EQUALI ZER FOR AM | N- BAND ON- CHANNEL RADI O RECEI VERS
FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
W eoorasktoes br oadcasti ng and, nore particul arly POI/US2006/043983
met hods of, and apparatus for, equalizing a signal in
- a EW%E&@ORW‘W—BMWW@{&W%& FHELIVERS
broadcasti ng system BACKGROUND OF THE | NVENTI ON
[ 0002] An AM conpati bl e i n-band on-channel (I BQOC)
di gital broadcasti inequsly broadcasts
anal og and digital # hﬁgngfﬁ.{ﬁ @%@% S d AM
Ipoua §l C 2t Gnednabh efelat@“@o AlliloBEkoaByatifg i, @SES iphRRularly to
in US. Patent No. 5,588,022. The broadcast signal
methpdg pficad appambs| for.umaheng ot el im @i TeCay B five ey 11 g agband on-
V- ncy spectrum The anplitude
chanﬂn%éﬁu@gatlggjadhg gF}?g‘%‘%ﬁency signal includes a first
carrier nodul atBaQCKﬁ}HDUNm@EG“HHMEMISONnaI The

s 25l 555 e o e oo e
i BRSSPl SEISIMAIFSSH 0SSO e, .
One diNji iB4IC $|ygﬂml is Jisérilredt 1ngTrIxSu Pateit Nve S &$,022L | Fhe broadcast signal
. dul at i i thin the fj
incrloi, BBl R o flaed, R Bomeity Mol Poyiniea i oquengs gpectrum.

The bid@lifulde Shodiddted @4di§ IfHaabncySB RN dnalidbst Difkd @AH@sPBo@ilated by an
the digitally nodul ated carrrer signals |ie outside of

analqghprogians sighple qlibs signalpdeq imeindsn @ plrwlinoaliigitedy meadylated carrier
S f
ﬂgni%?g%ﬁi. § .‘3‘%@&1&1& ng?trgl&{e ?éc%g?pa\é\%g I?hé H? t ﬁlnetqgé%:&lagl]?a{:tgﬁm Each of the
digitslbe ordalayedagribesiphs ¥s mﬂhlatddoma cﬁglm sidnal.neA first group of the
bcarriers are conpl enment ar}/ subcarriers. [0003] The

dlgltaﬂﬁ)t@f)é@ateﬁmameré rgnalsdies syiwm e fagt reqeney; seacim %HS inppdulated

C I
in R ST Y APl S SO LA ANy o
carrictedigedle ie antidene! the gir*staifreqnen@dqmtrumgawj gaahodulated both in-phase

information. woul d be unrecov ual i
and i ERte, Wi LB S A S§Pabr TGP At ged into primary,
secottlaPARMPRI AP ptiaA. SEthObIME %@Jban@ﬂyﬁle'céﬁfp%rﬁaﬁary%ﬁbda%ers
receivers t at receive AMin-band on-channel signals
H00934i sc’ﬂmg@delvqfd ondi-cRatiee signhb sequire$ $Qud@Bation in the presence of
6.2 6,295, 3 6, 480, 536.. [ 0004]
yma iRy L S b e AP S B AliZR BB i e el would e

detedt®I kh@the RBEItlt brofdcabting BRndMiFofRaionbiveuldi BE hidrecdweiable. An
broadcasti ng signal creates an orthogonal rel ationshi

equalizer [enhaces Ak wowglplhgf ghiie. d1gqtq110q;udg:qggqaﬂ§a§f1pg ignal mfp rmation.
Equ IRk SoERAL frgﬁv %fha? ?%%%%M 1BacLaSmht hgdglﬁgﬁﬁgﬁgfaﬁdare disclosed in

now edge 0 e anal'og host
U.S. Phﬂ@hﬂﬂds 150559,98b26,292,511; 6,295,317; and 6,480,536.

[0004] The use of complementary subcarriers for hybrid secondary and tertiary
partitions in the AM compatible digital audio broadcasting signal creates an orthogonal
relationship with the analog host signal. Prior equalization implementations for secondary
partitions required knowledge of whether the analog host bandwidth was limited to +5 kHz.
If the analog was limited to +5kHz, then the secondary partitions were equalized
independently to better accommodate adjacent channel interference. Otherwise the
secondary partitions were first complementary combined to cancel the analog signal in this

region.
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If the analog was limted to 5 kHz, then the secondary
partitions were equalized i ndependently to better
wace@onmmaat e adj acent channel interference. O PET/MERE6/043983

the secondary partitions were first conplenentary

Clo0bsINedTh&e GARGRIA LR af Rgh A B Bhnighe thdt Moes not require analog

regi on. [ 0005] There is a need for an equalization
bandweigthinfurenatihat does not require anal og bandw dth

i nformation. SU ENTI ON [ Q006] This

I nvention --~J-'-*-'L- i ayaNLIONg OFDM synbol

V] rs RYF=Ye IRaYy lof1-0D n : ' [

e s o AP e PO M B0 vectors
receiwgd W tAdd inthand ron-elrasmel Thadionsigha dincldjpry s esait harsdreqsl first and

f.: ut | SK.magni.t ude_ si.gnal ;. filtering fhe .
seocf BETROHP e erbeperefS? i Efpiiss? Grhpitof " Somputing
BPSKe aRighReicosighdle ﬁq&aﬁgg ¢ BPSK; mughifdet dignal; fili&i:RdcBR5Kx samples

magni tude signal and the filtered conplex sanples
rece%végé?wéw BaIn pETIGH] ysingathei Bitered BRI imagniiuge sreakl ayd dfe filtered

t |4 Lon.coeffi.cients. and [t Pl v .
con 1 A 30 AL e 4 R P
coefiorhfsi in@ningltipl{A00 7the | OFRNDsh@boRyB&6Es, by e | Mt etk Cjualization

rovides a nethod of equalizing OFDM synbol vectors
Coefg@@g?sved on an AM i n-band on-channel radio signal, the
d Cein o : . Sl
dPOPRS, Bl Rl Shpbcl> 1) ERSnfln pRAARM B bt Eftdizhe OFDM
symbeldieators idceived og anhaMt indiand og-chymizd radie signel, the mpethdd cemprising

medi an_val ue estimate of .the training synbol vector; ]
the o5t BN MBI ok Wi syRele 17 g Symbelrypoior: median
filteSYSTHIRd tMBEAD kyRYET vidtoRtAPILES AURBEMR HRd EstiMe of the training
snoot hed nedi an value to conpute a plurality of

symbejeriozasmanthiag dief inediamvalne asttmate of thsl tydinige shmbgFBivtor over time

vectors by the.equalization coefficients. .
and FERBGevY BEbE e BrdotfeaoBiat YAl Gk G PTGy g sagatization
coeffiefehgfaraf meBiplying tHeDBING syaibobieksrs BF the ejualindiontdbMcients.

i nformation recel ved on an AM i n-band on-channel o
9008,  tIHeysteanethsr caspgsti begventionsprepisles fa: mgthod efi esgimating the
. A/ a [ r | .
varidliolt 8 ki Bl BB ARG o b P E ¥ el radio, the
methadr assprisieg theastapn gf: s yrdanging ecpluralitg rafaidining syhbolsOfh a training
of the variances of E{s}e trai ni ng synpol vector over, ,
symiql¥eclng comBiig aylog o Ingplt ssEMeFRdoYHERCRSs 25TRE tegraining symbol
vectdr® Gnidbtti . i ; | 45
D DF PR, il & R bbbl oo tme and
frequeneprippinsibs smopthet edtinate edjtizd foziafgh«ORDMnsssoalompute a plurality of

channel state information values.

[0009] The invention also encompasses a method of equalizing OFDM symbol
vectors received on an AM in-band on-channel radio signal, the method comprising the steps
of: complementary combining secondary and/or tertiary partitions in the AM in-band on-
channel radio; computing a plurality of flat fade équalization coefficients, and multiplying
the OFDM symbol vectors by the flat fade equalization coefficients to produce flat fade
equalized OFDM symbol vectors; and computing a plurality of partition equalization
coefficients, and multiplying the flat fade equalized OFDM symbol vectors by the partition

equalization coefficients to produce output OFDM symbol vectors.
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vectors received on an AMi n-band on-channel radio
signal, the nethod conprising the steps of:
wepploggvent ary comnbi ni ng secondary and/ or t ertPEI/YS2006/043983

part itions in the AM i n-band onchannel radio;
cmgt | NecRivielsU itk ithylu@d efphalizefsadehielgwaklatain ancordance with the
oefficients, and nultiplying the OFDM synbol vectors

abox{@yn@th@dsg prgtalsotevidedial i zati on coeffi ci ents to produce

flat fade eq i{tﬁe B SHODE YREIORA l?f@g comput i ng

a plurality ?—pm-ﬁr%m I Cients,

o011l tFIQ. Miing spdeeral diagrafracithe did hiymed IRIFOM gwhbol

HP6iice Bl put » EpLy R vabe A0 lopany Tpaferdk s“
5&6?%3]' NC Igg% 1?&lf&{du%gél%loml&g&amﬁfaﬁt@vﬂmo@fé@éﬁéﬁce

t he ove net ho are a provi ded. BRI EF

EGCHI PWImmaBHEkDWIN@Sa[DMM] foFpBAM IBOCareceiver.
E{?)&f%]r al ]gl%l-a g%gc lg%‘;é\}Mgﬁg g#at? | %ﬁﬂxk:l/?.l e Q%rll %gﬁ%g]accordance

Wltﬂtﬁ%v%hg&gl [0013] FIG 3 is a functional bl ock
diagram of an AM I BOC receiver. [0014] FIG 4 is

a
bl08E di BIT. smsae blackrdiaarant of a pArtivn eeeizes sensjigpted in accordance
IG 5 is a block diagramof a flat fade
Wlt%‘gﬁ Jeglé:? ‘constructed in accordance with the
| thentl on. [mllﬁﬁLEE DES@RIIBTK)NDDR’RHEIINMWI@IN&
partition equa i zer construct i.n accor dapce with t :
| DOL7 | oRefermeat tho @E@@asap’ﬂ G 2TIHECT Pan A3 nybrid
S
ok 53, 125 0 AR i A o
signeBOL (b&mﬁfnﬁteﬂl tbOabont HIdiez)t dleng ovithe a tricarhy 30 A avdlo digital audio

ool GRS T et IO 0 4 gl L v
cont% bR indd 2 ChaRT & thg‘gl %%ﬁﬁﬁ&%dm Bf @Mlﬁ gz ﬁféechannel is divided

pectrum s contain n a channel 16 having a
mtobaamhmﬁ frbquehcypband 180ankdHppeP@ ant dower|22i fseqiiensydeandsntlde central

freqppisg ey RS0 e TGN eRd PfTRRIR DRI SR B dbout £5
kHZ]'%f 'té% 1}29 ﬁﬁz&&?l f'?CBfTHl% éclr qqfé%%%l%ﬁﬁdé%h?%xi@nﬁb ffdm about +5

ht center frequency 0 of
kHzC ﬁarmneﬂe cefitee freqpencystodetoah o186 XHm Gonf thenseatso frequsndyHz The lower

ST oo 1 STl B ehBlL bkt A (P om e

cent%pﬁkkﬁuené kHz fromthe center f requency to about -15
the center frequency.
[0018] AM hybrid IBOC DAB signal format in one embodiment of the invention

comprises the analog modulated carrier signal 24 plus 162 OFDM subcarrier locations
spaced at approximately 181.7 Hz, spanning the central frequency band and the upper and
lower sidebands. Coded digital information, representative of the audio or data signals
(program material), is transmitted on the subcarriers. The symbol rate is less than the
subcarrier spacing due to a guard time between symbols.

[0019]  As shown in FIG. 1, the upper sideband is divided into a primary partition 26
and a secondary partition 28, and the lower sideband is divided into a primary partition 30
and a secondary partition 32. The digital signals are transmitted in the primary and
secondary partitions on either side of the host analog signal, as well as underneath the host
analog signal in a tertiary partition 34. The tertiary partition 34 can be considered to include
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[0018] AM hybrid 1BOC DAB signal format in one
enbodi nent of the invention conprises the anal og
wore@alosdoesl carrier signal 24 plus 162 OFDM subPEr/DE®06/043983
| ocati ons spaced at approximately 181.7 Hz5 spanning
a piufaﬁ‘igy 6£ gxtoruﬁé of E@RHENREY1Baed 38188 tAearidnpe BieH 1| O8carriers within
ebands. Coded digital information, representative
the tegifiary ipertiidi thatcre gm‘aormdgwan the (cpmtglgcpﬁh@ pednac] a;le)refetrgd to as inner

transm.tt d an t rriers nbol rate.i.s
subed i3 S Se niR e P et L §eogtidpf fiper from the
centeP 6f WRQMaSET AR ®ferfddQd 95 odter SltRWRckd) Thlthis eiambl&etﬁé@ﬁ(ﬁer level of
sideband is divided into a primary partition 26 and a
the imneE ghearyicrsaint gropph 38 aindadfdy is Beown e deereefsblinagrlyswith frequency

spacile S g o o Y TRP LR B BRBRABRCH doa 42 in he

tert1at3hﬁd¢11ranmhaye ﬁiwtaﬁﬁs:lgndﬁ:smnp@wzéruém on either side of
Eﬂ@ host_ _anal og si gnal , wel | as underneath the host
Pbg §J<§n5|alao.r§havvﬁ aPpirs 058 SEPARSTS 44 angiio, ¥y %YS%?P}/ control,
r 3 n [RY;
that B8" B’ GRIGAP HONSHATEEHNOR IdiLUARE RIMEAH bYhe analog
modlﬁ:ht@i cdrrieSaint havel peveer ddvielsi whitch ere @xedi aayaperthattis diffarérdtfrom the
h a%% E‘?‘Eiti oned near the center of the channel are
ot IS Q d to as i nner subcarriers and subcarriers
¥m Ln ting cbiRbt bafivr RRhE FbiRRcy Bats #h ©AUShbdwlAed but carries the
art fromthe center of the channel are referred to
mainzgmalogt ampliude modilated. carmtert hTke ssnghysinizatiom eng soetrol| sabegrriers 44
and ok B IRET iSRRG 5h had rfE0URR etk ARk ic0BM e tetiary

q&ETEaEE quency spacin

partitf@) pesitibiicric %tﬁﬁons'ﬂi@lghﬁw&laﬁ 2nBrodple 06 and¥2 tdighr-26 enither side
36 and 42 in the tertiary sideband have substantjally

of theopAM gamichoier medylated with J2B3Kr| Bepreseataliye spbgairienocations are
, 1dent{fﬁe‘§ﬁ{yetﬂé Sttt de rsﬁo‘% ﬁﬁlﬁb 46, sifie Yssa& §50aB8AL 5 frough 26 and

are p05|t|one at 't rst su arrler posi tions
-2 thiowgk d2@balejthadjide eﬁmetaanirﬂefrmmahqg arcocbfidredtdetd asdentiagyr subcarriers

and have power |evels whi.ch e fixed val ue t ) .
and oS g PR CRIGTEHaTORHEreh it e hieraodylahe reulif Bb signal i

in qu%@fé&&é t§ Qﬁé 'aﬁa[logqmocﬁiatécf m%@%& f Q"he ke QQEOQ?Mmentary subcarrier

nmodul at ed, but Carries the main anal og
palrsrrmdlahaAb/ﬁ 'IBOC i RAB Fysters yisc ki zatU&w Bafidltchm r5$59,876. The

rriers 4 nd 46.are nodu tedln ture to
syncffRERi fiF ooibed SPaslintr g DA Ao AR o odtplgmentary
pair.partition, positioned at |ocations deS| gnated as 2
t hrough 26 and -2 throu h -26 on either side of the AM
QR2] er Thaﬂeuwe@meb@r@o( rngpgd MRégheb eeqyipies ithebandwidth in the

o A T AL S HEAR o ST et
abouit k§ Gdiphartb fivnd abuit hito udbut 26 Iz ecdidres; redpdetivally.t HEhese tertiary
central freguency,_ are referrég to_as tertiary

partitiQns c aver Ngeaivan OmPIex FomjERAies f PaFhc Gl etich ke yehagepegized as
compidtfdhth§at ThE ERAMLALRGArY §i8bdAN B! 9 3brthckonal relationship

between the analog and digital tertiary signals such that they can be separated in a receiver,

while existing conventional receivers can still receive the analog AM signal. The tertiary
partitions must be complementary combined to extract the digital signal while canceling the
analog crosstalk. The secondary partitions also have the complementary property, so they

can be processed at the receiver either independently, or after complementary combining,
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in quadrature to the anal og nodul ated AM si gnal. The

use of conplenentary subcarrier pairs in an AM | BOC
wO2B7Ay®eEmM i s shown in U S. Patent No. 5, 859, BFBUSINE043983

synchroni zati on and control subcarriers 44 and 46 are

dep@ldsy B@dﬂdeﬁﬁe@ﬁc@%oﬁdxﬁ@ﬁ@ lhedrentR ardaiidth. [ 78 Zrind: partltlons are
doubl e side cgand DSB) anal og AM si gnal occupies t

trangaiiigdindenetdsntire 5 kHz region. The | ower and upper

USIP E ) ARl Ay IUSSBCEGH . U oo

the q:cmapbﬁequeaby barkh&3 euticarrddraisyingandetls tetaisre as ehaiegaid foem?jt of FIG.
t
l ex st f: al ?ss Of@eﬁlﬁﬁh z?tt@&gthpga:’]tfpng:-gﬁgr ?i, %s(,:e l?l;llaélephase shift
| e 1
keylﬂg t@{rﬁi'léﬁﬁt amif hkqaemsh, neldth glgbgrk d%b%?cﬁ?@ﬁs’kotr}ftﬁised of carriers at

anal og and digital tertiary si I's s ey can
locafienss fhapughelb, and a coredeiversidehand 168 igsirspriseg of subcarriers at locations

2 SRR O8RS o A el 5, 5 s M o o

addi€iond) ed@aindetheBX slitetridrd @clipyi Todhtichs WRthr 84 Caﬁaashltﬁﬂmgh 27
t he anal og crosstal k. The secondary partitions al so

resppeivelit Harop h3! repeaegondeoprartifion awl gleap 6ddrmnea tertiary partition.
The 9:?1%?&5%@& 5ih§1(fref \r(lrgxry s%ﬁlgle[o {H%gl%ﬁ)%%d%%aé’ e)(cept that the AM
at'ter conpl ementary conbrnin

signhlnis&bf)lacednwﬁhwodelhyédom &fgﬂalajd dn@db@ﬂdmmgtahd bhbkup version of the
ri mar itions_are transm tted .i ndependent |y
Pm% G Be pentrpl & @ﬁd@fﬁ‘&ﬂ%ﬂpﬁﬁxﬁ?ﬁt@%{l tb? same spectral

locaﬁ&% ﬁbtﬂr{ﬁé hyPrid B aBQﬁEftal%nﬁeﬁ? ‘B? d & d{sgrlt%ﬂﬂ?%%y, there are two

band 52 subcarriers I's Increased ativ
optigngblior trahsmittatg tie rﬁmm vetsiorAghihe, prbglant watesiab oacombingti&Gd with the

.angd l.ocat ed at ca ons. - and + 1 use. binary .
i g Bl 4 Al G B Y50 oSAt GelAgeR OR bepsonstrained
with@PEE0 UPREST thé ¢ahaRM c&8rl Sﬁre‘gﬁ&{bry' g€ Qv}féfe ﬂférlhhﬁra%dﬁi 1nf0rmat1on is

| ocations 2 through 26, a core | ower sideband 60

trangreitted ppthins &8 kbtz eflibcand therlsssampbyentt dudins informatiopig fransmitted in

P LSRARHP T, A0 00 1 PR REIAL B8 Pt o

grace)mt degradizamt éfoths s2ohal WhilddRcizdsig doveddod e Udhe- alldigital system
respectively, Goup 62 forns a secondary 1;%artltl on and
carrigs @ digitglitig ﬂﬁ@f%ththPE angf b@@qup ichamis! withn the =5 diHy nratected region

(asstfrﬂl'h ﬁe 9 ithl dlg Emﬁgﬁ‘ | < éa%'iﬁ L d%lﬂ\%ln?ﬁ Rfokig ﬂf ofng%t and audio

ex C at t eplace
backapdi gdalgwtt}ahltlye pmmokeldti kl}'ﬁz)n grmnﬂod:mmmhmcsm@mmf thiell-digital

I tral f band cupi es
sy o reionyhe bt BBCTEREERYRPm aeat | on i both ¢ he
IW@M]d angd alldigha0ibelC sRniRiRuded 4 B&ir 361{ gﬁrtltlons in the

format, there are two options for transmt
+5 kHgiregiom rasicoondaty pértitipn aythens ilizao i- B kiHn r@gmblandtm temiary partition

. it h ' and backup. ver |on he all - ital

in A5 R OAER B0Emgrs PotBhs S PAT pd ot LomPonent, and a

partitions are transmitted independently (that is, the partitions are not complementary).
[0025]  FIG. 3 is a functional block diagram of an IBOC receiver 84 constructed in

accordance with this invention. The IBOC signal is received on antenna 86. A bandpass
preselect filter 88 passes the frequency band of interest, including the desired signal at
frequency f, but rejects the image signal at f-2fir (for a low side lobe injection local
oscillator). Low noise amplifier 90 amplifies the signal. The amplified signal is mixed in
mixer 92 with a local oscillator signal fi, supplied on line 94 by a tunable local oscillator 96.
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within 10 kHz of the channel central frequency, fO,
where the main audio information is transmtted within

W 200/p38 f 0, and the | ess inportant audi o i nf BCTEE20061043983
is transmtted in the wings of the channel mask out to

Thisl Erektelz samh (@+lﬁg)w&rd difﬁnmncdz €fieefl,) siphals ohdimea®s.alhtemsediae frequency

o B 000 e e ML L0 BT e o
the %&11?(?1 1"dkh Bf '{Ee %d(ﬁﬂﬁé& ¥ightNbPgniafad:. b%i“dﬁal@@@@-ﬁﬁéltal converter 102

protected region (assumng t
opem'tezglusaig auhblcb S@ﬁlpfs és prahuce digiap aphples bn digke| I\Qéra,t rgrate f;. Digital

do i, B BBt B Y e bt W Bl rocice tover

samblReraR! ih-phiagd 4ndl quadeheesihels Ragkeds YR and NE). AMdRB signal processor
b d%brl d system cLOOZ4] The all-digital |1BOC signal
asg

demedidatar Ja2 rthert ppaviidasr sddifional sigeak prasessing & prgduce an output

. titionin the -5 kHz to -10 kHz
Slgnraggrilgrrlﬁlgn%?ég?gl?@%é%sﬁgart|t| on in the +5 kHz to +10

Ki6026Egi The retbigesdn FId. §iihéthdss ;omaderh @snstictddh ageordance with this
conmponent, . and al | Part itions a

ansmi
qunﬁ%pgﬁa%m ajfungtiogel bleck dizgragne ATk %Alﬂ ot modem 130 showing
the g’lg}aggr 5 &%aﬁ@f )of g%x: Qfrde ti':z{cﬁlng%f‘ tRisdn{eiioh] QAdnphl 5kl on line 132

recel ver constructed In
from dlondig#alcdown ténveettesisi sabjent toocmmﬁﬁmckﬁ@arsﬁ griahatic gain control as

recei enna_86. A andpas resel ect .filter
sholy5 o8 o L0% - A ey e SETE O DG raBiS SPRGFISH e AEbOl tracking
algdifBh 8% HAONBuRL thd BRYRNGMal 6n 1126 18€@8€ 182, inbol®e&ors (in the
signal at fc-2fjf (for a |Iow side |obe injection |ocal

timpdempinhpndine 14éianddhe enalap madnlstedograernn knekiq. hBPSK processing,

as sg %i‘%}’losg ?4?“2? ucese?lg%/?raﬁledgfig% g?bcrﬁl%gé ﬁ%&‘lel{lfoglﬁx fg@n{ PSO that is

used BREMRioh dalstrated iih beded blddks. TAnSOEDMA@fodularof ﬂﬁz-ﬁélﬁa)dulates the
and difference (fc-fiQ) signals on line 98

t1mq ﬁ@@@lﬁé@lﬁp]@@p@ﬁ%@@@, frqq@pncy(yb)%g %gbqlm_‘ectors on hne 154.
d e, t e :
¢ [Hé)qu C:Tgé é&i%ﬁﬂag 5(‘;(%/ Iﬁh&g%anglvm g@ﬁ&je ?if &Hﬁh bol vectors in
contbimgitiah with ithe BRSEKS nd @amal_mgm@s toqarddlg:leteqhalaz:wd\s@'laltsronllﬁme 158 and
ch o r%tégs 5 n aggllll?r%( léd ggﬁgsé ;&&%&ggﬁ%gﬁ%& to produce branch

metﬁ@@l’@f 551 qtér%véd' ROMEORErISHCE 184, z{nﬂllﬁﬁfp%d%'i‘g REEMERI 65to produce
he si'g roduce | ower sanple rate in-phase and

softqdmmm butsa 0B |1g1na1|6§ oA Vitenbs de@glendd0 procesyes dhgisefi|decision bits to

a r,ocessor ased d ator 112 then provides
Pm(i}}fg%{i %ﬁglpr%gr@lﬂélla 88&31“83%0 produce an out put
sjaw8| OFRot |d1'ﬁ‘1t9114"léc QHifferdhtatt ©evOFDM 10ectd@026 Jtinld@lomain and

receiver in FIG 3 includes a nodem constructed in
frequecyr Rin ViREOTS, pmhsrepmmttngothe smlemﬂprm%tl% f UR® fagdgmy processes

thesjglé)ﬁ?unc ?‘%%am%lf oca ﬁ%?gga(ﬂée cag)tl er tr a]%g-n%f‘?ﬁcﬁﬂlg, Symbol

Tratdihg OFDENDemiddulAtion &JBIPSBZ proadssing, hmm&leihiﬁmhhmnomh €The input to
digital down converter is subject to carrlfer tracki
the CHROIRRIISEE L] domasm ¥ pEPrsgQr just a sequence of time samples; Jthe Carrier

Tracking operates in the time domain. The Symbol Tracking operates on the time domain
samples and outputs (symbol synchronized) time domain OFDM vectors, and also computes
the middle 3 FFT bins (0,41) representing the main carrier and BPSK subcarriers in the
frequency domain. The main carrier and the BPSK subcarriers are used for the equalization

and are conveniently received from the symbol tracking, although they could also be
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shown in block 134. The resulting signal on line 136

IS subjected to a synbol tracking algorithm 138 that
w@e@dos®ss t he BPSK signal on |ines 140 and 142PCHYA1D0O6/043983

vectors (in the time domain) on line 144, and the

receivid dipnroitial QFBM cdgmodulation ftméom(ZI?M ﬁ?F@d eh@m@ the samie
1
afiaBl DY ety AT BRSSP B BRI 4 DB gt romency

donmdih OFtDMteEkotsn Ot her bl ocks. An (J:DM dem)dul at or 152
denodul ates the tinme domain synbol vectors to produce

f B8k nc Y bisoinapriicsy rabuies 'QPe%tnéﬁ%OCb Anq japparatgg foy gppiping either the
T R T -

conqmnemter aSlagrfalls etjaalizeo doltavedqbiala padition g-;rqahl&eo Iwith meise variance
158 and channel state infor.mati Oﬂ on line

estigrafes aped shsegientiydn the 3e5e3Hon 9f shymshstatedn Wlé@oq&?zsel) Flat fade
congﬁpgmi%hhs ﬁad' R AsiffhPahhEaY Vol B hyBRM aﬁﬁ%ﬂecﬁ%ﬂtdi sfenals. The

ramer to produce soft decision’bits on
partitf® eqhalizdrepbiatatemosieh of #e paritoms ofshd teecisod slgniﬂc ils ione example,
its. to praduc co m data units on |i
cach paftitioB G BRATEGT 20t £ OF AR S TaeS i PATLTE AVEERely S Kz per
parit€éit OTlfe Futitidri¥orARERIL-Qi SANTHE O € GUSAL YorHpHidR ;ﬁpdiﬁ‘@itlﬁ{rﬁary partitions,

each representing the sane information. The nodem

a sqspiadeey 9@1§ltlph @5 adpbRwRectidons and archequebredoniengndendlyy However the
rr r
s "y B o T B SR B MR procssing an

conibiging kephalqueadésoribedbow N Severhloothesingle etboanites irgedso transmitted
time_domai.n vectors, . or JUSt a seguence of tine

bet%wh%gamflﬁ@s axt yse @ Simpler RqUalZainey %Ié%qwh%%esemheél here.
dglﬂﬁbg e sy iab cg Qﬁéaﬁg? ‘Kgﬁ%aﬁz@?ync r&‘?oetd' The flat fade

sanpl es and outputs oni ze
condmmtmn%mvaephmesqor@mdsﬂﬂoammrﬂwt meint barien ;ihﬂse, End magnitude

- FET bins ) resen t he e K
cqualiiah T VUG thh LHRERRE QLRPBomY rite THESKn Figitlar @ fat fade
conﬁﬁgsz{tﬂaﬁ s be 'dﬁﬁl?ercf LIRS LI éﬁ%@&nfeﬁr the equalization

are conveniently received fromthe synbol

[09(3[1] ng Coasitlerousihgle liégitat QAM (edraplekksymatmil ¢ Oz Drom-t/he ), and an

(]:DM denodul ation function (w ndowed FFT) havi ng t he
analogpignabermerisat G2(ldgme Frp dinAMIROEsigan Advs ambe) és one of a

aroE6t GRS s Frenmn e i TP Blect AR sertsausgy . The

QABRPHAIFY] iStrardiRSHLihZd &ﬂn etftary S chyier balr & avoid AM crosstalk.
all-digital AMIBCIZS| s. The equalizer is

conpr(sed|ah, 1)twva(n;h) Oﬂ(a)ed’ zé’éﬁﬁc{nent—s)+@(rf +B{- vi(gde /2"
equal i zer f titi qgaL r wi th noi se
variance e ﬁg@s E eZZ g” S aﬁg'ﬁ’t ‘Iﬁ/ e gener ati on
E 00B3BRNNGhe SEA;Fer d Eésotﬂe (s@a?, Wflzlcﬂthag aden a%ded to the analog
nmpensation is applie |naS| ar manner to both
modiigidmy bompbrent aad fis firthiet abrrsptga dlysnoifthend phase error, to produce the
following estimates of the symbols for the pair of subcarriers:
D)= j(s(t) + 1)) - w(t) € 2" dt = O(n,]) - e +a(n,))-e’? +n,
D(n,-1) = J-(s(t) + (D) - wt) /> F0 L dt = Q(n,-1) - e + a(n,~1)-e’? +n.

[0033] To show the effect of the complementary combining, the analog component
can be extracted by summing the two components. The analog signal can be reproduced

using the real part of the result, or, more commonly, computing its magnitude.
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partition equalizer operates on each of the partitions

of the received signal. In one exanple, each partition
w@oensiostwss of a set of 25 OFDM subcarriers, spaPei/og006/043983

approximately 5 kHz per partition. The partitions of

th6, Bl phgily al OiBPC/3 gl COPRN, SQ@,1pai'? SL(Rn- BBF Y- 1,

paIlILIUIIb a=secondary pdlll[lon and a tertrary

partit and are_equal i zed i ndependent| However
t he secondar y—a‘n/dQ(égl SHKG) &kt $BR ot ’%/he" shybri d
signal invol ve gdad) t varaly Maeers stargfffihtgemalini ng
t echni ques descri bed bel ow. Several other si ngl e
S0b34r r i Eiiesdigital synbol isreatrseted eed bet ween the
partitions and use a sinpler egual i zation te chni
bR deRdri-Hag BenR: e 00Bom) e 11 OFHdce Lomsbhbar
(equal hzer) is described next The ) at fade
conpensation | N& £ ng the
main carrier é ccbsgb n| t W%S@Ja’?,n;gﬁ on, usi ng
t he i magi nary=c£6 ne\ﬁh@lcéﬁndmfésw Flﬁlﬁ%)r mathj s f[ at

s@ﬂgﬂ? nﬁ?‘ﬁgosnggﬁ?erﬁ% hsg’fr%gsltr%ﬁgi Plﬁg? f ra\a %ﬁ“{ é{ %M subcarriers on

eﬂh&r‘-‘s‘i’&@%% A RAiet. PhBsd BPSK s‘hbca'rbiérs add adnited@hiog gain of Gaps,
gnal conponent ( a(n, ) v of an AM | BOC

relatqu;mthe R canyarla Jeselopfel. ofSanﬂgh&RﬁI%fSWQw eyhbpregovered and
OFDM synbol at sub
seled SRB Tt Stfeslill Cymbor "1 tramsm 1 04w ng a
conpl erreqj@r%_wl@ﬁau)rl ggc+9alyp do@(@voj G(AN-cinQpst Al Kj - n,

-je _
|on”

s{t B=]=a My = Cgl) and a(m - )
=a*(n,) . %]’SKThe recei ver dem)dul aF¥s the signal,
whi ch haSHbﬁe)n added, t o t he anal dul |on
conponeftzand PSdlf &ﬁ?ﬁf‘?ﬁﬂf ”{{(}, e and phase

error, to |5‘°r”6duce the follow ng estimtes of the

S[SOUBG]' S Heweldiewn %td 1n®efre§¢tbﬁladrf ¢sEififite oﬂihe Eﬁoﬂute yake of the BPSK

L et 5 S "
bit &e qq:a r)) fos Hubgﬁqﬁent\ s)cal:_mg.,q)f \;h‘f @(gglg gt & 6\}93#??@ aéfﬁ symbol,
whedd eQ nrbllg -Fp ag ?@gt itart ﬁgée{% 0, 1§ oAk RhaG0ABR _},ﬁﬂﬁposed in the .

y Sl ’two conponents.
1ma§iﬂ§1]yQﬁm% hghal T6RirRe theeRhRM ﬂﬁ@ﬂné&ﬁin'm’n} Bl B@), dhet itPmagnitude
he’result, or, nmore commonly, conputing its
can hagnmpuﬁdé @(the abs)olute malie of thelimagingty)componentyy gathbe extracted from
BN Qn, ) e~ +a(?i, ) e +n_ 22:- J b ("A sin(
m&J) +a(n,’ ) cos(f)+nc + - ns =a(n, : when f and

noi se are suffi gigl(fr)nlLB(nﬁanrl R({l)onggg[lnqmng] gi tal

synbol is extracted
[0037] The magnitude estimate is generally less accurate than the absolute value of

the imaginary computation when the phase error is small. The magnitude is also more
computationally complex, so we choose to avoid the magnitude computation in favor of the
imaginary component computation. The estimate of the channel magnitude R(n) can be
computed from B(n), or more directly from D(#,1) and D*(n,-1) .

abs[Im{D (D}~ Im{D" (1.~} _ abs[im{D(nh}+ Im{D(r,~DJ]
2 GBPSK 2 GBPSK

R(n) = abs[m{B(m)}]=

Notice that R(n) is a real-valued scalar.
[0038] A finctional block diagram of the flat fade equalizer 180 is presented in FIG.
5. An input D(n) from the OFDM demodulator is supplied on line 182. In this embodiment,
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=Q(n, ) cos(f) - j a(n,\) sin) +nc + -ns =Qn,l) ;

when f and noise are sufficiently small. [0035] The
w@RBKos®egience is transmtted on the first pai PCDUSIOBENA3983

subcarriers on either side of the nain carrier. These

e RS 2B G PRI b P 2 Do 1

and paBE’e%osa/ AiedianCANerDB 6 RCrvanda dns ﬁ;lﬁﬁiﬁd:cﬁ dlgﬂaltdih tihe 188. The first
foll owi ng expression: >(

I
filtered yl)gnalclg dyther ﬁl{e;edsby]p)ﬁmieﬂ@pm}sg ﬁe%)onse ﬁ er- 1%%{@,}9@&5:,@@ second

r ficiently small. BPSK [0036] However, we
ﬁltere&‘&gﬁﬁo{ﬂé@gi@éd in an estimate of the absolute val ue of

[0038] BPIK thist efabedinentathar Jiltérng oxb sheq BRSK swagnitnde cignal R(n)
t he SI

mcludgi a7 nalcﬁ_z}n g{texit/\ge{sgq tr\%njélﬁ: 3: a@ﬁglgs ﬁ%{rnb”?f]i’ﬁﬁﬁgﬁ%gﬁlter can be

1mplerhéﬁt9([ H? la%fh leﬁ%@ %) ’;’Jéferﬁéﬁﬁgiraﬁﬁﬁ/bﬂfé?eﬂr%h @Bmputing
To extract esca ar information R(n) from

the m@imhef thiets sznmgjm t Gte nmlmrbﬁlt@dmam éalay of 3tﬂamp§t§s olhgt &tap FIR

filter hlais 8 %]g?/:?)f @}%Plﬁgm%‘]@fﬂi R)e N ?rg%% ﬁc)l Xgﬁ%@rt}ﬁ{@%{/%))gafcoegﬁments
[0037] The magnit L{%%eqtl ngat e4l s 3genzer ahl}/ral ess

accur at e t hanstie gi nary
conmput ati on when t The

&Eﬂ)@' L Yqe fhiy ¢ gﬁa?/h(g@{h% e ta‘ﬁh'}ﬁmah tors qg'@kﬁx?ple§o TR filtered

to avoi e magni tude conputation in favor of
chann¢lhragnitade crarbye exprgsseteast conput ati on. The estimate of
the channel rmgnltude R(n) can be conputed from B(n),

Rgﬁ(kp e{%eld}’a m}g s WherB R Al dish i J:?mgutlé@(){f&el 5 Iples

d scalar. [0038 functiona
block dlagran1of the flat fade equalizer 180 is
[Wé& entldg mann Frigier Bhasaris Rlspgorrexted af ¢ 8at fore cappmpent. However,

this plglﬁ%nnlglou tlé& red 1rﬁ&)eg>fehc?e%tlg%£ é%fp re&%ﬁse B\k/)gKt 1(fjurdee This is due to

the indi¥A¥8@ bhdve nB{s@ )onl canmmup&d naﬁr piiikmmﬂf dt I‘Dhebh@,@t\ivé. &ﬁl@g‘lﬁodulatlon
passed to _a nedian filte roduce a first

r
peaks. | ThecE BIRgRleriggh 194 ﬁéﬁli@sforﬁh% o BIISIS magnitds; gan b yeesd for the
main #aﬁ—x xueé}fa g Oah{hbh%?ﬁ%ﬂtgg&lgﬁ ggﬂg{glﬁ% %?&]m? gﬁlpg e til@ecdg g:ﬁl? 'Peﬁnl?ced with an
equwaléiﬁ del3088 td mtatdhsthe ndwtei oftite, magmtuﬁialwmpongptf ofh¢ hmin carrier
samples 71) cégnn Ibte: ugo?npsultgg] mdepgnaently over each OFDM symbol, or the value
computed in the OFDM demodulation can be used. The filtering of the main catrier

component is as follows:
— 6
C(n~3)=Y hk)-C(n—k) .
k=0

[0042] The flat fade equalizer weight is the reciprocal of the filtered channel
magnitude (with divide by zero protection, ¢), while applying the conjugate of the main
carrier phase, after an appropriate delay,

C* (n—6)

" " max|R(z-6),¢] {Gn-s)

as shown in block 198.



includes a 7-tap nedian filter cascaded with a 7-tap
FIRfilter. This nmedian filter can be inplenented by
w@bk@ciosm2g he sanples of R(n) in a 7-el ement ciPCUUS2006/043983
buffer, then conmputing the nedian of the 7 sanples.
medy J: l.ay. @8 . .
BRI P ort ik SIS oA R o Op i SRR 268 and studp by vy o
shown iphmitgritee @020 prpdube afh oltpon2fifFs@mpleefetiorifentah mawd symbol n-6
S\ 6 16 16 16_16 16 J [0040] The total delay of
aﬂerf#ﬁéam“élﬁaﬂﬂﬂoﬁlhﬁefzﬂj‘f?t ers is 6 sanples. The filtered
9 nel TRAGBbLEHAL (G2 REuEEPHE SR FadS elfidlizati®) coeffitiht I f
[{brr%gi an[R(n%- ft)l} r&ﬁ%re t he rregli an%slzgénpﬁt ed a8
cach ngpeOFPM aymbalds surhip@dzgd et mai n carrier phase is al so
corrected as a flat fade conponent. However, this

phase shoul d be filtered i ndependently of the previous
BPSK_magni tude. This is due to the increased phase

"Flatdsds Equfization plepri®8hpl es near pinchoff at the negative
anal og modul agj AkS-+ D5 218 FlBubileBrS0gieAf dmplitude

R(n)credh BK@BI]'? S + I ; be E)sed f.or [qug%%_l P

main carrier phase, & Umough the nedian POPHERRlAGY =

~ I t b : I i th .equj yal ent

Rn 3BF 100 C iR LD ae BTG R Eipdelay = Ssymbols
conpéifent. The main carrier sanples C(n) can be

=~ C i d t

Cn S3RY l ORERI S B s SRER PN S ) B Uiyl

o £ SEI_’J_ !Insl tCFIe' chl En %) 03]; t:heh( _r]rgl)crc]){r%?l{?rdaggad?%%{%gé@%?nu%%gicaﬁon

T L ate jﬁ@,deﬁ)eﬂu ﬁgt,;e G)Jw’e ingtht OF BM dymbiotmiibpamiees, delhy l6asymbols.
filtered channel magnitude (with divide by zero

protection, e), while applying the conjugate of the
mai n carrier phase, after an appropriate delay, Cn-6)

7 JE02(0 - 2 - G . sh i.n bl.ock :
351 o o B Rt bRy B RSSK 3 mpdion e
cascad¥dOgith 20QapRIR AUkt i plied by Wf as shown in multiplier

202 to produce an output 256-sanple vector for each .
[ﬂ%ﬂsynﬁlﬂ flat dadef equalizhtian tlespaibedpkpye as ifoHowed |bynthe Partition

equali%&f'o‘n. ‘Table 1 shows the locations of interleaved symbols (indices), including

training symbols “T” within each partition block. Each column represents a partition.
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[0044] The algorithmfor conputing the flat fade

equal i zation coefficient Wf for each new OFDM synbol
WO soogisaves | zed next: "Flat Fade Equalization aP@DUB0061943983

I7|tugsl Rl(n -d_6) = g(lk) {medi an[R(n - &)]} ; filtered

- npl e nedi an, del ay + nbols /t=0 6 n- 3) =

h(k) C(n - K : filter thgabﬁ%?ﬁ carrier sarmIC(es :

(QCO 3]263)55,4 je| aVi = 8 S nboip £ 12, -1(01 154 16 r1h')ﬂ '[19 20 [ 2122} 23 (24
4% Hp g5 ' B

(O [EPICT &7a| ppy oF! (3PS [ b 73| 12 1961 B3l op| Tof 70A| s6s | sue | 860 |58 ] 472 411
112500514l g3l 171 i1 745 1 6841648 1587 [626 | 490 293981 357 [ 2% | 265 T 18] 77| 41 e 622 | 561
2 %Cp 264 [ 2097 167 | 3 ST 77| 6767647 [ 570 o2 488y 4ds | 1aac] 349 28 oy | ok a0 | 94| 33| "T°{711
3 | 4 [lata P53 a1k (P56 TR | 1ed )% ] b et chbol bcb 108 | TG SiCi2d0 @i 183 | 147 | 86
TTaba e 5 el e s Dy | TGN@w Pan T4 [TT O | @ ga] 5P 78t For® | SPa i (@ | 2
s Tvoh o1f 1388 | 9200) esali 1 (RpRg 30285 | 2Pf [Baviede sy 477 641 | 580 | 544 | 483 | 447 | 386
5 [(F e Ea< | 705 TR PRIAT Hdp | 15 | AT HPAhfs | S LRI oH @ Irec Ly L Ty R L R & 7 L2
7 1A e VAl MRl FILAHET 7R LR BOLLS 504 | 488 | 407 1371 13101 274 [213 | T2 [ 116 55 g 747 | 686
8 |1425 age.| 378 [ 202 | 231 [ 188 134 |, 98|, 37[ "7 1% 54| 616 | 597 | 5217360 | 422 | 363 ] 3021266 | 205 | 1691108 | 72| 11
o [Ie7a] 53g') 478 | a2’} 38t A a7 T 126 (U881 2d) TP 671| &8 | s | 563011l I 8af2s8|222] 161
10[\Az8 [48)

ey
-

134
e " %4 L 1
828 56 [BEVIDAdH [Gha 383 €33 ado 3Y43 [Caa P hel] 170|172 [ PEsS 60| 1] | 505 | 469 | 408 | 372 ) 311
T1|aB 5 O IT5 142 [beiNe] | $28) 54 oien | sepo® 52 5 |2 brkee 195 |f B9 3% JEIA™ (965 | §14 858 | 522 | 461
228 | el STrent S | (0T eS| poe® STR IR | 360 @Y #8110 hne AEpii 73| 972 O
2|25 [T DI LR 10 10 2oy (T 128 (ST 3 255 | SR p |20 a8l 7] s TS0 1% ) 83 a7} 77
14) 8001 454 1 403 | 367 | 306 279 |.209 1%’ 1121, 51 15] N 45 | 602 o | 585 | 549 488427 |9y [-5507] 204 | 233 | 197 | 136
A=[15 SiEey 547 e 325 [ 13| 3o 262 e | 185 HaA} 1 6B |2 G T Eﬁ*@ﬁm@d 383|347 286 | ¥
76] 35 [V | oy { 1887 Heos 5763 Boa [4F3E2 [ ab (815 B M€ th21 [2apan oy [y pepg 506 Bas | 497 [ 436
17 ad 1 76 [0z gt &b | el b2 |amdies 36p|RY haar| 0 |0d T 13| {57 jo1§s TG |PR 84 | 5%

&%

C

Ab

[
18 91 es [N thies | & le34 pir'oT BIBlE e 270 (1237 | ¥Fa p2 8B P %ng Ty 738
BRI 24MiTH 48D 87 66p [ 607 [ 5711510 | 474] 413 3164255 | 2 122] 61
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SO RIER R e EPERU L) G [GP Ot | whise [o7)F71 [0 741 83 | e fssd 119 58 22| "1
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synbol s are conveni ent | y conputed as a function of the

joau7]i cuNaxt, raawalgonithrh ois169edofo tcempGRDIVIE eabdizer Tepstlicients and
associra?e%elgise variances estimated for each of the 25 elements (columns for subcarriers) of
each OFDM symbol within a partition (for example, the upper primary partition). The
equalizer begins processing OFDM symbols as they are received. All partitions of the all-
digital modes and the primary partitions of the hybrid mode are processed independently for
each OFDM symbol containing 25 columns (per partition). The hybrid secondary partitions
are processed independently, and after complementary combining, allowing selection of the
maximum metric, depending upon whether the analog audio bandwidth is limited to 5 kHz.
The hybrid tertiary partitions are processed only after complementary combining.

[0048]  Each column of a partition contains either 1 or 2 training symbols (complex),
depending upon which of the 16 rows is processed. The training symbol locations repeat
every 16 OFDM symbols (rows). The locations of the training symbols are conveniently
computed as a function of the particular row (modulo 16) of the OFDM symbol. The recent

training symbols are next collected in a 25-column vector T3, simply updating the column(s)

of TS(col) corresponding to the recent column(s) of the OFDM symbol containing the
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training synbols are next collected in a 25-colum
vector TS, sinply updating the colum(s) of TS(col)
we@enrespendi ng to the recent colum(s) of the BEDNE2006/043983
synbol containing thetraining synbol. The nedi ans and
Cy T e . e i
T e Lo R LR s o computed
after the alKlJ’aKJﬂgZ gsyupad spddiiek withhecemtiaariog syabdlsnedéxdribe apgances and
filter a two-di nensipnal recursive. filter
medicg i OGBS FHEE iy P KABFISKBR focurains St dSBifee edtie cqualizer
coefﬁ&eﬂtm a&a Rofnblifeq! 86 f’t’ﬁ@' 'f@t@&dafﬁgdlﬁl%i%d é?ﬁa‘h@ﬂldnslsa@@hb@% all the
to all the correspondi ng col ums revi ous OFDM

Corressymd;@g ,colinomg foni the ;t’)mloupdélﬂéw mm@@l \ﬂdwngamtésﬂ(eamiated noise
Vananaec(laﬁﬁ é:cgl?r%%a%f) frOfJ?lg)ég(i d)i gaq,ce%% c@gf&e&%@ 0-¥hhlS process are

descripéaEn bl ptedertitGin BG. 50049] FIG 6 is a functional
bl ock dlggran1of an equallzer that can be used for

(80N 25160 Pusrh figetional; apEhvp SRy Eer Brbrmybeysey for each
25-coluthn! Blﬁhoﬁn 'Hl };rrx.ﬁlﬁJ Y @:ﬂ |1§‘ %ﬁﬁ P 1h§%t16d Training
as s own I n 2 ariances are

symbcdm apeutodideiad ashhumn iim blalck QIIZZ ]lzhetmecharmchndevamﬁdd:ﬁmrandnputed as

gnals on |.jne 216. These sign
ShOWqF iy 1118(3%51‘2 proguicq medign; aﬂg FRGCe S sooqofil %@é These signals are

filtere@ %@lehﬁﬁf&e&@ﬁ bﬁﬁﬁ?l%'tg?ﬁldu@@ ah e ngﬁah%g@ vﬁxflaﬁ{ce lé%xal &n line 220 (for
subsequent channel state infornatio est i mat es)

use ingnbisequerdichate] stptedofeimatére(iS]) estinhdterd aﬁ@ QquaAfzateqn @efﬁcxents on

tine 28 MRS % Lo Hak 224 1BS eGP oignts peg gppticd to

the input stiin@C4s sA3Gmtif bRICRALE €o Blddaet MbutputGialal Oilihé DES. 228
0050] To compute the nedi ans and variances fromth

(PO ni nkp egmpgE shy megliang mdsYanaép@aﬁr@nttmtramnwwls (73), first,
createzt?v Coll_#ﬁy b4 l:c?lﬁﬁml él%@'l ?9 la;rbg m]*S l\éﬁg M%Db ‘te '15? elg:e& Qo store the
store e i ons,

rai ni ng nedi an ‘conp

tralmxrgegzn&mﬂé arel medfﬁh eomphtafmns m:kpe«ztare(;c dl“h‘é)cdlmnﬂlh}adleﬂ;t(abl—o to 24)
e corres dlng colgnns of .the training synbols, as
equal tt yog?s&op i Sdgmpg) o élé%ﬁa@ﬁwswh%| as gy tare received for each .

OFDM@&éﬁq bl Il‘é&ttlhﬁlaﬁég{qé%ﬁénén% %%gym [0051] Then, receive

next OF row r o 16) corresponding
[0e514 p aiPhanchcanve thewndat DRIMasymibot erw e éuedulbl16g korresponding to a

L T LN N
colum%&’smk (15 ré\ﬁﬁ'oalﬁpﬁlﬁ@esih@ 'ﬂﬁhﬁﬂ I}%E&l@) mt-(';%n*eélﬁinﬁiﬂggTS(col) The

inarowr can pate usmgthe

tramnm sgmbpl i ro[vooe@] befrmlapé m(smgﬂb?]fcé]@mg ng@nt,bm f or mo,
lﬁ(ﬁgir al é)%-?tf’t 0051'3%%/ 190K se@@}arﬁ col I apse and

T i 11t 0 “a” &ohveni ent vect or
[0'@3(] r eFHté@ ENtGailger] étﬂlabsd'fﬁid)/uﬁd’aw the I‘Igalﬁmlg@mbols into a convenient

i nformation) used jn _subsequent equalizatjon

vectory I§c ggpragepting the timely training symbol information) used in subsequent
equalization processing.

" Algorithm to update 7§ for row r"

col =mod(3-r+1, 16) ; "identify which column has new TS"

TS(coly = OFDM (r,col)

if col <9 then TS(col +16) = OFDM (r,col +16) ; "if second TS in this row".

[0054] Step 2: Create two, 25-column vectors labeled MED and logVAR to be used

to store the computed median and log of the variance values for equalization and CSL
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"Algorithmto update TS for rowr" col = nmod(3 r +1,

16) ; "identify which colum has new TS' TS(col)
W@EDMF902&80l ) if col <9 then TS (col + 16) = OMOIVII2006/043983
col + 16) ; "if second TS in this row'. [0054] Step 2:

Medir%l(’) ﬁgéﬁ%lﬁ‘@thezlgcﬁc(h Vﬁ:" OIFSS s&%ﬁ@é R NED, ?ddcg%vxﬁ ian value

ed to storet medi an an og of
estimatarofatheeTy.al Ti%oﬁfmutsehi@dl &zh)gNd‘{R ard 18] eMbdatas (not yet tlme or

filt f the, | tine & f TS |
feaugpey S e B ek Rear sl T sk PERRe IR e of Lhe TS The
UsSUL STALELISmh QUNEE sl the @@Jresﬁﬁﬁdlﬁgkgﬁnﬁl)@ Qf tﬁee&alﬁmgaymbols

or frequency (across subcarrierS) snpot
as thejyareareeeized for ead6@F DM eyrobdlufien frdtidess ﬂeeqciamenﬂséo zero

(F61 SeEPORR® BRiHR Qe kb e THkal) P aRYS s i aricutar

TS(cod) wietddatdd0 7R Gelal @AOHEs @@mw&@admdnaﬁlr@wg &8GHso0 updated
for the TS(col) 6 rows after that particular TS(col)

for usgdn thiptelowng crmmptationayBilee s Tie)) velyesap a@éﬁﬁd for each new
oW 1. r&'@éaﬂﬁ bie %%Hn%ﬂts g?lrxgag%%o%r %%ﬁ')f%gedf§£ ﬂ;él?lmnls) Va?ul%l 20 using +4

value€ibf dithéﬁ%ﬁé cffCthlse@ﬁhmlgeé/ynfBBN For haPpfd M ercAReh @ﬁn}ﬁﬁﬂlon for

vari ance are conp olums 4 throu

20 usi ngz
coluyigt S E¥IEE EHEPOIS T8 Shionh S50 s Cisgned Msoreh fomad 21 through

24 ar§)§ n+l§g é S%ééﬁeﬁa'v%g (t%}{'? %%ugl ie}%rhfsté%g?lfa%@%@th% é‘h@g% compute the

medlalﬂmﬂugiknaﬂqe ahebs?2 Theteltromg miBsingvauspare replaccdseith duploate values
f ewer tha | es are avail abl.e.at the. en

by fO@H\%d}ﬁaEHF 3%@@1”3&6&??&6% 0% LRI I, GRMPYEHg © g%meﬁwe for column

3, TS{O) $Blongh VB Yeie A&, raﬁ&'tﬁ& 8flsstd brS(dP)D&dls%ﬁhqs \féﬁly@ea W¥h TS(0) to

di ng neaf the ends, when necessdary. For exanple in
providsofrpaluenigr theemediat compusatiorn| TheeaBypUlE 10pdiat ambgzmm Jylues are

placof i A0 W] Rl W e wEoR (s fFodeS am be noca 10

identi€p BRUESIrbSiate TORIMERMRULEhtd R A raRdy, \aal | %ﬁﬂl@& thaldppfopriate TS
are pllgf:e%m: n MED( col Z g(%d I ogVAR(coI ). foll od\%/l?ng

samplgefoi dhe Psarapleseestian g Farianse ¢ompuialiens:i fy t he
appropriate columms to update at this rowr, and
gat her the appropriate TS sanples for the 9-sanp|e
nmedi an and | og variance conputations:"Algorithmto
updat eMED and | ogVAR vectors, delay = 6 synbols" col -
nod(3 r + 15, 16) ; "identify first TS col for r - 6"
FOR m=0to 8 ;"gather 9 adjacent TS to place in
buffer for MED & ogVAR conputation” colmcol +m 4
TSmedbuf f{n) =TSi TScol i ndx) MED(col) -
medi an{ TSnedbuff) ; "conpl ex nedi an, separate rea
& magi nary"
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"conmpute | og base2 of VAR sanples (vector)"
| ogVAR(col ) - TSnmedbuff(nf if col <9 then ; "update
wG@ewonshoIsin this row if exists - " col 2 = col P61T/US20PEIR3983
? =Qo 8 colm=col2 +m 4 [49 - colm; if colm>24
y TScolindx =\ colm; otherw se TSmedbuffim
Algorithar tpapdpte A5 a ¥4R1yectorsye delad cTSHBINT T )
col = ME6@BP} £X5,MEsyi ,af’fideﬁﬁsaﬁ@i BS E613br 12igTagi nar y"

| ogVAR{ cpl = TSmedhuf f end i f 7], To conpute .
FOR it 5 8, 2 Be0i6r O aart AP e BeaibuchbiometEn A iog X apition

caifnor oalttimer 4 CSl ), the next step is to snooth (filter)

t he nedi _lzindlvar' aop%e (Xal ues over tinme and frequency

Ts@lzmapsg.ﬂ THEH ol ¥t heé variance is used for

snoot hi ng t kelrsgerfepedsqoi se sanpl es having a

' am c range over the subcarriers.
f%%%%@ngﬁtéﬂ?gv\%hg@ colum vectors | abel ed MEDI and
MED(¢qdywpmediand Thaedhydd ' sowploxanadia, sepersieiegls’ imaginary”
" cdhpiRe foglbabdoast IIBtiaapianckd@y vari ance val ues,

respectively._The colum indices equal the

rrespondi ngl col umis, of1t i nj.n 0 tthey
e APPSR o I RS A SRR
) el ements to zero. [0059] Create two, 25-col um tors
if col ¢ pbted MVEDRdEAsRchRd VBRI thisyopel gxigts -t o- st-0F - t-he-"
col2 Sebupis or frequency-filtered nmedian and | og variance
val ues, respectively. The colum indices equal the
Fcnieﬁfpé%éonding col uims of the training synbols as they
addtmr-e62 veg-for each OFDM synbol. Then initialize the
el ement s zerp. [ Q06 e equalizer values EQ are
Qgﬂgyﬁggzzg%ﬁfﬂﬁbigc?%£>ég val ues are generally the
conpl ex reéci ppbeabt/efwh&ED2 val ues, but w th divide
tect on, ar.i ance val ues | ogvVAR2 are used to
‘ g@ﬁ%ﬁﬁgﬁgﬁkEéSﬁg%oéﬂ%gequent CSlI and branch metrics
MEDgéal 8y = auiliss( Rredbisf) ; Bepualex medign) separafe@od & inBigaprd:
Next snmooth th WED and quwAR val ues over tine an
logVAR®@EUSRAYg ;(maxTﬁ,minTZSG, > |MED(col2) ~ TSmedbuff (m)|’ ]

§“m=0

endif.

[0057] To compute the equalizer coefficients and channel state information (CSI),
the next step is to smooth (filter) the median and variance values over time and frequency
(columns). The log of the variance is used for smoothing the squared noise samples having
a potentially large dynamic range over the subcarriers.

[0058]  Create two, 25-column vectors labeled MEDI and logVARI to be used to
store the recursive time-filtered median and log variance values, respectively. The column
indices equal the corresponding columns of the training symbols as they are received for
each OFDM symbol. Then initialize the elements to zero.

[0059]  Create two, 25-column vectors labeled MED2 and logVARZ2 to be used to
store the column or frequency-filtered median and log variance values, respectively. The
column indices equal the corresponding columns of the training symbols as they are

received for each OFDM symbol. Then initialize the elements to zero.
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(subcarriers). The tinme snoothing with the IR filter

results in MEDI & | ogVARI . The frequency snoot hi ng
waigingswee of the quadratic fit functions resuPCBHUSIW06/043983

MED2 & | ogVAR2. See first part of th%@ml t hm descri bed

kp@(b«mv [100 6 nalSted pradues THE e waimprisd uHEDEQ dbe EQ values are

G HscominpbEree ! REas VardeRe i BERR A fhome variance
valu%E W/IRZOA}G w0’ rh 1%\[’(6 Y MNEHO ES sJuBQB @3 Eandsedndtometrics after
u

for subsequent” CSI and branch netrics
adjmﬁnmfmtqqushmgalnﬂor equal i zer gains. Note that the

it h
5401 NG SOOI T UG SR BTERLES bl sy
cﬁrﬁe@% SIHEiMe shRofiig et the MR titied msultsolmmmmlr & logVARL. The
| ogVAR (1 og of the variance estjmate)

freqaenayLamentifing using ona@tf thergadiahie fHPIiICéWB% f?sgﬁ% B’rr%{ﬁi%&o‘ﬂgvm
allz o0 an adjustment is made to
Seeg]gﬁé}éﬁ‘pog%go %g%c ggglq‘aél i zed synbol val ues of the

qoben]t . Stets uh Ghe @gjialiementes EQmpcleornouted Goth M0 2aribhe £Q values

are %Séteérgﬁzﬁ TreaprapioK TEHBIa Ll AOPR HRLeS Bt REE difide mroiprion The
et 9£1u52&ﬁ ( Gl ¢ En%ﬁﬂwmt%%r giibsefudieCST and branch

| I'og gorit mto conmput e EQRVAREQX r omVED &l ogVAR
meti’llci; tfter alplshyent fo6 equaliper gains INplephgt the éass/iz@e ah éhq garithm above

' coni?ul%gs \%@hﬁﬁq)e{pg/g npllﬁ)@%n al}t% yal b(zaICEes sa)%élg gﬁlfls I\ﬁEBI not simply

the dnﬁ!rl)%'“gﬁmpvd:§i“6¥10{d1 céﬂi@r’t Higd’ARJQ{MgRbf aﬁrmrlcea Ieshmste)]go VAR. It
quadratic - fit interpolator" "MED2 & o0gVAR2 are(ti

accourds) for gheofch duiehie anTianes isapompEed on; plnEEeqyabiged values, so an

C QP | 6y a

wipGHUAED e 1§ SR PARE T ] i et bbe cup

Fur@fer alijastnichhi¥mideaopubid wemiaatd estimate errors when very hlgh interference is
coef f [ CI ent sEQ‘ r omvED2" g@d col) \ MED )\.2 factor

Pregast- "Qhvethsdfiar HiSt uc?é% col'} 'f'he

, 10 6J '
maf@(gu%fgf ééc’?%?@%gsg) ??%ﬁ?ﬂ%%gm 'Corrpute antil og
and equal i zel ogVAR2 to produce VAREQ' EQragsq(col)

=\EQ(col)\ 2 ; co/ = 0...24 VAREQ Col ) =21 BVAR2{-col)
max[ EQragsq(col ), max(EQragsq) 11] ; col =0...24 .
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[0063] The EQcol) values are then applied to the

correspondi ng dat a-bearing synbols to produce
woRvEsYe»! ) val ues for each col unm of the OFDMBYAIDO6/043983

(del ayed by 22 OFDM synbols to account for the E

pt Alpesiginmtg combuaty FO & HéRNARBG MED)& ol d8s fieedelpysd 6pppbols”

subsequent CSI processing. OFDMEQcol) =OFDM col)

T e

CMABRY- QF,q)WWEEH Hes MERQuadratic fit of the MED or
I _mptry. %5 eq, . oth the val ues across the
C%%Efﬁﬁ‘%'é ?gu@c:g%?lfler s% o%tzeée matri ces. The snoot hi ng

of these val ues reduces the estimtion and correction
er$:a66th ALED tamd MepiVeiR ] sérosseolsheing quadadtico fit imteephlatoy”
eqM%lﬁZZcéfol PAR Sre ARTHHIE dnb GnOEm SHRLA vari i e ¥tindadst ON Of
t hese val’ges across"the col ums can. be resul t of

s SR AT OFRUEEIY.  ondomapieaiigtighioning OF H1eariie

SYOEV AR 2 G HSSVAURI) 1T egmBttequadiatictit nging QFiatgeathnghase
shift across the subcarriers. Since the filtering is
done in the | and Q conpl ex donain, and not phase and
ngemputd equatipes coeffpigntt FEdipbHEMNS resulting fromthis

lin a i fA2 cannot, benCcekre Miged a
I |mne§ (CCP?T W%%%t{c%@t her & cgﬁag'f'g{ii c%%i@‘?squ%lr%@%aglﬁ?dQ
Z%ﬁ)(l ngonmwléﬁt(@lpﬂbvi des suffi cicehtOaéturacy.

L QVETH I War ,WGISJG ’ dugualigertbettsphageaining sym."
anpl i tude perturbations due to frequency sel ective
fadi ng over the subcarriers, which can al so be
c 6 Comptie antilyg srvequalizd fogV B2 fd prodyee H4BEENd anpl i t ude

ripple fro ogefiltering,prior to OFDM
d S {CP@ET@Q{?‘@E Cocro?'é?t“gé if the ripple is small.
| MUREREANE 27 5F%D tnenfBOmagsgod), Bas Bzl 2] wglAR..24.

that can be accommbdated with a quadratic fit. [0065]
If the analog filter ripple is severe and devi ates

f quadratic..shape, then a_ differe -' “beari
i @%ﬁ%ﬁd eﬁ.ﬁe T@é&gy OY%Q?S eafhg;‘;3 Or ?ﬁﬁ%do%t ira%n g %rsggﬁ&lhg tata-bearing
symBbRS6 Pr&dlice EDIMAGHEolf R alu) €dri abh icluassf thetOFDM symbol (delayed

correcting the variations _due to residual y%l
by 22 GFRY! eymbnls tasegcernti forthe T ArIcessing ¢riay)a 3t (FAREQ col) values are
Elter rinples ond algorithmis designed to o
useigofrsﬁﬁquﬁﬁ(’t%% é%%%ar "ations plus a nore severe filter
ripple. [0066] The first QF function estimates three

oints over the subcarriers t i.ch,a quadrat i e
GEDirQee e BB 6B Qs it s s sy SRR LR Symbol.
points are estimated using FIRfilters at the mddle
and two extrene endpoints of the subcarrier span. The
n}'(ﬁ)@hp PThBt alberithimo dedchiped Hbbratiads ws fingtian soattedt @Fc which is a
FIRfilter over the mddle subcarrier. The FIR filters

quadatie Hi 660 MR (eaviez KARLERERE phest 19 Smgthfis Valjis across the

colu%%r?ﬂﬁﬂﬂlﬂgarglg%? gon eélte%kg Yolitde ayRdiabihide b GRAtk dydites rheduces the

use the proper centroids near the =
esti@atdowiand Soawction errors due to noise since the variation needing equalization 1s

assumed to be smooth. The variation of these values across the columns can be a result of
several factors. One factor is due to a residual symbol tracking timing error causing a linear
phase shift across the subcarriers. Since the filtering is done in the I and Q complex domain,
and not phase and magnitude, the I and Q components resulting from this linear phase shift

cannot be corrected exactly with a linear fit, but rather a quadratic fit for I and Q complex
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extrapol ate the remai ni ng subcarriers at the extrene
ends, the performance tends to be better if the
weennstods are assumed to be | ocated at the exPCEIS2006/043983
subcarrier |locations. The reason is that the
Q c f
compgffé ésagf éfs %ﬁfﬁ&&ﬂ ac&?ra e%\g'lté) o%%ﬁ%&@%ﬂ:g ?\%\Y}g? t& thé BRase and
amphﬂlwdrmhlmtmm doe tmfrﬁqﬁer&gf detectiva Caling everethe rsubcz%rlas which can

t | t t hat | he b
S LT PRI W N it -
to OFI?}{/IG Sl Qi RAlEE LdircRalic MR AFpiwiis I3m§11p Jhfetfetc@Be also tends to

assumed quadratic) that provides near-optinmm
have 8 shnmifoml@gg"ﬂﬂéhatl cak bk peaoremerkitedowitll anu&drgtlcsﬁb h as

loBShpt 15Fe avlae Tt ARO &t 1SR R ST At Shape, then
a dlff@‘éﬁfj?ﬁ fubctidd isfié88dd. OTherdBRUSy 0/ AE6hmXotitng Ute M@sdntdd: the first
el ement vectors) (. p-k cos + 1 1 12 J w(

QOF almctlmﬁors kest for . comctm&thsx seriations fdpef tor rgsidueb rsyrabmnfl)gnag error,

b 5L s SR L 8 s 4 g o

all thbseWihdtwns)fﬂks)aﬁ@ré sm&x;ehil@hhpple m dp0| nt val ue at col
12" 12 k=0 24 |OW+ hi g

96akr a'tT he figgf éimoz@g est11@ate§, ,t,l?ree gom},q %W)ﬂilﬁ a*]i)cg)mﬁrs to which a
quadr&ﬂhJ %géf?et iscﬁt?éaetfo perdrfnOhd snﬁ)o Elf?ﬁO% cd’ll?e&féh +THsO Woint€ e estimated

out put vect or . An al ternate
usingdflRdileers at the middiaend ovo @tmnw qndpvnmbeco;f th@smemmﬁ;m éhe middle

i |
poiniEphbaF PP SHER S Rels SR R P BR R Pl oo e
filterd bf fHe éid@@&t@h&k&é‘ § RESIPSid QA el &al bin¥ Erdrs thé efldsat Although the

each subcarrier location to formthe FIRfilter
quadratic fit could be normally designed to use the proper centroids near the endpoints and

extrapolate the remaining subcarriers at the extreme ends, the performance tends to be better
if the centroids are assumed to be located at the extreme subcarrier locations. The reason is
that the extrapolation tends to accentuate the curvature of the quadratic fit in the presence of
noise. However the algdrithm can be modified to place the centroids at the location that
yields the best overall performance.

[0067]  Step 4a: The first quadratic fit function is intended to smooth the estimates
with a partition shape (assumed quadratic) that provides near-optimum smoothing given
likely channel conditions such as time-offset and selective fading properties. This is

accomplished using the following algorithm.
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coefficients. These quadratic curves are pre-conputed

and stored in a 25 by 25 matrix Wo be used as a
woredoriopoper for the row of 25 val ues from t he PCT/US2006/043983

subcarriers to be filtered. So instead of conputing

t e RA dQaddraticiHittfuationSsput Rectcd %, SuPaakEthey. S(250kleRRENVectors)

new OFDM hal as in the first algorithm the second

al gorithms@lm mul tiplies the vector of 25

Su rier l/ues . h tr e85h synbol

tiﬁ’gw[ooegp Thi s’g%{ﬁ]érg'é{ﬁg Q%—fé?}é\%g‘%ffson .&%@%4% ed in

a simlar nanner as a nmethod known as the

SaX/P’f"s‘*lﬁ-"é&’F)ayf(l()SG) pr ocedur &uthiswelieatcot®e al ternate

QF fundt’ion generates the coefficients in a different

_ R ing,in.inproved filterin in, agai nst
ngl s%{ Rgﬁ}ébébﬂ\%ﬁ%)the endgoi’h ug‘lla\luee%ﬁgoalzﬂ'he SG
procedurle Lonput a least-squares fit centered on
e aphid@oi—nthch)sng%t( Wowheyigad) 2 "hpdpdiktaklup@idai 12" The
result i%sia set ¥ FIRfilter coefficients about each
subcalavi-eyhigbeat panl t o be spoot hed. Two factors
mfA TVate thgguse of | east ssQUAFBUCORHGE hing. One is
the yariability of zt%e val ues over the subcarriers,
artd= R ECHEY T V8" endpqi miuadtitiesersher e t he
subcarriers #fear the endpoi nts cannot be fitted with a
sywto®) =iuccaét- lotolFt Rolvi | t ercot00fi4 ¢i' @pw vettoes. t her e
are no subcarriers to use in the filtering beyond the
endpoi nts. The SG procedure exploits the properties of

koul a e i,ces~t.0 generate the Fl
CROBRY hRAREeARE Rk S B ReR R apetpapice IF filters
wittceebisiv Bpils ahd prowpalela3 i Galy va1atibes alhie fud®ioRSs different from the

spoot hed. Al t hoaugh the SG procedure produces FIR
Grs e LT B SUif VTG ARGl S8 ighlobeliato form the FIR fltr

e ) . ) .
coo BRI B o R LR BRI B 2 g mavi
be used se ar mdlitpliendorf thetrewi of)2pvajues tiioas thkieuicarridie to be filtered. So
insteaﬁC?SSi ve .usg1 of E%ﬂat i ve coeffici 1gnt .val ues. However
FHOTSP R Dregradighe dit aropt e 25mubsaders ferseachmew OFDM symbol
as il HRABE AlGorithin, Fthds&eBRd higoHRRA SinkAY nBlises't g%&tbPQ%ZS subcarrier
filtering or snoothing, while preServing the zero bras
valugy bpetyatok ¥ e egch PFOM dymbol thue.t her nore, the

b8 gt e Q2 oo g B Sl franforsnethod known
as theé BadtskoATdlaR (SGY ppdce@ns; hbWEVR)] tHenstepxAdme f@i’;c_’lc_fﬁgegenerates the

| ternate function i s described as fol 'ows.
coefg

FaRisIR & AdIeRaH Xagnarer FesRiting) indmpseets filésring: gain @gaipsichoise while

1 Abhiffint A%td 2N T nzerqQcoefficients
s BREAS i) ASARE" 110 St QS ORRARE R SRR e on
eachgpoinst ¢nheotR She ditador itet point e pailt istd e, ofaFIRhAH@Ncoefficients

this can h e adjusted. The unique FIR filter
about gach SUBCREEIofiongiads sgoothse: dovcetorsOfBa eons offest squares
smoothing? ©h& i€ W@ilit? ke tﬁ@?ﬁﬁ?QBvérgtgg Fs{lﬁa%qﬁ%,f Afd B Gtner is the

is a quadratic function w our it1ona
endpoit dilemimatvghete fliersaticans ers aedras endpoints cannot be fitted with a symmetric

-

set of FIR filter coefficients since there are no subcarriers to use in the filtering beyond the

endpoints. The SG procedure exploits the properties of manipulated Vandermonde matrices

to generate the FIR coefficients, generating a unique set of FIR filter coefficients for each

subcarrier location to be smoothed. Although the SG procedure produces FIR filter

coefficients that result in an unbiased estimate of each smoothed subcarrier value, the actual
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[0071] Constraint 1: The nunber of nonzero FIR filter
coefficients is 15, with 10 zero coefficients
WO esvaiosdong). The center nonzero coefficient i s POF/IEL00§043983
| ocated on the subcarrier to be snoothed resulting in
set 6t IBRTBSIRLiSntEUR ok Elﬁ@é Y ORELbNe ERCERE f%t%@hgt l?c?pe?ti s, due fo the
subcarriers on either end are constralnéd by é%lng The
exceiSive ube af negativé ocefficiens valnes hHbwenet, fher alteheaté 7z &motion uses the
coefficients. .T the first nonzero coefficient i i
best pgasiblediyadrags fit B chaifieiegts ior ROaF Fodiptioh &lteri 4 pneqthing, while
resBv iy BR LAl pRPeRY gt the NI ( W | FlrtBbindre, thePalteinate QF
P eSt,héehygfi rst noﬁ;se?%%go%ffi crent 15|}8%;%n" @FOO%%] raliemate O
functiom dtas anere ZexilEhtyhins estalishingett@Sspeetef BIR ZhteFIsRoothing about the
subd OQJEhglents, havi ng 15 nonzero coefficients and 10
. S "T8EP ci ent s, ~must sumto unity so that each FIR
f007@" hofie éxafiHlgarf thefiteRat OPTfuRAR i§ WBSRIbEM 88 follows. The span
| ocation. 24 "FIR(mKk) =\ ; for the M coefficient
of thes nppzere FaRt flkerr edefideiprtarfer epch spbearjeyoipgatianoiss sataonts nonzero
. ol d. of t . I 11,81 ubcarri gr | ST
coefieTifo LA P LG AR by 05 BURSERE B T Whkarics o
the it afthdugk tisiubarabe adjtistedit Thé snigesERefltércdefficients for each of the
piec?mﬁse linear. [0074] Constraint 4. Although the .
subcgriey Ioarigns wedudticsneqmpited Kemtheneal by IR roptisisw i pauadratic
funcBUTR i ol RIGRANAN Ghs@linkRARALLS foAbRAL S, L s does mot
provi de the best | ocal estimate for each subcarrier
1[6@7Zk]i onComstraintvdul Ther msubdr dfmohgerbiFBafiltar amkfficiéngnissl s, with 10
for .each FIRfilte A better constrai.nt .is to ensur
zero, il GHERIPIRE o TPE AERICh MORFESSREIBUMY facnopially Iocated on the
subchiiés @6l GRedntdoth @Nfest1BR tih ANSyrhHShicORIRS e fn’&?eﬂeﬁ, except that the 7
nonzero coefficients. This is possible for the 11 -
subcaiiseapn pidter cod ate eonsirgingdhby ugihg the, 1 oenbeatmies lasatiensran that end for

the EADAR! BEmRh TR SHALY pNRES ChBl R BHPR P for csimating
(filtesinby thelsubdarfi@oatarohsideatied hye zero crossi ng constrai nt

only toward the inner point beyond the FIR coeffici ent
span? maxOunind 7an7)p " gris thefirstmonzerg gerffigienidogasion” .

tIQ@,@t ?g(?%jﬁ{rglé} &E]el_?,gte}lh _sétggtc %e{,ii%%%{%ﬁé?l@1c)@ef:ﬁ096n;ts, having 15
nonzefPEseEfidbml add10 MRro cBefficiehts, nlu8PdiRh td@RIBF §0AhAf eabh FIR filter has a
sinply establishes the range of the 15 ronzero
dc gaip ef piefos gech subgardgiclecdiion: he 25 FIR filters having a
quadrajic characteristic over that range. Constraints

2, 3 HNETHxsRNSLi; tof MelififodeMiGont RauALtNRe HACABS A t O
deterfmne the quadratic coefficients am bm

[0073]  Constraint 3: The centroid of the FIR filter for subcarrier » must also be m
to ensure an unbiased estimate when the slope of the subcarrier data is assumed to be
piecewise linear.

24
> k-FIR(m,k)=m.

k=0

[0074]  Constraint 4: Although the best noise reduction can be achieved by
minimizing the sums of the squares of the coefficients, this does not provide the best local
estimate for each subcarrier location, and would result in 15 linear coefficients for each FIR
filter. A better constraint is to ensure that the quadratic function crosses zero at the unused
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and cmfor each FIR filter. Although Constraint 4 may
seemto overdetermne the mddle sets of filter
weo@hsweents for me7.. L7, having zero endpoi PCBUSL006/043983
both ends, this double constraint for these
doeﬁibk?&ﬁrl&aﬁ()ﬁs h%t LaHROAR 5 AT R LoctBtigntef BRSHS hSIsBN For the 11
are properly determned. An algorithmfor generating
subtdn—:ielalot:aimmt7ethﬁﬁigh(lﬁ), bt fRid ccbrtstralni: oafrioit bBennEtt foratheiothepvsubcarrier
i,S ne resul coe ficient v
tocqsigps tafied el ot Alanirid & BtsrefibGpis ations have the
zerdbioSSiR@ b Shsttiag bﬁylt&w&utthé et Ibcﬁﬂt @?oh@ tH'FIRI deficiedt span.
accommobdate |IF filters with excessive ripple and group
delay(kpe agaith +\l@r katd,on8qualihite fowthe kthawef fordhd Adrsebearrier”
fro hefi st. | ffergnt quadratic curve is
e‘g’](g elg dcsgfg?lltgrrgrf ogat?‘lg'on to formthe FIR
f| 1t 4dc§éf=f0 cf’m@alnﬂ'fwﬂe—@udal’ atic curves are

pre-conmputed and stored in_a 25 by 25 matrix Wto be
ud¥iShs  Sonsiramip] sigpply gptablishes Hig @ﬂgq sf {he l?e%ow&ﬁqeﬁféments for
r |t
co R RO 2,1 i G S5 ERER L R 7RM Mptins 2.
andndemlﬁﬁm ﬂrprrhmle egsations mbhecskdry 3¢ dedegoine ttheryuadingicsmeffivdents ay,, by,
algrlt tiplies the vector of 25
S o T At Atpordl CRat 0t dirias, B CiersiCyitofhe middle

se’[st bfrﬁltefr RESECRAR ﬁ)i" bi=£t g4 hQVlﬁ? Rtd @hdﬂo‘i’mg- -aft boh bdy, this double
result in the fol ovmngagorl (xI Alternate

congiuainl o1 thesé tsubkarrierg isuredundsmt, amqo@i sfdwv of eereffiicients are properly

det )é@glililerd ?%rév ecwglp} ?6)12 Wt&eé%tgrfg;thg AL, E&@ﬁe I(S(jtc)of:' ]? fil&er§oefﬁc1ent matrix W

is déﬁﬁ@d fext, 406 thd resuli? ébefﬁﬂ}ntb(a[@es =for W%@e prieBantee addhowh bElow.
(n) FORJt Otol 4 Wk 2+b{n) k + c(m
V\{fmﬁk 2 81p) 4bs AR aﬁrmmaérase é‘lt i‘@qﬁm QF prrgpuideg ko accommodate

IF A uﬂi'a] exygsgrvz)npple and group delay or gain variations. This function is different

from the first since a different quadratic curve is used at each subcarrier location to form the

FIR filter coefficients. These quadratic curves are pre-computed and stored in a 25 by 25
matrix W to be used as a multiplier for the row of 25 values from the subcarriers to be
filtered. So instead of computing the quadratic fit across the 25 subcarriers for each new
OFDM symbol as in the first algorithm, the second algorithm simply multiplies the vector of
25 subcarrier values by the matrix W for each OFDM symbol time. These are subjected to

constraints 1-4, which result in the following algorithm.
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"This is the end of the prestored conputation for

filter matri xW "conpute filtered out put vector y for
wea@h/os®es OFDM synbol " y =X - W; "matrix nmultipCyUS2006/043983

yi el ds output vector y". [0077] Step 4c: A third

al t ! ?ov@@éc@d‘i’ $0# §kctor v."
Q??]‘g/? é}‘@n?ﬂé%ﬁﬁ&%ﬁfﬁt M‘é% o lh e desi gr}fe &@Jm ngory
al' firsbepmppwiegresteredenssiisient v 2)for each FIR
f IFDRen =0tbi7s filter has a characterlstlc nore simlar
to the fjirs Q:(x) filter, but is constructed in the
rratn(u):ffﬁl'—lcé%f t he alternate filter. "QF2(x),
Al ternate4@®hdratic Fit Matrix function, i nput row
vec?)? X, bupt-a@ertor y." "first conputeprestored
coe ICI ent rmbrle(ZS by 25)" FORm= Oo 13 2 ma(m
-29 11272(30 _- BAphl- mb(m=- + 39 3900 25 2 -m

W, PR 024 v, m =aim k 2 +b(m K
+c( R 24 °l4k 24 - m =Wk, m) "This is the end of

the prpmt;@}ﬁd(;ﬁ)okbuttb@h) Gn-d(o) filter matrixW "conpute
f| I t\e/&f AO%TP Xﬁﬁt(?b'% for each new OFDM synbol " y

rrat’rl X yi el ds out put row vector
'Fqll)@#)?]‘iolﬁ anot her aspect, the invention involves
theF@@pLo\f@lmon'pl enentary conbining of the secondary

parti ns e lization. The two i ndependent
sec:ongflll(?c art’l 5 Ef@uﬁre equal i zed i ndependently,
al'Ghigisthe wdtoﬁéhmgm%@@@umm@réﬂﬁermwgV The branch
metrics are conput ed i ndependently and redundantly for

l,! ft de. bit kiion. Th
20??1’@% B o“&?fg‘%gr eﬁof"l? cgn%\v‘r’g%?ﬁw%%jﬁd) eldo?o prgduce

one=sdt ;of " matnx multiply yields output vector y".

[0077]  Step 4c: A third alternative quadratic fit is described below.

[0078]  Another alternate filter QF2(x) can be designed using all 25 possible nonzero
coefficients for each FIR filter. This filter has a characteristic more similar to the first QF (x)
filter, but is constructed in the matrix form W of the alternate filter.

"QF2(x), AlternateQuadratic Fit Matrix function, input row vector x, output vector y."
"first compute prestored coefficient matrix 7 (25 by 25)"
FORm=0t013

m
afm)= 2925 11700

11-m
b ——+
(m) 39 3900

2-m

clm )_ﬁT 117

FOR k=0t024
W(k,m)=a(m)-k* +b(m) -k + c(m)
W24 — k24 —m) =W (k,m)
"This is the end of the prestored computation for filter matrix ™"

"compute filtered output vector y for each new OFDM symbol"
y=x-W ; "matrix multiply yields output row vector y".
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branch netrics. The equalization is also perfornmed on

the conpl enmentary conbi ned secondary partitions to
w@e@dos®2@anot her set of branch netrics for thePCHIB208¢043983

of secondary soft code bits. Then for each secondary

d ' h ' . h tric i | ected a
S, el R 05D RAIE . MBS S fmrar
conftififgof Theeseusmiany panitiohe bebiasuabiziioal ITHRISof iRfefBéitGecondary

secondary e}nd tertiary partitions creates a
a

n
Parigiqns 7o avalizet dpdepsadingynalong wish Hiranssecinied t/ARE@rastmates. The

. " _ y . . . : _
T e T
in th¢ pettigignt dlheScdkesponding bheanahahagcwa themiatéel toopPdet® one set of

brarh RSkt S 0 HelHoer et RS d hse femEREFAkry combined
secdrlibBf pR{I8NEE0 FPHRRE YNSRIt B oF %?ﬁﬁﬁ%éﬁ‘i@.fﬁotr'tﬁé eggﬁro? secondary

first conplenentary conbined to cance e anal o
softgioge hits. | Rherhfos epdydeopndalpogi fodertat, itrephighenbrimhanétdc ireselected as

' e del ayed, ta t the delay in the
Outlglg?@r#ﬁ%?%éé?mﬁﬂ%s%caﬂgﬁrﬁ%ﬁ%%‘geﬁg ters to provide
t [0080) aWht ivsatdfosbalefB@aBOb@chaRis if6Y BRI s@bnddCand tertiary
EQ(col ) values are then applied to the correspondi ng _
partifiong crsaics i @ribpgens selptipnshipavide tommleRhest! A madniewldmentation of

eSS AN A e EPRUNDAL LA Pl SR i v

LmitAREQSAAH). Ifahe @salag evas diadtddad 1SUSe Cﬂi@ﬂthe@&ondarg partitions were

roges i ng, [[0082] The nethod of this invention does _
cauglige epdeatlyrtor hedten Asgomynesisial aliaeent ichamnehuntederence.  Otherwise

i i [ ] i on . .
te LESHAA0 paRlbgl SRR SR RN AT s i i
thissediect ed. This yi el ds nore robust performance,

e® i al V\/(II)%n th rlcal oge bapdwi drt h sc;rrrewtrmt exct%gddselay 0 the
SORPE. [ OEBEPUTSEIPRS P ey ewiabest preedelavaetoampteisth
. i i . a] | i - Tertl \Y .
HSAN ST SSEATHORLEL 1 380U Bt
infogpaivnd dihg F(col) valmes agrtherpanplied i(xgthe hnotrhspondmgehadaelgﬁaﬁylg symbols
{ i ned L el di t hr set

o R0 AR R R 7t BBl ctaea vy 2
OFDRMGHRBIsY0 $20édunt ESHahe E B prot&linBRid3y. The YURBN DY values are used

these three sets of branch metrics’is describéd next.
for subgpguent £ pregsssinglependent secondary partitions are

iz j n long Wi th the assqcjated .
DR cothe BRERATSHANS oMl el il B339 TR SRA0g banawiae
infoinmdiepe dtead bytinind epedemncadt doyntited &ljublis@oas da YerfoRinked, and later
code bits in the partition, The correspondi ng )
the ¥y f%an Meipe 1% pRlfctetio ddis yelds davregobys psefermance, especially

wheR HRNGAloBBhdwRith I 3kdesal 5 R S al so

[0083]  The tertiary subcarriers are always complementary combined prior to
equalization. Tertiary equalization is then performed as described. The two secondary
partitions are processed both independently and complementary combined, yielding three
sets of equalized branch metrics for the single set of secondary soft code bits. The method
of combining these three sets of branch metrics is described next.

[0084]  The two independent secondary partitions are equalized independently, along
with the associated VAREQ estimates. The branch metrics are computed independently and
redundantly for all secondary soft code bits in the partition. The corresponding branch
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performed on the conpl enentary conbi ned secondary
partitions to produce another set of branch netrics

wo oro7obm@2sanme set of secondary soft code bits. PAIERHE043983
each secondary soft code bit, the higher branch netric

ey S5 A S S BB R
perf&ehial diZ &fe dongllerd@sart enitinéds secanddratpaftiides ¢oppeiusatnother set of

(equalizer) followed by a partition equalizer. The
brangh shctriosdlior SIS & o SHERIRRY 0fi 00 difon o Rk e%‘iq?dse‘ifmdar-‘/ soft

ol 30 U 3 TRt St s oty o

coddetiey at es on sparser training synbols in the partition,

but is re accurate in the partition. ,Th titi
et R SRR Bt b Gt g R O e e

comF%%gté'ﬁnlp f_%qglﬁl?iﬁcﬁgo%@h t’bﬁsa hiBor 6qidlikate THEPMAtSThdd @fi@Bzer helps in

tions shown in the draw ngs can be
fast fadiecmsed adl wsss thy raiowartist (KT bincHrapd ks suticaicgwiibing +1). The
but not.limted to,, one or nore processor . " .
partibi qiBaliAeh i LPRE P ORGP AT A S iy fbeRgrtion, but is
morb Bcur ¥ S theParthRs. B Hattaffldqagiier BedfitsBomiths Auefadt equalizer to
exanples, it will be apparent to those skilled in the
keepathe tiafning valresone relatingemaligaangs. made to the descri bed
e | es— ; i rom 0f 1 4 N8 ed usine kn
CIRORRL 7oA Cbnf SBAVh, Ok RS GRORE iblehidfled, using laown
circGit @ofpenéBs, ihcludingebitombtolfimiteiiad,i aiengr GDMpsyoessirs or application
vectors received on an AMin-band on-channel radio
specifieigeratse Py a main carrier and first and second
dihateatle SHRERSH W& Soen!daSeriBRl hR LrARIATskdrAidexaliles, it will
5@§glpgf: conp%?#ﬁg a BPSKeﬁagnitudé si gnal ; filter?ﬁb )
be dppereBP8K thvag killad én sheyarl thatf variows ichanges eph & madepioethe described

recei ved on the in carrier; ing the filfe P .
cxarn YS! SPERETE R SewepF 5 Bk BT SHrfsfd T i followine
claifn§cei ved on the main carrier to conpute a plurality of

flat fade equalization coefficients; and nultiplying

the OFDM synbol vectors by the flat fade equalization

coefficients. 2. The nmethod of claim1, wherein the

step of filtering the BPSK
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magni t ude signal conprises the steps of: passing the
BPSK magni tude signal through a nmedian filter and a
wo powrsooespul se response filter. 3. A nmethod oPCT/US2006/043983
equallélng CEDNIsynboI vectors received on an AM
and an-channel radio signal, the nethod cenprisin

Wﬁ%3§9§§§ Sof : arranging a plurality of trainingp ;
synbol s 1i n a A hRtHuder Soahgthg \GRIMY synited Wactofs teteivedgn an AM
the training synbol vector to produce a an val ue

in-bemwt jomechenus] redie sigralningldingh oReife ATHEE a& FhitRg serpd BPSK

value t synbol vector
C{E)T]\l‘;ag?({i?ui HE S ﬁ%r&é%ﬁ%(ﬁ%%/ pﬁ%&%%ﬁ@b g?mot hed nedi an
val ue to connuh@uang)hBPSKmygmfudemgahh zation
coefficients;_and nult synbol vectors

by the equallﬂﬁppgﬂﬂec K.@P%Ht‘@eswa he met hod of

claim 3, Wfﬁ{eﬁng Gy i hinp Rk i Rk tho iRl G
snoot hed using a adfatic Tit function. 5. The

met fhoel of cl aisingdthe illteresl BPSKemageitirdst signaf |aﬂdﬁh¢1§1ﬂq3¥ﬂ4 complex
is fitted, to m ddl e and,.two ex
sampleg LFGiYest o8plhf man sFHEeL 19 ﬁBprB{e ?J%F%\fmfgafrt efgde equalization
coeﬂigﬁﬁgﬁﬂ& quadratlc fit function is used f or each
carrier location. 7. The nethod of claim3

conpri si ng t eulsipbng thecQRBMe AEnbelryectoshBY At gat { fae oS equalization
coeéfec Lt ary partitions in the AMin-band onchannel radio
prior to equalization. 8 The nethod of claim
1, flurt her comy helid bhelsmep, ohereadaly istep of filtering the BPSK
conpl ement ary conbi ni ng secondary partitions in the AM
magnituge pignelroeipaiserdhe sigas of si gnal prior to equalization.

9. The met hody8lg!il Bpl WhShRAd LibfalBRtah & Mcdfn filter and 2

estimate of t al ni ng sy vec i s snoot hed
finitéSihipylsa regpansedfilter. fit al gorlthm 10. The met hod of

O e kg A QFDby AR6 VB TG n v
in-band on-channel radio signal, the method comprising the steps of:
arranging a plurality of training symbols in a training symbol vector;
median filtering the training symbol vector to produce a median value
estimate of the training symbol vector;
smoothing the median value estimate of the training symbol vector
over time and frequency,
using the smoothed median value to compute a plurality of
equalization coefficients; and
multiplying the OFDM symbol vectors by the equalization
coefficients.
4. The method of claim 3, wherein the equalization coefficients are
smoothed using a quadratic fit function.
5. . The method of claim 4, wherein the quadratic fit function is fitted to a
middle and two extreme points of a subcarrier span.
6. The method of claim 4, wherein a different quadratic fit function is
used for each subcarrier location.
7. The method of claim 3, further comprising the step of:
-24 -



11. The nmethod of claim9, wherein a different
guadratic curve is used for each subcarrier |ocation.

wda 2007/0bm28ret hod of claim 3, further conprisi ngpehesSEhem3983
of : conplenentary conbining tertiary partitions in the

AM i n-band onchannel radio signal prior to . ..
. equal i zation, %E%Ppe%ﬁeéﬁaﬁ%tcﬂ@gl e Eﬁrgﬁ%%,rtltf%stlﬂé]?e AM in-band on-
charmejraiiii sighal pHostoajquelizatigelapt i ve conpl enentary

conbi ni ng secondary partitions in the AM i n-band
on- channét r adihg msthefbef aimol, fughes gomprisiagitastepall A

"ot or mat i on ¢ Gagiy eq S tel HiP i iRhe shAaRiRRHISR in me AM
in-badli an-chtaneelredib signabpaiorits ieqealizhgoist eps of : arranging a

pluralité of ainiﬂg s¥ ols_in a training synbol

vector; computPRgePd QT slaimadavhersin the:medion velgcsgmate of the

traid ey Bnblol Pedibrak JindgtHeY ﬁgﬁ% a}ﬁﬁ&&{a{ié ﬁﬁgg?ﬁ{%{lg the | og
of the variances of the training sy vector over
ti me andl@r eqibaomethedsohgaith®, whaeinttbe qestritivefiealgérithivesmoothes

I .variances, to conpute a plurality of channel

the g ‘g?g{e?h&tgf%? .H095i1{:@85. 15. The nmethod of claim 14,
further ¢onpriTaé MgethfiBof EiRin Of wiebdind diftrefN 80 RAtic curve is used
state_information values to generate branch metrics

foreash subeEeRlos# - correction decoding. 16. The net hod

of clai 4, k. 4t . t he vari.ance of the
traini ngql %ynbg?g\%ge(lglibgr&?g@%bg{rﬁhé%g%%lplﬁsdn%&lﬁg r%\f?i c
fit al gorithnvorplemEhiaryreshbigingf teftlady pudBionyive trRi AM heband on-

hag‘gl dr@ti C fit .al 8ori thm.snmoot hes the estimates wthin

¢ %&F‘ 1P SighAl RIQEIR eq@elizafien. et hod of cl ai m 16, wherein
a different qeadrabicd Flys 3 isi ;
subcarrier | ocat i_on.o 19%’l aTlﬁeS’ ?(rlet ggorgﬁﬁséﬁgﬁir%sﬁ),d
further conpradaptige chmplhemptary combinihge seohdary partitions in the AM

o GTRRI 5 Sl 4 bR g AL TS
met hod of4.cl aprdifiod bPESRRIting IDYArdindes s aifingRyRibol information
received on an AM in-band on-channel radio, the method comprising the steps of:
arranging a plurality of training symbols in a training symbol vector;
computing a log of local estimated variances across the training
symbol vector;
smoothing the log of the variances of the training symbol vector over
time and frequency;
using the smoothed estimate of the log of the variances to compute a
plurality of channel state information values.
15.  The method of claim 14, further comprising the step of:
using the channel state information values to generate branch metrics
for forward error correction decoding,
16.  The method of claim 14, wherein the log of the variance of the
training symbol vector is smoothed using a quadratic fit algorithm.
17. The method of claim 16, wherein the quadratic fit algorithm

smoothes the estimates within a partition shape.
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adaptive conpl enmentary conbi ni ng secondary partitions

in the AMin-band on-channel radio signal prior to
weomaloswag i on. 21. A method of equalizi ng OFDMEY/IRING/043983

vectors received on an AMi n-band on-channel radio

signal, tRe hod conpr.i sing_ the steps,.of: . )
conpl emsr%tlé31 ar geltc,bg %Fﬁ?%%@%ﬁéﬂ ergﬁbgziif?‘?r%‘i‘ttquéfiwc curve 1is used
forpeach kiboanterisratibe. AM n- band on- channel radi o;

comput i ng a plurality of flat fade equalization
coef ficiefits, TAedneihed piglsimnbf, fieheaDEDNpsiying the sterodr s

by the flat f ' ] .coefficients ta 0 e

flat fade equgﬁﬁ? g%y%%%é@ﬁggﬁg \?/eggé?lgrpsaftlté% 18%%% fgyband on-
chznnp] tadml signal pfiopardqublizmiogqual i zati on coeffici ents,

and nul tiplyi t he f %’ffp f.ade equal i zed OFDM synbol

vectors BY t he n5anetheq efrelaim k. further spmpaaing ihs en ef t o

produce out pu t . 22, receiver. for
_receiving an kﬂﬁiﬁ%an %%e_n‘éﬁ‘gnc%éﬁ ?égisg&ﬁdgﬁra#arﬁ{mns n the AM
in-bansl Qi¢hsgnel redibrsigral pii@rto aquhlizatict. and second BPSK

nodul at ed,subcarriers,.the.recejyver conprising: an

i nput f o?l'r ec Weﬂ'&dfﬁee%ﬂ)ll%lﬁg gg::iﬁ\’loﬁ'nrtgg’éﬂ RePrsyigggiged on an AM
in-Bir@nsal-chadfclaadialsigRl, thmeGOMBsthhREn & tHRR gni t ude

signal, for fil teg?l?ng the BPSK f?nalg%félt udse%ﬁssi%gnal , for

filtering conpp@Rlemenising sombingigsedowdary hed/matentiary partitions in the
AM UL on- .pg.the filtered BPSK nagnitude signal

a%ﬁé_tjﬁeor}%ﬁ%uel?@a&%bnpl ex sanpl es received on the nain
carrier to coopupetig pl phedlity Yofoflaf lfade ta@iRization rg:oefﬁcients, and

al i zatj oefficients, and for multiplying the
mu@&%@?g @?PDQ?B@@ evgbel ptarnBy theeflat fadpecquglizationanopisients to produce
flatR@d &dualistd OFDI &y APoIN Bﬁfbﬁ}?&w ce for producing an
e [

output in response to t nband on-channel radio
signal . 23. Acompwinger phralitecei panigio@FElidasiyadel coefficients, and

ect.ors, on, AM i n- band nel radio signal, the, L
mufipRiRg dhe @8&3%4%? lizeg, r&ﬂﬁgts T eelors, P ghe martitign equalization
coeffici&Rfth ROdERAUIRN GGy Actor@n equal i zer for

arranging a plurality of "training synbols in a
t rai ni ngZsynbdl regeivenor feseivinglpmnAM lin-badhgnichannel radio signal

. i_Nj . ol vector t ro nmedi an ) .
oL B0 XL SHIEKS, 0O L) g, e recive
conyrizaighi ng t he nedi an val ue estimate of the training

synbol vector over time and frequency, for using the
smoot hed nedi @HNPHY {9ereceiving the AM in-band on-channel radio signal;

an equalizer for computing a BPSK magnitude signal, for filtering the
BPSK magnitude signal, for filtering complex samples received on the main carrier, for
using the filtered BPSK magnitude signal and the filtered complex samples received on the
main carrier to compute a plurality of flat fade equalization coefficients, and for multiplying
the OFDM symbol vectors by the flat fade equalization coefficients; and

an output device for producing an output in response to the AM in-
band on-channel radio signal.

23. A receiver for receiving OFDM symbol vectors on AM in-band on-

channel radio signal, the receiver comprising:

an input for receiving the AM in-band on-channel radio signat;

an equalizer for arranging a plurality of training symbols in a training
symbol vector, for median filtering the training symbol vector to produce a median value
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estimate to conpute a plurality of equalization
coefficients, and for nultiplying the OFDM synbol

woearos®29y the equalization coefficients; andP@rusS2006/043983
out put device for producing,an output in response to

th - '
b PR, 0l e o
traifARE R3RM8l veadt @vel HRR! andt hequeaERi fer | Shetghededian val
ranﬁ % ?% Vrece| \\/’| ng tha:en AM&lln b%nd olﬁﬁf:gt;rgﬁnel 6?;6 etan vathe
estlma@nalcon@nteeqphurahz}g pf ﬁqnahgatm@ef@lgltwagfi E Wlt@flymg the OFDM

nin nbols a i Ng nbol vector, for

ymﬁ?8ﬁ’6 f(?r%ay q%%lag%at’toﬁgovtgif%g%t%é&/of the training synbol
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means for complementary combining secondary and/or tertiary
partitions in the AM in-band on-channel radio;

a flat fade equalizer for computing a plurality of flat fade equalization
coefficients, and multiplying the OFDM symbol vectors by the flat fade equalization
coefficients to produce flat fade equalized OFDM symbol vectors; and

a partition equalizer for computing a plurality of partition
equalization coefficients, and multiplying the flat fade equalized OFDM symbol vectors by
the partition equalization coefficients to produce output OFDM symbol vectors; and
an output device for producing an output in response to the AM in-

band on-channel radio signal.
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