mqﬂfedrtm thg rpdease s,}mn‘troés:lf(bromeseﬂsteeahm ald sylivaserer rAdter the phase
et ot a, and s period index n are initialized
59@6‘&?1%4166%80? ?ﬁlw C@éﬁmm@y%mr%r@e on the plyagg-cqrigeted gymbols.
= 1d. B Qdws32 Proccli 800 eBE Jl% hIRase £6@Btion. The total
recelver/ OFDM denodul at ors 254 for synbol period n
phiase phas &, conr ecd eynlyl petiot andekry) are ieitiglizedasriorshaln firstt OFDM
equation (8) (block 314). The phase-corrected synbol s
symebqlr ogeshedn (=0 qnd 7 dét éddakd)12h.0 Thbtredenved symratsddbm receiver/
pil ot synbols and estimted data synbols (block 316).
D&M ideoodblatesi2 ph &g eymkol pfnj'odi 15 acoprtpse eatrdsésiely dpofr), c.g., as
t he esti mat ed g;lot synbol s g., as shown in
ghpvie inopAuedyn (Bl Giacksilg). Thﬁ@h@@a-@prw@édsymﬁoﬂrememsed (c.g.,
t b p t t Vi
?%‘Sé%?&rﬁtgr cgﬂgecﬁ%gﬁﬂteﬂ 15’1[& SQ&bggs ésr@gév\sg%}age% fats XURBLR @k 316).
The pilot-based phasor X (n) is computed based upon the estimated pilot symbols,

e.g., as shown in equation (2) (block 318). The data-based phasor X ,(n) is computed

based upon the estimated data symbols and their hard decisions, e.g., as shown in

equation (4) (block 320). The absolute phase error (n) for the pilot and data

abs

symbols may be derived based upon phasors X (n) and X, (n), ¢.g., as shown in

equation (6) (block 322). The total phase error 6,,,(n) is updated with the absolute



equation (4) (block 320). The absol ute phase error
gabs (n) for the pilot and data synbols may be
walesrugsbased upon phasors X, (n) and Xd (n) PCEU§007/069501

as shown in equation (6) (blotk 322). The total phase

error etotal (n) is updated with the absolute WO

2007/ 137281 PCT/ US2007/ 069501 11 phase error, e.g.,

Pass hawdt, idy €qualtionn (7)equansh (g &yNtel spaboIOfeiqiendex n is

nis i ncr ement ed (block 324). [0048] The received
geraeInéeds (blek Bééki ver / OFDM denpdul at ors 254 are phase

t b t
FOUREE! ey B L BRSPS R 4R s

sotdRedd e tHeoghdatedhbat bhé’s%&)rror The (phasewbivhrigelu@es the phase error
synbols are then processed (e.g., detected) to obtain
feewhe $t1i’rnm sg&rhhdxhtpaned/ mb@lsck( k260 c KTI&‘Zﬁl)a,se-wbi'redfte@ sembols are then

decode btal oded data (bl ock 33 049]. .In .
0@5599 (3hedrededl %gﬁs%ws%%mé feg é’PTé‘c%YEgPPb%@gDéQéé)’ which are
Hé’&r?%@dtdbﬂtéliﬁdé&ﬁﬁ&%ata (bRck Bgo)f i rst stage, the received

fromrecei ver/ OFDM denodul ators 254 are first
P48k cdnrdtt édthmrtsctel‘tddesymhon‘tm deteoted/pr¢asysed tivieenin two stages.

?rbg&ﬁr sﬁag%t eggcren\l %yﬂ%ops fory ﬁ%cegvgggﬁl\gtdgglgg l@{g?és( 534 are first
pR&E YRSy WhRR S &fr&m EC BV @i O ijms%f@gl%e@ta%ﬂ%s&ﬁfb update

abs

are agai n phase correct 84 wi'th tHe updated etotal (n +

)ml(;@ toaduigad 4 r emtine ’chressteco?fd%e Mf@'r@&lv%ﬂ%ﬁh%oﬁefrom receiver/

fe ‘accur at e t'han t he et ot al (n) used in e first

@Fm dehiRiuldtérSt 2 e hRC hi AR phas@lc@ﬁ&ctséﬁwﬂ‘tmrthé hfpd&tbdis ) w(m+1)
stage provides the estinated pilot and data synbol s
) (1) used 1n

is@ihed Frosd AUt %a% (Whictastbuldibé More addueats @@Nde 4
detection in block 328 for the second stage provides

theviirstsdtagratTed fdatdetyiohod BlotloB 16 éxabié figst sfaROphdlvidel @he dbtimated
shows a process 400 for perform ng phase correction by
Blé?tf aélﬁrﬁaﬁag syl @pqdote eomeaite Phdrd gnal X plids el lisr yegpnd detection in

and synbol period index n are |n|t|aI|zed

bLOP%&% g)ft%sem %ta@q@wgyw estgnaéed daty spembql for-deppdiag.
rneﬁd bf 9ks é[?rbcesgmf erf Iﬁl{h@é @oﬁ‘écttl'oﬁ%&gperformmg

from one nor e ol% precedi ng t
ﬂfbtéaton e EMTay mhall phasy sryomg, , dab amd 8y@bol fdriollisduxlohi® initialized
for a preanble, a MMO pilot, etc. [0051] The
peaeiovad fsgt DS §yatbodyapolo, perli-od, naad @ phableck 412). 6,, may
corrected by etotal (n) (block 414) The
phasghasorst@oste bisaindib fremapee pr ooes RIDVesynbolsgrectiad)the first

@@‘ talg@ﬁ%@&hﬁ a'e%hgﬁﬁ? "E§% pr%%t raﬁ$&926§9btem

e
B e 1 M RECE PR PR e DA T ep R s ()
Sk 4. eghi PHagdcslBdcReds YWHIRIIS afPrdRgel (char &’etected) to obtain
deci sions (bl ock 420). The absol ute phase error gab

¢siimaterdy pHet denbeledindagséithated data symbols (block 416). The pllot based
phasor X, (n) is computed based upon the estimated pilot symbols (block 418). The

data-based phasor X ,(n) is computed based upon the estimated data symbols and their
hard decisions (block 420). The absolute phase error 8, (n) may be derived based
upon phasors X ,(n) and X,(n) (block 422). The total phase error 6,,,(n) is updated

with the absolute phase error, and the symbol period index # is incremented (block 424).

The estimated data symbols are decoded to obtain decoded data (block 426).



upon phasors X, (n) and Xd (n) (block 422). The total

phase error etotal (n) is updated wth the absolute
w@b@sa3esror, and the synbol period i ndex n i SPCT/US2007/069501

i ncremented (bl ock 424). The é3timated data synbols

are decoded to obtain decoded data (bl ock 426). WO

2007/ 137281 PCT/ US2007/ 069501 12 [0052] In FIG 4,

[va3E C Clh mt 4 PhakScRekclion Hg@drdinéden RGedrad @mm Based upon
based u the total phase error obtained in th

Prei tefal ﬁ%o@ﬂ%é}ht%@ed mj thetnriga seabalnperipgs aPIEﬁst@éled pifadata-based
gﬁ%& gﬁitﬁaesaz%g ?&‘i&?fb%g %@ﬁ%g@&&%&ﬁf&%@ﬁﬁgggpgla@.t The total

phdsh etrhelspjpasted esthi theplese astthhatseghd used hetheexkt ssyitbdperiod. The
erlog recei ved synbol s are not corrected by the

[RseiyEd 4y ?%@%H%@@P% Vi e apaitad fotalephssg error to avoid a second

dat&afdii on. [0053] In another design, the received

pi I ot synbols are phase corrected by the total phase

H053) ardd adethecdwgn, Teaeqiveat pilvaspdbglhasarhay cqrrectedriy the total

i | ot -based phas ror ( are obtai ned.based
Bl <Fiok o8 ﬂ%‘t@gde‘@ﬁ BQOtEVﬁ%Q%%aSOPr flbt“‘%? Pb‘ﬂhg%%d phase crror
errqr Btotal IS updated with B rece
fatd apnefypiae rbése&h e stieisd H@Ott Wénbo s&ORaLtpﬁﬁse error
phase error and detected. The data-based phasor (n)
&nd (Hatsaindaisd avithy Aada e‘flreoﬁeceaaed( 3t aymbeIpREs PhRage 5%%661 by the
upon the estinmated data synbols. The total phase
Bpgadnd fokal (phaset @’epra@é %twétdh Biee daty- basqdrphamrst é@. gjifl data-based
the received data sy are corrected th
phaseerrgaded) pﬂ‘i%g@aé}eii @ﬁseéwpeﬁ)theoWa}aﬁéioda%sxwl% uFheiefal phase
synmbol period, . and the data-based.phase error Bd (n)
Plgoruéseap ated H%ﬁlﬁe\w[th s@r‘r’bbl Iﬁe 6651@5 gr]recpedv% ata symbols are

anot her. d bl oc 412 through 424 ar perforne

SRR Do v iare Biret a0 R i 1 m iny period
symbol s, The estinmated data synbol s are en

Eﬂfg’gé d&@r'?aé?,dt Hsh§TeiaBd 1) h%usleg HBEACH FHPOEPEHRG ect ed

filaboa R Soietnudh s Foals dbSpRE A thg‘%%{ Pistescrived

%dv@rfoﬁﬁ@ 4 desvRsih 'tlimestlhﬁ%ﬂatér %m@s"ﬁh&@éhhﬁﬁéd @Ra symbols are
techni ques descri bed herein may ‘be used for various

thicn ephass counstethibyat)j,dn) niet elsainsplagelsomscts Abemathdtdata symbols,
i mpl ement the | EEE 802.11 famly of standards
waich| apdgcasipd Thebiats dpeaded dafa. Ehiscdasigaaiemgpies the data-based phase

5%%%%%9@&%% ngi neers (I EEE) for W.ANs. | EEE 802. 11,
. a, . 11b, 802.11g, and 802. 11n cover

[ﬂ(]SS]Er erfher stk ® checdiival toginguca rdsdribed hdtdid ﬁ’[a@rﬁe used for various
apabilities, For clarjty, the_techni ques
B/é@ 3 seATBcatiey (S‘PtV%PrWAWht #atV s élhaér}f@lqn@ét the IEEE 802.11

furr ffﬁsta@%s%@lo@@@@? The 8Qditdte! JPE18tic A fanH1&ronics Engineers
(IEEE) for WLANs. IEEE 802.11, 802.11a, 802.11b, 802.11g, and 802.11n cover
different radio technologies and have different capabilities. For clarity, the techniques
are described below for a WLAN that implements IEEE 802.11a, 802.11g and/or
802.11n, all of which utilize OFDM.

[0056] IEEE 802.11a/g utilizes a subcarrier structure that partitions the system
bandwidth into K =64 subcarriers, which are assigned indices of —32 to +31. These 64

total subcarriers include 48 data subcarriers with indices of £{1, ..., 6, 8, ..., 20,22, ...,

26} and four pilot subcarriers with indices of ={7, 21}. The DC subcarrier with index



[0056] IEEE 802.1 | a/g utilizes a subcarrier

structure that partitions the system bandwi dth into
w2@4/13Bcarri ers, which are assigned indi ces PETAUSDOT/069501

+31. These 64 total subcarriet$ include 48 data

subcarriers with indices of{1, ..., 6, 8, ..., 20, 22,

... , 26} and four pilot subcarriers with indices of

070 adthk renhhifindGubeHE e fak ot \Wséd) THISISab W2 8QUdtdB 12 8dscribed in

PCT/ US2007/ 069501 13 of 0 and the remaining .

Hifife axtanderds 8824 ImontitleddParthl ks Winsteas rliAN M%fiwm kgesss Control

i in ) ) ti " ..
EVACD B8 e PR 3Pk fiRfoht RS E Rl Laddrin the
GalgeBa{d?HS:ptSmbet flDeRtwioios :is publicls peeithbRhy SEEBI 802ahar utilizes a
in the 5 GHz Band," Septepber 1999, ichisPuincIy .

pIrigh | sEuciuEsER B0 04 191 JHPsariEs that WGBS 17 dpta subcarriers with
FHd 46 b LeIW t '?5, Q4 1 ,‘50?'2_2,5.“?998}" hid ?odr'}ﬁ‘l‘ot bitch#Ss R#h indices of
data subcarri'ers’with’ indices of {1, ..., 6, 8, ...,
207,222, ... , 28} and four pilot subcarriers with

ihdieces of . {7, 21 057 5 ,sho f or.mat .
LB876er g Sorestan vl sl gt T ol Ayg TR physical
(FEMBHYRt R & ROEGSSEad aisknliftedSMPHedrdtétoPldXta units (PPDUs).
rotocol data units (PPDUs). Each PPDU 510 includes a
rdaRBPE 86Q tinawdes 0 preambilgysedtios i onsisBd, scelinh a3Uatnd a data
RREbhY” bl E SR SR AR Rl OB Ry g B gt e st two
OoDNwedbslY f61WavddBIgworlandirfiging)syRnbE ih fhd it fHARXOFDM symbols.

OFDM synbol s. The short training synbols are

'gfbﬁéhoa% Eingsuerbels ase gareraggd hapedpp asctafigdilet paphdymapped to a
Q subcar yi.er S L, beg -

BT 87 SupEriS A8 iRy B SHETELLD 2 R Akl Symbols are

satcraatd bXepiohat ses pivd pHomaypeds hapgedsteta @k 0522 subcarriers, as also

ubcarriers, as also . described i.n 802 [g. Signhal .
St Pl Uae %gnﬂrﬁéc &GB! o Oﬁb& Syt grenaling for
tReppihPU. DRAtRCASREL 54 Rarpidd aCRlrfabRSniAn YR drabk My %@Jls for data.

of OFDM synbols for data. Signaling and data are sent
Brgntleg 481 dathare abd anr therds data sulgpawicrs et sigoal $80GomAY0 and data

dat.a ction,.540, respectively. A tracking.pilot is .
§8Hitn A0TSRV BRAGERRUR ¥ art d A Sef p Biesiears in cach
OF MM |syMibb hivith fnh e S @A kn@ Atka ARt @ors e CIOpitot sTRPBORI foPleach pilot
synbol s for each pilot subcarrier are generated based
B AT RisaasncTeted bderdruned arknawitiseudopmpdera quee(PN) sequence.

] For E 1 ] i . tion i . .
[ 38F o TP REST2 L e Mhoad o Bl % R Bk pigpet section
S5SAParhdhtL euctibe S4@ad Mgy 4 BIMES pibtfred Mr MOMOahmgic] estimation.
est i mati on. 059] FIG 6 shows a design of

iC

0 - an OFDM .
H958LuI t16r 6sbows widceian phyn BT dampgulatos 6@9.vehiglompybe used in
' I I i .
REBREHOPDRLtfod e F14, i 16, 24 384 DB g, of, receiyers OFDM
@emodulators 254a through 254r in FIG. 2.

[0060] Within OFDM demodulator 600, a frequency error estimator 610 estimates

the frequency error at the receiver (e.g., based upon the long and/or short training

symbols in a received PPDU) and provides a frequency error estimate f

err*

A frequency

correction unit 612 removes the phase slope due to the frequency error, as follows:
X(1) = x(t)- e o Tt Eq (9)

where x(z) is a received sample for sample period ¢,



[0060] Wthin OFDM denodul ator 600, a frequency error
estimator 610 estimates the frequency error at the

WO e@eilyesl (e. g., based upon the | ong and/ or shPET/US2007/069501
training synbols in a received4 PPDU) and provides a
frequency error estimate fer, . A frequency
correction unit 612 renoves the phase sl ope due to the

frequencys &id @fmpl@seriodl hfws: z(t) = x(t)  ejz~l,, TanPt
Eq (9) " where x&}) is a received sanple for sanple

peri og(f) is WRedOfhth 13RS lsafipld fdS2ARME PEISPA 14 T ym

is one sanple period, and z (t) is a frequency-correct

e for. .perl od tim )
BAAR| <, RSO RaREoh ot VOO B pgsciva peU
& @G aveuRitDile logg Gind/obaked trapong shabblongURIn@G1 dralsdhektives the
training synbols. Unit 614 al so receives the

freupnen SOk pytisRate ang Agives Aatimijeuierascoue for the dpapency error. At
At f . O ' .
BSHor Ty O stlPIL ARCRE Ptz rtife (RN S Rljor P s

sanpl i ng cloc
osdi bt ddveticohk&pionimpyabe gansated ased opmconvigiesterencaysdikator. In

ener at ed based upon. a %ingle reference ascillator. In .
ﬁﬁ% £35€a %ﬂuefl%alﬁ%‘ﬁ]@fh% 6 not t?re‘faélﬁﬁ degpgneyegior in the
E@H§§§ﬂQQ%QHQ%QHM%Q%M@F&f@kshﬁpﬁﬂ?ck&ﬁ?§k9&§bfﬁﬁd&%§enorofz
as timng error in the sanpling clock. Hence, a

paresopes nulfioar(pom) edrresporgiarte ¢ tipeng mirpt ¢fappip pbit 614 may determine

orrespongds,..to a timng, enr of z m it 614 ma ..
B RRR et et Hhaafind, PRI anbe P ofotal ciming
Efr GO HRBEY syRioP herddttb e atRkutitinB €hd Srabmpicfirii@lg eflof S¢roddtime.
each synbol period by accunul ating the per-sanple '
{0062hg o} rescivedrQERM pyrabol qooBEE] Kat ¢ cwseinlesd WORIM is the cyclic
l._contal C | es,. re C.is. t cvclic
Bl st Pl desnd RS A ket ip T, ol nat selccts

gengipiseSomintdng the oW tshidbles € IWeRdrSthe KoRARRIIBS cifrbOceeds + 1
anong the K + C sanples. Wen the total timng error

ssugge gsriod, + ksamyple ppeed ody be bulstearpdderge thowtaitiynibe error, and the
tracted fromthe total .timng error, d the FFT

B QU Rl o™y it ey e ind R i tggovard by one

5&}211%16 Herifd (RRCkWarts R¥epRNBe FFaMRLRIoREHitRE &ﬁeolgan?)hlg of the initial

Thi's keeps the FFT wi ndow within one sanple o o
timing. aWitht4 frequgncyietrhr af #0 ppwefoc yhoaicfasencefosditlagoprthé ¢otal timing

the reference.qgscillator. the, tot ti.m n [ Lol may . .
a5 fy R s ey Phing G haom ity 9 sd b ping sip
a5 )be ddtteetddi 1 MepréVd Perfoidanbe &PEdiABL @t ToAg ipABKBY Supported by
erformance, especially for | ong packets supported by
ﬁﬁﬂtg@bhhaln. [0063] A cyclic prefix renmoval unit 616

ﬂﬁ%gj ns & Q;lelcr 8&%%}5&9{ g %%1 o%?ﬂipsl iR frequency-corrected samples
from unit 612 and the FFT window from unit 614. For each received OFDM symbol,
unit 616 removes the cyclic prefix and provides K samples within the FFT window. An
FFT unit 618 performs a K-point FFT on the frequency-correct samples from unit 616
and provides received symbols for the K total subcarriers.

[0064] FIG. 7 shows a design of a phase correction unit 700. In each symbol

period, a phase correction unit 710 obtains received pilot symbols p, ,(n) for the

tracking pilot and an initial phase error 6, . (n), which may be the phase error 6 (n —1)

applied to the received data symbols in the prior symbol period, an accumulated phase

error, zero, or some other value. Unit 710 removes the phase error 6,,(n) from the



fromunit 612 and the FFT wi ndow fromunit 614. For
each received OFDM synbol, wunit 616 renoves the

weyeiia72pr ef i X and provi des K sanpl es within tPer/BED07/069501

wi ndow. An FFT unit 618 perfoths a K-point FFT on the
frequency-correct sanples fromunit 616 and provides
recei ved synbols for the Ktotal subcarriers. [0064]

Fc&ved psloo Bol@‘%ﬁd%oﬂﬁesapm@&@n@élw @ilbt Oymbalst A QRtector 612
In each sy eri od, a phase correction unit 710

Bﬁﬁa’nﬁsdeﬁ@@lén \P@dt%ﬁmhé%e -eypsisailok synbpls angrprevides estimated pilot
t
RS TR, L %@%3@@%@ 4P ERERSSHIAEY byl vt

recejved.dat r|or per.iQqd, an
upen the < rnat g IQ nébrorlsmA th(a_i‘lsr oerror conﬁ)ﬁg‘a%g{l mt ﬂglrecelves X, (n)

i 7%‘?%%?”@%%%%%6% TaGa g BesSiEhiy gl %%rggi he VO
E"QFSEL o R B QYR B350 BBLER ShETy LA SFBROIE. () and the

QST L B SR 4, L R
ggﬂo‘rgf% dd"ga {S’x{) bé’s rrgs%eé%n%gt%ﬁggegg éﬁ% rlsbggﬁ d%t&?c&“ #288 performs

detedtionlén tiec phase&o?factédh )dataaS}dnHIﬂ@undi @soxade:sumn@medp das symbols
error 0, (n) for the current synbol period. [0065] A
Pha6s . cArphest Essimaion 1247¢01vebtla deta-bessdiphesbrddt &) based upon the
synmbols dk m(n) and the current phase error 0,(n),
eﬂmmteat ddtheymbolsenforphasteonenmio 7 16 remeivek eX | @0 edndebdd s ahe total
nbol s, and provi des phase-corrected data synbols. A
Se error. 722 perfornms detection on the

Eﬂ)%g]esy n1 sc7t1§ ﬁ?%? )m%rgoo' Sao?e] (f:ailt LEIP nlg?%?togzéi ﬁ@%ﬁg 1 or MIMO
tiérectelal 6 blalslﬁj 2p hEg&Ofem¥thifd )mlbﬁﬁqfiGU Pafayt beparest pRat errectlon

data synbol s. nputation unit 716 receives Xd (n) and
u@&é@%@ﬁlﬁelpépmse cHHEEONaRYiI00 inddeed- Units 712 and

g(ﬁ)%mm ”ﬁ% eﬁ ﬂ{ttbagefdzjg%ts %l(@ ngﬁlt %B&ram]egzoakéh E%o% h% estimated

ector e renmal nin _
bl s BRL 3% BPber o "BRRef BebT e D ”E%S%ﬁmd data
Thendl L esagﬁa%{@gg%gm? Xy B7h Y P8 5n 138 B matcd aue

upon

%35‘9”%&%’] r fﬁ@aat lB%Seﬁ éazlég gzr))r( ?%1& eal %I&? be ?f)"t;’?dn\éﬁ g %ﬂt@o? thdﬁ estimated
Eiz?ca %9&1@b§ atna%sgé tté H@t%ﬁgmg QB% Ph§s¥ rg?l%lr Sor R %qugﬁnmﬁ%ﬁod The

phasor al ned based upon t
pﬁ(btl-baad:(bplhasd a$tan$ty ltlblgl thusabﬁ‘jusad dar tho CdHtIEtrOﬁIhM styhdml whereas the

B3 8ELBhe REmbSar e SESh RELASE QTS gty Phse aror
3R 2l B StidR hay &) BASertdR@ed in other manners.

[0068] The phase error computation in block 716 may be performed in various
manners. The phase error computation may be performed as described above for
equations (2) through (7). The phase error computation may also be performed using
phasors (or complex values) for the phase estimates, as described below. The phasors
support simple maximal-ratio combining of phase estimates from different sources so
that more reliable phase estimates are weighted more in the combining process. By
representing the phase estimates using phasors, the amplitude of a phasor can reflect the

weighting for the corresponding phase estimate. The computation of the phasors may



dat a- based phase estimte may be used for the next

OFDM synbol . Phase error estimation and correction
woregn7a48281 be perforned in other manners. [ 0068PCTE2007/069501

phase error conputation in bloék 716 may be perforned

in various manners. The phase error conputati on may

be perforned as described above for equations (2)

trlRru@Y OSNR 7ihfortfaioRN&as eha rherace@aBytcibbilRy BRYhalphescbestimates is

performed usin hasors (or conpl ex values) for the )

pHilgsted éisrﬁfptbametg? phasogagplituded The pease crRe M3k &8 degved by summing

. o ot oo

ks BT e T RO R 2 oo BESS.

[0cDpbI eTHehpis®R-basdd pldses Jar(@) waiyg bt eftrited ®asdd G the estimated

conmbi ni ng process. By representing the phase

pidéti syaibes, elgl, ag sipvasorguatidre(2anhé tudent phasor phdigrercoe@sponding

reflect the weighting for the correspondi ng phase

eut§Rhase eﬁ*ﬁé“@bﬁ%’ﬁ@?’&ﬁﬁ@ﬁd 8% falle@Sphasors may WO

2007/ 137281 PCT/ US2007/ 069501 16 incl ude SNR

i nfor LNy t,t C acy/reliability of the

phasemgg%fﬂgiégﬂ%ggcﬁégﬁgﬁtgﬁﬁdirectly in the phasor Ea(10)

anpl i tude. The phase error nay be derived by sunm ng

the p r rmning the angle of the result,

as deggiﬁﬁzgéggﬁg&b?FOOGQ] The pilot-based phasor X, Eq (1)
(n) may be derived based upon the estimated pil ot

SHERODS (1, R i phalSr SHMANEY FrBmQBUALIKATL $ifok in HRQuEEAT§Rbol period,
phasor ‘and t he corresponding current phase error nmay

be det ] S O (1) = n) , and

Zo( 10y B FRyloRPah ol SUned M PO SR AERIR () s

a phaser, phtalped: L8 b ﬁletcﬁlﬁ;ééﬂ g;&uai Qiod, N the

current” synbol period, X (n) total phasor

obt ai pgada k&hIhPFadbd S§d Synmbol period, X, (n) is a
current phasor for the current synbol period, a is a

scal i g i§ aptlaraffsancbri¥ptios a pil ot of fset correction.

[0070] The total phasor X,(n) is a conplex val ue

[070hg arhcatvpdli ghaske thét) issa doaiphdxedaliio Hahimgsimacptidide that is
devi ati on of the phase error. X (n) may be

tabated ad ithe dtaadardXivddtion of thie, phasg Criorwhéf €2) nmy, bd snifislized as
anplitude that may be dependent on phase noi se |evel,
Pesd)dud), F yeguberey4gr isoan ampbtute rieatbeiynwbe depdreeatert phase noise
of the preanble or MMO pilot and the center of the
deﬁlslfeS@El@I\/f@qm@Y eimar,tthe tigiegreaveangths eentenaf thetpreamble or MIMO

B GY STRSI uRutohmn OuBH T BRSBRRL ot £ e
foat7a] PhasQatibn(ND), tHE 3lir&ld Fhasdrok @ )detenBighRd sultfof the pilot-

based phasor X (n) and the total phasor X, (n). Scaling factor a determines the

weight given to the total phasor X,(n) in computing the current phasor X_(n). « may

be selected based upon the frequency error and the oscillator phase noise at the receiver.
For example, a small value may be used for « if the phase noise is large and/or if prior
information is not reliable, and vice versa. o may be set to one value initially and to
another value after a predetermined number of OFDM symbols. « may also be set to

zero to use only the pilot symbols for phase correction. The pilot offset correction I?p is

a unit-magnitude phasor that compensates for systematic error of the tracking pilot

phase estimate and may be determined as described below. I7p may be set to zero to use



wei ght given to the total phasor X, (n) in conputing

the current phasor X, (n) . a may be selected based
waipen/181281 f requency error and the oscill ator pPEBE®ES2007/069501

noise at the receiver. For exdnple, a small val ue may

be used for a if the phase noise is large and/or if

prior information is not reliable, and vice versa. a

tREestiBtatddod2N& YR Hr pRhdel BIbdtiAN A HeQurdRSHASS: X (1) is used

value after a predeterm ned nunber of OFDM synbols. a

faphadcsorieetisedf thedatd 8Y@bd10 inihe cafibit sy®obpdridd. synbol s

for phase correction. The pilot offset correction Yp

[0072h  unfhe-detrgbasediabasphasdr) nratbeclsrethbaseé gpwihe estimated data

systematic error of the trackin ilot phase estimte

Srabainye- © e 2t SRy rimeqagen déks c rY dg'éﬁ | A9 bygerresd iea manner to

set to_.zero to use WO 2007/ 137281 PCT/ US2007/ 069501 :

4ePORf {Pri éﬂgRe%Rdi ﬁ’&fl%ldc‘ﬁ‘éfe;‘a@?}hbdﬁ? RHRDG h%t’g éard Ceision CITors 18

[ { [

SOEABSH LSTNTHR A A INGEOL My R ISUSAA, ol B ot 12

Blprbddcisper ¢roats nfaQ0ZRilt ke thatmebths plagshamobeig sma)lenmyabsolute

DB R RS D B T e gy 4781 s coencent n
ARrINRAnd RBigRalN®@NERNattdh. IS BHBImdyte INRcRABYSIcHNA down the real
constellation. The nunber of hard decision érrors is
eerppongene! tha PSR ehalivedy thsemeiganfpastant at | ow SNRs,

i al r_cod f. 142, nd L.ShLON, errors
REPSFeout e 4 rrfBef ob B St Ghiao RS SFENTIHRR) ELATOR may be
Stprbdsed ad:n absol ute value than the actual value. The
anount of bias in the nmean phase error is dependent on
the SNR and signal_constellation. This bias may be
cor r eat, gty Bsdal idhg (dovip,,the real conponent of the  Eq(12)
phasor relative to the inmaginary part. [0073] The dot
product of an estimated data synmbol and its hard_
déciesivpN(nyeiy abealedXjot @s&Rdt af theWtimated) data Manbol (), (n) with the
dk, m(n) . dk,m(n) , Eq (12) where Wk m(n) is a
sl REistt JPr@Yucscafhyg tth@ore st | 1Bt Bdy datRs&Y SHR 4Ad/or other
(n) with tthggard de%isionﬁ%ﬂoﬁ1(n . Scal?%%ifactor
Blcton.(n) may be based upon SNR and/or other factors.

[0074] The dat a-based phasor Xd (n) may then be
H0GAE s s eltheaksta-idedphasky XK Nd@k thexdierexpiessed as:
jpj-Re{Vknm(n)}+Jj YUg .Im{Wk,nmn)} , Eq(13) k=1 n¥l
k=1 mr1 where /-ti and uq are scale factors for the

e oSl T el ORI g ek Bt booeq  Ea0

upon the SNR 'of 'each
where g4 and g, are scale factors for the real and imaginary components, respectively.
[0075] The scale factors g and g, may be selected based upon the SNR of each

stream and subcarrier, the signal constellation, etc. The use of two different scale
factors for the real and imaginary components accomplishes both bias correction and

maximal-ratio combining. 4 and x, may also be dependent on modulation symbol

location. For example, modulation symbols at the edges of a signal constellation
typically have less neighbors, may be more reliable, and may be given higher weight
whereas modulation symbols away from the edges typically have more neighbors, may

be less reliable, and may be given lower weight.



stream and subcarrier, the signal constellation, etc.

The use of two different scale factors for the rea
w@r@7ismegi nary conponents acconpl i shes both bi B&T/US2007/069501

correction and maximal-ratio ¢dnbining. /-ti and uq

may al so be dependent on nodul ati on synbol | ocation.

For exanpl e, nodul ation synbols at the edges of a

f0g6p! Cnfésfﬂiﬁbllu%% e ckipPo€ dd pechiav® dheSsymbeisgMd@Sis the phase
may be nore reliabl and may_ be gi ven hi gher weight

o RS tordgihasq @ﬁreggmb@ Hogna?. Mt vr hinedge follows:

typically have nore nei ghbors, may be less reliable,

and r wei ght. WO 2007/137281
PCT/ US20 /Ogéggf?q?Z '[0076] The absol ute phase error Ea (4

of the received data synbols, which is the phase

r spr LOR: 1. eb 0, ma
B (RREh LR R ER nighh 8D YA R, 4t 12y
wher e X, Sn§ N a ;qﬁas%r ﬁﬁrtﬂ@éﬂséﬁl@e éﬁb@é ErrHia&%é HElELyHBSIS] On

of X, “(‘h (n) 1s a phasor for the Absol ut e

hase error of the data synbol s. [0077] The dat a- based

BW& %{Englat@ §a&%t%haﬁ@rd af s thag@d@éﬁef PBp§copprrggtion in block
has error rior to thjs

E%O nggq ]Pl}fﬁe F ofitey B]g,asg& qrﬁcéloBé% Rbtaiped Eyl géimg back the phase

étfcl‘ﬁg 'b?/%l@%ig d?%(PC ‘fh17s21 aclT Qbéd \t@l\%nﬁﬁt%l ﬁﬁgat o) yith 3( (g which

I , 8 The total phasor nmay then
%dgags’;t&g@ ﬁ{éé%aaélé{‘%’lfl%%?; ] X, (n+1) =XC( ﬁ) axdu(n) .

FAGep) T t%yﬁ&dsgﬁmﬁﬂﬁl)en belustephmeli Wt &iRhase error of

the data synbols is conbined with the current phase

error to obtain the total phase error, where the

conbi AV, Ayt Ds= fetforketn) with phasors to achi eve Eq (15)
maxi mal -rati o conbi ning. [0079] The pilot offset

orrectl on Y co ensates for syst ematic error of
Iy seuating (ho) dhe abrofre phase et & s dlatmyyBloly é?lﬁblﬁlé@ with the

b I
SO e BeSRR oS LRIE RLOAMARR B
Xﬂh@hyymayuwhevcnwmun@dammdnHMnumulated as foll ows:

Yr _-~, Xd (|) X* i=1 where L is the nunber
BIO7] ot epBileto et el B SOBRENVEY 195 SNGTIHE GgBr of the
%gclkglggr P]é({lt?Fg]a Ilﬁ;g?t?rﬂgcg% la%rtplg,)q?eé%(gnge uat escn‘tge:h(sgelow The phase
difference between the absolute phasor X, (n) and the pilot-based phasor X, (n) may

be computed and accumulated as follows:
L *
i=1

where L is the number of symbol periods to accumulate and may be any integer value.
[0080] The accumulation in equation (16) may be performed over L symbol periods
at the start of a transmission, and the result may be used for the remainder of the

transmission. A running accumulation may also be performed to obtain Y,. Y, is then
normalized to obtain Yp, which is used to correct the pilot-based phasor X (n) in

equation (10).



at the start of a transm ssion, and the result may be
used for the renmai nder of the transm ssion. A running

wa@ewarsi2at i on may al so be performed to obtai n PCT/UY200%069501

then normalized to obtain Yr,1%hich is used to
correct the pilot-based phasor XP(n) in equation
(10). WD 2007/137281 PCT/US2007/ 069501 19 [0081] FIG

foospws FIGIeSs sipws0f dpdias 6f Phdserer@ pkipatation uditi 1167A6FIG. 7. A
In FIG 7. A multiplier 812 nultiplies the

piultelich 882 enubtilees thoxpilgtrhased phasphel i) orithothe pelpt offset correction
correction A nultiplier 826 nultiplies the total

Fhasor mylt{phipr W26 melali¢snthef tatd qrhasor A, @Unweth ®aing faptor . A
the outputs of nultipliers 812 and 826 and provi des

sureme Bit 4 ntms ghasotpuxd af mudieplsiowh2 iand etivarid prO(vm); the\ current

BESEE ot 217t Thrv o0 D B%}F%E%POIBH%%&E phase of X (1) as

or : eﬂ%t elﬂ%gtﬁ‘%{ ]gign%BF%‘qug é&%]etnf Hf‘ Sﬁﬁ&“ﬁ&b‘{ﬂ %gg) for the current
Itiplier 820 multipl the dat a- based
ﬁﬁ%b"lrpw( ny P th Xon) and provi des the absol ute

e83pr  AXdufitn}18 aprdhiowe XN(HJUad iRevidds)X (A) SURMBultiplier 820
822 sums the current phasor X, (n) with the absolute

pluaglics Miluddtibagdbhasavixdes Witk Mpeatad grovidts @Raseslute phasor
X, (n + 1) for the next synbol period, as shown in

eq,u(aat) | @sho%)in cfudtid@i($4)erA SEAmst 81 Esunishle totralt ppiasor (n) with
for use in the next synbol period. [0083] A unlt 828
thecadbolew phhsorpk|, 6t) hasgdvidbagerupdated mtalgmdsqer B dd$ for the next
conj ugat ed phasor XP *(n). . Amltiplier 830
Blstmwdlm)leﬁe(t as sbowenlfrperuagbn (ih)t ABRGiswirt8A4 tstoeesatbs tdtaltphasor for use
EU%Sor Xdu ? gg{accunulator 832 accunul ates the
BH?“BW' RS er 830 over L synbol periods and

Ef yj desy Bﬁ@%@g re%@we@ﬁleﬂif?)maéeﬁ Iﬁlgétﬁ‘t)( 0(818 (ali@)proxﬁdéérﬁ donjugated
nornal i zes Yp and provides Yp Y. {0084]

ﬁ.tl'%h%f 6?%?5‘001%%3?&% ég& Bﬁft@?éﬁ%ﬁlﬁ)&gﬁf’&o& fﬁ%&éix}l@lnthe absolute
B}W %@‘3?&% Rl b 535 L3t FERMRRSL or (RUAGH £30 over L
S R SBcGRARLEIRt, 0 LARSPL WIBRRLFT 5, A i s

Rg%%ﬁ%a;?bﬁ RIg)gjfgge,;tected) to obtain estimated pil ot

»The pil ot-based phasor XP (n) is
g@gﬁ}.ﬂ '?'f]iveﬂ%if glé(ﬁ?so 9 rggesg 5)t()b I‘lf?} ?grfgll‘nglg% éﬁ%énggrz g{)ﬁ‘%c%h 0 C'i‘he total

PR Br W@)p&ﬂd@tynﬂ;@i; 9&1%@3@)( n ¥R iaaliaedpridio tigd fdst OFDM symbol
phasor X, (n), e.g., as shown in equation (10) (bl ock

@260k 9 Phe Theiracenved phatssyneboisdior symbol period » may be phase corrected by
an initial phase error (block 914). The phase-corrected pilot symbols are processed
(e.g., detected) to obtain estimated pilot symbols (block 916). The pilot-based phasor
X ,(n) is computed based upon the estimated pilot symbols (block 918). The current

phasor X (n) is determined based upon the pilot-based phasor X ,(n) and the total
phasor X,(n), e.g., as shown in equation (10) (block 920). The current phase error
6.(n) 1s computed based upon the current phasor X _(n) (block 922).

[0085] The received data symbols for symbol period » are phase corrected by the

current phase error €_(n) (block 924). The phase-corrected data symbols are processed



0, (n) is conputed based upon the current phasor X

(n) (block 922). [0085] The received data synbols for
wa@hab72peri od n are phase corrected by the CcPCT/®E81007/069501

phase error 0,(n) (block 924).2(0Che phase-corrected

data synbol s are processed WO 2007/ 137281
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esd.] satQed)ddt sbtSi eemstel agCik Py (blddkeonmt artagfsbased phasor
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in equations (12) and (13@1 Sbl ock 928). The total,. .
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16222, ghasstinged dah eymbsls armthen catatctedshastrbliponTthe data-based phasor
@{(a%ﬁ- (‘Z%re tle _estimated data synbols are decoded
Pl t628Y09087] In FIG 10, the phase correction
is perforned i ndependently in each synbol period. No
phase j n{ngmépt rried fromone synbol period to Eq(17)

i on 3 a
t he next. [_Oﬁgéﬁ;mg@’S, 4, 9 and 10 show sone
exanpl es of perform ng phase correction using both
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sho rocess. 1100 for, perf ,Nng phase correction.
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1112). First phase information is obtained based upon
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' matg hS40 j u e j -
LOPsBLTS B e 0 1 OB R R B Cor SERERHAERARL Rormcction
usifgbaothtpilon syralolbend data symbols. Phase correction may also be performed in

other manners.

[0089] FIG. 11 shows a process 1100 for performing phase correction. Received
pilot symbols and received data symbols are obtained from an OFDM and/or MIMO
transmission (block 1112). First phase information is obtained based upon the received
pilot symbols (block 1114). Second phase information is obtained based upon the
received data symbols (block 1116). The first and second phase information may be
obtained in various manners and represented in various forms. The phase of the
received data symbols is corrected based upon the first and second phase information

(block 1118). The phase correction may use the first and second phase information



obtained in various manners and represented in various
fornms. The phase of the received data synbols is

wa@eoorased based upon the first and second phaB&r/US2007/069501

information (block 1118). TheZphase correcti on may
use the first and second phase informtion WO
2007/ 137281 PCT/ US2007/ 069501 21 directly and/or
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SNR and/ or other” factors, and conbined to obtain
srtiog dagdraghati miyp beraiepandentTore SNRr gnd/amndtheie iotus, pﬂmdsc@mblned to

|nfor tion al so e ohtai.ned in other manpers..

B S P et pabs BTt Ferpd Phata Rt may elso
b@o@tﬂfﬁe§ﬁh@tﬁ&m§ﬁ}ﬁr§hase of the received pil ot
s(%l%o S is corrected based upon the second phase
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pnase corre ase o

(&€ efry@cthé @har §}§ﬂilﬁlﬂ|p3rll)@) thboﬂhrsepﬁasel utfaﬁrﬁéﬂlolﬁlfl@ Bbtah%d based upon
first phase informatio I n _anot her schene, the
e Plr?ée qogiseied gyl Oaée/albgiﬁw@aﬂsthﬁ Phags Pééh%de%@édd%o%rmbols is

%(%?etcfrt]ééir%ﬁgg gﬁ%g;ﬂregtt@{e glﬁag% ?tgorrgﬁt) %Ctllnoeﬂlo{ T g@ﬁeﬁ{eo Eﬂé%ase of the
sstivoditletd sgatbalssy rbotged bimed upon the ﬁrst phase information, detection is
performed on the phase corrected data symbols to obtain estimated data symbols, the
second phase information is obtained based upon the estimated data symbols, and the
phase of the estimated data symbols is corrected based upon the second phase
information, ¢.g., as shown in FIG. 10. In yet another scheme, the first and second

phase information is combined to obtain combined phase information, and the phase of

the received data symbols is corrected based upon the combined phase information, e.g.,



second phase information is obtained based upon the
estimated data synbols, and the phase of the

w@sdo7ire2ed data symbols is corrected based upoPCT/g2007/069501

second phase information, e.g2? as shown in FIG 10.
In yet another schene, the first and second phase
information is conbined to obtain conbi ned phase
anfiwinid BIGS.andnd he Phapeasefcorrbétfon’ R€ ehd gsta dindols may also be
synbol s is corrected based upon the conbi ned phase
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period depending on latency, processing, and/or other factors.

) rneans for

[0095] The techniques described herein may be beneficial when a residual
frequency error causes a phase slope over time. The techniques may also be beneficial
for phase error that does not grow in time, ¢.g., phase error that may be random from
one OFDM symbol the next, such as phase noise. The techniques may be used for any
number of streams, which may have the same or different rates, e.g., a separate rate

applied independently to each stream.



The phase information fromthe data synbols may be

used in the current or next synbol period depending
wo@rooraseBecy, processing, and/or other factors.P¢DOSHP7/069501

The techni ques described herei B3 may be beneficial when

a residual frequency error causes a phase sl ope over

time. The techni ques may al so be beneficial for phase
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24 CLAIMS 1. An apparatus conprising: at |east one
w@e@caseer configured to obtain first phase i nPGI/DEL00DM69501

based upon received pilot syndbls froma first set of

subcarriers, to obtain second phase information based

upon received data synbols froma second set of

subcarriers, and to correctypdpegs of the received

data synbol s based upon tﬁg first and second phase

informati on; and a nmenory coupled to the at | east one

processor. 2. The apparatus of claim1l, wherein the at

| east lone PPEEBYEWS SPRIPIYBET i gured to perfor m OFDMV

denod i I WDy r | e R

synbo?iﬁé$gﬁ?ﬁ%%§$$?§?ﬁgg@e§?6gh%gg?§? rg§%%ﬁ th(lgbIthasedupon

reecietd pdotdatobyinbo b Sirftrsooftsnbcaseenstd obset sagbnd phase information

B2 ahet Rsrizep iyl cseBPR o™ §3rPrg Gy B ssf vate phagest phse
of tht h&clvR 8 YutiegribblsHas&lipdaltBe fifsPaPic@bid phie frifbShation; and
phase infornmation based upon phase corrected pil ot

sy mbohk snemayl couplebiortbe ot Iegne ophprogessér. t he  recei ved
data synbol s based upon the first phase informtion.
4. The apparatus of claim1, wherein the at |east one

procegsor The #pPafab@uoedcliien CIQr whekint hige pifalRestobnd fRocessor is
recei ved data synbols based upon the first phase

PoFmRsh foopcriarat PEDN rdpmpsulation o symieiaeokidiny Bettggrived pilot
GhiS¥ otjhé 8 thb(gfaéuBcﬁﬁEﬂfs %H?lge regéﬂi@d 8%}98%%?0%5 Etgrn the second

taln the second phase 1 nformtion base
s off pelicardictkat a synbols, and to correct phase of the
esti mated data synbol s based upon the second phase
information. 5. The apparatus of claim1, wherein the

at | egst Offe PIHPGRRROLS ! Gainf ANf WAMERD thO £ 0RRItNENd NRocessor is
first and second phase infornmation to obtain conbined

phrdmred fof opmert ipbase ahtha weeiored gclpt shmbplhateobthint the first phase

recei ved . data s ol s based, upgn the coppi ned as

R EIRE S R0 1575Re PR BBl Agb B ek dg hase of the
1d26ivaP Bak 3} MBol9 badld@ipth the MREFIRLSinfEitnatibn] €aSt One
processor 1s configured to scale the first and second

phase information and to conbi ne the scal ed

4. The apparatus of claim 1, wherein the at least one processor is
configured to correct the phase of the received data symbols based upon the first phase
information, to perform detection on phase corrected data symbols to obtain estimated
data symbols, to obtain the second phase information based upon the estimated data
symbols, and to correct phase of the estimated data symbols based upon the second

phase information.

5. The apparatus of claim 1, wherein the at least one processor is
configured to combine the first and second phase information to obtain combined phase
information, and to correct the phase of the received data symbols based upon the

combined phase information.



first and second phase information to obtain the

conbi ned phase information. 7. The apparatus of claim
w®B2000ha1268i N the at | east one processor is conPCOUSEAT/069501

to represent the first phase i&formation with a first

conpl ex value having a first anplitude indicative of

reliability of the first phase information, to

repr esent The appecandophasier i3)f @hemin @i Wit t et S@E Prskessor s
| ex val ue having a second anplitude indicative of
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vaI apparatu claim 1, wherein
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irs hase |nf rmation with,a fi | ex value
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SREQAN: 60 Félla@iht?’ AF e sctBnd phBscaRRAMBLNS Al t6!c8hibink the first and
wherein the at 1east one processor is configured to

gtspad phass tnfpematpngiabest upppribofisst badsegonpermplhe valeeei ved
pilot synmbols and to sum dot products of the
estimated pilot synbols and known pilot synbols to

obtai 8. thehéidpphraphiase dlaiboriyaivhe@sin e aThEaap@@er ProGssor is
of claim1, wherein the at | east one processor

¥gu§qgir g rﬁtp(ljesﬁa‘ft thenfiest tohasst gﬁo%qlqt]@p ‘§%’(5’0 figst ﬂﬁ@ﬁf‘d value and to
f@?&etﬁth[ﬁe 5&88&1 e ’ﬁif’oﬂ‘%a\%’m ﬂ{ 5‘ secdofid gﬂ%or b e first

to- n0|s ratio I mat e
set of subcarriers, to detern1ne dot products of the

esti ted ot s nb nd kno i | ot nbols to
scal et he 35? ap@ﬁ%&@ @mg cal Ymvlﬁs%rnaé% lgastePrs Mweeessor is
PaTRArQN o RBresDR RS tHriBIHaSe 1FDEndtRnCRRR NGt RempREaLR_R and to

dot products to obtain the first phase information.
icpresitshapgsandphasc afforhatiom vith sbeoed pomplex abluceast one
processor is configured to correct phase of the
received pilot synmbols, to performdetection on phase

WO 200§/ 13TBS lapBarbtldS300AARE A 0Wherétn @Y reclc@d Hihd QProcessor s

synbols to obtain estimted pilot synmbols, and to sum

enfigyrasidgebsin pstinaied @écttusmbeb b@setdoupogyh@tﬂcswa@ dileinwbols and
ob AN for

R YR DL bR S RO i o
edi-esshase informadod.i gured to obtain estinated data
synbol s based upon the received data synbols and

11. The apparatus of claim 1, wherein the at least one processor is
configured to obtain estimated pilot symbols based upon the received pilot symbols, to
obtain signal-to-noise ratio (SNR) estimates for the first set of subcarriers, to determine
dot products of the estimated pilot symbols and known pilot symbols, to scale the dot

products by scaling factors determined based on the SNR estimates, and to combine the

scaled dot products to obtain the first phase information.

12. The apparatus of claim 1, wherein the at least one processor is

configured to correct phase of the received pilot symbols, to perform detection on phase



to sum dot products of the estimted data synbols and
hard decisions for the estinmated data synbols to

wobaioaits728he second phase information. 14. The BEPESBNUS69501
of claim1, wherein the at |eag¢ one processor is
configured to obtain estimted data synbols based upon
the received data synbols, to obtain signal-to-noise

tatdcted( BNR)syR®bIsBlodsih estirhdted pHE608ENISAS, 2@l to sum dot products of
subcarriers, to determ ne dot products of the

st pyrimeaser Paloh sypbol gnd ol @ilee sysbelstor @btajhghe first phase
63l RL,gd data synbols, to scale the dot products by
scaling factors det ermi ned based on the SNR

estimates, and to conbi ne the scal ed dot products to

obtai n_the second has i.nformation.
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second phase information. 16. The apparatus of claim
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fetainyge edot grroducse @f Jb% r?s'tllﬁlétefil dadq symhels ek 8a1iﬁiafi¢fdﬁons for the
ertnﬁa!?@d da?e? ?ﬂﬁﬁtly Q@?&alé ﬁlfeQir 'dﬁ&s b rscak?gg I?act&? d@g}éﬁﬂl‘éﬁ based on

t1mng dtal timng error ecee

thal SR cativdlateq andttarcdnmbing thg scdled et frodwadts ta dsbtmlg thes saond phase
bel ow a second val ue. WD 2007/137281

l@%ﬂfmﬂ@éow 069501 27 18. The apparatus of claiml1,

wherein the at | east one processor is configured to

estimate frequency error at the apparatus and to

corred;ﬁ t héh¢ rma@msy of eqlaior Iprwhereino tiabtai lehstgondeprocessor is

RS R RERmR P Fetef el mipB: it igsstion on phase

bkﬁ%&tdde@a% ¥ @bk 1@ bbayTBAInsatéd @ik dyhbbBt to §&thinOflard decisions for
subcarriers; obtaining second phase information based

tmcmtlme@éud@@dsyaéloés g sun fleloproducts et hgsimptedfdata symbols and
%%?9%90[ &écgsrlc‘?ﬂs &8‘89ta?n ;hr §& 'nﬁgyﬁ’ @t%n‘ﬂﬁnt he received data

ase second

16. The apparatus of claim 1, wherein the at least one processor is
configured to adjust timing based upon the first phase information, or the second phase

information, or both.

17. The apparatus of claim 1, wherein the at least one processor is
configured to determine total timing error based upon the first phase information, or the
second phase information, or both, to advance timing if the total timing error exceeds a

first value, and to retard timing if the total timing error falls below a second value.



phase i nformation. 20. The nethod of claim19, wherein
the obtaining the first phase information, obtaining

wo b@7as8nd phase i nformation, and correcti ng P¢EFUSIIATE69501
of the received data synbols &bnprise correcting
phase of the received pilot synbols, obtaining the
first phase infornmation based upon phase corrected

pi | ot 18yNbwhs, appaneiscof r@giti nNg wherchase #0flchdi€one processor is

recei ved data synbols based upon the first phase

ForFftpmah foopstingde freRecnertGitod 2 fthe PERAIItED anditie cefrpctt the frequency
Wl £ [ i . gbt ai ni ng the

A AP obflg e b B Cecoh A oSt Dhase of

the received data synbols conprise correcting the

phase of the received.data synbol s based upon the

firstl%hasé*nwﬁPgFW%Pm%ﬁﬁ3perforning det ecti on on

phase,Gaffach]d S MR leBeiG&f iR GHHIRT fi
synbo?@inggfaﬁnFﬁggtﬁé seg%ﬁ%&%%gggq%ﬁ?g§%ggﬁgﬁ nge m a first
sppof stliverresy; i mat ed data synbols, and correcting phase

of the estinmated, data .synbol.s based upon the cond

D has cob e e ARG b9 an DaRT R R B Rgols from a
R oRd set DEGuUERENed 28§ claim 19, wherein the correcting

the phase of the received data synbols conprises

conbi eermsting@hfser aft thanecosedatich piralkads bagedrupanithe firs and second

o%}ghﬁ.coqghned phase information, and correcting the
B ase Bf T e recei ved data synbol s based upon the

conbi ned phase information. 23. An apparatus
conprising: nmeans for _obtaining first phase .
i nf or A&t i ohhpaetodpeh dareiWedwpeew: thy miwigings themflst phase

[e53atiDf! oRthinfHLER deb &I phdlE D rih MorP BL &1 BHAGiIREHE f th
6LasélﬁnT%rn%§#%n bgseé1S pon receavgﬁ hafﬁ sy1 oﬁsq%a“:o ©
received data symbols comprise

correcting phase of the received pilot symbols,

obtaining the first phase information based upon phase corrected pilot symbols,
and

correcting the phase of the received data symbols based upon the first phase

information.

21. The method of claim 19, wherein the obtaining the first phase
information, obtaining the second phase information, and correcting the phase of the
received data symbols comprise

correcting the phase of the received data symbols based upon the first phase
information,

performing detection on phase corrected data symbols to obtain estimated data
symbols,

obtaining the second phase information based upon the estimated data symbols,
and

correcting phase of the estimated data symbols based upon the second phase

information.



froma second set of subcarriers; and neans for

correcting phase of the received data synbol s based

waipen/1s12e1 fi rst and second phase i nfornati on. PRGHUSINB069501

appar at us of claim 23, wherein28he neans for obtaining
the first phase information, nmeans for obtaining the
second phase information, and neans for correcting
the pbase Uhe hidthodegeianad odaharchyiibobsc&RRENEE HliRasBBAMS received
for correcting phase of the received pilot synbols,
fiEta nEmbelp cOMPBINI ng the first phase information based

upon 2. COnf i . f .

corr cooging HedfkEdndisttng EEEmANE, BRI Qmbined phase
bdseditiopoandt he first phase information. 25. The
apparatus of claim 23, wherein the nean or .obtaining _.
the fFersgeting i @haser of Hast liesﬁye%éaﬁ%sswgﬁpf%gﬁssfi MRy thpgombined
?ﬁggﬂgbgﬂﬁﬁﬁﬂinfornation, and nmeans for correcting

he phase of the received data synbols conprise neans
for correcting the phase of the received data synbols
based,ypon,the first hase i nformation, neans for
perfo?ﬁingAﬂépg@?ﬁ%ﬁo%ﬁnﬁﬂgse corrected data symbol s
t 0 obhRhy fof Dblaihe diré HhassS iR elasion HRHASuFR re@hiy @ PiltSymbols
the second phase informati on based upon the estimted
traman fizsyseof subcamigras\D 2007/ 137281 PCT/ US2007/ 069501
29 Means sff%lrr Statning Ctei il haaes ffd I attiro]% bas ! iuna}legcegvaetd% ta symbols
symbol s Q5 QUEINANE SR RIESH formeatiof based iipon Frosryed Jata sy
fibe Bpatidictsf Qfbcelrkignadd, wherein the nmeans for
correcting the phase of the received data synbols
conpr Msass iep &prscotise phewinl tgigeeived data symbely bassd gnen the first and

g%?ggﬁggggﬁgﬁﬁﬁgmrto obtai n conbi ned phase

tron, a means for correcting the phase of the
recei ved data synbol s based upon the conbined phase
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phase information, means for obtaining the second phase information, and means for
correcting the phase of the received data symbols comprise

means for correcting phase of the received pilot symbols,

means for obtaining the first phase information based upon phase corrected pilot
symbols, and

means for correcting the phase of the received data symbols based upon the first

phase information.

25. The apparatus of claim 23, wherein the means for obtaining the first
phase information, means for obtaining the second phase information, and means for
correcting the phase of the received data symbols comprise

means for correcting the phase of the received data symbols based upon the first
phase information,

means for performing detection on phase corrected data symbols to obtain
estimated data symbols,

means for obtaining the second phase information based upon the estimated data

symbols, and



a first instruction set for obtaining first phase
i nformati on based upon received pilot synbols froma
wo peogt13zet of subcarriers; a second instructi oPCEEB200T069501

obt ai ni ng second phase i nfornmag?on based upon

recei ved data synbols froma second set of

subcarriers; and a third instruction set for

cor r efilchigfop bas&tiaf phiie dfeketvigthtdlipdata SN BasBaspéh the second
upon the first and second phase information. 28. An

Bhgsa ifoUBat®snpri si ng: at | east one processor

configured to obtain received pilot synbols and

received data synmbols froma multiple-input

mul ti pb.e- oTh@uppaiddidd) cliibad®E Wissdinthe heansBdaddrrecting gie phase of
hase i nf or mati on based upon the received pil ot

g?ﬁ%%ﬁ%gi¢%?%ﬂﬁb%@ﬁ9§§56ﬁ% phase information based

upon i . | . . .
oPon, et BF SR e TN SpnB MLy RASH 3RS v
plesondophe®e, amf or mat i on; and a nmenmory coupled to the

at | east ope processqr. 29, appar gt of cl.ai.m 28,

Sher oY APricgass tsas ol dBe SRR $nArgfi S upon the

pahbiaedpMsMRfdghffhi on on the received pilot synbols

to obtain estimated pilot synbols for nmultiple

streams, and to sumdot products of the estimated

]E): lr g: 22% gggsl Isc% ag}qtﬁg?@.%ggblg biﬁg%%%/qﬁbcgl@gé oing)t%cef‘ilorqs tstc]oelred thereon,

BSatprids?007/ 069501 30 30. The apparatus of claim 28

wherein the at | east one processor is _configured to )

cor r et tirstHastpigsR seff fof whtaimdes figss dphaser iafasyriien aseddipon received
f @g% ' .nphase corrected data

g@%ﬁ%ﬁgbgg 0 ?g?%%ggygﬁgggraghta synbols for nultiple

St r eaasecdml oBtradtivnhsat dotl@biasniog Scdomd pliese asformati@d based upon

data synbols, and to sum dot roducts of the
BSEVRGHA S P%ISES?H%P%CO%&“P%“ APETHER si ons to

obt ai p thiRe iREEANh s TS Eorkd2liRE PREIOSY thd kecelM data symbols based

apparatus of claim 28, wherein the at |east one

practbs $iost ang sccoodphapgneldrmatiooor r ect phase of the

received pilot synbols, to obtain the first phase

i nformati on based upon phase corrected pil ot synbols,

and t og cor paGhpiatisRb@pasiab: the received data symbols

based upon the first phase information. 32. The '

appar aft lgast ohe predepiop gonfigieed fonoltpia rgecivasagitot gpbols and received
C | conf. gur: t r t f.th .

PLESTORE P EOMbPY B R BISE Sy RPNEDT SindhisbBE o obtain

fint higat infutmation pevctl apoh Vhdvkdcdieté pilbosyniiblha®dtain second phase

corrected data synbols to obtain

information based upon’the received data symbols, and to correct phase of the received
data symbols based upon the first and second phase information; and

a memory coupled to the at least one processor.

29. The apparatus of claim 28, wherein the at least one processor is
configured to perform MIMO detection on the received pilot symbols to obtain
estimated pilot symbols for multiple streams, and to sum dot products of the estimated

pilot symbols and known pilot symbols to obtain the first phase information.



esti mated data synbols, to obtain the second phase

i nformati on based upon the estimted data synbol s,
w@pa7ia7280r r ect phase of the estimated data syP@DUS2007/069501

based upon the second phase idformation. 33. The

apparatus of claim 28, wherein the at | east one

processor is configured to conbine the first and

secongdy.phasge i dppeiat@t bOIdid OBf aitr&RNEL nadldafasgse processor is

information, and to correct the phase of the received

eenfigussinfolcarrpisdd Rippen afhide reepisechddtappasiols, to perform MIMO

. : i iptiony g '
SR e M TR SRR PB4 Uy e
straauist itglobtain faud devikiohplfer oy pstimdtdd Ma)a tyraEs &8i @n;sum dot
obtaining first phase informatio ased upon the |

P@é@?t\wg B¢ |esmaGisigtas symbps g%itafg E%@cgwwa@eobtam the second
%mﬁgmﬁgﬁhaﬂmbased upon the received data synbols; and

orrecting phase of the received data synbols based
upon the first and second phase information. 35. The

met hog, of aim34, fugther npr.i si.ng: 007/ 137281 .
PeT! sboo7 1 bR atug; OF i, S8 her i e Do (g OB, TEp@ssor is
EQFRIYRU P bbiddct HAROLE thOrRbivald Hiles kiMBsI8dto Bbialt the first phase
synbols for nultiple streans, and wherein the

oheraiation dpasdsleurionr ptasp hersectédnpidatrambols, sathfsr ¢aresst the phase of the
sumni dot nroduct.s of .t timted pilot symnbols
R R S POR PPl oA B b s Phace
i nformati on. 36. The nethod of claim 34, further
conprising: performM MO detectian on1%hase corrected
a

data 3%nboll 8¢ tapramtusi Af edtimmadedvhemir ahgysplirst pag processor is
gwgggpéldﬁtp%ﬁ%Me pRE ohel Féc&g%&‘ atd Qg%bﬁfg [bgs%igggloiﬁﬁé’ Rkt phase

ormati on conpri ses talni S1 ons
frdormatiene &t penfdred MIM@ deyebionh n @Eade sonmvdted datatsymbols to obtain

products, of the estimated data s | s and the hard
sl ch Rty Sy mbRit-afa, DR stg% &ﬁw%ﬂg&%i R Qirmdon opiscg upon the

dgndiEE B sPhb &l lnd 3 ordhigheidoft hE cQRhALN U s&ﬂlﬁols based upon

first phase” information, obtaining the second phase
thefsorardtrihese, inforchation.r ect i ng t he phase of the received
data synbol s conpri se

33. The apparatus of claim 28, wherein the at least one processor is
configured to combine the first and second phase information to obtain combined phase
information, and to correct the phase of the received data symbols based upon the

combined phase information.

34. A method comprising:

obtaining received pilot symbols and received data symbols from a multiple-
input multiple-output (MIMO) transmission;

obtaining first phase information based upon the received pilot symbols;

obtaining second phase information based upon the received data symbols; and

correcting phase of the received data symbols based upon the first and second

phase information.

35.  The method of claim 34, further comprising:



correcting the phase of the received data synbols
based upon the first phase information, performng

woOrMD18RBECt i ONn on phase corrected data synbol BCT/0S2007/069501

obtain estimated data synbol s31obtaining the second
phase information based upon the estimted data
synbol s, and correcting phase of the estimted data

synbope&fhased MIPAD dehetiseennkt plraised pilof §mimild @Neobtd. cstimated
An apparatus conprising: means for obtaining received
pilotoymbelsfer muliipie yeees,ad data synbols from a

mul ti - | 11 pl t- W]gp . SSi on;

nmeans %?hgﬁggPﬁyﬁgé?Frgg%%ﬁggggln o%%%%?@% ased upon

t he ragemigdd@ipreductssyfitholestimaredpiof 9imteiy aidkmgvn pilot symbols
second phﬁse i nformati on based upon the received data
QoRsYN dhe farsbphags BBorMatieR2g1 PCT/ US2007/ 069501 32

nmeans for correcting phase of the received data

synbol s based upon the first and second phase

i nf or @t i ofthe 8R@thodlvd clppart afunthendongdrasing: 38, f urt her

conpri si.ng: for performn etectio n the.
O MIFRL B e b 5 o el Simared
anaBehbolk @8r MMtiplcRtBarfil,a@@Ms, and wherein the means

for obtaining the first phase information conprises

means whereisiiaephgigpthepeaud phesconfarmeties egmprises pi | ot

synbol s _and kn .pil o S ol s to . obtain the first
haseo T DR Sl or AR R R SRR 5.

f ur t ham@aipddt Srodlict SRS chidinatee Idhar SpnoMirdiethe diatd Becisions to
on phase corrected data synbols to obtain estimted

glbtein tBy pasend Phase INQIPatiIne” st reans, and wherein the

means for obtaining the second phase information

conprises mneans for obtaining hard decisions for the

esti nBi.ed @At amsthothobs,cland Ieanbkerkmr thaunshtaigingothe first phase

roducts of the estimated data. synbols and the hard
RrigRsOb 8 g e rrope gl%?é% ﬁlafOBﬁ%\%%l, Al GPHBEMgne Phase of the

received data symbols comprise

correcting the phase of the received data symbols based upon the first phase
information,

performing MIMO detection on phase corrected data symbols to obtain
estimated data symbols,

obtaining the second phase information based upon the estimated data symbols,
and

correcting phase of the estimated data symbols based upon the second phase

information.

38.  An apparatus comprising:

means for obtaining received pilot symbols and received data symbols from a
multiple-input multiple-output (MIMO) transmission;

means for obtaining first phase information based upon the received pilot
symbols;

means for obtaining second phase information based upon the received data

symbols; and



41. The apparatus of claim 38, wherein the neans for
obtaining the first phase information, neans for
wobaioailsi2ey t he second phase information, and nREnES1007/069501

correcting the phase of the red2ived data synbols

conpri se neans for correcting the phase of the

recei ved data synbol s based upon the first phase

i nf or ARbhORr coeafitg pRiscRETROROE NS MMy HBs18Badc@MpOR the first and

phase corrected data synbols to obtain estinated data

sapRPGPRAsC AEQHBA®r obt ai ni ng t he second phase

i nformati on based upon the estimted data synbols,

and nmeans for correcting phase of the estinated data

synboB$. baShadapipenud dtclsacit)durtiphas@ptisihgr mat i on. 42.

A conput er-readabl e nedi i ncl udi ng i nstructions i

st or eBepNetos HRT OH@B&M@%&W 2@0‘% jepppigq pilot symbols to obtain
; &gy@ / arfd iagtruction set for

%%Eéinl g%ﬁgggggiﬁ“gﬁfFfﬁﬁﬁﬁ%ﬁéaand recei ved data

sy nmbowberfeirotine anaang for pbwinimgthe fivstl phiagd iefoymapon c@rivbhiddy

transm ssipon: a second inpstruction set, f.or obtaini .
1 ror Msraser buimreadtare Bt ndini pifbednbdy g Ragwn pilot
SR & obaih Mhd Grst Pl HESInMionet for obtaining second

phase i nformation based upon the received data

synbols; and a fourth instruction set for correcting
| s based . upon the

phase,of t recei.ved. dat 0 .
48 lil‘ﬁe a ratys of cqalmfa3 83 ?fﬂ%?lleé ﬁOl’nH]:,)J,Sln%n ap p ar at us

first and secom phase i nfor

conpr ighmgfor perfb@aMINGO &lcpica6£ 98 PhasOsdrigtdathtd §ymbols to obtain
obtain a first phase estinate based upon received
pitintedsdatpsymaboly fr ey iiple strpas andf received data _

symbol §.Raskd g@fotr %Bta%ﬁ? the sgélﬂl%ljoh?sc‘et ih GtibiP c&gﬂtﬁeg

phase corrected data synmbofs, to pertform detection on

the plasefocobthmidgeithrd dt@sisynfootis dstmatet aliata sgatbotvadet

data synbol.s, to obtain a seco phase estimte based

upon PR & | HEAS gr%dyﬁ*éo?fgt%e Seamlsd B 8RO 38¢ the hard

2lcidibs 18 Dbiaping @ecdﬁﬁ%ﬁa@iﬂﬁﬁ’fnﬁti&ﬁs ed upon the second

phase estimate; and a nenory coupled to the at |east
one processor. 44. The apparatus of claim 43, wherein
the aEll.l ea”ﬂle %Bgargtrugco dm l3§, wherein the means for obtaining the first
phase information, means for obtaining the second phase information, and means for
correcting the phase of the received data symbols comprise

means for correcting the phase of the received data symbols based upon the first
phase information,

means for performing MIMO detection on phase corrected data symbols to
obtain estimated data symbols,

means for obtaining the second phase information based upon the estimated data
symbols, and

means for correcting phase of the estimated data symbols based upon the second

phase information.

42. A computer-readable medium including instructions stored therecon,

comprising:



configured to obtain estimated pil ot synbols based
upon the received pilot synbols and to sum dot

w@e@dassl of the estimted pilot synbols and kpomwas2007/069501

pil ot synbols to obtain the fB3st phase estimte. 45.
The apparatus of claim43, wherein the at |east one
processor is configured to obtain hard decisions for

t he estfird@inggudihascs Yobebainumd réceivel pidetsympbRAaEt feceifed data
the estinated data s%gbojs and the hard decisions to
Bonkolhfrome Bekipiiinpphaykipkseytre(@IMO) transmission;

a second instruction set for obtaining first phase information based upon the
received pilot symbols;

a third instruction set for obtaining second phase information based upon the
received data symbols; and

a fourth instruction set for correcting phase of the received data symbols based

upon the first and second phase information.

43.  An apparatus comprising:

at least one processor configured to obtain a first phase estimate based upon
received pilot symbols, to correct phase of received data symbols based upon the first
phase estimate to obtain phase corrected data symbols, to perform detection on the
phase corrected data symbols to obtain estimated data symbols, to obtain a second phase
estimate based upon the estimated data symbols, and to correct phase of the estimated
data symbols based upon the second phase estimate; and

a memory coupled to the at least one processor.

44. The apparatus of claim 43, wherein the at least one processor is
configured to obtain estimated pilot symbols based upon the received pilot symbols and
to sum dot products of the estimated pilot symbols and known pilot symbols to obtain

the first phase estimate.

45. The apparatus of claim 43, wherein the at least one processor is
configured to obtain hard decisions for the estimated data symbols and to sum dot
products of the estimated data symbols and the hard decisions to obtain the second

phase estimate.



