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Application for Patent clainms priority to Provisional
Application No. 60/611,028, entitled "Noise Variance
Estimation for Diversity Conbl ni ng and Logli kel i hood

Ratio (LLa Scaling in Platinum Broadcast" fil ed
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et A B HOR DivERSHY SaVBINRG AN LOG-
rel ates generally icati and nore
specifically, to n&hﬁﬁﬁéﬁ@ i@élﬁﬁ\?(%n t echni ques

in wireless communi cati ons. Background [0003] In a

typi cal telecommunications system the data to be
ChiimsfPriority unden8®yeslCMg119 a turbo code, which

generates a sequence of synbals, referred to as, "code . .
synbot i Presgn) AbRlicaioe f%ryﬁ%@}tsclwasﬁ RROTHY de e visiogak Agplication
REGOBRRRS, ERitdPRo iddcS BoRRhi ) ini -
t her ebygg(eéner é\ti ngrogges\ggluagﬁce g? é%?%ér%dgﬁPﬁnén# and Log
Igseithodds Ratid KLER s Scalimgcie Ratinuine Bagrdlcast’t! filed Septeaher 8702004, and

whi ch er at es coptinuoys tinme signal, {ch s .
FRRf PR s58e BarSGl i eSS ey iiomrsbarpd ¥ rthgnce herein
recei ver, the nodul ati on synbols nay not correspond to

t he exact location of a point in the original signal
constel l ati on due to noBACIROGRQOUN® di sturbances in

'Q]% channel’. A denodul ator may be used to nake soft

d&Ci si ons as to which modul ation synbol s were nost

| i kel Phe pegssii diseldsines tdated) geh@allp i wdstop@iuiications, t iRl more
signal_constellation. The soft decisions may be used
$pecifgalhya EQ nQipRVarsgCc peHENating des g pHInWIEHgss SPIIHEIGasgBs.
synbols. The turbo decoder uses the sequence of code
synbol LLRs to decode the data originally transmtted.
Badkgbould a recei ver enploying nultiple antennas, a

Pi | ot_ Wi ght ed Conbi ni.ng. (PWC) technjque |s often used
to cdftt Ve, e S o VB HECAP on b SRR 3¢ encoded
WMDY B8Fo 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.

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.

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.



soft decisions may then be used to conpute the LLRs
for the code synbols. One problemw th this approach
woOodsla4qot enti al difference in thermal noi se PorT/UsSamE033133

antenna.As a result, the PWC procedure for conbining

soft decisions may not optim ze the Signal-to-Noise

Rati o (SNR). Accordingly, thefe is a need in the art

or an.jnpr denmpdul ati on _pr.ocess that considers . .
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stk et it Mo LS for i BEband lon Shng bt GBS an cffective
nofe! vighianee BN dhe daadRiIbOtoARNESing NHe B4RHLIEONBRL tones, channel
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cstimatss &ir thmbandfedgh pilorpness gndbiblegubnd temesi mati ng a noi se
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I
invention, a nethod of estimatinhg noise variance
estohigslend esttpatingan effectiyendisé naiande fog the pdndralge ttgnesof said one

| s .each having in-hand.tones includin
oFEE RO, paeoe dee R bndieaBe aghRERe 10F sif R gf the OFDM
sbaBIRJBlfannel 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



pilot tones and guard tones, estimating an effective
noi se vari ance for the in-band tones of one of the

wORDNMIsybol s usi ng the in-band pilot tones foPCTAISA05/033133
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one of the OFDM synbol s and channel estinates for said
one of the OFDM synbols, the channel estimates being
tinme averaged over two or nore of the OFDM synbol s,

and |ng effective noi se variance for the
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sai d one of the OFDM synbols, and the guard tones for

soid encoelethefOXTHM mﬂmls mgmlgg thgsedggrione ofhthe LHFRM: Hymaol to an

e‘%fec{lp ?OIS%%@% al (%0 lﬁlélxgl\ls tn 0% no?\fsegegéa?%cﬁgf g%lse variance

feRthaBakl-édpe fohes bt&flthe‘é‘éﬂébtiv@ riﬁﬁseaﬁﬁidnb@ fef fiRCinlbaad tones, and
n0| se variance for the in-band tones, and
terralainethe gfeetive noisesrrinnes 196 thebapdradgn denes betvrasa the effective

M T e -,

t he iln- jmirajﬂtrﬂmeaspebﬂﬂﬂ.ﬂie present tineention heemadplamt cohfigured to

tPeEd o GIETeb IR FEIR Mg DR HN TS, g e fgeiading in-band
pifdt RARE, LRNemaldagh %ﬂe@ gnélﬂdlﬁg@)%n@ el gl itl&rl‘éﬁes %uard tones, the

band- edge tones incl udi ng band- edge p| ot tones and
deoznddlat@medpdinp e ohetrm(d a$tanaior ¢comfiguctidrig gn@rbﬂamhelhnel estimates for

PR s B0 B AR o G AR o O g, e

dRandte deRfifirtdPio éspinfe arRBffédlive Abhe SatiANGRBF theQRfbafid (i®s using
to estimate an effective noise variance for the
the iryband nileh tones gndhihe 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.

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
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the in-band pilot tones and the channel estimtes for

the in-band pilot tones, and a bandedge esti nator
woandeioguned to estimate an effective noi se var pPamas2G06/033133

t he band-edge tones using the band-edge pil ot tones,

the channel estimates for the band-edge pil ot tones,

and the guard tones. [0011] % anot her aspect of the

resent i nvention, denodul ator confjgured to receiv
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band- edge tones includi ng band-edge pilot tones and

ofj ther QFPYhewnbals evaightivgthaneise vatinge estimates lsamhiling the weighted
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afd) al Banldestige @stimawt ebefnfred i estirhste emt éf8Rti®e Mbise variance for the
ef fective noise variance for the in-band tones of sai
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synbol's, weig e es,

tlsng t nol se vari ance estinma
one nHthei QD Vhaymibeilsy htdEthe pobdonarioasaid owsof the OFDM apdbols.
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tones of said one of the OFDM synbol s usi ng _
indwding diybarsi pidat tonescandftandsdigel tanse inpfluding barbidge pilot tones and

S | s hannel ti s for.the.band-edge pil ot
epifiops, B ey FElig-Rusrefii RO A aRgu gl dp enerate
ch@iR} edtidhatefod tia-tahd et eI SotEhsH the FPM 2}mbblsy¥@l channel

anot her. aspect of the present .invention, a_denodul ator

eslggnntey fordlic band-edasi Rilot fongs g sridione |of dh GFRM symhelss the channel
oRiep (O R Rl 30 S 1 bila 80 MO being time

abaagedoge tiol artmdre d shaOF DM 3yuibdlN&s in-bdid atemaths|cahfigured to
i ncludi ng_a channel estimator configured to genera
CERHACI SRCRMOSer GFapalar il%é?f&“ﬁ? fages (04 788 G Gibe OFDM
g . . i t
PandSyTPU MIBpe B pLeRalisoh) TG QM b nd
chimmet leatimedes efet isamdt @ O6H1the RKFDM- Hamtwlpi dndt a thandsdgo estimator

sa.d o of. the CEDM.synmbol s bei ng tj ver aged over.
PR o RS e R PoST Braice St the BB doTesgy id one of
tRPOFDIN ERELS1S uSiRE P R d A6 bli61GbhaSon 841§ 8nd 8f 1h8 TWEDNIQymbols,
the in-band tones of said one of the OFDM synbol s

thesehegnelrstimates dorithp ibred-edgerpibot teres dei spidbore of the KFIIMDYmMbols,
ol s d e _chann estd f said one of the
aﬁgf[\)ﬁ é&aﬁcggqngé afd gnﬁgﬁ%l??o%ﬂeﬁésgﬁfbﬁg% or configured to
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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



the OFDM synbol s using the band-edge pilot tones for

said one of the OFDM synbols, the channel estinates
woaoostode2band- edge pil ot tones for said one of PCAISEHEENE3133
synbol s, and the guard tones for said one of the OFDM
synmbols. [0013] In a further aspect of the present

i nvention, a denodul ator confl gured to receive a

si.gnal . i ncl.uding a_plurality of OFDM synbaol s _each
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testiedpe prlotdonds pusad dne of drcO@BEDM syrabois) andsthe igaérdgonasrfor said

the ip-b ilo ones af e of the OF S S a
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[0014] tonesy gé){mée?%tg St %fthegr rb?nb ity Up ﬂies 1{?5 i tion will become
band-'edge pl ot tones for sald one of The
sydityo hyspardrt o cthaseneltilled tin it e fran thhefollewihgedeieilq Gescription,
tones for sai ne of the OFDM.synbols, and,6the guard
VRHEE Yasious aﬁﬂﬂw@ ert of ke @jf@ﬂﬁl@{ Asofo W, aad dgs by way of

bR A0kl i (M E VP ahvdffioaNisebdfablel Y2 ofirSid different
variance equal to the maxi mum of the average effective

enahicsliments i aadcids fsoveralhdetod due dgpablo ed smpdificataord imrvariofs other

the OF S | s and the ef.fect.i.ve noise varjance for .
BRGNP O g APANEE BEm st} SphdeaRpir dhfsiigh invention
ABRrding1gr MRl @hwings bhe defafler ddsefptict &@ t¥ eirdgied & ilfubteative in
band- edge tones between the effective noise variance

wyture jgad Befgps redeitveand the ef fecti ve noi se variance of

the in-band tones. [0014] It is understood that other
enbodi nents of the present invention wll becone

readi |y apparBRIEF DESCREPTION OFITHE DRAWINGSr om t he
follow ng detail ed description, wherein various
[0015] emhodilfent s ibfat RenceRtpehtblerk diagtamo iffusFriinge 88y ckample of a

@}écgmﬁugfca{ig,ﬂstgggg tion. As will be realized, the

Invention 1s c e of other and different
[0016] enbodrlGetis aandceptsal bbookrdibgraimtibudtmtiag @n camapleeofaf transmitter in
nodi fi.cation_in various other respects, all wthout

?P@BEW?W@WWW t9%€VEpirit and scope of the present
[0017] | NVENEIERTS i G Rk PRI ¥F a thBsHTs3vh NGSveRdith 48t 2ibyBAd multi-access

description are to be regarded as illustrative'in
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



nature and not as restrictive. BRI EF DESCRI PTI ON OF
THE DRAW NGS [0015] FIG 1 is a conceptual bl ock

wdizegram2d| | ustrati ng an exanple of a PCT/US2005/033133

[0021]

[0022]

[0023]

[0024]

[0025]

t el econmuni cati ons system [0016] FIG 2 is a
conceptual bl ock diagramillustrating an exanple of a
transmitter in conmunication&ith a receiver; [0017]

FI G is.an exanpl f_ a.transm ssi.on wayvefaqQrm for _a
hybr iFSGm?u% p.oqRespELT DlAck HRgHER @aﬁtwaﬁg ty imgfgonality of a channel
eéﬁﬁ%%a Edgag1eRA B AR RRN ﬂ%ﬁﬁ foPS1eshQ9L8 hntenna.

I's a conceptual block ustrating the
functionality of an OFDM denodul ator in a receiver for

a hybrid multi-acc t j j system

[0019] FIG 5 is ﬁ@ﬁé@ﬁ@’?%ﬁé@?ﬁﬁﬁﬁram

i || ustieabiéthied @eschipfich | R abith Yoeldw i 5@ e #edhppended
in a dual antenna receiver for a hybrid nulti-access

draviags ifnintrnded poa slesgyiptienof veriows| erphpadimgnts of ghe present invention

. . . ¢ . . .
B e MY —
hhyobK pectgpdamhe detsitedadesariptionanéludet specificideyailo ffoathe purpose of

channel estimator capable of conmputing the effective, .
mevi@eyathopeen paderpipadipg of fhe iRfescah iBitAdon- DERYEYEp it will be
a@E@Qﬁ?ﬂ {0 thédd dARAZh MG ARk ahe Eﬁsaﬁgﬁ&énghh %ﬁhfﬁé ?Ifaeﬁéeh without

ow I n connection wth the appended draw ngs 1s
theseespdeific aletalsd &s somptingiance$, well-koosn estribctiiaseanidscapiponents are

he present..invention and is not, intended to represent
SRS AR BAMToIRED PO @roIEO P BLE (e SRAGH G e present
ifPoatiBR. pPracticed. The detail ed description includes
specific details for the purpose of providing a
t hor dlgh Unikerst eangepigalofbledke Grgremntillisinatingi em. example of a

wever .. it wll B be arent to t.hose skilled.
RSt apictdon el PR ool 3Suebf 10 ol Snotude an
AédeBONetwdie YANPERY {héchd@ippbits comBnsivatohdbétd@e®Sny number of
wel | - known structures and conponents_are_shown i

Aloi4-diTbe Ad $o payiaksodbeiermegied i peibenad neivwagke ﬂ@A and 110B
SATEENE AR e, RIETENe UG Bt BRE il oo i
TetphonerNebvarit (PSTN) sy dtcadrasT hetwoek, asramywtharadstwork. The Access

system 100 may i ncl ude an
Te¥mt1na1 (&T) 104 ¥nay 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.

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.

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



Access Network (AN) 102 which supports conmmunications
bet ween any nunber of ATs 104. The AN 102 nmay al so be

woams@sieed to additional networks HOA and HOB eQrgisdms/033133

[0026]

[0027]
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the AN 102, such as the Internet, a corporate

intranet, a Public Switched Tel ephone Network (PSTN),

a broadcast network, or any of her network. The Access

Term nal (AT) 104 may be any type of fixed or nop
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212 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.
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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
302A, 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
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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 software 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.
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ntegrat 0 any “processi ng
ﬁb(ﬁieht:)btﬂspﬁlsa ReyOthamye astitied ol ah taws Swinn theestimhiear the channel
wthin the receiver. The_ processing '

tit
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iupy rafc'e Cth[hg1 %)Pq)l\T %'8{ oﬁletﬁl%%raée 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.

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
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Fourier Transform (DFT) 404, which nay be used to
process OFDM synbol s. The DFT_402 may be used to
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effective noise variance ( O, (ﬂr & ) is defined by the following equation:

(m)2 _ __(m)2 (m)2
Oprk =Onf TO 0

2
where: o) imk) 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.

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
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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.
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channel estimate for the k- th tone received by the
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The noise variance o™ may be computed and scaled using equation (3) to generate the

Cn,l

effective noise variance o5 (n) .
A set of in-band pilot tones may be defined as
A= {k, -(P—G)/Z <k< (P“ G)/2} , where G>0 1is such that the

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

ol (n) ~ Z

(m)Z

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




the frequency band for the OFDM synbol. The remai ni ng
tones, with channel estimates that are not affected by

waChoe/0asd2h be referred to as "in-band tones,"” aowusa05/033133

[0046]

[0047]

[0048]

[0049]

be found in the in-band region 606 of the OFDM synbol .
[0041] FIG 7 is a conceptual bl ock diagram

illustrating the functionali H/ of a channel estimator
capabl e of conputing the effective nojse variance for

where Pesi¥ddt iis/hepilobiong spasingaNsis themymbgs of ogthpganabionsg 4 is the
b P . T . '

e R ph 51 T B BB B R ctmac

atdeffechdbyeACEst i mat or 408, may be a stand-al one

entity, may be inplenented as part of another o
pr oc&$&Tengree Aoy ?‘W"tfhﬁllﬁeﬁﬁ"éag‘é‘ée’i”@é;‘t,s & ﬁﬁycm%l pitimation;

functional it ' i hu n er. of
(botesorty) &bt e i bEDVRIPRGLERY, TR e Py for tho first OFDM
' e estimtQr i | iz d for th
RBOERES, £, B I08 Hhd OPDMIS /Aol BN . .. for th
24 SEDMISVRABGE TRY edifdfud YoPARAnIANE AR fdiRANLRALEfor the n”
estimator” 704 configured to conpute the effective
OEDNMesyuiol srgieerflgr t he band- edge tones. The out put at
702 and the output of 704 _are provided to a

mul tip (IMUX)L or ,a<sW t.gl. The output of the
MUX 7@382.(@5& +—$i?€lre;dl jﬁ%&@'@r 506. The effective
noi se varianc 2% i n-band® ones may be conput ed fspm
t he i%@gani i{ngt ones and the channel estimates for
the i.h-ban &kzot‘ @nﬁs. The effective noise variance
for the baffd- edge tones nmay be conputed fromthe
band- edge pil ot tones and the channel estimates for
the bahereedge pi aie therembinliewaiphts sucl tiof thevaean of D" w, /™ is
ef fective noise variance for the band-edge tones nayo
be)zi npr ovgd. by al so using, the guard-band to]r(}fs., [ 0043] "
Fi58; opedar i nthefpilat obpervaigndcastespensing tavhe 4t pHet togg of the 7
di scussed. The in-band tones are the tones for which
bed; ade channel estimates are related to the

noi se vasj.ance of the tones. by the. | owi 2 ion:
where ¢ lgug 1§ 'E‘S CLwaEPECgﬁoﬁé’e\é’ i %I??LOHP&E ﬂ%r{e q@f%@i‘nb‘)l'
estinmpte of the. nth. synbo and 2 1s the .

noi s 22’?/ 3?‘?"8?1]&“”&?1’? Hggg%/lhvé’s rﬁetb@i ?‘@B‘lpiér r[t“f‘] Roisp pyariance estimator
wiRANRLYy MBI AutefRid GFHRCyRthI toAtimald e hORE variance, which
i ndex, or the subscript k, may be suppressed because
dahdemepirssentedrasdoldevsan be assuned to be the sanme for

all the in-band tones. [0044] Thus, the effective

noi se variance i s reMat®#3toYthe noi se vari ance by the
fol |l owi ng equati on:

and
" =50 —1G+1) 2L 1L ,for 1=1,2 ©)
1_‘1701,1 + ;; Crj §
It can be shown that the mean of ry - H o 2 is
(l - % ¢, + %Z] ¢, ]Z)O’ o Thus, the mean of £ is

2L L m
(P-G+ 1)(1_‘"’5'01,1 +73'Zl C1,;j |2JO-( ? because there are P-G+I in-band
J



The noi se variance (m2 may be conmputed and scal ed
usi ng equation (3) to generate the effective noise
woanicaseror )2(") . [0045] A set of in-band pi Pot/usoes33133
may be defined as L = {k; - (P- @/ 2 <k < (P- @Q/
2} where G0 is such that the MSE of the tinme-averaged
channel estimates for the h gPlot tone can be
represented by the followng equation: s ( - KI s
Hilot Zones e ORDBL syfibbl, &kll dsiny the (Wolights Ophiie enealilof W, Pheecomes
pil ot tone spacing, N is the nunber of orthogonal
topgs, P is the nunber of pilot tones, and (G1l) is
B Re nunber of pilot tones whose channel estimates are
affected by ACI. [0046] There are four sets of
[0050] t i me-Iavbe expmnde algogimes, andy thefisstemd maeandAFPesynghpls gre used for

&amgeq éstmfatef%orzﬁlﬁls ?ﬁgr )é?efa%:ﬁ/lrﬂ% I% fgf_tw ﬁéﬁgo{émé'xhcé: Imay be

r&p @Eaﬂ&asa))llém t he second OFDM synbol and ( c30,c 1

, €325 033) for the third OFDM sy The esti mat or

for the | ef felck [oe _ mthe nth (7)
OFDM synbo| 5 & TQ%J 5 2F E{e t he

combi ni ng WEI ghts such that the maan of /[ " is /=0

[0051] c".) 2The yeighys were dpsignes &u thejesse Fdrenethigohitst @gdtS@CQIWeOFDM

2! ok, o ool FAERER o e Bririebl® g e
%n’al,cl2,&19p4811/M/s>qa$N)eaﬂ&(ch0, 6,6, 1,eUgE @11/3,6/3,1118). However,

l e, the noise variance estimator will use
198 |z¥rotth @nd thir@lt syaibdlssee Aitderehih s yndagiag tilteess € gm:‘(tc§0 e, ,,605)
noi se vari ance, which can be represented as foll ows:
= (2/3,1/3,0,0), and (¢, ,¢;,,C55,655) = (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) = %ZIC».IFUW 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:
5™ L 2 (m)
6y M=[1+=2|c, ;[ W,/ @®)
P%
with
1 1
Y= PG ©)
1- Cyt+— Z' Cj
[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
. gm  fgm e
and third OFDM symbols, but the channel estimates ~ *° and = %% usedin /¢ and

(m)
3 are without time-averaging, i,e. (¢,9,C4,,C02-603) = (1,0,0,0), and (c; 5,65, 5,¢55)



[0055]

[0056]

W =W = Oand wi |, 2 (6) [0049] It can be shown

that the nean of IS fl-- ,,+-Ylc V (n) Thus, the nean
woR006/034026 r -t- C 11 -t- C/ because there ar ereT®B82005/033133

i n-bandpi | ot tones per OFDM synbol, and using the

weights WL , the nean of ///" |) becomes 2 [0050] In

the exanple algorithm only #he first and second OFDM

synbols are used for the channel estimates, .Th t he
mean of OEO.LE 1B S gasentiesteigis may e rHugsepisd as follows:
representeg as follows: [005}] The weights were
desigs ' . ¢ ord -Gt (10)
n Gz
té,(f: |

nbol (A€ the (sank Ukl
e avera o A AL 8 e PR ) = (113
an

1/3, 1/3, 0), ( €202 1,c2 2,42 3 )/= (0, 1/3,
1/3, 1/3). However, the zeroth and third s yS use
di f f dReHm. theyin-band: exjimaior; may beuised to .chpu‘tysogcowr the sum of
025C01§) =(2/3,1/3,0,0), and ( C305C315C325C33) =
70 Q, im3,2/3 In. this ca the tinme-ayeraged c
’e@ti mat' es fo%’fthemzlgérngth Ztﬁlaesthi r%’ C]:[%Ysynbggl S %%}HS‘J‘* of
have | arg bizjfi due to the tige-variation of the

anpel _at. hi mobi L eed, |As,& result, the
é%rm&f‘.*& 1)20?‘01,1 ¥ e, he i o é\ér ﬁbewlsia]n isspiopartionlrtoethe noise
t he channel eStimat ffor only P (=0 first and second
OFDM symbol s are used in this exanpl e. [0052]
variereengat’] vefl the in-bpaddprasn dlonehiningaresghianal dhenheeqhosen so that the
only one OFDM synbol. In this case, the effective
TR el (s Teawltds SiensasRe @t Pl doRsastn RIS syiah (v 1, 2. 3).
+D1lp 1.7, 1 g9) [%ig?] The nmean of the effective
ireqi eeﬁv@r)]=aﬁ§'fe(fﬂ)s ( skenetea sxxetation. orHoemyef rantlm variable X))

)

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

L 3
Because different time-averaging weights ¢,, for each OFDM symbol, (H_P Z ,lcn,z
1=0

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

L3 2
should be compensated for in the LLR calculation by the term (1 + ;Z Cu ) .
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

2 _(m

, Where o

C (m)2

L 3
estimate for the k-th tone O.p (#) with ;;Z ” is the noise

=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. Otherwise, they are classified as band-edge tones.

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

(m)2

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

(m)2

between the MSE of the channel estimate for the k-th tone O, (#) and the noise

variance o 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.



[0057]

[0058]

[0059]

[0060]

variance is larger than that using two OFDM synbol s.

In other words, the former is | ess accurate than the
woabdems402) 0054] The accuracy of the effective ROTAS2005/033133

variance nmay be inproved by using the zeroth and third

OFDM synbol s, but the channel _estimates and >3 used

inoand L m J are wthout £7 me- averaging, i,e.

17O Gt Y (obipsdey il oloBbe” TR wbPght Epresented
aF’@%@?F @fﬁ“&%" PAondrr b dP 76y é-zl@em G-1 is the

h b dt
1 BepaSpe Bigol Roet FleCk, i 'ud gD SREE DR HB may ve
demﬁledaﬁtm@ﬁeﬁl(d&@n%haéeh@ld sfloleditindeaiep. Conbi ni ng
wei ghts may then be chosen so that the nean of the

r esulAn pxemie vt iHastsive &y this exagpl, NFEBRA-s paishe tone index £
b ﬁo L1668 10 $39, (L.e.S% = F6E gsé Nysg, ( ELi(](g,(qe”Otl% 159). There are

expec ation or ’meah of "rdndorh vari‘abl € X") ‘Because
odiffifoe taaret (itd. ,nlé=aﬁAQ,r agi Ischandieghe pilotntohes (ieach= CDEDthe pilot tones
| so be different for each

nbol +~ 2J }1‘ r '= may
o2 e anPR ) g Medusaey TAEs Bier fencnticet e -6, sse %5, 0,5,.
i 56.ers8nt BALVbE MEBOLchditibnk e $8End {ofBs ﬁll ?%gg(girg's%iégzd by -120

di fflerent effective noi se variances. This
Pbland2edihe irebandpila tongs mayriswepresehitatbis thegilofone indices -24 <k <

I band d.th -
o SRR E lonat ey ted et g emAZlRe: 174 fad -160 <
<0th Nk b@ﬁleeHQeI ﬁlcft %nets heaykbe mgie@élﬁed\fﬂ? i Iﬁlcmtérﬁe ihiiRes 25 <k <
noi se vari ance of the tones are not affected b

y
3A@nd -p2 Sthey2need gheoghard-bandhlonesompk be repiesenisAdy tepeindices 150

}f Sl%b fahg dlﬁébs< %Q Eg‘ Bﬁpﬁgﬁﬂogog&{/ Agre] f)ﬁﬂ tﬁ%g?f% feS ﬁlralé tgnes and

assi ed as~

ak a reddt, thendoges atfk =F)I-160)1; -1560n&50,R.55amelpilbtetones. Accordmgly, there are
characteristics of the AC, such as the adtzacent

Kz 204 F Kpgeard dongsd Thexe Borél n-bead FQP@S fd 49 hppd-edgeqfones. So
h
tftif{erﬁ}'grﬁ? o!? SRS %Ja) n—%@&i Q{] het. ?’hfsr@a e asd bﬁm%setil%gi%ta sent on

h tone s € nol se va I ance
sbmedehdedgatedesi t her t hrough mat hemati cal anal ysis or

simul gtions. This one in the s m desi gn
ohas A BeNS HAHE fof bendedeanes e Rt of (F gotse viance of the
ih B RO EGHeS dndl MO S BE Be/ATI %r 2R b’ﬁd-eag@l tdl3€N THe CMSE' of the

in menory. [0057] A set of band-edge pil tones nay
chexpred sstimase for a band-edge tone is the sum of the MSE of the channel est1mate 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

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

the following equation is satisfied:

E{4% (n)}= (H%g €.y 2)0"””. (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.



asL{; (PPG/2 k P2-U -?2/12 k<(P-Q/2- ) },
where G| is the nunber of band-edge pilot tones and k
wO0d6la4q0 | ot tone i ndex. This set may be det epaTmsenos/033133

the system desi gn phase, and stored in nenory. [0058]

An exanple will be illustratiye, hi this exanple,

N=320. So the tone index k g&és from-160 to 159,

i.e.. k=-160, .-159, -158, . . -1..0, 1. . 158, .

[0061] (159) Theroise yardanss gstimgtor mevebe (Llﬁ?% to apsogny for fhy megease in the

RRgvEAdse Phdfke GRO ﬁ)sth(e'A@: TGS 4B be HBicRLd BY ugiﬁg ®% band-edge

are spaced apart by five frequency tones (i.e., Tone

tomehi and guatd-tondsoio estithat, the effective Bo1s@ vaance. The me&0of the estimate

S e PR PR A SBSeFR36iss BBy, WonSVen DRl B e than the
ihYARE nBRY vRBalRREERER! SdenY, the Baiti-bdie foABEwilNBE 8€8mpR4kized in

< k< 24, the band-edge tones may be represented by
Ligheompufatiens 121 < k<159 and -160 < k < -121, the

o 2209515870 Ty iy BBty s may

tguaded - tbasothpiubn €ite RRyadecoft hprvasiandes thfbifie thané-edgelicnes as follows:
150 < k<159 and -160 A < -151. But the pilot tones

are punctuced in fhe BPgard t, Eé, d Eg a asult, the
tones at k&i:qzéﬁ), =£15§b;?,¢6:,f|§€ a?‘w%mp*f t“lq;@aes.
Accordingly, there are K=20-4“£°16 guarf tonés. There

are 241 i n_ban wes aad’ 79 band- edge tones. So the
majority og'thgg;gﬂgs'é%’ i n-band tones. This exanple (12)
al so shows the data sent on sone band-edge tones.

[ 0059] Theqﬂogzp@?rance of a band-edge tone is the

sum of the noi varl ance of the in-band tones and the
variance of the ACI for the band-edge tones. The MSE
wherehe ERhdnnest o senertpdises for the gyarddoBefge tone is the

sum of the MSE of the channel estimate for the in-band
tones andlt hethedrtbdomnfor thed-th OFRM symholjener al , t he

anmount of the adjacent channel interference in each

band- edgé™t enk, ? swabdel 8eany Pf fs%ﬂm&ﬁ Datidpe ByNeRHESE example,
it is difficult o accurately estimate the effective

(o] varij ances f band-ed nes, Howswer., yw
tglg @gﬁmlf’ﬁ&n‘? bsrtﬁf ﬁgﬁlft%%e( &ttﬁeaeﬁpﬁh\)g PEmpel, %tm?;}l”i n {(ﬁ’é *noi se
variance,estimates. it J.S.possible to inprove
per f or it dRd ‘ﬁth‘EetP%c%fEPﬁmé&é’&ﬂ%l}ts'de- enphasi zi ng t he
LLR s computed fromthe tones affegcted by ACI. [0060
The noi SelSVihp DHADET 85 Flemgnis in Mg SH ™ telG-g a%?&%op B tones

gggilhéapgdepdl:ﬁmyﬂ%ﬁnﬁ%&é afdGixtedr \Shat @lonBWHY v S Bk iAPlel & is 16.

A, and M, are chosen in the system design phase so that in the absence of ACI, the

following relationship exists:

o =E{Zﬂ,gf"" +Zﬂ,qf’"’} (13)
I=0 1=0

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

ACI, this condition makes the mean of o, ,,(:' (1) the same as the effective noise

variance. In the presence of ACI, this G (n) may be used as an estimate of the

effective noise variance for the “edge tones” (i.e., £ = ((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 k£ = -(N/2) is the lefimost tone in the negative frequency.



hi other words, if there is no ACI, the nean of the
noi se vari ance estimtor should be the sane as the

wehtmaBioze noi se variance. [ 0061] The noi se var Pamas2005/033133

[0063]

[0064]

[0065]

estimator may b e used to account for the increase in

the effective noise variance due to the ACI. This may

b e achi eved by using the band- edge tones and guard

tones_to esti mat eeff ct.ive noi se variance.

mean Bt Bscge Pﬁé\@ theia1icaive Boige yiaanS 98 thecb alweedge should be

fiTsamk Y EheNBIbARd YAELRRGRise IAWENE. ' Biitlin \mé Ikre&nee B?Ahgﬁrthe band-

than the in-band nolise variance estimate.

trtgecelediec noine yamrice willebedlargemshens thedid-band lefchtlve noise variance.
tion. [0062] The.fo]low ng band e i mat or,

%w"%l iy Bgg e FStmeS o A0, Ao iy B8 uoRe P

he ver of the varjances of the,

td"n @:]gsgf o %ﬁjls notgogrect. 1 Biyusy the terma O - ?affaﬁ bg rpﬁned as

where: Wis a set of tone indices for t he guard tones;

followst Abe dfazimimtod ..t OF) tahé the dstim@Fivt therihdland s are taken to

where S =NfP is a pilot tone spacing. By way of

bscthgypaancehor theedgeionest tone is the fifth tone of the

OFDM synbol, so =5 ; and i are the conbining weights.

Kis the nunber of elenments in the set Wi.e., the

nunber~ @f)2gu ones (A2t hi n_C]:DMi b, Kt AhSE
are s ﬁ'nszé?il'Téﬁgﬁ,—be @y_o]fn%& m, (@b e('”@. fn) (14)
and , are chosen in the system desi gn phase so that in
where &BEE(W}‘ 9s fife fihatel dT8hd Bl-bAV dFbchifd ﬁ&lké)%?ﬂ HnBe %'ﬁé A" OFDM
where E[ X] denotes expectation or nean of a random
ssabodbl e X . In the absence of ACI, this condition
makes the nmean of . (n ) the sane as the effeCtlvg@
n0| S r t )

o e IRt i gﬁ%‘é%ﬁ%@%& Bt ) OIFE () ar
varlance for the "edge toneg,n)2 .,A(,,kz §(I\V2) \) and
Taterpalpteyl bytyveent-band variance O (n) G (1

A 2
oy _ Frem
Y, —H,;

In the absence of ACI the mean of

2L L R
(1—?6‘” +—I-)-Zlcu ] jO'( )

is

(m
Thus, the mean of & is

(G- 1)(1—“_011"‘ Z|Cl, j m2

| m |*

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

{m)2

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

(m)
Accordingly, the mean of 9 is given by the following equation:

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

make the mean of Z’?' g" + Zﬂz " the same as o™

1=0 I=0



that the edge tone at k = ((NIl)-1) is the rightnost
tone in the positive frequency, and the edge tone at k

woe 20@6B3aR0I s the | eftnost tone in the negati vePCT/US2005/033133

[0066]

[0067]

frequency.[0063] In the absence of ACI, the effective

noi se vari ance of the band-edge should be the sane as

the in-band effective noi se ¥driance. But in the

presence of ACI, the bandedge effective noise variance

wi | | Tnehd pregece bRACT) BE’ iand bz dwidtf dometin the AXCH @mtributions. So the
variance. Since the noise variance estinmtes are

BOPRM)  bbcolid_1afscP AR 068t itacSound)for tﬁe incpbUsed e‘fﬁctwe noise
not correct. Thus, the termr 2in) can be refined
viagilahednThisTiseisadbid DLR @mputition @ndk-éhgheie ithaLERE cfforh hiee band-
i.n-band tones are taken to be the variances for the
dggoe¥nes: s eff,N2- n) - s ef ,-N2 - s eff W(14)

wher e of the in-band effective
n0|séA$%$?§%ce Qﬁ%e $#€a%§bwlsynbol [ 0064] Next,

the effective n0|se naeuangg for the other band- edge

tones, eff,k n ) are |nterpofated bet ween i n- band

varlance)Z()lands,\n). m_rrQ0) 11cJ 11
lcJ [ (I‘)@] lLn the absence aof AC the nean_ of |S|S

(G -2 @@ ++KYS1)s{ M2LI si ncE re ape
el ement's |n( the X O))f —rp*zc —Tpe Ifizgnl o é’ﬁ 2 (16)
since there is no signal t he uafd tones. Q
Accordingly, the nean of ' is given by the foll ow ng
equati on: mheregKLs they number of guard tones. Thus,
by properly cho0% rf%’ and , one can make the nean B
the: isane as <[0066] In the presence of ACI, g and
g,(m wll contain the AClI contributions. So the s ( )
becormes larger than{m2 to account for the increased
effective |se—v-ar—|—anee—TP ;7 ]i used in LLR

or g k2

conput ati on 't o 2@ erphaslpe Rs fromthe bandeddd
where X 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=h=4,=4=0, (18)
and

1

H=H=H,=H= 2K (19)

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



[0068]

[0069]

[0070]

[0071]

tones. Another exanple may be illustrative. 0= A3 =0

and 1 mi 2(G+ -1) "for / 1'2 "' (17 where Kis the
wounodsas4b guar d- band tones within an OFDM synBoijus2006/033133

the nunber of elenents in the set W, and G1 is the

nunber of band-edge pilot topes. If only guard tones

are used: 0= 1= 2 = 3= O(is?land [0067] In the

varjous enbodi nents of the receiver, net hcids for.

ag ovlLITSaHYY taperestaie diat RerR gnask D Arymerews apRlicesiens
Véﬁﬁ%@h%foﬁﬁgldﬁqﬁg};bmﬁﬁor mul ti pl e antenna

applications usi'ng diversity techni ques. However, the
rret hdtie desioms bidstrdtivoulpigmat bldks, dicilass winguitsr elements, and/or

Wg“t | n %?fﬁi/%&g%@ﬁ%@ {h & ﬁ%ﬁ%te]ﬁté 4{%}’0583 ¥Rrein may be

11Y1§fehféﬁféﬁsor®%rfgﬁﬂ\i ﬁﬁﬂ’@@eﬁerﬁﬁfﬂuﬁ@s Séddéorf DiStR Signal Processor
estimati ons, LLR conputations, ot her roceSS| ng

(PSR tanoheplicationrSpedifie &ntegreied @I@ﬁpﬂA&i@b,u ohisld Rgesmmable Gate
Agﬁ e@%??\l)sog %té %Ir‘cg?ﬂ i F@X 1$§c gczrﬁg%xﬁe(ﬁt %ggc%tg"g%tg toﬁ@aﬁgfstor logic,

dikeres DS AZ€ ch@ohess o edniyadmbitiatian drebof iekianed o fphform the
nore reliable data received in OFDM synbol s when
fangtigns AegribedRicreim ds gensraliugRpse RreoSERF Ea 9 2 PRGRgPYOgessor, but

2 PR Sitedh five N e (HIECSsTBMhal oI UG Ot eRRRAl bé&@@r | dntroller,

in which noise

whi'ch nol se Vvari ncelnfor tion"may be usef [ 0068]

mibecoroltens or | dtatst mathine legxrwbsdvl DeKS alsuothllmglemented as a
cui.ts, Ierrents and/ or onent s e r|be i n

cEhetoR ol IOTTPHRE SHBRTIHEn Soa) S cRpuaaringr 8 n® apRyF and a

8o me%mae%u%ht?eﬁf i BRProdkisbrs? ARNSE ahoRUMfiB®Brocessors in
processor I tal gnal Processor (DSP), an

copiphética with aQﬁé’wqﬁz, ®r pay e@mawh cqnﬁgluamor( ASIC), a

Fi el
plr ggr a\%wﬁ% hé) F &Y @gmgﬁéﬁgﬁbg L copal eécélgii h\%ﬁh the embodiments

didcBisd BbRin Magbe enosiet Airect fndvﬁd\@aﬁoﬁmmaﬁre niduRnekecuted
conbi nation thereof designed to performthe functians

hyespreeasser, Reiied eombingiancgidhe e pdseltyiercnedye mayyretide it RAM
n%tﬁ&rgfpﬁgs(ﬁeﬁl%&ory, kiigad 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
processor.

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:



in the alternative, the processor may be any
conventi onal processor, controller, mcrocontroller,
wonRomtateo machi ne. A processor nmay al so be i npbpemmist®d033133
as a conbi nati on of computing conponents, e.g., a
conmbi nation of a DSP and a 2%$roprocessor, a plurality
of m croprocessors, one or € m croprocessors in
conjunction with a DSP cor any ot her such
configuration. [0069] The‘ﬁ%@ﬁ&ﬁ% or algorithmns
descri bed in connection wth the enbodi nents di scl osed
herein may be enbodied directly in hardware, in a
Isof t vemethod ofi stinestimgunoéas viayiarcepe@opsdsing:, or in a

conmbi nation of. the twa. A S war e dul e . 1 esi C .
o Rt R et ety Sl TG ErE 1o niploxing
GFBM) dy@iol Yhakn@gindsahe blofe RV dRRRAb aktE PR6ty tones, and band-edge
(EI eg:t)r i%lgdl I yaErn(aggabl e Pr ogr ammabl e ROM ( EPR&I\;fS ane haneete
tonsprincjudinglandrades pilabionegansguard foBgsvabl e di sk, a

Conpact Disc ROM (CD-ROM ) or any other form of )

st or agienatingi ameffedive naiset hariaace forAthst inrbagd toeasi usingnhyg in-band

e, coupl ed,to the.procegssor. such th t he processor

SR et BT RN S BEonk GpRac on co.

the storage nedjum In.the alternativye, .the storage

medi GHHT#RED Pedrdioiteo aiEcs gobe i)&?d-e{%tﬁ@ﬁs ¥Hiag the band-
' EtahhdebiPRated fdriRe BirRIC £15R0¢] 1A% HeSpulafd tones.

eg%ﬁildgg%wtg’o gﬁ%bl e aﬁy pérson ski(%%g)gloi n thél artes%do ones

make or use the present invention. Various

nodi fi cati.on o.t.hese enbodi,ment.s . w || .be readil .

2 opar BRNEE0F R SIEY 11 PEGeTh o giee ngit YRGS 1 fre in-band

tétek A€ biin@ftedIBY lcR@Hatiey £inBisERri e cBP theckl-Baddabherand scaling the

enmbodi ments W thout departing fromthe spirit or scope

egtimatpd npige Bariansa by pragaler, theesogles being a fypetinn ofithe delpyepread used

in t e L] mat Is t rein

o SHEREE o' Barhied bl GBS TR CEOIEMAEL

the principles and novel features disclosed herein.

[0071] WHAT IS CLAIMED | S: CLAIMS 1. A net hod of

estimating noi se _variance, .conpri sing.. receivjing .
3si gn_gq%eilﬁ_%tha iHorlam 5%5?3 PP@_&u‘gaﬁ‘é'i}c 335 G gband tones is
eMﬁh{xtb@ pice R %@M iRY TR 8VhE GhdfiePBAANIENRT the in-band pilot
I ncludi ng 1 n-ban pI?Iot tones, and band-edge tones

tomes! udi ng band- edge pilot tones and guard tones;

estimating an effective noise variance for the in-band
tones using the in-band

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;

assigning the edge tones of the OFDM symbol to an effective noise variance
equal to the maximum of the average effective noise variance for the band-edge tones
and the effective noise variance for the in-band tones;

and

interpolating the effective noise 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.



pil ot tones and channel estimates for the in-band

pilot tones; and estinmating an effective noi se
woanicaserof or t he band- edge tones using the bardedse00s/033133
pil ot tones, channel estimtes for the band-edge pil ot
tones, and the guard tones. 2. The nethod of claim1,
mhereln the effective noise @%rlance for the in-band
tones is estimated by estimating a noi se variance for

the in-band tones and scaling the estimated noi se
variance by a sealer, the sealer being a function of

the del ay spread used to estinmate the channel and the
Snunbdihe ofetimd aftcldiond svlienein e 0B IgE sffativie. nofse vBhience is estimated

thod.of claim 2 e .noise variance for .th .
e AGYE B RRGC Van st b Bl PSR es b ASHI0R thE simited noise
vaARRS b@ﬂﬁscbi%? thé mlbeﬁfgta fESsH b0the dBRY IsPreRd nedtol égfimate the

tones. 4. The nethod of claiml1l, wherein the effective

chainsbandathe anmbelf ofipilok tonssindthe SFON shabol. s est i mat ed
by: estimating an average effective noise variance for
t he band-edge tones fromthe band-edge pil ot tones,

6 he dennehod® st ichihes; witkeih ke halld vedgre [fbt tHe Ea@lﬂ%lge tones is
and tge guard tones; assigning the edge tones of

yionbihethandredas pilet toies. Hisi chantel eFtimates &uhe b%i-edge pilot
e average effective noise variance
t{)&% %}ﬁi}&hggﬁ%m(a%g tones and the effective noise
vari ance for the in-band tones; and interpolating the
ffectlv B i.se.variance for the band- edge tones
et weeht of etIRPHRENISS WHlancs, FURRESBS t he edge t ones
and the effective noise variance of the in-band
t onedeivig e FignAbGRdipg 4 pluralityhel rfogpral shreaugey Division
t
MR I P BRE HeSin BT Rflothefithlo TR eRd pffot toncs,
and bandedgk tonéssiacluding band-etye @ilos emlee and gired seeb;er bei ng
a function of the delay spread used to estimte the
channglimatish, Aeffeuive @bise vadrce tfort the @sbard tohes (ﬁﬁﬂb’lof the OFDM
synbol . 6. The nethod of claim5, wherein the nois
svmbpbriaeestmattnaea paise vatigecet ondke insbang fongy ef ope @mn@%@ of the
[
(21%5131’ §§90%130 e?é[htxingﬁfe?é noﬁgs 91@9 @%grrlﬁés{, gﬁfgil)ﬁﬁné file v%ighted noise
variance estimates, and scaling the combmed welghted 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.

8. The method of claim 7, 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 noise variance of the in-band tones.

9. The method of claim 7, wherein the noise variance for the in-band tones of said
one of the OFDM symbols is estimated from the in-band pilot tones of said one of the
OFDM symbols and channel estimates for the in-band pilot tones of said one of the



7. A nethod of estimating noise variance, conpri sing:

receiving a signal including a plurality of Othogona
weénemwaney Di vision Miltiplexing (OFDVM synbol BCeask05/033133

havi ng i n-band tones including in-band pilot tones,

and band- edge tones including band- edge pil ot tones

and guard tones; estimating f effective noise

variance for_the in-band tones of one of the OFPM.

SIMosynnfs, dig charhgstumates L8 thein- PGS (0RO Fif g Of the
QIS yboR Heirf irlD 5&@%&&% RO myERsise OPBMISyHEEs.

the nol se variance estinmates, conbining the weighted

noi se vari ance estimates, and scaling the conbi ned

1l ookt et ot §-3atessh ohe Bisdn A PaES SriBs, b bitot tones
ot 3hifl 0RB 8 He GETSMEyRIWoRyA¥b Ghfe eiaged hdifg b aoslcadgefilédl ot

tones for said one of the OFDM synbol s, channel
estimates for the band-edge pilot tones for said one

ft OF . ) . sai )
§ e EYfaaTo, kit QHRffed Pohch Mo YaflafRestimates
it bealswehph scal@pieiseslet beiha fagdtivn of dimeneeaghsd woiphtsfor said one
are such that the nean of the conbi ned wei ghted noi se
of 4hg QRPM sebdlat es is substantially equal to the noise
variance of the in-band tones. 9. The nmethod of claim

7, wherein the noise variance for the in-band tones of
19ai d Theemethod ld clREDM ks ywilkartis the sealer isdiigbierf 2 fimctine of the delay

I n-Rand_pilot tones of said gne of th synbol

S dich o P s et i (e g 7 i bforEy e egyone of the
GRbN 8o, t heOFDM synbol s, the channel estimtes for

the 1 n-band pilot tones of said one of the OFDM

synbol s being tinme averaged over two or nore of the

(hanrs et gfse dogif IR ol BB onee of sai d

one of the OFDM synbqls are ti averaged usi a
non- CEERRREF 7 ISE%’PY llici‘.lgﬂi*ﬁ e? rPiWHE’é’ 8? @Tﬁ%ﬂgﬂ{@ E%Q@?Iéqyn Division
M'ﬂﬁ)[p‘fé:ﬁ'ﬁﬁ EDMT LA SE AN BRINEANIAAE CorRS rcRESSin Fand pilot tones,
scal'ed by a seal®er, the sealer being a function of
andibendredgatpneinoliiipgtend-edgepilat tenes 2nd gudrd taRsM

synbols. 12. The nethod of claim 11, wherein the

seal esgstimatifigian bffective fnoisetviadanaeffot the inkbhad/ tomps ebohausfgtie OFDM

to_ estinmate the chagnel and the nunb of . il ot .tone

TSI U e b PUPIES o ongaet e PGS0l SR channcl
&B IR NG SH tHROFBNE GymBOSthé 8hddel 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 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.

14.  The method of claim 13, wherein the channel estimates are time averaged using

a non-causal filter.

15. The method of claim 13, wherein the effective noise variance for the in-band

tones of said one of the OFDM symbols is estimated by estimating a noise variance for



receiving a signal including a plurality of O'thogonal

Frequency Division Miltiplexing (OFDM synbol s each
wboavierng4a2m- band t ones i ncluding in-band pil ot PODES2005/033133

and band- edge tones includi ng band-edge pil ot tones

and guard tones; estimating an effective noi se

variance for the in-band tonés of one of the OFDM

synbol s usi ng.the in-band, pil tones _for, said one .of .
(53, B QARG oS SO P THE RV SRRl siEieng bRl parisnce
e%}%at%:,qynﬁ}iﬁﬂgltﬁe wte%te‘ar}ﬁﬁ'weiﬁ%& BRireReLghd Qcéﬁngghe combined

averaged over "two or nore of OFDM synbol s; an )
vesghtedihoisg vararet festinates thonhseiee vanianae being estimated from the in-band

AL RS R0 e BB G Rt PR U obana
pINERAES of SEREHNELS tBS DFDM 65mbéls. t he band- edge pi | ot

tones for said one of the OFDM synbols, and the guard
tones for said one of the OFDM synbols. 14. The net hod

cl-gi.m rei-n the ek esti [ .
1§I'/er a%‘&d n%eglli orﬁl\éwag cﬁ%ﬁ{ c1 EUS‘%F ?égl Itlthgr %‘gﬂéq‘?’ﬁ&é&%& %org)%gf vattance
Sligiates 13scalddyed stalehghefdatet theltg afuinstiorvel time-aeerhging tMeights for
i n-band tones_of said one of the OFDM synbols is
sgigk e e QYD sYHRRIS-ng a noi se variance forthe
i n-band tones of one or nore of the OFDM synbol s,
wei ghting the noi se variance estimtes, conbining the
Mei gHFledmethiod eofvdaimahe ewleatinrthe esalemisdfustbel 2 fignetioe of the delay

SR Red M Sl B e B b B of
beoMve@intbgigie of the OFDM synbol s and the channel

estimates for the in-band pilot tones of said one of
the OFDM synbols. 16. The nethod of claim 15, wherein

e nbi ned wei ght ed -.nQi.se .vayi ance J{ SalS. . .
{ea) cHROpegdet SR hog Sufiy g Ui S RS pleSpoise vartance
dstifited \ved ahnBlatdb akdas of dlic sahbined &eiphtddgoiédMance estimates is
synbols. 17. The nethod of claim 16, wherein the

stretiallyscapalte g ackual neise VoA t he del ay spread used
to estimate the channel and the nunber of pilot tones
in said one of the OFDM synbols. 18. The nethod of
ol ai N\ bethodhef sstimatihenosiss glriadcaeppedingo t he noi se
vari ance estimtes are such that the nean of the
conbi ieeslvitgi 8hdigehl natlsgingas iRMaHtye SF i OBl&@®nhIS Frequency Division
substanti a Ig equal to the actual noise variance. .
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; and

estimating an effective noise variance for the band-edge tones of said one of the
OFDM symbols by estimating an average effective noise variance for the band-edge
tones from 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, assigning the edge tones of the OFDM
symbol to an effective noise variance equal to the maximum of the average effective

noise variance for the band-edge tones and the effective noise variance for the in-band



19. A nethod of estimating noise variance, conprising:
receiving a signal including a plurality of Othogonal
wonewssey Di vi sion Miultiplexing (OFDM synbol eceaskh0s/033133
havi ng i n-band tones including in-band pilot tones,

and band- edge tones i ncl udi ngﬁband-edge pil ot tones

and guard tones; estimating ef fective noise

variance for the_ in-band tones .of aone_of the OFDM
QY LB P aating, e RO PORE NGNS Beti G SAEF (es bytween the
BRI SVARALS oAt cARRHNE! arfiSthé BBEGS e iBise $8Hi5h @M 1 in-band
the OFDM synbols; and estinmating an effective noi se
towdsi ance for the band-edge tones of said one of the

OFDM synbol s by estimating an average effective noi se

vari ance for the band-edge tones fromthe band-edge
.| otTHeO BRBhddObof SAkith Q9€ vHerdih ehORMa3Y Néficive thdese variance is
channel estimates for th_e band- edge pilot tones for
esimgted by estimatiag erpigesyaripestesior redbandeedge fangs pbaBE of Bore of the

e N . .

SROP S Bl i Byl B SO pdoncB RS ARND Skl RE RS WEIRERA noise
efidade dstimabes, Mmkdcalimg e coibined ereigeedaidigctdriaaceestigmtes.
vari ance for the band-edge tones and the effective

noi se variance for the in-bandtones, and interpolating

e eTiebingg oFRiahf 202 WHERGPIHE AN erDE B AR VaARRS is further
etween the effective noise variancCe of the edge tones
estithatedeby fWeighting thoiguardv tomes od eongf ot meorie nefb dired QFEd ssymbols,

Grninp g voetedafrdnbte o BB EP Byt SR amgedtones.

noi se variance for the band-edge tones of one or nore
of the OFDM synbols, weighting the noise variance i
st i nhheesethodndt alaitg 32, é’ViWé‘?lg Hhe qvesghts @pplied tnéhe noise variance

STPIE 0 SO, SRR B BB igd os

Whiahed estinkifescadrthg eombined tweyghtetDised Vatiek daitbstagitially equal to the
further estimated by weighting the guard tones of one
ffechiyy Boist varecorie ahsepen of adjasem; chanee] iHerfienegat ed

guard tones, and scaling the conbi ned wei ghted guard

tones. 22. The nethod of claim 22, wherein the weights

Z%p! i Hek tethbldefretdimel Y avliesain ¢heectahnk tesimated atchimg waerdged over
tones are_suc t the nean of the conbi ned wei ghted
%@@VSP?%C&@E’??M‘@% and the conbi ned wei ght ed

guard tones is substantially equal to the effective

noi se variance in the absence of adjacent channel

14t erTlerwathed o2 8laimi?s, mbeteuuthefchanngl astindatesmre timiaavietaged using

channel Ei mates are tinme averaged over
a non-causal Tilter.

-

25. A demodulator configured to receive a signal including an Orthogonal
Frequency Division Multiplexing (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 comprising:

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



two or nore of the OFDM synbols. 24. The nethod of

cl aim 23, wherein the channel estimtes are tine
waversagedo usi ng a non-causal filter. 25. A denmpdulUabms/033133

configured to receive a signal including an Othogona

Frequency Division Miltiplexipg (OFDM synbol havi ng

i n-band tones i ncluding inbaﬁg pil ot tones, and

band- ed tones. i ncl udi and- edge pilpt .tones and

guar & RRAEASE EHimBIeHRREN S o CPRIS SR RV POl Eance for the

HRElBd Rne 951_11% GHE §nd-BdZERRSt absesC RNBhn&ISdstifRtR Sfof ®e band-

the ih-band piTot tones and channel estimtes for the

ddgepileidoeespinidghe guarddonesn i n- band estimator confi gured

to estimate an effective noise variance for the

i n-band tones using the in-band pilot tones and the

whanrgle &siddubi@Sof elhinh 128, whefeh theDin-iindt @fi@Rtora®ddnfigured to

band- edge_estimator configured to estimte an . .

estimatetthe efferdive roisa varance fqrdhe imangddenpsdyfstimghieg a peisp yariance

band- [STH o) e & | h i

b R SR bepl B 8% o BRORNE Y BREL B 5l e sler

barippd thadtion off thel ddlay 2preadvinesdeby théeharmeb@stiiinatet itorestimate the

s configured to estimate. the fectiye noi se variance

‘#‘é?n‘i?ﬁ‘é&%ﬁ-nﬂgll?ﬂr ?fgﬂ tWS&&hﬁrﬁﬁM@m Rbi se vari ance

for the in-band tones and scaling the estimted noise

variance by a sealer, the sealer being a function of
2Mhe dBieagensiudsdor of eldirh 261 méersira treein-bandi entivtortis configured to

est i e the channe nd. t.he .nunber of pi.lot fo N
R ey R pap A or FRercddia Braghe it Bind BRAIohE and the
MR efirhdres fob tHeanthaas bilo@bads. i s configured to
estimate the noise variance for the in-band tones from
the in-band pilot tones and the channel estimtes for

e if-b it : t QF '
bs7 B Bladof dRERS, S R SRS i § Fhfured to
@ finattathe efbetivel ioied varkmeo @ ahey bandaedpe tbads Byhestimating an average
band- edge tones by estimating an averat%g effective

r

e paise yaaanceofor the bancthedssdgaes BRwsthe Ramdredge pilot tones, the
5 | S t -

2588501t 05 of R Sh SRLLARI Bl 3l o s

tbhes efdthe OFDM symbol toeanCGHidbtivy ndist vartanae egidl ¢a thieveaximum of the

noi se riance equal t h XL mum of t ayera . .
BieFage Fi’t?%tlvm%ss X ?‘?"&fg&'ﬁ‘lﬁ gﬁn"@ﬁ@ge&aﬂ%ﬁaéﬂgﬁe FHFRUSE Kige variance
fob eheeinl Bl t¥ifesN Ah P ErtMPbIaBAE he effective noise 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.

29.  The demodulator of claim 28, wherein the band-edge estimator is configured 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.



for the in-band tones, and interpolating the effective

noi se variance for the band-edge tones between the
wehtmaBionze noi se variance of the edge tones an@8Crhs2005/033133

ef fective noi se variance of the in-band tones. 29. The

denodul at or of cl ai m 28, mheégin t he band- edge

estimator is configured to estinate the average

ef fective noi se variance by estimting a noi se

variance for the band-edge tones and scaling the

Asti rmeﬁoa\ﬂa@ﬁca&ﬁ{dgm iR S8 AL li%clﬁdiﬁg S BREAlty l%? DA@ogonal

a function of the delay spread used by the channe
Tasquenay Bivision datliiplarisgt (8 18V syrebola sathtHaginguntbend trnes

.pi.l ot tones. i. he OEDM s ol,. 30. .The dennduyl at.or,  of
Bitahe 6 D5 Pt e o Pl fon e P AP EER5t dhes ang
A fogiey, et deghodalatdFRbipiisiagnoi se vari ance for the

and- edge tones fromthe band-edge pilot tones, the
channeén-8sdll ¥Bk@fr cBhfi&ed RABieR48 8hBinkPEstiR&Stor #tband-edge
t he guard tones.31. A denodulator configured to
nile¢ tinge ofonsi afitls OFAM sylitbejs;a pl urality of O thogonal
Frequency Division Miltiplexing (OFDM synbol s each
havi rep inrbabd rdtimetoe sonfigured ton gstinmtd an dffpotivet ndisnesrjance for the
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band- edge pilot tones for said one of the O-FDM
synbol s, channel estimtes for the band-edge pil ot
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substantially equal to the actual noise variance of

jhe IhPIBAHAMS - 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



33. The denodul ator of claim 31, wherein the channe

estimator is further configured to generate channel
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t he OFDM synbol s, the channel estimates for the

i n-band pilot tones of said %ge of the OFDM synbol s

being tinme averaged over two nore of the OFDM

e Prbr et Sh radid o e ST Spbis prige @ non-causal
filkkand tones of said one of the OFDM synbols fromthe

i n-band pilot tones of said one of the OFDM synbol s
and the channel estimates for the in- band pil ot tones
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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.

38.  The demodulator of claim 37, wherein the channel estimator is configured to
generate 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.



one of the OFDM synbols and the channel estimates for
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Di vi si on I tiplexing (OFDM synbols each having

i n-band tones including in-band pilot tones, and
pand- gdae HoRRs ccl)r%glfulrjedd 8%280% s‘?g&ﬁ ]_‘(E)C!llll(ﬁ}lg Eth?Eli& 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;

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 channel estimates for said one of the OFDM symbols;

and



guard tones, the denodul ator conprising: a channel
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the in-band tones of said qne aof the CEDM.synmbol s .
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44, wherein the band-edge estimator is further

configured to estimate the average effective noise
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46.  The demodulator of claim 45, wherein the weights applied to the noise variance
estimates and the guard tones are such that the mean of the sum of the combined
weighted noise variance estimates and the combined weighted guard tones is
substantially equal to the effective noise variance in the absence of adjacent channel

interference.

47. The demodulator of claim 43, wherein the channel estimates generated by the
band-edge estimator for the band-edge pilot tones for said one of the OFDM symbols
are time averaged over two or more of the OFDM symbols.



estimates and the guard tones are such that the nmean
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substantially equal to the effective noise variance in

t he absence of adjacent chanazl interference. 47. The
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response to the estinmates of effective noise variance
r the in-band tones and t he band-edge tones.

a controller for evaluating reliability of the plurality of antennas.

50. The apparatus as in claim 49, wherein the controller is further adapted to
determine 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.



