WD 2006/ 034020 PCT/L52005/033133 1 NO SE VARI ANCE ESTI MATI ON I N W RELESS
COVMUNI CATI ONS FOR DI VERSI TY COMBI NI NG AND LOG LI KELI HOOD SCALI NG d ai m of
Priority under 35 U.S.C. 119 [0001] The present Application for Patent

cl ai ms priv@h bdoyod4B20Pr Ovi sional Application No. 60/611pP2gs20848351ised " Noi se
Variance Estimation for D versity Conbining and Log- |ikelihood Ratio (LLR)
Scaling in Platinum Broadcast" filed Septenber 17, 2004, and assigned to

t he assi gnee hereof and hereby expresslly incorporat ed by reference herein.
BACKGROUND Field [0002] The present disclosure relates generally to

t el ecommuni cat i ons NQISEMARIANER ESTAMATION dN WIRELESSe estimation
techniques in wreless communi cations. Bac r ound iNgO?, In a ty i cal

t el ecomuni @MUNQAHQN&F@R@I%ERSH -with a
turbo code, which generates nce r ef erred to as "code
synbol s." Several code synboisﬁ&éﬁ ghﬁmméet her and mapped to a point
on a signal constellation, thereby generating a sequence of conpl ex

"nmodul ati on synbols.” This sequence may be applied to a nodul ator, which
gener at es a:mmbfmauqdﬂd@msm@l 119which is transmtted over a wirel ess

channel 0004] At the recejver, e rmdijl atiqn_synmbol s. may not_ correspond
to t hel0@hct |§éatpir?§ﬁn of\P%PCﬁB‘?fhifoﬁprﬁtecnﬁé 24P$ GrIPEL 18 laﬁmsweénéw%‘m on due

to noise ang, gb)a@i 028 IeAi P NFLSY drfin ée@suﬁﬁaa@ﬁir Dleergtey@smtﬁ;«fgranmgbe used

to make soft decisions as to whlch nodul ati on synmbol’s were nost |rkely
transmi t t edikihized Ratiot(h&R) écdmged P[lﬁiomnmsBHOhdcasth led Beptdmleanrigs 2004apicbn.  The
soft deci sign be used.to ac the L Li kel hood . Rati.o LLR) of the
code synbol eSS P aEE abal AYRELY ke famu e B S BrL Rs "t o
decode the data originally transm tted [0005] In a receiver enploying

mul ti pl e antennas, a Pilot Weight ed Conbi_ni nﬁ (PWC) technique is often used
to conbine the soft decisions forBa&dHCR a. The conbined soft decisions
may then beg ﬂed to conpute the LLRs for the code synbols. One problemwth
this approach is the potential difference in thermal noise for each antenna.

[0002] The present disclosure relates generally to telecommunications, and more

specifically, to noise variance estimation techniques in wireless communications.

Background

[0003] In a typical telecommunications system, the data to be transmitted is encoded
with a turbo code, which generates a sequence of symbols, referred to as “code
symbols.” Several code symbols may be blocked together and mapped to a point on a
signal constellation, thereby generating a sequence of complex “modulation symbols.”
This sequence may be applied to a modulator, which generates a continuous time signal,
which is transmitted over a wireless channel.

[0004] At the receiver, the modulation symbols may not correspond to the exact
location of a point in the original signal constellation due to noise and other
disturbances in the channel. A demodulator may be used to make soft decisions as to
which modulation symbols were most likely transmitted based on the received points in
the signal constellation. The soft decisions may be used to extract the Log-Likelihood
Ratio (LLR) of the code symbols. The turbo decoder uses the sequence of code symbol
LLRs to decode the data originally transmitted.

[0005] In a receiver employing multiple antennas, a Pilot Weighted Combining (PWC)
technique is often used to combine the soft decisions for each antenna. The combined
soft decisions may then be used to compute the LLRs for the code symbols. One

problem with this approach is the potential difference in thermal noise for each antenna.



WO 2006/ 034020 PCT/ US2005/033133 2 As a result, the PWC procedure for
conbi ni ng soft decisions may not optim ze the Signal-to-Noise Ratio (SNR).
Accordingly, there is a need in the art for an inproved denodul ation
process tweatowosweders the thernmal noi se for one or nPCE/®AWSNIBAIS nount ed
on a receiver. SUWARY [0006] In one aspect of the present invention, a
nmet hod of estimating noise variance includes receiving a signal including
an Orthogonal Frequency Division Miltiplexing (OFDM synbol. The OFDM has

i n-band topes,. _Jjnc i I n-band.pil ot .tones. .and band-edge.ton i ncl udi ng
band- edge ‘}Qﬁ ?5? §u21 bnhléégl,gwgn%mﬁ%%ed f(gocr?g’tsb.lm% O ErARAS %‘ra ? ﬁlé’g %pti“HVSIEi@ees

esti mat i ngSigiul-ed-Noise Rutlo (SINRR Macdrdingly, fhefe it Aenebd ibaivchrt MRS impioved t he
in-band pilot tones and channel _estimates for, tge i n-band pilot tones, and
esti mat i nflemedelpfion pragess High sansidery shrcéherppl neies BAn Q0% PG NPIGNFYCIIT ng t he
band- edge pilddd doneseiveehannel estimates for the band-edge pilot tones, and
the guard tones. [0007] In another aspect of the present invention, a nethod
of estimating noise variance includes receiving a signal including a
plurality of OFDM synbol s each hav% ' -Q@nd tones including in-band pil ot
tones, and band-edge tones includi.gﬂ%gagledge pil ot tones and guard tones,

esti nmooa)g an dahfopetabpect oDiRryRRhl MRERiIchO nidid ¢f Réindtih®neise Oirianenie of the
OFDM synbol s by estinating a noise vari ance for the in-band tones of one or
more of t HEclefisveesvns p Signgkinghidingnt Gehagena Frogieneh Devigier MultRIEXng onbi ni ng
the weig L ar 1 gt : i I | i ghted
noi se vari ncé\ﬂp%asgﬁo\rﬁht%%?tggagﬁgg@n%tﬁ? ﬁgﬁgnﬁglﬁbigg?f%gﬁ%ﬁgggo@%?i%ce for

t he band- eehgd-etigmiesesdficlading bamkedgefpilbheneG-bM gyand tinss. uShamethoé finthed- edge
pilot tones for said.one of the OFDM. s ol.s,. channel estimates for the
band- edge BTFIGES BRRAUTH By SLaehie biles UFiotb R BEE P Rioies ok R fdeBfiar d tones
for said opiRt@ned i i sstititdsSor he @08dndlpiloy Bhes2 B6d HimaLAPE bifetive he
present invention, a nmethod of estimating noise _variance Includes_ receiving

a signal imeseudIiges fon theabmdpedse tormnvrgiaiten darhedee pideki oges: rehBen® t ones
i ncl udi ng ésﬂmg%ggor%éd&%lg_tﬁgg@ﬁm%gs gﬁ@gl-e%ﬂ&gft fees including band- edge

pil ot tones and guar estimgtin ective noise variance for the
i Nn- bafddo7]t ones Infanather aspect bEthOpMn ymiontican, asiefpdtafiestimatingmdispivhmdance ones f or
sai d one of t

synbol s, tlﬁglu@%gﬁ(f%% 3 Xi(grnbﬁ ligch(;.jl 1rclig g %‘aﬁ@ ofe élt' f)l(/rlaé[y?n o{soeractfﬁg,vgngoig%agcfi the OFDM

tones including in-band pilot tones, and band-edge tones including band-edge pilot
tones and guard tones, estimating an effective noise variance for the in-band tones of
one of the OFDM symbols by estimating a noise variance for the in-band tones of one
or more of the OFDM symbols, weighting the noise variance estimates, combining the
weighted noise variance estimates, and scaling the combined weighted noise variance
estimates, and estimating an effective noise variance for the band-edge tones of said one
of the OFDM symbols using the band-edge pilot tones for said one of the OFDM
symbols, channel estimates for the band-edge pilot tones for said one of the OFDM
symbols, and the guard tones for said one of the OFDM symbols.

[0008] In yet another aspect of the present invention, a method of estimating noise
variance includes receiving a signal including a plurality of OFDM symbols each
having in-band tones including in-band pilot tones, and band-edge tones including band-
edge pilot tones and guard tones, estimating an effective noise variance for the in-band
tones of one of the OFDM symbols using the in-band pilot tones for said one of the
OFDM symbols and channel estimates for said one of the OFDM symbols, the channel
estimates being time averaged over two or more of the OFDM symbols, and estimating

an effective noise variance for the band-edge tones of said one of the OFDM symbols



estimates being time averaged over two or nore of the OFDM synbols, and
estimating an effective noise variance for the band-edge tones of said one
of the OFDM synbol s WD 2006/ 034020 PCT/ US2005/ 033133 3 usi ng the band-edge
pilot ton jod one of the OFDM synbol s, channel h’,g% or the
band-edge%g?ltz@gmt%gir?es for said one of the OFDM synbol s?égn tﬁz”gaard t ones
for said one of the OFDM synbols. [0009] In a further aspect of the present
invention, a nmethod of estinmating noisé& variance includes receiving a
signal including a plurality of OFDM synbols each having in-band tones

i ncl udi ng iusingdhribasidtedee pdetdenesdonsddings eftije QRN syinhelsueiangel isstidate dge

pil ot tone a tinating.a frective nai.se variance for the
i n-band tosfﬂlg@gg%%g%dge gﬁ&ﬁ ﬁ%esgéﬁm@yﬁﬂgﬁs %Mﬁmh%lsl e t%}gr%laﬁit%ets(i&)nes for
sai d one ofsaidivee o DN phBoland channel estimates for said one of the OFDM

synbols, and estimgting an effective nai se variance for the band-edge tones
of sail@0he of tslqﬁé‘n%fﬁﬂg a%ﬁ?ﬁ‘bS; dhe, preseyt iHyRnLipg &ﬁn%{-b‘é‘i RESSURHEE: IUEE noi se

vari ance f Qg pandseRes ioh1510 5 b sai d
one of the %%Kb/l%syngg?sségt ‘ﬁ%lg_(r:]oﬁgl nill ﬁglggilaga%ggﬁl?lg?%t?g gﬁaﬁ%@g‘gge&“%ﬁ ot
tones for davidgdmnbansitondséncdribig ioyhahdbot taned, anddagliedgs toupsascldding bagdi d one of
t he OFDM synbol assignin he edge tones of .t he .OFDM s ol, t.o.an

ef fective nors Bﬁq}e{?liwgﬁg@ g%%flji(fmf’oes&lﬁg%% ‘ﬂ%ﬁ?‘()“‘f n(fl??evaﬁ\%élear%gh@f]?@ﬁdr ve noise
vari ance figfiestdfenbafdheeOFBM SIS0l 06ing ke ifHaa6 hilvetoney fr s¥idrdnevgend or t he

i n-band tones, and _interpolating the effective noise variance for the

band- edge _tQﬂéM E@@W@%ﬁn‘i el é‘é‘ftim%tés foropadd apgr 9TakeeOBPM f¥mbalseabnes and
the effect!dEmBls oRLEANERaribltE tin0BA 400 8hes bOMDbnd &t HEOFBM Urt her

aspect of te\ée present 1 nvention, enod oF cont i gure receive a
si gnal i nclsyohbnly barestOrDMgsmravelaghefictige noisdowanidn¢edive theiband-edgertgnss frooand

pil ot tones n nd- edge tones, i nclydi nd-.e i,l ot .tqne d guard

t ones, the t?‘%l&%ﬁ%%ﬁ?ﬁ?tqg%eé! PR one %fﬁﬂ%ﬂgPng‘%?gﬁffep%Wl ﬁiﬂ%statgr gener at e
channel estthéBiiSedee hilot Pdfes fr BANGNO of He DILSsyaibdlsC Banihel gusit tongtes for the
band- edge pilot tones, an in-band estimator confi gur ed to estimte an

ef fective rigidereafithaREPM symbdle asvighing theredae dongs phihe ORRM smbeh # | ot
tones and t&ﬁcﬁ%a&gse' Ve e[%hastoftﬂé m%aﬁnﬁrﬂ-fﬁh@‘lvalag&&fféc%@ﬁois@% ﬁ?é(;?“d‘

edge estimator confilgure estimate an efrfective noise variance t he
band- edge fotiesbardiadge tdres bhad dhee difective Inoise tvarniesce fohdhe helvend| towss hmht es f or

- L , e guar ones i
the band qut%rp%'lalh%tg the;[ éi?e%t%ve goqge w}ar;t]lancge or &\etban£edge tones between the effective

noise variance of the edge tones and the effective noise variance of the in-band tones.

[0010] In yet a further aspect of the present invention, a demodulator configured to
receive a signal including an OFDM symbol having in-band tones including in-band
pilot tones, and band-edge tones including band-edge pilot tones and guard tones, the
demodulator including a channel estimator configured to generate channel estimates for
the in-band pilot tones and channel estimates for the band-edge pilot tones, an in-band
estimator configured to estimate an effective noise variance for the in-band tones using
the in-band pilot tones and the channel estimates for the in-band pilot tones, and a band-
edge estimator configured to estimate an effective noise variance for the band-edge
tones using the band-edge pilot tones, the channel estimates for the band-edge pilot
tones, and the guard tones.

[0011] In another aspect of the present invention, a demodulator configured to receive a
signal including a plurality of OFDM symbols each having in-band tones including in-
band pilot tones, and band-edge tones including band-edge pilot tones and guard tones,
the demodulator including a channel estimator configured to generate channel estimates

for the band-edge pilot tones of one of the OFDM symbols, an in-band estimator



[0011] In another aspect of the present invention, a denodul ator configured
to receive a signal including a plurality of OFDM synbol s each havi ng

i n-band tones including in- band pilot tones, and band-edge tones including
band- edge wo b@b/0340mes and guard tones, the denodul at opcirnskdesivazgsa channel
estimator configured to generate channel estimates for the band-edge pil ot
tones of one of the OFDM synbols, an in-band estimator WO 2006/ 034020

PCTI US2005/ 033133 4 configured to estPrate an effective noise variance for

the in-band tones .of sa t he ol.s, by, est t oi se
e oo T EoteRRER o eSS B ety nohg VaraNs T Barnbre ERts et et
wei ghting HReOFIOMSEMbals b3t 8mefgl Wi RSvariGeFtToiihe th-b4R tw@ésgﬁroﬁaor RleS e

vari ance estimtes, and scaling the conbi ned wei ghted noi se variance

esti mat es, of ks PEPM sabelagucigting e @leec‘@m@mswa&ea) cabiyRg @e Fisightedect i ve
noi se vari g&@@ vi®incd l@& mdp@n g £ 9?110%% RB&s ne§ %deg%h‘?éhﬁno‘?ée %M § gbol s
Sal )

usi ng the band- edge p| ot tones one ’channel
esti mat es fami atﬂmdbégademd@&)rpqohﬁgured)wesstﬂmte saeffectivasmonst vtahmoéﬁbl\/ﬂsy nbol s,

acpect o PRE-yhadee ¥ aate SR DR Sutbal sSHESR Tkt ot P e o

si gnal inclad bﬁ@oﬁthablﬁmhlswbm chiraM &yifiaek SoraRChandadd fildtRordea fist shianes
i ncl udi ng in- bandpg;l | ot tones, and band-edge tones including band-edge pil ot

tones and oBu@kthe O5HAE symbals, aadibg epard sencs frziseidiong o fithe KENM syrekaels.mat or
confi 3“652 t° 9 Eta&f‘ogl ?'of“t‘r?é Ffé@én?%né glg?ﬁ thf ﬁéa &Qr Ebﬂf%hrédoﬁes of one

of th s an | mat es ot tones of
sai d one ofrect:ive z(ﬁ@ws;zdbdlhg a plhmht;h@ﬁl@EDM gghbotateach hmmg freband-toaesd pi | ot

tones for s ong .of e OFDM s be| | av ver t or nore
of e QRO pt ShEn e saes PO BaAr bR S e adef 1

ef fective npEideoday iR dembdilatbBicludmad EhdRBL SstRhatSrALEhRHRIAD deReraterDM
synbol s using the in-band pilot tones for said one of the OFDM synbol s and

the channéhanask ¢Sﬁma@§ fordhe inghand pilet tonesiafonopfie JRMI symbals gnd chagnel edge

band- edge Faaieolth 8% iaRak: Hil forll o1 PEhe ST CTRARTEe thimmb® | oy
tones for sesmdatemﬁnrdhe firhbandFiildt Sotreb dbrssaid bimoﬁﬁarmEDNesymlmis being dimet he
band-edge pilot tones for_sai n t he s, .and the guard tones
for said oRESTA$edQYET BRORE T I 8?@3{ ngémf"& ?St m%ﬁ'mf‘ﬁ@ present
i nvention, eaifREMEWIRERe A8 {rﬁiéﬁ&dfotr%é RLRINMGoned &Y Qzﬂiibné HEihd OFIgMa

plurality of OFDM synbol s each having in-band tones including in-
symbols using the in-band pilot tones for said one of the OFDM symbols and the

channel estimates for said one of the OFDM symbols, and a band-edge estimator
configured to estimate an effective noise variance for the band-edge tones of said one of
the OFDM symbols using the band-edge pilot tones for said one of the OFDM symbols,
the channel estimates for the band-edge pilot tones for said one of the OFDM symbols,
and the guard tones for said one of the OFDM symbols.

[0013] In a further aspect of the present invention, a demodulator configured to receive
a signal including a plurality of OFDM symbols each having in-band tones including in-
band pilot tones, and band-edge tones including band-edge pilot tones and guard tones,
the demodulator including a channel estimator configured to generate channel estimates
for the in-band pilot tones of one of the OFDM symbols and channel estimates for the
band-edge pilot tones of said one of the OFDM symbols, an in-band estimator
configured to estimate an effective noise variance for the in-band tones of said one of
the OFDM symbols using the in-band pilot tones for said one of the OFDM symbols,
and a band-edge estimator configured to estimate an effective noise variance for the

band-edge tones of said one of the OFDM symbols by estimating an average effective



band pilot tones, and band-edge tones including band-edge pilot tones and

guard tones, the denodul ator including a channel estimator configured to

generate channel estimates for the in-band pilot tones of one of the OFDM
synbol s alt® VPARAEP estimates for the band-edge pil ot P¢HEE0MB3IZAI d one of
the OFDM synbol s, an in-band estimator configured to estimate an effective
noi se variance for the in-band tones o% said one of the OFDM synbol s using
the in-band pilot tones for said one of the OFDM synbols, and a band-edge

esti mator goRd '{rﬁﬁhé‘éjfc}r%@%%ﬂdg?égt%ht@& abdf efd iggglogﬂtesemm ! §s &0 fbe

band- edge tones of said one e EFDIVI Sy y estl I'ng an aver age
ef fective vWdxggepia40ms fRGRIAUSROTEIOQBDRBsynthol) iteechammel astmmtdsdor thhe

band- edge e sald one.of th l.s fr. t he, . band-edge pil ot
t ones for is)agil&ae%lg%gﬁ%t%ﬁ%efg b?ﬁfﬁg@%%?@%%ﬁgmgﬂ%ﬁﬁ%{oggs g%rsal he
band- edge pid of te00BDM Gym8b6lsdaRipaingf the ezt sif nthe |GEDMNEmibae tguar d t ones

for said og_e of the OFDM synbol s, assigni n%nthe edge tones_ of the OFDM
symbol to SHectige ness Viranae pal foythe appxndy oh the 2y crage cHevRLIdiSSTVatipceaver age

effective RQIBS bYR.LRRIBnes! BF shilonBPdnE @ﬂ?g& WhkBols Ocﬁldstﬁ%j @{f@&fve Q{OiSE he OFDM

synbol s and the effective noise variance e 1 n-ban ones for said one
of the OFDMrspodhisrshe inrbdnd tones foolszid ongjof the OFEM epmbals, andiigerpolatingthee for the
band- edge tgnes between th f f.ectiye .noi se vari.an f the edge tones and
Uhe ef oot FUBTNGPOSE VAPPSHICS Ci DR atse IR IR S8 SifesB1eig v ERG fer ot ood

t hat ot her fiRnddgstion®tng tief effdativridisantiaice v theii®bad fohesbecome  readi |y
apparent to those skilled in the art fromthe follow ng detail ed

descrilffifbn,  wHéf sndrreiand Bk obrpeRbetmes of thenresent EREREM AHEDXRBEN and
desc! ' Ded Rhai@ Yy Pent!th | Hode! &itediny h o frbimPfie [BAOWHE etdiRE deBeBAb,ON 1 S

capabl e of ot _ fferent enbodinments and its Several details are
capabl e of wimerinf vasnus embodimeatsi oflithe dhvestion jares ghwns andaéscribedhbyiwagteyfar t i ng

fromthe spirjt.and scope.of the present .invention. ceor di ngj. t he

i o ngs. advelricd | @5 HBE o8 e LR RPipdsd Fotrrfle o ndtd HhERiderde” &

nat ure and emBbdiMmsntt @Bkr i€ isbxegal EMiEFarDRAIWIE T hbodfcaidn PRMINSSHHL015] FI G
1 is a conceptual block diagramillustrating_ an exarrEI e of a

t el ecommuni®@atsisidl wifsew rderpring eifonritey spirit gnd scenfc &bl Presemd dRVeaiglr am
11 ustrati ngelingX2 iR @aihg@ald ARSTH db&Eiplith are T BY 2egtdddOR iithskBide fecei ver:

nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a conceptual block diagram illustrating an example of a
telecommunications system;

[0016] FIG. 2 is a conceptual block diagram illustrating an example of a transmitter in
communication with a receiver;

[0017] FIG. 3 is an example of a transmission waveform for a hybrid multi-access
telecommunications system supporting both CDMA and OFDM communications;

[0018] FIG. 4 is a conceptual block diagram illustrating the functionality of an OFDM
demodulator in a receiver for a hybrid multi-access telecommunications system;

{0019] FIG. 5 is a conceptual block diagram illustrating the functionality of an OFDM
demodulator in a dual antenna receiver for a hybrid multi-access telecommunications
system,;

{0020] FIG. 6 is a graphical illustration of an OFDM symbol in the frequency domain;

and



[0017] FIG 3 is an exanple of a transm ssion waveformfor a hybrid

mul ti-access telecomunications system supporting both CDVA and OFDM
comuni cati ons; (£0018] FIG 4 is a conceptual block diagramillustrating the
f unct i onal MO208/034200FDM denpdul ator in a recei ver forPGI/H§2995F3133

mul ti-access tel ecommuni cations system [00191 FIG 5 is a conceptual bl ock
diagramillustrating the functionality gf an OFDM denodul ator in a dual
antenna receiver for a hybrid nmulti-access tel econmunications system

B
concept ual  btiowlor dimablearfopinputitg the effigtivheoisancipnarfat itd fpsptties aitannel

estimator capable of conputing the effective noise variance for its
respective antenna. DETAILED DESCRI PTI ON [ 0022] The detail ed description

set forth below in connection DETAILER DESCRIPIUONIr awi ngs i s intended as a
description of variqus_enbodingents of the present invention and is_not
i nt endd®W2o r epr B Attailede deseriptionseafortn bAoy niny pensgctione With othe nappeRiednt i on

may be prachigeiths i iendd A b AekcABRG bPardls &ﬂﬁ&dggagﬁ%mei rbenfighaldon for the

purpose of providing a thorough understanding o 1e present Invention.
However, it and is|nopénterslpgdéo sapresems thérosly eptboflimedtsiin which thetpredent invémgiopr esent

i nvention ng e practiced wit t .these ecifi. etails..|In some

st ances, | T PERRSARRC, (it ISR b B FoRBR Dok e Rb e PuRERR i agr am
formin ordgfovidingd¥ Qhétoodds anderdighdilpe o iRCBicat divehdiéh. pERS®NEr, it ANIEMEI ON.
[0023] FIG | is a conceptual block diagrami/llustrating an exanple of a

t el econmuni ARRASHE ose dfedp dhe @t thabRasprssetingmbon yay e PERRSicRh Yot ude an

Access Net \hi ' | nber of
ATs 104. T@e%NQ%C%I%gE%@%%E% SRMTRIBYA Anbiis EHNBER0ARN, BT

110B out si deownhia bipckidizgramuform as otdse td anodd plescuring therqooeepiscof the pzasentt, a
Public Sw tche o Tel ephone Network (PSTN), a broadcast network, or any other
network. Th&VELt®ss Terninal (AT) 104 may be any type of fixed or mobile

devi ce [¢¢2af can BI@MUNiisad econdéptialt BRCANIASEm rilhstdiing Mt exanipld iofi ked to a
W rel ess handset or telephone, a _cel]lular telephone, a data transceiver, a
pagi ng r ecefslPmmumisalions; syisteget i tsleroramupigationg systery 100 may include an

Access Network (AN) 102 which supports communications between any number of
ATs 104. The AN 102 may also be connected to additional networks 110A and 110B
outside the AN 102, such as the Internet, a corporate intranet, a Public Switched
Telephone Network (PSTN), a broadcast network, or any other network. The Access
Terminal (AT) 104 may be any type of fixed or mobile device that can communicate
with the AN 102 including but not limited to a wireless handset or telephone, a cellular
telephone, a data transceiver, a paging receiver, a position determination receiver, a
modem, or the any other wireless terminal.

[0024] The AN 102 may be implemented with any number of base stations dispersed
throughout a geographic region. The geographic region may be subdivided into smaller
regions known as cells with a base station serving each cell. In high traffic applications,
the cell may be further divided into sectors with a base station serving each sector. For
simplicity, one Base Station (BS) 106 is shown. A Base Station Controller (BSC) 108
may be used to coordinate the activities of multiple base stations, as well as provide an
interface to the networks outside the AN 102.

[0025] FIG. 2 is a conceptual block diagram illustrating an example of a transmitter in
communication with a receiver. The transmitter 202 and receiver 204 may be stand-

alone entities, or integrated into a telecommunications system. In a telecommunications



nodem or the any other wireless termnal. 100241 The AN 102 may be

i npl emented with any nunber of base stations dispersed throughout a

geogr aphi c regi on. The geographic region may be subdivided into smaller

regi ons knemom®34ed | s with a base station serving eaclpcoaid2005/08315d gh
traffic applications, the cell may be further divided into sectors with a
base station serving each sector. For %i nmplicity, one Base Station (BS) 106
is showmn. A Base Station Controller (BSC) 108 nmay be used to coordinate the

activities of  nultiple S tations S | ) provi de an ,jnterface to

t he net wor kY50t &eéganfrﬁgt%ﬂzpiﬁﬁy 'bf 5028 aﬁf\ll\%tloﬁailﬁg aﬁ‘?ﬁ’&{ﬁ%eb‘feﬁgwﬁjl% R di agram
i 11 ustrati ni tBOAEXBAP AGteMbtively, TR S4HsinitRF 20N maf BOTHRE @dt 1@ nWilidteeivepcei ver .
The transmitter 202 and receiver 204 may be stand- al one entities, or
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cl osest to tThe demodulator 216 detects which modulation symbols were most likely transmitted

by correcting the received points in the signal constellation by the channel’s frequency
response, and selecting valid symbols in the signal constellation which are closest to the
corrected received points. These selections are referred to as “soft decisions.” Soft
decisions are used by LLR computation module 218 to determine the LLR of the code
symbols. A turbo decoder 220 uses the sequence of code symbol LLRs to decode the
data originally transmitted.

[0028) The telecommunications system may be implemented with any number of
different technologies. Code Division-Multiple Access (CDMA), which is well known
in the art, is just one example. CDMA is a modulation and multiple access schemes
based on spread-spectrum communications. In a CDMA telecommunications system, a
large number of signals share the same frequency spectrum; as a result, such as system
provides high user capacity. This is achieved by transmitting each signal with a different
code, and thereby, spreading the spectrum of the signal waveform. The transmitted
signals are separated in the receiver by a demodulator that uses a corresponding code to
despread the signal. The undesired signals, i.e. signals having a different code, are not

despread and contribute to noise.



corrected received points. These selections are referred to as "soft
decisions."” Soft decisions are used by LLR conputation nodule 218 to
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{0031} FIG. 3 is an example of a transmission waveform for a hybrid multi-access

telecommunications system supporting both CDMA and OFDM communications. The
structure of the transmission waveform, as well as the specified time durations, chip
lengths, and value ranges are provided by way of example with the understanding that
other time durations, chip lengths, and value ranges may be used without departing from
the underlying principles of operation of the telecommunications system. The term
“chip” is referred to herein as a unit of time of a binary digit output by a spread-
spectrum code generator. This example is consistent with a system supporting the
protocol “cdma2000 High Rate Packet Data Air Interface Specification,” TIA/EIA/IS-
856.

[0032) The transmission waveform 300 may be defined in terms of frames. A frame
may include 16 time-slots 302, each time-slot 302 corresponding to 2048 chips. Time
slot 302 having a 1.66 millisecond (ms) time-slot duration, and consequently, a 26.66
ms frame duration. Each time-slot 302 may be divided into two half-time-slots 3024,
302B, with CDMA pilot tone bursts 304A, 304B transmitted within each half-time-slot
3024, 302B, respectively. Each CDMA pilot tone burst 304A, 304B may be 96 chips,
centered about a mid-point of its associated half-time-slot 302A, 302B. A Medium



[0031] FIG 3 is an exanple of a transm ssion waveformfor a hybrid

mul ti-access telecomunications system supporting both CDVA and OFDM
conmuni cat i‘gﬁéo() @F@ structure of the transm ssion waveform as well as the
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way of exanple with the understanding that other time durations, chip
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second half-tine-slot 302B, and a third OFDM synbol at
the frequency band. Because the tones at the edges of the frequency band may be
affected by Adjacent Channel Interference (ACI), the skilled artisan may chose not to
send any data on those tones. Instead, the edges of the frequency band, referred to as
“guard-bands,” may be used to transmit “pilot tones” and “guard tones.” The tones that
are not affected by ACI are typically used to transmit modulation symbols with
interspersed pilot tones. Both the guard tones and pilot tones are modulated with known
data. Depending on the application, the guard tones and the pilot tones may be the same
or different.
[0034) FIG. 4 is a conceptual block diagram illustrating the functionality of an OFDM
demodulator in a receiver for a hybrid multi-access telecommunications system. The
OFDM demodulator 402 may be integrated into any processing entity, or distributed
among any number of processing entities, within the receiver. The processing entity (or
entities) may include a microprocessor, Digital Signal Processor (DSP), or any other
hardware and/or sofiware based processing entity (or entities). Alternatively, the
OFDM demodulator 402 may be a separate processing entity such as a microprocessor,
DSP, programmable logic, dedicated hardware, or any other entity capable of

processing information.



the end of the second half-tine-slot 302B. In this exanple, each OFDM synbol
Is 400 chips. A cyclic prefix 310 occupies 80 chips, |eaving 320 chips to
transmt data and pilot tones. The 320 chips translates into 320 equal ly
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and an domain into the estimate of the channel impulse response of length P samples in the

time domain, where P is the number of pilot tones in the OFDM symbol. The channel’s
frequency response may then be estimated for all tones from the estimate of the channel
impulse response using an interpolation process implemented by a DFT 414. The
number of samples used by the DFT 414 to compute the channel estimate may be
reduced if the actual channel’s impulse response is less than PT, Where /T is equal to
the chip rate of the OFDM symbol. In this case, the channel’s frequency response may
be estimated from L samples, where LT is equal to the time duration of the channel’s
impulse response. The term L is generally referred to as the “delay spread” of the
channel impulse response.

[0037] The channel estimate may be improved by time-averaging the channel estimates
for all OFDM symbols in any given time-slot. In the example discussed in FIG. 3, four
channel estimates from four ODFM symbols may be time-averaged. Ideally, a non-
causal symmetric filter should be used to time-average the channel estimates for the four
ODFM symbols. By way of example, the channel estimate for the first OFDM symbol
308B may be computed by averaging the channel estimates for the zeroth, first, and
second OFDM symbols 308A, 308B, 308C. Similarly, the channel estimate for the



estimate of the channel's frequency response provided by a channel estinmator
408. The channel estimator 408 nay estimate the channel's frequency
response fromthe pilot tones using a | east-squares ch j,mption
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comput ed by a wei ght ed aver agi ng process between the zeroth
OFDM symbols 308B, 308C i the time-slot should be more accurate than the channel

estimates for the zeroth and third OFDM symbols 308a, 308d in the same time-slot.

[0038] In multiple antenna applications employing diversity combining techniques, a
sequence of soft decisions may be generated for each antenna. The soft decisions for
any given tone (k) may be combined using a Maximum Ratio Combining (MRC)
technique before being provided to the LLR computation module. The MRC technique

.. . 1/ g2 th
scales each soft decision for a given tone by 1/ T, eff kb forthe m" antenna, where the

2
effective noise variance ( O ;;rl)k ) is defined by the following equation:

(m)2

0_(m)2 (m)2 + O" (1)

eff ik = OAk

where: o 2';;) is the Mean-Square Error (MSE) of the channel estimate for the &- th

tone received by the m™ antenna; and

(m)2 | . . .
O, is the noise variance of the £ tone received by the m™ antenna.

[0039] FIG. 5 is a conceptual block diagram illustrating the functionality of an OFDM

demodulator in a dual antenna receiver for a hybrid multi-access telecommunications



and first OFDM synbols 308A, 308B, and the channel estimate for the third
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The OFDM der@g;g{oﬁg I a6 e i nplenented in a stand-al one processing
entity, distributed anong nmultiple processing entities, or integrated into
anot her[0048¢ ei ver FIG. 6 is a graphical illustration of an OFDM symbol in the frequency domain.

As discussed earlier in connection with FIG. 3, each OFDM symbol may include guard-
bands 602A, 602B containing only pilot and guard tones. The tones not affected by
ACI are typically used to transmit modulation symbols with interspersed pilot tones;
however, a tone not affected by ACI, may still have a channel estimate which is affected
by ACI. This is because the channel estimate is computed from the interpolation of
multiple pilot tones, and in some cases those pilot tones may extend into the guard-band
regions. Those tones outside the guard-band regions whose channel estimate are
affected by ACI, as well as the tones in the guard-band regions, will be referred to as
“band-edge tones.” These tones can be found in the band-edge regions 604A, 604B of
the frequency band for the OFDM symbol. The remaining tones, with channel estimates
that are not affected by ACI, will be referred to as “in-band tones,” and may be found in
the in-band region 606 of the OFDM symbol.

[0041] FIG. 7 is a conceptual block diagram illustrating the functionality of a channel
estimator capable of computing the effective noise variance for its respective antenna.
A noise variance estimator 504 may be used to perform this computation. The noise
variance estimator 504 may be implemented as part of the channel estimator 408, may
be a stand-alone entity, may be implemented as part of another processing entity within
the receiver, or may have its functionality distributed among any number of processing

entities in the receiver.



entity in the sane manner as the OFDM nodul at or described in connection with
FIG 4. The OFDM denodul ator 502 is shown with tw denodul ati ng channel s
502A, 502B, one for each antenna, but may be inplenmented with any nunber of
denodul at i nYO 28¥434HEY s dependi ng on the nunber of antenr?ﬁ"ﬁ%“"?ﬁé%i’%cei ver.
In this exanple, a noise variance estimator 504A, 504B in each denodul ating
channel 502A, 502B, respectively, estingtes the effective noise variance O
("")z efj',k for each tone. The soft decisions generated by each signal
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i e, et RN e R Smar e I e A B SO i g
only pilot apdeguaidoitpites.707had tleraspunof 70d egireddéyto Afdultiplexet UK | y
used to transmt nodul ation synbols with interspersed pilot tones; _however,

a tone not aff%ex é&w_ﬂ)tﬁh-Aéﬂ“F t of ithe MYRY 403 l%ﬂ’ﬁﬂ_r%‘l"’i@%d_t fonseeler wR9-cHbES
affected byc@flive I&F@vﬁ%@ﬁfﬂﬁ&n& %egﬁayg@borﬁﬁ}téd@&ﬁ thesinod%.ﬁ@gfl&%ﬁersom the

interpolation of nultiple pilot tones, and in sone cases those pilot tones
may extend i mdothe sbangehbestimiates dor the ifi-band. pilohteves. t Tiesffestive noise vareanguford- band

regi ons whos hannel estinatg are ffected b Cl,..as well t.he tones in
t he guard-ba oS, r t -e 5. ese

e uar d- bl TABGESarSRG R B S i i bl el pdials et

tones can beedtiainpd fomnthe Bandoatpd pRelgends € The Aeuiod Af the @ABctDie nofsb @ardidnegiagncy
band for the OFDM galnbol. The remai njhg tones, w th_channel estinmates that

are not aff e@@é’ﬂn‘b %@Qesﬁqylbeﬁ@l’lio@?%waé?? ysghgthe gyagd-Banhtonemes, " and may be
found i nggaghe in- efa?ﬁh%?th@%bﬁ{d ésﬁﬁﬁe Wﬁ%m&ﬁc&%ﬂﬁg il fandbohed 2@

conceptual ‘bl ock diagramillustrating t nctionality o channel
esti mat or capabthe tafes clonwdiichnthet M8E afff tbe tchanmeh estmatesaare amlkatedf tor the tneise
respective antenna... A noi ance estimator 504 may be used to perform

this conmput at#Hic® eWBFI% eth%gqo&’r‘ftgequ%qqnfmt or 504 may be inplenented as

part of the channel estimator 408, may s3be a stand-alone entity, may be

i npl emented as part of anot hdm) CE__IE_J) nrl @i thin the receiver, or
ey enfle

may have its functionality ut e any nunber of proces&)ng
entities in the receiver. WO 2006/ 034020° PCT/ US2005/ 033133

where ¢, is the time-averaging weights for the channel estimate of the n" OFDM

M2 is the noise variance of the tones received by the m™ antenna, which

symbol, and o
are not affected by ACL. The tone index, or the subscript £, may be suppressed because
the noise variance can be assumed to be the same for all the in-band tones.

[0044] Thus, the effective noise variance is related to the noise variance by the

following equation:
L 2 2
2 2
O'e(ﬁ”m,) (n)= (1 +— E o™ (3
P

The noise variance 6 may be computed and scaled using equation (3) to generate the

Cn,l

effective noise variance " (n).
[0045] A set of inband pilot tones may be  defined as
A= {k: '(P_G)/z <k< (P—G)/Z} , Where G>0 is such that the

MSE of the time-averaged channel estimates for the %-th pilot tone can be represented
by the following equation:

(m)z(n) ~ £ : c ZO.(M)Z
- Oups ~ nl
P 4=

,for ke A and n=0,1,2,3 4



13 [0042] The noi se variance estimator 504 may include an in-band estimator
702 configured to conpute the effective noise variance for the in-band
tones, and a band- edge estimator 704 configured to conpute the effective
noi se vari aWE2%PYP4Me band-edge tones. The output at 7OV/BFEOYRE3But put of
704 are provided to a nmultiplexer (MJX) 703 or a switch. The output of the
MUX 703 is then provided to scaler 506. Jhe effective noise variance for

i n-band tones may be conputed fromthe in-band pilot tones and the channel

estimates fo A g ' 0 LV i ! or the
band- edge to&%%gﬁayﬁgga gsgtrlrlgtlﬁ)bgﬁoéer %’rgha{'%-ewﬁatﬁ%ﬁ]g@%éé 0;?)?’3%@ ?ag\églges’a%%qP%e
channel estmnmieesf pitot toies, drain@l> &y eheuundier bH it . torddsevlmse dlianyl afimttes

ef fective noi se_varjan for the band-edge tones may be inproved by al so
usi ng the gu%fPaf-fffz‘f‘ifob%‘gﬁEs. [ 0043] The operation of the in-band esti mator
Wil fifgligbe di spgsart fohesetoPamet-dvensihe Rb@hishr 188 Ghaf edfih&ibnt he MSE
of the channel estimates are related to the noise variance of the tones by
the fol |l owi nG.equasi-an) fox Hegenth IORDMtsyabeh)(2, (@) c...R ) for tliselinst OFDM i s t he
ti me-averagi ng weights for the channel estinmate of the n"h OFDM synbol, and
cr "Y)2 is thaEbebilse,warianskiafthe RreordMEPM spabele 8nb (it ita. ¢ 5.t1:h farthenna,
which are not affected g’g ACl. The tone jndex, or the subscript k, pay be
suppr essed bEEd DM symbab; Ee sptimptantos thein-hsad sEReiive goiss VBEancaOTdhe® for al |
t he in-band , the effective noise variance is related to

t he noi se va@r)lﬁgﬁgs bgpit%#évef [1owi ng equation: (m2 )6elf, (n)=

[ 1+Ecni 2Jc(nR2 (3) P r=

0 (Theynoi se vari ance a"" may be conputed and scal ed
using equation (3FPm drate
d

E[hgjereqy‘](’@e noi se variance [0045] A set of
i n-band pilot tones may &ned as/imA = {k; - (P- © | 2 < V< (PQ12},
where G 0 is such that the NMSE eof the tine-averaged channef3esti mates’ for
the Ic-th pilot tﬁ,ﬁ'ézc@]}fg(,é){— ,j{’,’é(sented by the foll owi ng equation: X

keA

3
[0047)] where: W are the combining weights such that the mean of ) w, /(" is
=0
o, ¥ is the pilot observation corresponding to the " pilot tone of the /*
OFDM symbol; and

A is the channel estimate for the #” pilot tone of the /* OFDM symbol.

[0048] An example will be illustrative. In this example, the noise variance estimator
will use only the first and second OFDM symbols to estimate the noise variance, which

can be represented as follows:

w,=w; =0,
and
w, = 1 1 for I=1,2 6
! 2P-G+1),_2L +£Zlc " or I=1, (6)
P T D : 1,7
A 2
[0049] It can Dbe shown that the mean of }’k(JM) "H:S) is
2L L R "

[1—?% +;Z| c )U“ ) Thus, the mean of . f is

2L L m
(P-G+ 1)(1 - -Fcl,z + ;Zl G,y |Z}G( " because there are P-G+] in-band
J



6 lcn.rl 6¢~>. , for k e Aand n=0,1,2,3 (4) exaf (n) -- L P,_a W

2006/ 034020 PCT/ US2005/033133 14 where S =N/ Pis the pi | ot tone spacing,
Ni s the number of orthogonal tones, P is the nunber il ot tones, and
(G 1) is th&MMEEBt pil ot tones whose channel esti rrat T/USR0BS/ 8 Bact ed by
AClI. [0046] There are four sets of tine-averaging weights for the channel
estimation; (cO,0,cOlcp, Z, co,3)for the roth OFDM synbol , ‘

(al0, c11,c12,c13)for the first OFDM synbol, (c2,0, 02,,,022 c2,3) for the

second O:DMs nbol c3" C33)for the third The
estimtor fobP ?tﬁanfisrﬁ’%éﬁﬁ@w@n%%gé@ W%igli‘té?‘}’t’:eﬂlf’é‘?‘eafl RE WS‘MGW synbol
I's given by: )2 (n) ad +LcnllzZzJ~-w fI("") PO (5

f(m-~,Y,72i- Iélfdéi"iz keA 3 [0047] where: W are the conbining weights such
that the neaf of wi f VO is r=o 61"0 Y4$7) is the pilot observation

correspqagkpng 1o iige K;éﬁh}ﬂé hlgbnﬂaﬂi"%nl?fthé st &d%ec&ﬁ@#ﬁM@HJbols%f@us’él& fdr 1S the

channel "estimate for the h pilot fone of the Jib OFDM symbol. [0048] An
exanpl e wi | | thsechanhelsestiatakese. 'ﬂhnStthﬁsmeenanf)ltbe effhetiveoneise wariimaceaediei mat or
will use onl thg tf SDIinand second OFDM synbols to estinate the noise

vari ance, whi@hotanphe ?‘gpresented as follows: WO =WB =0, and _ 11T (P

GG+l 2L L ,for 1=1, 2 (f) L§| ‘., )[ o, L a(m):) (H—Zlc,,jl} )2 @)

[0051] The weights were designed for the case when the first and second OFDM
symbols use the same non-causal symmetric time-averaging weights, i.e.
(Co-Ci1Ci2sG3) = (1/3,1/3,1/3,0), and (¢, 4,¢,,,65,.¢,5) = (0,1/3, 1/3, 1/3). However,

the zeroth and third symbols use different time-averaging filters, e.g., (¢, ,,¢01,C025C3)
= (2/3,1/3,0,0), and (c;,63,,65,,655) = (0,0,1/3,2/3). In this case, the time-averaged

channel! estimates for the zeroth and third OFDM symbols may have large bias due to

the time-variation of the channel at high mobile speed. As a result, the condition
o (n) z%ka,lza‘“” may no longer be satisfied. Hence, the channel estimates for only

first and second OFDM symbols are used in this example.

[0052] Alternatively, the channel estimate may be based on only one OFDM symbol.
In this case, the effective noise variance can be estimated as follows:
A (m)2 L 2 @m)
O-eyj" ( ) 1+?Zlcn,j| wn,lfi (8)
J
with
1 1
Vel = PTG ©)
1- L= Zl c1;
[0053] The mean of the effective noise variance is the same as before. However, the

variance is larger than that using two OFDM symbols. In other words, the former is less
accurate than the latter.
[0054] The accuracy of the effective noise variance may be improved by using the zeroth

7 (m) 7 (m) (m)
and third OFDM symbols, but the channel estimates Hig and Hi usedin “¢ and

f;(M)

are without time-averaging, i,e. (¢,9,Cq,,652,¢03) = (1,0,0,0), and (¢, 5,¢54,¢5,5¢53)



[0049] It can be shown that the nmean of | YRJ~1-Hkt' | Zis 2L L nn P
ci,1 + Pc,., Thus, the mean of } is L (P- G+ 1) 1- 2L P C1,1 + P E ei |
12 JO tm 2 because there are P-G+l in-band WO 2006/ 034020 PCT/ US2005/ 033133
15 pilot t oNOL'WIP4EEDM synbol , and using the wei ghts wPCT/EREOSHBUD of w, f
(') beconmes 1 a(m2 2 100501 In the exanple algorithm only the first and
second OFDM synbols are used for the chgnnel estimates. Thus, the nean of

the effective noise variance may be represented as follows: Il I1+*Zlcn,i
1201 26(m) 2+1ni 20=(bsfR1) ok Bhiorkd Ko b AGRIInaf B repRisit SarBwalesi gned f or
the case when the first and second OF synbol s 'use the sanme non-causal

symretric time-averagi hg weights, i.e. C,0C ,"C,2,C .3) = £1/3, 1/ 3,1/ 3,
0), and (c2,0,c¥ ,“,d(qsz_g,gg, ) =0\ 1723 17 3, 17 3) ; Fowevey>of {nli%ek®i h and
third synbols use differ entzfli-nce aggﬁla@mg”hilit 1 8y [’elg. ,
(c00,c0,1,¢0,2,¢c0,3) = (2A3, A3, &), fand (£35570,¢3,1,¢,2,C3,3) =
(0,0,1/3,2/3). Inthis case, the tine-averaged channel estimates for the
zeroth ppss)t hi rd 1RFRM, shRBa8A BEMABY Biak VedRedi@Somp@e t ™ 1 b€ thé BRBn \6&r i ation
of the channel at high nobile speed. As a result, the condition v "(n) - L
Elc, I'a""" pmy glg(mlbnger be satisfied. Hence, the channel estimates for
only P ,.a [firs Jalnd seCondn®aEml sytebed, s atoe usgstl i nan hi sestisatepl e.0f100521
Al ternatively, the channel estimte nmay be based on only one OFDM synbol .

In this case, the eff(ecti noi ge vari anje can be estimated as foll ows:

'(n)=C +Pl c(P-@H1),1+ P c)(,z&} FEtl bl,]llz:l- o™ ,(v%)ich is proportional to the noise
J

variance o™ of the in-band tones. Combining weights may then be chosen so that the

mean of the result is the same as 05 (n) for each OFDM symbol (n=0, 1, 2, 3),

(m)2

ie., E|G, (")]= o (n) . (E[X] denotes expectation or mean of random variable X.)

L 2
Because different time-averaging weightsc,, for each OFDM symbol, [H"]; z 1iCra )
I=0

may also be different for each symbol. This may cause the different tones in different

OFDM symbols in the same time-slot to have different effective noise variances. This

L 2
should be compensated for in the LLR calculation by the term (l + -I;Z C.i ) .
1=0

[0056] The band-edge estimator will now be discussed. As discussed earlier, in-band

tones and the band-edge tones may be determined by comparing the MSE of the channel

(m)2 zo.(m)z

L 3
estimate for the kth tone o7 (#) with FZ

I=0

cn 4

, Wwhere o™ is the noise

variance of the tones which are not affected by ACI. Ifthey are close to each other, the
tones are classified as in-band tones. Otherwise, they are classified as band-edge tones.

Given the delay spread L, the number of pilot tones P, and the characteristics of the

(n)2

ACI, such as the adjacent carrier spacing and its power relative to o™, the relation

between the MSE of the charmel estimate for the k-th tone OLy (#) and the noise

(m)2

variance 0" may be determined either through mathematical analysis or simulations.
This may be done in the system design phase, before the noise variance estimator is

integrated into the receiver of an AT, and then stored in memory.



(P-G+l1) 2L L 1-C,a +Pc,;z P [0053] The nean of the effective noise variance
Is the sane as before. However, the wvariance is |larger than that using two
OFDM synbols. 1l other words, the forner is |less accurate than the latter.
[ 0054] The WOW6ABY2Hf the effective noise variance may HME/VRYSHIHEEE by using
the zeroth and third OFDM synbol s, but the channel estimates FIk and Flk 3
used inf (m and 3 f(n,) are w thout tlge averaging, i,e.
(c0,0,c0,,,c0%,c0,3) =(1,0,0,0), and (c 0>c3, 1, c3 2,c3,3) WD 2006(034020
PCT/ | | Sgehi 033133 16 _ 6P, Oufindbid 1 Bl BAG ¢ ey el G0 bty

repr esent as foll ows: %D 2L Lfor X0123

1-)+[ 1--CJ| 5&1—% (PZ]G)Q2|§kRPFﬁ—}]ofD@/Q@kk'(P&UG)/Zh?) %_,nw?é}éﬂ@; ﬁ?st érator
may be used to conpute fcm , or t hé sum of Yka t ones,
to get an estunitat e;f(lfand%&gd_p{lot*’rbﬂes( hd kGs "thé.}nl&’r tdﬁeGhdd‘x + TRis~set m&be | 12 o
), which is proportignal to the noise i varlance u")2 of the in-band tones.
Conbi ni ng m¢e&W’é“e§fﬁ§/&Fﬁ¥ﬁeIBée%ﬁb@@PF & stpingd 1 MEMORkan of the result is the

sanme asfgsg)” () fAf eﬁ@lﬁh e QML ¥R ve( N Ohis 1x Fe’ﬁl=3?)0' - So thefebe ffdd £ (N) . (f

[ X] den!)t es expect at mean of randomvari a Because different
time- averaglgcgsmmgﬂﬁ@tq:w% (feork eeldh, DEDMLEnbot], Of 1~EkHIR) 159aylhatesave be

different fo S ol 's caus e different n I ifferent
GFDM sybol <64 T Awes ke & 7 b &nd TS pRHEGs bl Pt B LT by b
variances. Tibsp ac§ch &@e’qﬁ@ﬁg&&@d (fertondintifaes: ki=R16@-¢88,at i 3nojy; .t he
terml 1 + p Ic" ' E¥0056 and-edge estimator will now be di scussed.

As di scussed- -d&F4 15(-:5|=) aﬁe%%lh@esetcﬁﬁ@ﬁ‘o%Hletlﬁémbiatﬁﬂeséﬂ@é ¢ wHEsenRd e 120
det er mi ned béf k_Q_OI%EJ‘{hE wbﬁaeplw{%n@ mﬁ}hﬁe fé{)&@éh‘%‘éd b}J'the pilot tone indices -24 < k <

24, the band-edge tones may be represented by tone indices 121 £ £ <159 and -160 < k&

< -121, the band-edge pilot tones may be represented by the pilot tone indices 25 < k <
31 and -32 <k < -25, and the guard-band tones may be represented by tone indices 150
<k <159 and -160 < k< -151. But the pilot tones are punctured in the guard tones, and
as a result, the tones at k = -160, -155, 150, 155 are pilot tones. Accordingly, there are
K =20-4 = 16 guard tones. There are 241 in-band tones and 79 band-edge tones. So
the majority of the tones are in-band tones. This example also shows the data sent on
some band-cdge tones.

[0059] The noise variance of a band-edge tone is the sum of the noise variance of the
in-band tones and the variance of the ACI for the band-edge tones. The MSE of the
channel estimate for a band-edge tone is the sum of the MSE of the channel estimate for
the in-band tones and the component due to ACL In general, the amount of the adjacent

" channel interference in each band-edge tone is different from tone to tone. Hence, it is
difficult to accurately estimate the effective noise variances for band-edge tones.
However, accounting for the fact that there is ACI in the noise variance estimates, it is
possible to improve performance. This is achieved by de-emphasizing the LLR’s
computed from the tones affected by ACL

[0060] The noise variance estimator may be designed such that, in the absence of ACI,

the following equation is satisfied:

B9 (n)}= (l+%; Cui z)ﬂ‘"’” . (11)

In other words, if there is no ACI, the mean of the noise variance estimator should be

the same as the effective noise variance.



~l ¢" 1z6,m~ where v ""Z is the noise estimate for the k-th tone c7(n)
with P,=0 variance of the tones which are not affected by ACI. If they are
close to each other, the tones are classified as in-band tones. O herw se,
they are cl ¥9M9%8#2%4s band- edge tones. G ven the del ayPEHYRE/B313% he
nunber of pilot tones P, and the characteristics of the ACH, such as the
adj acent carrier spacing and its power rglative to Q', the relation between
the MSE of the channel estimate for the k-th tone 6;;'2(n) and the noise
vari anceyi " MBYTIREndISd GAriinBE dstfhdifCihat BE WG to RIBERGE TR iRRAleY R e O
simulations. This may be done in the system design phase, before the noise
vari ance est effiestive neise virianegyduettedhd ACH Thie magbeiavkievadfbyausingTthe hand-adgen
stored in ne 6/ Q34020 / /033133 [ 71..A Sé f

band- edge pi @Ey%ngﬁgt%&gr&esb% eglé‘ﬁ%tgé% ﬁ&%‘?}&gglgl&% {v?(r}ance.%e n?e%g o%the egt?&latg

( Pl- Q 12<k<P18/ﬂIdLn¢11be Ebie?s@:ﬂeqsh :?h@ﬂééﬁ‘le) ndi%e wheti@GHoweset, ﬁte;villjlrhmiggér thin ﬁhagd- edge
pil ot tones an is the pilot tone index, This set nm e etermned in
the system d@sl?aﬁili nBiie Y &riangs gstuna-e Henos, ﬁem£¢dgfdmw1ﬁ&eét@mhéslﬁd|m be

i |l ustrativeyrkRofBigtigxanpl e, N=320. So the tone index k goes from-160 to
159, (i.e., k =-100, -159, -158, . . . -1, 0, 1 ... 158, 159). There are

64 pil otf0asdnes (i The follpwingdand-cdgedestifaton algondigempy botisado e algorithm m@y= 16) .

The pilot topes re spaced apart by five fre cy tones (i.e.,.lQone

i bes: k. 2B Ty o BB e Rk B gic Viiphd S WIARE anGOER ey s Sl OV
conditions, the in-band tones maibe repngsented by -12 k < 120, the

i n-band pilot tones magiBenyepresehtied b m@g;ﬁmﬁt“ymg% indices -24!5 k :S
24, the band-edge tones may be ré&pfésenthisby ton& | ndites 121 5 k<_ 159 and
-160 5 k 5 -121, the band ?g) pid o tones may be represented by the pil ot
tone indices 25 < k!5 8317 K 7 k5 -25, and the guard-band tones may be
represented by tone indices#*150 < k:5 159 and -160:5 k5 -151. But!?! he pi | ot
tones are punctured in_the 2tones, and as a result, the tones at k =
-160, -155, 150, 155 afle 5'@: ktiones. Accordingly, there are K = 20-4 = 16
guard tones. There are 2411 n-band tones and 79 band-edge tones. So the

maj ority of ftyherel oNE3 ia4 sctioNtopaillided i she ghiatdsomesanpl e al so shows the data
sent on sone band-edge tones. [0059] The noi se variance of a band-edge tone

is the sum of the noX,,éig/teaemmmeﬁrtﬁgm(jpmlq@gaﬁb@lgnes and the variance of
the ACI for the band-edge tones. The MSE of the

Y’ =X where 5=N/P isa pilot tone spacing. By way of example,

the first pilot tone is the fifth tone of the OFDM symbol, so Yl,(,m) =X 5(31) ;
A, and 4, are the combining weights.

K is the number of elements in the set €2, i.e., the number of guard tones

within an OFDM symbol. If there are sixteen guard tones, by way of example, X is 16.

A, and /4 are chosen in the system design phase so that in the absence of ACI, the
following relationship exists:
o =E{Zﬂ,gf"‘) +Zﬂ,q,‘"’)} (13)

where E[X] denotes expectation or mean of a random variable X. In the absence of

ACI, this condition makes the mean of .5,,(:?)2(") the same as the effective noise

variance. In the presence of ACL this o (n) may be used as an estimate of the

effective noise variance for the “edge tones” (i.e., &k = ((N/2)-1) and k = -(N/2)). Note
that the edge tone at &k = ((IN/2)-1) is the rightmost tone in the positive frequency, and
the edge tone at & = -(N/2) is the leftmost tone in the negative frequency.



channel estimate for a band-edge tone is the sumof the MSE of the channel
estimate for the in-band tones and the conponent due to ACI. In general,

t he ambunt of the adjacent channel interference in each band-edge tone is
di fferent fWOAPWEHI2% 0 tone. Hence, it is difficult toPATARRUFEIY3estimate
the effective noise variances for band-edge tones. However, accounting for
the fact that there is ACI in the noise 4ariance estimates, it is possible
to inprove performance. This is achi eved1 by de-enphasi zing the LLR s

conput eggglgiom t hexnttﬁé@&seﬁéefcﬁ%@ﬂ ﬂkéyeﬁ%gwe A HQE Ao AL %&&@Jge%ﬂ&ﬁd gt i mator
may be desi gned such that, in the absence of ACI, the follow ng equation is
satisfied: Efhe sakg emmpﬂtbmdmffemvemwmagce But ot the prasercd of AGL thhbaml-i s no

ACl, the neapn,of I sho .sane. as the
effectl ve n0|d \%&gfgﬁ%esse %ﬁa\gﬁ@ﬁ%ﬁ /%ﬂbﬁ%ﬁb@%ﬁ%‘%@ n(ilge [’W‘f} The
noi se vari anSicestliematole Mayiahe Ustithate® aeconsiy,f or inag ibecrppaskiei nhdthe
effective noise variance due to the ACI. This nay be achi eved by using the

band- edge tmé?%(néwﬁt(alr)qwmle@nwccﬁfeu MBS, thi geref DEE (i) eca Wegefinedrasance.
The nean of the estlmate will not be the sane as the effective noise

vari ance. HOUSMEE, Thi pikdlube b8y BRAD SRGecl 0GR SR A LRSS

estimate. Hence, edge f‘ones Wl asl ze

conput ati on. b@@@@gﬂlanfg&efofglleleggut@gesband edge estimator algorithmnay be used.
The algorithmmay be used to conpute the average of the variances of the
band- edge tones as foI | ows: aanz(n)—l 1+ pc. 1Z1 Y Sr cfo+tYft,R,=0 11 \\\
JJJ zm _ Eryrm 5m~| ar XEn (12) q{ ere: S2 is

Pl ol 1ot Tn o (el e = makiBte G, B3l

where 65 (n) is the estimate of the in-band effective noise variance for the »™ OFDM

symbol.
[0064] Next, the effective noise variance for the other band-edge tones, o) 5}1);,2 (”) are
interpolated between in-band variance 6%(1) and Gyw,, (1) .
vy -Ag[
[0065] In the absence of ACI, the mean of is

{m)
Thus, the mean of &, is

(G- 1)(1———c,,+ Z|c,j J (m)2

(etper

, since there arc (G-1) elements in the

(rn)

{m)2

sum. The mean of I is 9 | since there is no signal in the guard tones.

(m)

Accordingly, the mean of 7 is given by the following equation:

Elgn}=E {ZlX 5 }—KG‘”"Z; 15)

where K is the number of guard tones. Thus, by properly choosing A, and 4, one can

3
make the mean of Z’?’ &"+ Z,u,q,("" the same as o™*

=0 =0



Xk is the k-th tone for the |-th OFDM synbol ; Ykcr " = X kaa , where S = N/
Pis a pilot tone spacing. By way of exanple, +the first pilot tone is the
fifth tone of the OFDM synbol, so Y;(r' = Xc'> ; and /1, are the conbining
wei ghts. K WO 2003#3tber of el enents in the set S2. , i .RCT/URpB/ORAber of
guard tones wthin an OFDM synbol. If there are sixteen guard tones, by way
of exanple, Kis 16. A, and k, are chosgn in the system desi gn phase so
that in the absence of ACl, the followi'ng relationship exists: Qnz =El
(13) Il ,=a r=a whe E[X] denot g5 expectation or nmean of a random variable
X. In tHes @bsence‘nélﬂeprﬁ@me EAGL SHndind 6 WHI@@ﬁta{qﬁF@el‘?&lﬁOW wiapgSaqthe) t he
sane as the eff c5|ve noi se variance. In the presence of ACI, this v ;'2(n)

£
may be used é"s” ebeqoms dangf:r tthe OSTf do tacemmh dors thevimcicasedectastive meist edge

tones” (i.e. N 2 and k = -(N2)), Note the edge tone at k =
((N2)-1) .SV%IH@C%. lﬁﬁ‘éff ingleR CRMPHaNQR, Qq-wmwéaﬂtsrw*s fiva the hedsdge
tone at k = z{Riglesi s the leftnost tone in the negative frequency. WO

2006/ 034020 P /U82005/ 033133 19 [0063[ In the absence of ACT, the
effective noise vandthaesample tay bpahtretige shoul d be the sane as the in-band
effective noise variance. But in, the presence of ACI, the band- edge

ef fective noise variance w | befll*a P than the in- band ef fective noise
vari ance. Since the noi se vari ance estl mates are noisy, it may be possible
that (m2 (m3 6& (n) <l(n) )1 WhICh i slnot correct Thus, the termo (m
(n) can be refine las gws |rru and the estinmate
for the in-band tones ell) e fﬁrrlFHeZ q;ge tones:
6eff)N2-1(n) = Cr j,-N12(n) = naxl GPn) PaErZ‘t?n)}(M) vvhere & d >(n) is
the estinmate of the in-band effective noi se vakiance for the nth OFDM
synmbol . (m2

Ho=4,=0, and
_ 1
A NG K —1) for =12, an

where K is the number of guard-band tones within an OFDM symbol, i.e. the number of

elements in the set €2, and G-I is the number of band-edge pilot tones.

If only guard tones are used:

A=A=4=2=0, (18)
and
.
ﬂo—ﬂl—ﬂz—ﬂs":ﬁ{“ (19)
[0067] In the various embodiments of the receiver, methods for computing the effective

noise variances of OFDM symbols are described for multiple antenna applications using
diversity techniques. However, the method described throughout this disclosure for
computing noise variances of OFDM symbols may have many applications. By way of
example, the noise variances of OFDM symbols may be useful for SNR estimations,
LLR computations, and other processing functions. In multiple antenna applications,
noise variance computations may be used to determine which antenna is more reliable.
It can also be used to de-emphasize the less reliable data and emphasize the more

reliable data received in OFDM symbols when computing LLRs. Those skilled in the



[0064) Next,

6ef,k (n) are interpol ated between in-band vari ance @)2 (n) and (n)
[00651 In the absence of ACI, the nmean of is Sﬁpér%l
us, the MY P€i s (c1) 1- p Ct, 1 +PEl G ] 121a( n’}(?T/QS%‘? 33 here are

(Gl) elements in the ) z sum The nmean of X'1 is 6(ml: , since there is

1Ykl) 2

Th
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th
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an 6'
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the effective noise variance for the other band-edge tones,

n the guard tones. (m Accongingly, the nean of q' is given by(
the follow ng equation: E{q,mM}=Ef Zj X )j~f =KO" (mM2 (15) | where
t he nunmber oft warrehdnsarh@grecﬁtwﬁmt B¢repap avel I)’urﬁéi@&bsaﬁﬂicﬁmnariﬂ which n6éi8€ can
make the nean of 1A191 " + | Ag;ml the same as (7 <mz 1.0 1.0 WO

2006/ 034020 VFA@IPDOBAIPRIMayPe usefuh 00661 I n the presence of ACI, g m
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to account or the incre SEd eftective nolse  varl ance.
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[0069]

[0070]

[0071]

(DSP), an Application Specific Integrated Circuit (ASIC), a Fleld Programmable Gate
Array (FPGA) or other programmable logic component, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but
in the alternative, the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be implemented as a
combination of computing components, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more miCroprocessors in
conjunction with a DSP core, or any other such configuration.

The methods or algorithms described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a softiware module executed
by a processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, Read only Memory (ROM), Electrically Programmable ROM
(EPROM) memory, Electrically Erasable Programmable ROM (EEPROM) memory,
registers, hard disk, a removable disk, a Compact Disc ROM (CD-ROM,) or any other
form of storage medium known in the art. A storage medium may be coupled to the
processor such that the processor can read information from, and write information to,
the storage medium. In the alternative, the storage medium may be integral to the
Pprocessor.

The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED IS:

17)



where K is the nunber of guard-band tones within an OFDM synbol, i.e. the
nunber of elenents in the set n, and G1 is the nunber of band-edge pil ot
tones. If only guard tones are used: A »A -~ A =0, (18) and 1 Yo =A
=, U, =A4K (19) [00671 in the various enbodi nents of the receiver, nethods for
conputing the effective noise variances of OFDM synbol s are descri bed for
mul tiple antenna applications using diIN&IMIStY techniques. However, the

met hod descri bed throughout this disclosure for conputing noise variances
of OFDM synbol s may have nany applications. By way of exanple, the noise

vari ances of. OFDV s I be useful. for SNR.estimations, LLR
conput at i onsl,' andX #ﬂ;g’a OEF%agé%@gﬁ]é’lsfeuvr%lfn?cgn%(?mﬁ)rﬁﬁl%I ti pl e antenna

applications, neiRfiNah Aped AOTBMEaIN OfthopP4l IRedRAEy DAvdRER Ml Ch
antenna is nore reliable. "It can al'so be used to de-enphasize the | ess

reliabl e datQ@FRM) smbaddiaving nebandr iones sicludingeindbansl pideteionesd and t@RbIvdgsy nbol s
when conputing LLRs.. Thos Ki [ in the 2006/ 034020 PCT/ 1752005/ 033133
21 art will t?'%éa‘i“ihgﬂ%g?"é‘g@f@é’ﬂf’ﬁg’ﬂeﬁﬂ’élr?é‘a e nunerous applications in
whi ch noise variance inforpgation nmay be useful. [0Q068] The vari ous

il lustrative | ogiceanatyigopk sttestygnass V%iainéfh'Qrst,heépg’ﬁﬁ‘itt%l}esﬁa’/go’ihe BdAbnent s

descri bed i nycoRRECh] O skl CRRAL RRRS pbSEhas st herein my be
¢ th 5

i npl enent ed “or " pert orne a general purpbse processor, a Digital Signal
Processor (DSP), an Application Specific |ptegrate ircuit (.ASIL.C Field
Progr ammabl e Gat «?Smﬁ?tf%sa? ﬁ%i‘f%v_ed}o%ﬁ TPt g’éﬁﬁ?‘rﬁﬁ%‘?‘éﬁe&ﬁﬁs Bsg% e %

di screte gateﬁ%@ bilbt BAS, Thitnel Odirfates fr 36 BARI-LRE PIRE Core®RANGE LoBardXon@&NY

conbi nati on thereof designed to performthe functions described herein. A
gener al - pur pdseeiproaskgvard tmgs Bee domiscwbishomey stwr affbeted tiyn Adjrsentl Channst i ve,

t he processqr be cagnventi onal processqr, control.lef,

mi crocont roﬁm@%%lel}?e g‘?ﬁ%@”ﬁ%ﬁ?ﬂ@% R e&%%%‘éﬁ@ﬁ%%@“é’l l.%aéldbrgigmltgﬁérg?%rg' as a

combi nati on ahds Qﬁﬁ%hdlgd%é%ﬂeﬁﬁefuﬁe s8id9ones DuESIEN L LRI bAdPWESR Bitchep

m croprocessor, a plurality of mcroprocessors, one Or nbre m Ccroprocessors

i N conj unctestmates tite HTOBE LA, ay walys stidepnssuintsacbgidardband regions of the
OFDM symbol, and said in-band tones are found in in-band regions of the OFDM

symbol whose said channel estimates not affected by said ACIL.

2. The method of claim 1, wherein the effective noise variance for the in-band
tones is estimated by estimating a noise variance for the in-band tones and scaling the
estimated noise variance by a scaler, the scaler being a function of the delay spread used

to estimate the channel and the number of pilot tones in the OFDM symbol.

3. The method of claim 2, wherein the noise variance for the in-band tones is
estimated from the in-band pilot tones and the channel estimates for the in-band pilot

tones.

4, The method of claim 1, wherein the effective noise variance for the band-edge
tones is estimated by:

estimating an average effective noise variance for the band-edge tones from the
band-edge pilot tones, the channel estimates for the band-edge pilot tones, and the guard

tones;



100691 The nethods or algorithnms described in connection with the

enbodi nents di scl osed herein may be enbodied directly in hardware, in a

sof tware nodul e executed by a processorp3zor in a conbination of the two. A
software nodule may reside in RAM nenory, flash nenory, Read only Menory
(ROM), Electrically Programmable ROM (EPROV) nenory, Electrically Erasable
Programmabl e ROMads§ihR@Vhe BBg@tones of @i OFBM syhdsidtodars kffe@ive aineakirianc sk, a
Conmpact Disc ROM (CD-ROM ) or any other_ form.of storage ma%i@um known in the
art. A stor &gl iedicunprimpyel duiyeege ebfeetive nqisoratanss T fap bandedgeienes
processor C?ﬁd{h%ae ei:t'f\‘;eox{d??et\;a?'ﬂnéer mhe‘?}H-‘i')aﬁ‘ﬁ{otn‘és-i nformation to, the storage
medi um 1In e alternative, Fe s orage nedium’may be integral to the
processor. [0070]anfhe previ ous description of the disclosed enbodinents is
provi ded to enable any . person skilled in the aa% to make or u%e t he present

i nvention. Vari ol¥crpaling él_?ﬁ PHpRiIvVe qro1senesianes iy ?@ﬁﬁ%‘e%ﬂ fongg be e |tlgp
apparent to e%fgé)t% n%ﬁgl\)aﬁgnée%fttﬂeee egonegq csirt}\{/]aeq[f%gﬁt% g&ise %r!iafﬁ(éé Pf fhe iﬁ-?%ﬂé@ed

herein may be applied to other enbodi men eparting from

spirit or se&;ps of the invention. Thus, the present invention is not
intended to be |imted to the enbodi nents shown herein but is to be
accorded the w dest scope consistent with the principles and novel features
di scl osed herein. [00711 WHAT IS CLAIMED IS: 22 CLAIMS 1. A nethod of
estimati ng noi se variance, conprising: receiving a signal including an

Ot hogonal  Br equdame yndthod & cddimMi Wiliepdie iengeragOePdtive tivie! vatianderig edtimded d
tones including_ in-band pilot tones, and band-edge _tones including .
band- edge piby ¢stimatiega aatse gaearretionts; baadedgatangs and sealing dhg oimpiedspoise

vari ance for_the i n-aP%ggr ttﬁé]?%tle%ts%[r}\%sé ﬁﬁgctii n (?fatﬂg df:l?ikla Head ﬁ%ﬁisto%gt%n%%@el

esti mates fd I?ﬁgbyn na pi nd estim an eftective naoise

vari ance forchihiel fantle adabet skt tmedth thb©OFDMdymbeige pi | ot tones, channel
estimates for the band-edge pilot tones, and the guard tones, wherein said

guard tones are tones which may be affected by Adjacent Channel

ns quard- " bende. e HEtnEhBr BB oThelelTEs foist Yidref DS et ki °
guar d- bands cyfiasied Eloanie!ban@et pBil GSodsethaf hefied dstiatdClor tBS biRl-ddgaileai d

tones in said guard-band regions of the
tones, and the guard tones.

7. A method of estimating noise variance, comprising:

receiving a signal including a plurality of Orthogonal Frequency Division
Multiplexing (OFDM) symbols each having in-band tones including in-band pilot tones,

and band-edge tones including band-edge pilot tones and guard tones;

estimating an effective noise variance for the in-band tones of one of the OFDM
symbols by estimating a noise variance for the in-band tones of one or more of the
OFDM symbols, weighting the noise variance estimates, combining the weighted noise

variance estimates, and scaling the combined weighted noise variance estimates; and

estimating an effective noise variance for the band-edge tones of said one of the
OFDM symbols using the band-edge pilot tones for said one of the OFDM symbols,
channel estimates for the band-edge pilot tones for said one of the OFDM symbols, and
the guard tones for said one of the OFDM symbols, wherein said guard tones are tones
which may be affected by Adjacent Channel Interference (ACI) and are found in edges
of the frequency band referred to as guard-bands, said band-edge tones include said

tones outside said guard-bands whose channel estimates are affected by ACI, as well as



OFDM synbol , and said in-band tones are found in in-band regions of the OFDM
synbol whose said channel estimtes not affected by said ACI. 2. The net hod
of claim1, wherein the effective noise ggriance for the in-band tones is
estimated by estimting a noise variance for the in-band tones and scaling
the estimated noi se variance by a scaler, the scaler being a function of

the del ay SQﬁﬁ%@néﬁﬁ%aid%%a?cﬁ%&ﬂ&tegiohb%f BRAOPOM §shd N TP EL bR (BhdsQire t ONES

in the OFDM synbol e method of claim2, whierein the noise variance for
t he i n-band foork iis-bamk régiense df ftheo @RI $ymbivd whqsie] sid tchaws] @sdmates nohannel
estimates for thg in-.aﬁ pilot tones. 4. The nethod of claim1, wherein
the ef fecti VECHEH 2% sy ce for the band-edge tones is estimated by:
estimating an average effective noise variance for the band-edge tones from
t he band-edge pilot tones, the channel estimates for the band-edge pil ot
tones, and tShe gudedmethodesf, clan 7assheyeinnidiet Weighidgappliedds e ndge GRERINCS ynbol

to an effective noise varjance equal. to the XI. of .the average eff.ective
noi se vari arfSumatsy a{%%lcﬁé%?@%@@ 8%‘13156 coérﬂjd“etrdrﬁ%(e%kggé}ofs\?evaﬁlﬁp‘éeeesga}a?eﬁrlﬁe f or
the in-band ¢,008fial13RGual tOHRRNeAaliRt el dTehEhivaal kyRsnoi se variance for the

band- edge tones between the effective noise variance of the edge tones and

the effective noise variance of the in-band tones. 5. The nethod of claim

4, wherein the average, effective noi se variance.i s t j,mat ed estimatin
2 1ol se var hnce T5TEHS BAHBIR gl FEELE SAAC SEAoRGot 6 LR e ShitGe
variance by ﬁe%?%@bFDM@yﬁBé‘l‘s% eRAAEH ﬁoﬁlutﬂ_gtilh-%hcpfailéth_@néieéfas‘éi@&{ee@?thé‘5Ed

to estimate the channel and the nunber of pilot tones in the OFDM synbol.
6. The nmet hdoFoM synabals 5pd whamel estithaen birgbe vadbaah pdotf tones h€ sidmoeerfgbe t ones

is estimte m t he band- ed ilot tones, the chanpel esti.qates for the
bands edge. pi OBV Tt G hEHET GRupdes GBS inbard FlohBaCHPT SUTHREAIEe no s
vari ance, - CQuRDASlAttold 1R4E] ithBlvéta Nt a6 ekl e PEBMLIhYoIR! O thogonal
Frequency Divi sllkdts) I\C}UI tiplexi né ?%:DM syngl]ol S eeach havi ngyi n(-) band tones
i ncludi ng i n-band pilot tones,

10.  The method of claim 9, wherein the channel estimates for the in-band pilot tones

of said one of the OFDM symbols are time averaged using a non-causal filter.

11.  The method of claim 9, wherein the combined weighted noise variance estimates
is scaled by a scaler, the scaler being a function of time-averaging weights for said one

of the OFDM symbols.

12.  The method of claim 11, wherein the scaler is further a function of the delay
spread used to estimate the channel and the number of pilot tones in said one of the
OFDM symbols.

13. A method of estimating noise variance, comprising:

receiving a signal including a plurality of Orthogonal Frequency Division
Multiplexing (OFDM) symbols each having in-band tones including in-band pilot tones,

and band-edge tones including band-edge pilot tones and guard tones;

estimating an effective noise variance for the in-band tones of one of the OFDM
symbols using the in-band pilot tones for said one of the OFDM symbols and channel
estimates for said one of the OFDM symbols, the channel estimates being time averaged

over two or more of the OFDM symbols; and



and band- edge tones i ncl udi ng band-edge pil ot tones and guard tones;
estimating an effective noise variance for the in-band tones of one of the
OFDM synbol s by estimating a noise variance for the in-band tones of one or
nore of the OFDM synbols, weighting the noise variance estimtes, conbining
t he wei ghted noi se variance estimtes, and scaling the conbi ned wei ghted
noi se variance esttimairgsan ﬁfn&ueshbmvﬁm@calﬁorethé baid-wdgenonsseofisaid @rad thor t he

band- edgeto s of done of t Isuln t he -ed il ot
tones for s& g)l\énsém@’P % HADHES\P rﬁ%?@‘ ot 6‘%’5?1 @ s de %%Eﬁfl g@aﬁd edge
pilot tones &E%llr\r/ﬁesy rrig‘:)al%s%efop hetﬁﬁﬁd-gf_{ Sfor éanc@oné QPthQWIgI\/It ls Qﬁd Sa' d

one of the erein s guar tones are tones I ch
af fected by tmgm@mneﬁﬁamaei odendfethé é)Fé)Mesy(nAﬁ]s) waeetirasaed goarddonas aecdgmss of

t he frequency . hand ref to sai d nd- edge. t opes i ncl ude
said tones "%“B‘%’i“&}é EQ g&?’d“ﬁ%‘r?ggé\[/\ﬁ%g Iﬁﬁgﬁﬁ?\‘éﬁe (éé:ﬁ? ﬁ’é‘f%’g fﬁ\“écp%’f‘?dlgéﬁ ed by
Symbol . and LA %%ﬂU%S%?a%Q AERe 5% BuBHECARTOR R0 el ARIRE Sibu
symbol whos eorgaiodtsideasaiteguasd-bamistveltosaohannaf éstintated doy aﬁfeciteld Aﬁ:IACISas Welk asret hod
of claim7, erein the wei s, applied to the nois rla stimates are
such that tﬁgg lﬁﬁa@rgélaffgaﬁdﬁég Pgﬂleé?il't Len »r"‘i q RS 'S
subst ant i al lfé{urﬁiqy?n%h&cf ?%1 | S A OFHNISs 6Y‘Pr;botl NendsB: Q?J]Qh% BRE Sstiated Mt

erei t and t

met hod of clarm e noi se varidnce for the In- tones of said
one of the GHEEMedPpbatlACls estimated fromthe in-band pilot tones of said
one of the OFDM synbols and channel estimates for the in-band pilot tones
of said one of the OFDM synbols, the channel estimtes for the in-band

pil ot tones gf sai r wo or
nore of the %:DI\/Iqlshgr?gég %CPBf gg?ﬂrlg‘%ér 1}63‘9 Qk&nﬁgll %ggaé\%h%é?g?lgadtg E‘gggﬁggﬁ?‘

esti mat es f @amohhausabfiftand pil ot tones of said one of the OFDM synbols are
time averaged using a non-causal filter. 11. The method of claim9, wherein

t he conbi ned wei ghted noi se vari ance estimates is scaled by a scaler, the

sca er bel Nsa ! 4Gl ARoflor WA £Y SHRGLAUNSRHAMNR dodle Saalcd 6 w@linlbifia OFOM

synbol s. The ne i'm Il ere| n e sca
function of torive odeiuay)ne$>;ﬁItliea(dFDMdyrhl@ole&*tesnﬁfafedtli}eesuhﬁnﬁgla misd viafienceuisgber of

pilot tones tlllenmsl?e{nccii tngees c?f]c or;[ehoer mcg;%l\f/ltﬁg r(Btl)leM symbols, weighting the noise variance
estimates, combining the weighted noise variance estimates, and scaling the combined
weighted noise variance estimates, the noise variance being estimated from the in-band
pilot tones for said one of the OFDM symbols and the channel estimates for the in-band

pilot tones of said one of the OFDM symbols.

16.  The method of claim 15, wherein the combined weighted noise variance

estimates is scaled by a scaler, the scaler being a function of time-averaging weights for
said one of the OFDM symbols.

17.  The method of claim 16, wherein the scaler is further a function of the delay
spread used to estimate the channel and the number of pilot tones in said one of the
OFDM symbols.

18.  The method of claim 15, wherein the weights applied to the noise variance
estimates are such that the mean of the combined weighted noise variance estimates is

substantially equal to the actual noise variance.



13. A method of estimating noise variance, conprising: receiving a signal
including a plurality of Othogonal Frequency D vision Miltiplexing (OFDM
synbol s each having in-band tones includighg i n-band pilot tones, and

band- edge tones including band-edge pilot tones and guard tones; estinmating
an effective noise variance for the in-band tones of one of the OFDM

synbol s usi i t héa methbdhoflespinating noise sarfiamce saimgprising: of t he OFDM synbol s and
channel estimates for said one of the OFDM synbol s, the channel estinates
being time averageeivingversigwd iacludingea oflutatiey OF DMthygomal Frequedcy? Division
estimating an effective noise variance for the band- ed e tones of sai d one
of the OFDMVIuRIetiag (QYRNDsyEbplssack iryanginbanditones dngluding ap-hanghglag fonepe OFDM

nbol f d f
The QRO oy AEDI-BE 1OTR) Rt bAG a0 B e g B, O o Yol s,
wh d d. t t whi ch be .af fected_.b j
Channel Tt er for B PR FERRGY SGse VARG 1t SigBLang fonen df pPeQLLRLY e
referred tosashiyasify lﬂ?é"ﬁ'lsbanﬁé}ilﬁ')t haed 15AGR1 bRNEStHe GFUNEsERbdls afPBIRHnUt Si de

sai d guar d- bands whose channel” estinmates are affected by 'ACI, as well as

sai d tones estinsd¢sdfoysed dabafittic OFPINMsymbblst érel OFDM synbol , and said in-band
tones are found in in-band regions of the OFDM synbol Wnose sai d channel
estimates not atdtecitied dpeffaiice Ahe vakdnce foe tiebdiddedpt tehesiofnsdid, onafofilei n t he
channel estinmates are tinme averaged using _a non-causal filter. 15, The

met hod of cOADM 3mbglselse pHImMHmEFY aYrRSFeCTSTie ngie | Reace Bir b bandedsend

tones of sa t S se
vari ance fo#oqlegl?fg) I %eb%ﬁg%%gg{ﬁﬂéigd%? f?in%ﬂreg@ft tﬁgt@%ﬁ% QH? @haﬂ]%l
wei ghting t beinféss foras iband-edgee sll otnhes for saidobmi B tiieh©@FIDA glytrmdlsnand:ehe

vari ance esti mat es, and scaling the conbined weighted noise var| ance
estimtes, ewsdienesdonsmid anccel Hhe P Msswmbabeeﬁsmnm hRedes ionghaf theiPgoM: ones

for said on t C band

pi | ot tonesg}é@s}ép one O?X?Egk%%@% ér%‘o%&l {aamgglll ﬁ%‘eﬂn@ﬁl‘%ag"% agglrégfleénﬁbw

wher ei n t hengigerbamede & tgbtbadd-e@géemv:aancame effeetpld MEiEsariahcs €@l the ibyarrl

scal er, the scal er bei n?ta function of tine-averagi ng weights for said one
a

of the OFDMa@Hissfl dnterpplatimy éh%%ffqeaae Boiseyaianra Br thikandredge fenes baivween ithe
further a f gﬂgcttlvg ri’lolse v anc% of Me edge tones and the effective noise variance of the in-band

tones, wherein said guard tones are tones which may be affected by Adjacent Channel
Interference (ACI) and are found in edges of the frequency band referred to as guard-
bands, said band-edge tones include said tones outside said guard-bands whose channel
estimates are affected by ACI, as well as said tones in said guard-band regions of the
OFDM symbol, and said in-band tones are found in in-band regions of the OFDM

symbol whose said channel estimates not affected by said ACI.

20.  The method of claim 19, wherein the average effective noise variance is
estimated by estimating a noise variance for the band-edge tones of one or more of the
OFDM symbols, weighting the noise variance estimates, combining the weighted noise

variance estimates, and scaling the combined weighted noise variance estimates.

21.  The method of claim 20, wherein the average effective noise variance is further
estimated by weighting the guard tones of one or more of the OFDM symbols,

combining the weighted guard tones, and scaling the combined weighted guard tones.



spread used to estinmate the channel and the nunber of pilot tones in said
one of the OFDM synbols. 18. The nethod of claim 15, wherein the weights
applied to the noise variance estimtes are such that the nmean of the

conmbi ned wei ghted noise variance estimtgs is substantially equal to the
actual noise variance. 26 19, A nethod of estinmating noise variance,
conprising: receiving a signal including a plurality of Othogonal Frequency

Division Mg tipliexinehddb6Dbhing Thalier@ache havimg abplidipad tieonsise ivatintdi ng
in-band pilot tones, and band-edge tones including band-edge pilot tones
and guard testewies aodithagharg tanesedre seeh (hat Hsi meanyefr tharembinnd weighied ngisad

of 't he. CFOMAPHORE i arnoie] MihlFpispa ARG 6Bl IREReably 86 5o <

and esti matifgtiadin6iké Gaidnteinbe absened dBdigRehitashahied idtarfetepetge t ones of said
one of the OFDM synbols by estimating an average effective noise variance
for the band-edge tones fromthe band-edge pilot tones for said one of the

one of " the SFou CyRared of i, 07 i f ol uRiLadaRg of b e PREREG, = ©

synbol s, asgidistimere i theeOBBM §stsol9f the OFDM synbol to an effective noise
vari ance equal to the maxi num of the average effective noise variance for
t he band-edge tones and the effective noise variance for the in-band tones,

bet woen 1 hetof f Eit ToWOHG el art e feicRBSEh slindRoatTite FHRRRRE, |

noi se vari angen-&dushi@tdrn- band tones, wherein said guard tones are tones

whi ch may be affected by Adjacent Channel Interference (ACI) and are found
in edges of the frequency band referred to as guard- bands, said band-edge
tones inclu sai,d ton out si sal d_guar.d- bands S hannel ~ .est | rat es
are affecte 'by‘%CF?n8§ﬁﬁ@FIaggﬁ%gghq?oﬁﬁgv?nasggﬁﬁg§§$ﬁﬁ ﬁ@‘#ggFﬁﬁgﬂgf t he
OFDM symbol Fregidhe§ abidisidir MRMEb1E:aRE SOBDRI)f 1 hAvihpiRBBed k@@k @mﬁudiﬁr%ﬁﬂle OFDM
synbol whose sai d channel estinmates not affected by said ACH. 20. e met hod
of cl ai m 19bangtmalogtanes radbasd-gdee wheemcludingnbrindecdge pilahivaey and guard tamesd by
estimating @1 Qi S v€riance.fqr t he band-edge tones of one or nore of the
OFDM synbol ° Oéﬁﬁoﬁﬁm?ﬂgﬁﬁ%ise vari ance estimtes, conbining the weighted
noi se variance es ina}es, and scaling the conbi ned wei ghted nqgi se var.i ance
esti nat es. a channel estimator configured to generate channel estimates for the in-band

pilot tones and channel estimates for the band-edge pilot tones;

an in-band estimator configured to estimate an effective noise variance for the
in-band tones using the in-band pilot tones and the channel estimates for the in-band

pilot tones; and

a band-edge estimator configured to estimate an effective noise variance for the
band-edge tones using the band-edge pilot tones, the channel estimates for the band-
edge pilot tones, and the guard tones, wherein said guard tones are tones which may be
affected by Adjacent Channel Interference (ACI) and are found in edges of the
frequency band referred to as guard-bands, said band-edge tones include said tones
outside said guard-bands whose channel estimates are affected by ACI, as well as said
tones in said guard-band regions of the OFDM symbol, and said in-band tones are found
in in-band regions of the OFDM symbol whose said channel estimates not affected by

said ACI.

26.  The demodulator of claim 25, wherein the in-band estimator is configured to
estimate the effective noise variance for the in-band tones by estimating a noise variance

for the in-band tones and scaling the estimated noise variance by a scaler, the scaler



21. The nethod of claim 20, wherein the average effective noise variance is
further estimated by weighting the guard tones of one or nore of the OFDM
synbol s, conbining the weighted guard tepes, and scaling the conbi ned

wei ghted guard tones. 27 22, The nmethod of claim2l, wherein the weights
applied to the noise variance estimtes and the guard tones are such that

the mean of péig  QFRtifEe Gf Wt Glfa§dsprdiidSesed VB HIRNGANAS éstitRs RNEstintige @yTbi ned
wei ghted guard tones is substantially equal to the effective noise variance
in the absephkanngfanddhasenbercipilationesindhs OFPM eymbd. The nethod of claim 19,
wherein the channel estinmates are tinme averaged over two or nore of the

OFDM synbol s. 24. The nethod of claim 23, wherein the channel estimates are

time averaged. USITRE demof@lAtod BfSdind 26! WhereidSthe AnbRAD AulidhOF i€ eodfigudeth t 0
receive a signal including an Othogonal Frequency Division Miltiplexing

(OFDM) symbestimgie itheyneise wariance deredieindpuditongs itiem Hienia-band qiilof ganes and tep
band- edge toges f’rngll ugei r%grtgand-ed 8 itl gt tones and guard tones, the
denodul at or © %Wﬁ FEMRES Flérﬁh%l} StiMtor confi gured to generate channel
estimates for the in-band pilot tones and channel estimates for the
band-edge pilot tones; an in-band estimator configured to estimte an

ef fective ndBse Vaeidamodulpior of hlaimi23, whergin badsndrsigryestineatomis isanidgysed b

tones and the.channel_..estimates f.or the.in-ban ilot topes:. and a
band-edge oSHITHE S Loy apEs vehise PR Hes Bef vy SBFRUE B lbregs o o
the band- edgBctlv@ngsiscUsariBict 6 BRNEIMAELAEe RéneRtfrdRNBS bahdedENpildtelon&S ithdTat es
for the band- edge pilot tones, and the guard tones, wherein said guard

tones are tchamelwstiotatesedpr the bandfedge pidpthignesdinskciba guaddnngs assigning e edge

(ACl) and are found | es, of the. frequency band referred to as

Guar t- bande 5165 o4 s QEDRGSETS e &0 e TR Virgiitesd B bF Gt of e

guar d- bands ay&aseeRanagbis€siidmRe &5 R sa@tég%l@ t&fds Bid MMe offedfiveidibe Rsiafied d
tones in said guard-band regions of the OFDM synbol, and said in-band tones
are found ifer thaibhaed tangs.cmd inferpdiatingribiesipeting naibpvariange dorctharband-edge
estimates not affected, by ..said ACl. 26. The, denodul at or ,of cl.aim 25,.

Wher e n't he TS HEAGFBARF FEReEHY 1Ot YPRTie & 06 COgs Hrrrs b s e SERREA RIS noi se
vari ance foRrgtiiReloftHRaRDah@0Res by estimating a noi se vari ance

29.  The demodulator of claim 28, wherein the band-edge estimator is éonﬁgured to
estimate the average effective noise variance by estimating a noise variance for the
band-edge tones and scaling the estimated noise variance by a scaler, the scaler being a
function of the delay spread used by the channel estimator to estimate the channel and

the number of pilot tones in the OFDM symbol.

30.  The demodulator of claim 29, wherein the band-edge estimator is configured to
estimate the noise variance for the band-edge tones from the band-edge pilot tones, the

channel estimates for the band-edge pilot tones, and the guard tones.

31. A demodulator configured to receive a signal including a plurality of Orthogonal
Frequency Division Multiplexing (OFDM) symbols each having in-band tones
including in-band pilot tones, and band-edge tones including band-edge pilot tones and

guard tones, the demodulator comprising:

a channel estimator configured to generate channel estimates for the band-edge

pilot tones of one of the OFDM symbols;



for the in-band tones and scaling the estinmated noi se variance by a scaler,
the scaler 28 being a function of the delay spread used by the channel
estimator to estimate the channel and the nunber of pilot tones in the OFDM
synbol . 27. The denodul ator of claim 26, wherein the in-band estimator is
configured to estimate the noise variance for the in-band tones fromthe

i n-band pil ot toraasindradd tehttmatohaom@durebta emitese borffedtével moileavatiapcd ddr thenes.
28. The demoduyl at or of _cl.ai m 25§, in th and- edge estjmator i
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pi | ot tones,esamdtes,h@nthiaing thenegzhtaissiignvargned estimtiges, ahdredingfthe hembinBiA
synbol to an effective npise variance equal to the maxi mum of the average
ef fective noVeghighpeiss¥aangs estieatesaatd edge tones and the effective noise

variance for the in-band tones, and interpolating the effective noise
vari ance for the dbkand-edggestimapreorieuigsetn estimatsfaneaftactive poise sananck derclke of

the edge tones. and the effective.nai ari,ance .of .t he i.n-ban ones. 29.
The demodur drar-eaee ks it 88 o) 8 IR OFR BmrESule d FarsRe Mot RF tnr e
to estinat galdheaeheaOBDRI kRAOIY.CchAfMeS @stitAdtt Afte thdyandSddigBpilb@nés Ob4E

vari ance for the band-edge tones and scaling the estinated noise variance

by a scal er ,onerd the AIMbwinmthyls and (he ghasd toest foe seidi ey afpthe 4 esympls, he

channel estimatar to,estiyate the channel .and.  {he_.nu r of .pilot.tones in
Che. OEDM sy rBrenaisid Fhard; B e, BP0 M Eisha ey 2 RGPS v PHiRah Fredil
estimator i SpnepRfdngs{RAT! shd et B ddags BPtRerdAch@NBad RFerfddaohantagdge
tones fromthe band-edgedpl | ot tones, the channel estimates for the

®

band- edge pitaods,saidédwndzdge tanes inehidg seidrienes @usidensaié guatdthands whosefdbgumedd t o

receive a signpal includin | ural ity of t hogonal . Frequency .Di vision
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tones, the denmpdulator conprising: a channel estimator configured to
gener at e chasymbbol whoserraidechaningl estivatoanel-aéiggied byiskidtACbnes of one of the OFDM

synbols; 29 an in-band estimtor configured to estimte an effective noise
vari ance for the

32.  The demodulator of claim 31, wherein the weights applied to the noise variance
estimates are such that the mean of the combined weighted noise variance estimates is

substantially equal to the actual noise variance of the in-band tones.

33, The demodulator of claim 31, wherein the channel estimator is further
configured to generate channel estimates for the in-band pilot tones of said one of the
OFDM symbols, the channel estimates for the in-band pilot tones of said one of the
OFDM symbols being time averaged over two or more of the OFDM symbols, and
wherein the in-band estimator is configured to estimate the noise variance for the in-
band tones of said one of the OFDM symbols from the in-band pilot tones of said one of
the OFDM symbols and the channel estimates for the in-band pilot tones of said one of
the OFDM symbols.

34. The demodulator of claim 33, wherein the channel estimator is further
configured to time average the channel estimates for the in-band pilot tones of said one
of the OFDM symbols over said two or more of the OFDM symbols using a non-causal
filter.



i n-band tones of said one of the OFDM synbols by estinmating a noise variance
for the in-band tones of one or nore of the OFDM synbols, weighting the

noi se variance estinmates, conbining the weighted noise variance estimates,
and scaling the conbined weighted noise30ariance estimtes; and a band-edge
estimator configured to estimte an effective noise variance for the

band- edge tones of said one of the OFDM synbols. using the band-edge pil ot
tones for said one of the OFDM synbol s, channel estimates for the band-edge

pi | ot tonesaféor sl%ied dfzrglfr)]gul\%]:ﬁ)rt&e C%%%y%%éesl{lo @,diﬁ B%nf%%ﬁ%a%?%ﬁﬁ{rﬁ{ersai d

one of the DM sy1ibo erei n sai d guar €s a nes may be

af fected by cAdfigagedto Chdankd combined fvasigite® no6REariansd estienaeung ai Ralefgs of

t he frequency band referred to as guard- bands, said band-edge tones include
sai d tones o6tlel kpingafuncomptitibanyeragine yeighinfpisnid oag of HetQEDM wmdfodlect ed by
ACl, as well as said tones in said guard-band regi ons of the OFDM synbol,
and said in-band tones are found in in-band regions of the OFDM synbol

whose sai d ggannetheeddnmdtlfsr aOtlaah f38¢ vadrddy tisakchlAGk . fulBer d endienuduhat or
of claim 31, wherein the weights applied to the noise variance estinates

are such t haleltprasd asedby theechspngliesdraige tqproddcnidr shanngh peifedesir ithtaltes i s
subst ant | al ll}\{u&& EH(?tl tgfiegsi a&}?glie‘?&\%%u@elr o?ﬁil?tﬁtg}{ C ih %Bﬁ%ngfog %ﬂ%e(glbﬂﬁ/llb%ﬂfootl ones. 33.

The denodul a 0 er el hannel  est I mat or ur't her
configured to generate channel estimates for the in-band pilot tones of said

one of the OFDM synbols, the channel estimates for the in-band pilot tones

of said one 3f t hederapdnatey aprdigsirasetoneceiverresignad inededing ¢ plurality 06 Orthoeenabf t he
OFDM synbol and erein . in-ban thmatagr (i s confjgured to.estipate
the ot se varrditte rOF T iftninl TEpaZ) rREHar csrlRopayihE “Bretsdc Tt
from the i n-iBanginpiih-Bhnd PilSofds, &Rl Par@Rlgeftonek hgc16ATED bayd B eSpif dorteb @nd
channel estimates for the in-band pilot tones of said one of the OFDM
symbol s. 34.gusrlonesaBgudeatodplagdr compriging3, wherein the channel estimator is

further configured to tinme average the channel estinmates for the in-band
pil ot tones of sai channel esiimatdrecafightedytvbgdrerate ehamsel dstinte© forthe endfand he

OFDM synbol s .usi hg a_.non-c¢aus ilter. 30, 35. The denodul ato f ¢laim

33, wher ei n RIP&17YS BhARE @*&%@%Wf Pl ERcEhane) FFTE oS o e De et

conbi ned weightest B0 §Fe VRTHADEHN LB thebdhafind Sliffates B the in-band pilot
tones for said one of the OFDM symbols being time averaged over two or more of the

OFDM symbols;

an in-band estimator configured to estimate an effective noise variance for the
in-band tones of said one of the OFDM symbols using the in-band pilot tones for said
one of the OFDM symbols and the channel estimates for said one of the OFDM

symbols; and

a band-edge estimator configured to estimate an effective noise variance for the
band-edge tones of said one of the OFDM symbols using the band-edge pilot tones for
said one of the OFDM symbols, the channel estimates for the band-edge pilot tones for
said one of the OFDM symbols, and the guard tones for said one of the OFDM symbols,
wherein said guard tones are tones which may be affected by Adjacent Channel
Interference (ACI) and are found in edges of the frequency band referred to as guard-
bands, said band-edge tones include said tones outside said guard-bands whose channel
estimates are affected by ACI, as well as said tones in said guard-band regions of the
OFDM symbol, and said in-band tones are found in in-band regions of the OFDM
symbol whose said channel estimates not affected by said ACL



scal er being a function of time-averaging weights for said one of the OFDM
synbols. 36. The denodul ator of claim35, wherein the scaler is further a
function of the delay spread used by thg;channel estimator to produce the
channel estinmates for the in- band pilot tones and the nunber of pilot tones
in said one of the OFDM synbol. 37. A denodul ator configured to receive a

si gnal incl ush ng EnePidmctuldtyr 6f clXh BIgMRLein HiLHURNEY eddimisy ReolBbided!t§Xi Ng
(OFDM synbol s each having in-band tones including in-band pilot tones, and
band- edge t cgeaerateradianikil esfimatasifos deeinghand pilpoieses efrrdid onearfdhe OGBSV symbols

denodul ator caonprising: a c n ti mat.or .confi gured ener at e channel
ot Pt o5t ob et Fie P i RO BrPSE B i B ta Sy oo s and
channel estinmates for the band-edge pilot tones of said one of the OFDM

synbol s, the channel estimates for the in-band pilot tones for said one of
t he OFDM synmifol s Bei dgmoidwistonvef adath G7erwheneinotheron-bad ashimataDFBMigyhebol s;

an i n-band esti.mator configured.to esti mate an effective noi se .variance for
the i nobandhBRBESdr S i e tR Bour oM RISt Uit tHE ERES 6 SR B RN o
tones for sahd orom ggﬁlbbfﬁ%ng%ﬂaﬁﬂg@ﬁbﬁe nGardch orcta i BhnEROhEIEL &R drHMorsai d
one of the OFDM synbols; and a band-edge estimator configured to estimate

an effecti veofiibt O DMisymhals, Weightitgpthe parsd vedgeetesiimatesfcosatiining lee wéighted OFDM
synbol s using.the band-ed pil ot t.on for. . said.one of. the. OFDM s ol s,
The channel ute ViERBE it shseiBagEe prnbinct sdRpRoist I e e
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said guard tones are tones ich may be affected by Adjacent Channel

| nt er f er enceOFPEyynatrmds amdethe ehanhel nstovagessfon the inebahd oot tonys bhsaid ped efthed t o
as guard- ba&ﬂ@ sai.d band- edge tones include said tones outside said

guar d- bands %SY&IPP&%a estimates are affected by ACT, as well as said
tones in said guard-band regions of the OFDM synbol, and said in-band tones
are found in in-band regions of the OFDM synbol whose sai d channel

esti mat es not0.af f Bt edmodulatirdoAQlaim3 B9, 38herdine thie nwdbandit estimaforc fsaifmtizT?,
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41. The demodulator of claim 40, wherein the scaler is further a function of the
delay spread used by the channel estimator to estimate the channel for said one of the

OFDM symbols and the number of pilot tones in said one of the OFDM symbols.

42.  The demodulator of claim 39, wherein the weights applied to the noise variance
estimates are such that the mean of the combined weighted noise variance estimates is

substantially equal to the actual noise variance for said one of the OFDM symbols.

43. A demodulator configured to receive a signal including a plurality of Orthogonal
Frequency Division Multiplexing (OFDM) symbols each having in-band tones
including in-band pilot tones, and band-edge tones including band-edge pilot tones and

guard tones, the demodulator comprising:

a channel estimator configured to generate channel estimates for the in-band
pilot tones of one of the OFDM symbols and channel estimates for the band-edge pilot
tones of said one of the OFDM symbols;



configured to estimate the effective noise variance for the in-band tones of
said one of the OFDM synbols by estimating a noise variance for the in-band
tones of one or nore of the OFDM synbol s32 wei ghting the noi se vari ance
estimates, conbining the weighted noise variance estinmates, and scaling the
conbi ned wei ghted noi se vari ance estimtes, the noise variance being
estimated from t han imbdndnestipiatastconfigersd ftoestgmitd apndfeofive heise @M cs fobtiles and
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by a scaler, the scaler being a function of tinme-averaging weights for said
one of the CHEM synbols. 41. The denodul ator of claim 40, wherein the
scaler is further a function of the delay spread used by the channel

estimator to estiabagl-édpe sstimanelcohffurédicdestifiteddn effiectivomoide sufibmlesfonttd t he
nunber of pilot tones in said one of the OFDM synbols. 42. The denpdul at or
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for the band-edge pilot tones of said one of the OFDM synbols; 32 an
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found in edges of the frequency band referred to as guard-bands, said band-edge tones
include said tones outside said guard-bands whose channel estimates are affected by
ACI, as well as said tones in said guard-band regions of the OFDM symbol, and said in-
band tones are found in in-band regions of the OFDM symbol whose said channel

estimates not affected by said ACI.

44,  The demodulator of claim 43, wherein the band-edge estimator is configured to
estimate the average effective noise variance by estimating a noise variance for the
band-edge tones of one or more of the OFDM symbols, weighting the noise variance
estimates, combining the weighted noise variance estimates, and scaling the combined

weighted noise variance estimates.

45.  The demodulator of claim 44, wherein the band-edge estimator is further
configured to estimate the average effective noise variance by weighting the guard tones
of one or more of the OFDM symbols, combining the weighted guard tones, and scaling

the combined weighted guard tones.



band- edge pilot tones for said one of the OFDM synbols, and the guard tones
for said one of the OFDM synbol s, assigning the edge tones of the OFDM
synbol to an effective noise variance eg@gal to the maxi num of the average
effective noise variance for the band-edge tones for said one of the OFDM
synbols and the effective noise variance for the in-band tones for said one
of the OFDM 4ynbolls dematiulatoesipdiiat 4 Hgvhiden tef Weighiswepplied H:etheamoisarvaﬂarfoer t he

band- edge ton s bet t he ffectlve oi se variance.qf the e and
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are found in edges of the frequency band referred to as guard-bands, said
band- edge t oswbstantiallyl eqphel ¢aite ¢ffeveise motssivdeaseai o tj)laa’tbdert@arttfsacijwircostecltahaeinel
estimates arge aEfect ed by AC, as well as said tones in said guard-band
regi ons of t#HET synbol, and said in- band tones are found in in-band
regi ons of the OFDM synbol whose said channel estinmates not affected by
said ACl. 44. The denodul ator of claim 43, wherein the band-edge estinator
i s configuredl.to Testéemadwatohef alagnadge “élbfem{chwdlannélsminmasagweramﬁ by the

estimti ng se varianc th band- one [ f t he
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wei ght ed noi é%tl%d@fh%@d 8%1‘t%%?%;or@@ﬁth%@ﬁ*[bmym%lsc0”b' ned weighted noise
vari ance esti mates. The denodul ator of clarm 44, wherein the band-edge
estimator is further conflgured to estimate the average effective noise

vari ance by |gh u one f ong or, nore o he OFDM s 0
conbi ni ng th J&h‘ig ‘ﬁ'ﬁ%ﬂ gﬁ%’é‘" @m %?? chanpel ??Hﬁﬁ#%e%fnﬁ@te&h yng‘ Squar d
tones. 33 4fngl éag @@ﬁm%k 2810the Band-b@idHitR: toff@%ﬁgadtdﬁe dﬁh&@P@M%@hﬂb@Q to
t he noi se varianc estimates and the guard tones are such that thé nean of
the sum of tére tmbwregied oeirgaice tvan or sworv anf i the CF LRt symeliods using at hen-caowsddi ned
wei ght ed guaﬁg tones is substantially equal to the effective noise variance
in the absente€®of adjacent channel interference. 47. The denodul ator of
claim 43, wherein the channel estinmates generated by the band-edge
estimator for the band-edge pilot tones for said one of the OFDM synbol s

are tine ave4%19edA0v'm¢lestsv«mnnnurrimt'@nm‘ppm’ams@m&swméiye siagaals'ﬂmn detwrelifyat or

f claimA47, rein th hannel I ner at
ot chal ar?tegnas Enc udc ng spg%als z;[vmrrgaglr? SO eogona lgrequgncy BlVlSlon Multiplex

(OFDM) symbol with in-band pilot tones, band-edge pilot tones, and guard tones, the
apparatus comprising:

a channel estimator to generate channel estimates for the in-band pilot tones and
band-edge pilot tones;

an in-band channel estimator to estimate an effective noise variance of the in-
band tones using the in-band pilot tones and the channel estimates for the in-band pilot
tones;

a band-edge estimator to estimate an effective noise variance for the band-edge
tones using the band-edge pilot tones and the channel estimates for the band-edge tones;
and '

a controller for evaluating reliability of the plurality of antennas, wherein said
guard tones are tones which may be affected by Adjacent Channel Interference (ACT)
and are found in edges of the frequency band referred to as guard-bands, said band-edge
tones include said tones outside said guard-bands whose channel estimates are affected
by ACI, as well as said tones in said guard-band regions of the OFDM symbol, and said
in-band tones are found in in-band regions of the OFDM symbol whose said channel

estimates not affected by said ACIL



band- edge estimator for the band-edge pilot tones for said one.of the OFDM
synbols are tine averaged over said two or nore of the OFDM synbols using a
non-causal filter. 49. A wireless commun34&ati on apparatus adapted to
receive signals froma plurality of antennas, including signals having an
Ot hogonal Frequency Division Miultiplex (OFDM synbol with in-band pil ot
tones, band-edge pilot tones, and guard tones, the apparatus conprising: a
channel estinmator to generate channel estimates for the in-band pilot tones
and band-edge pilot tones; an in-band channel estimator to estimte an

ef fective nokge varicaRsprahs bheni dainPand wheRes thisicordl® ik NFulBAdadiptedt tof ONes
and the channel estinmates for the in-band pilot tones; a band-edge

esti mat or t odetstmninatlekelhoefl {Ratios & LRe) der tharnlanabty oHentehrasbhangspage to tlnes

usi ng the band-edge piot tones and the channel  esti es for .the band-edge
Lones: | and SESHEY Py PSR BE RORTARR 1R w5 bEhan okt "o
antennas, wherein said guard tones are tones which nmay be affected by

Adj acent Channel Interference (ACI) and are found in edges of the frequency
band referred to as guard-bands, said band-edge tones include said tones
out si de sai d guard-bands whose channel estinmates are affected by ACT, as
well as said tones in said guard-band regi ons of the OFDM synbol, and said

i n-band tones are found in in-band regions of the OFDM synbol whose said
channel estimates not affected by said ACT. 34 50. The apparatus as in
claim49, wherein the controller is further adapted to determ ne Likelihood
Ratios (LLRs) for the plurality of antennas in response to the estimates of
effective noise variance for the in-band tones and the band-edge tones.



