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coherent tracking parameters are estimated using filters with bandwidths that approximate the
maximum expected Doppler bandwidth (roughly 13 Hz). With a fixed antenna, the pertinent
tracking statistics of the input signal to the tracking algorithms are assumed to vary at a rate
no greater than the Doppler bandwidth.
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[0017] FIG. 4 is a schematic representation of a first type of Frequency Partition—
Ordering.

[0018] FIG. 5 is a schematic representation of a second type of Frequency Partition—
Ordering.

[0019] FIG. 6 is a schematic representation of Lower Sideband Reference Subcarrier

Spectral Mapping.



[0018] FIG 5 is a schematic representation of a
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[0033] FIG. 20 is a schematic representation of a Reference Subcarrier Interpolation
Tllustration for Primary Sidebands.

[0034] FIG. 21 is a block diagram of a Reference Subcarrier Interpolation.

[0035] FIG. 22 is a functional diagram of a generic switch diversity antenna system.

[0036] FIG. 23 is a graph of Real and Imaginary components of a (noiseless) fading
signal switched every 100 symbols.

[0037] FIG. 24 is a graph of Real and Imaginary components of the filtered coherent
reference fading signal switch in the vicinity of a transient at symbol 200 with 10 dB SNR.

[0038] FIG. 25 is a plot showing the effects of switch transients on the noise
estimates (20 dB SNR).

[0039] FIG. 26 is a block diagram of a previous coherent reference and noise

estimation.
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[0051] FIG. 38 is a plot showing the effects of switch transients on the noise
estimates (10 dB SNR) with original 11-tap FIR filter when noise variance modification is
applied.

[0052] FIG. 39 is a plot showing the effects of switch transients on the noise
estimates (10 dB SNR) with 5-tap median filter and IIR noise estimation with modification to
a=1/8.

[0053] FIG. 40 is a plot showing the effects of switch transients on the noise
estimates (10 dB SNR) with 5-tap median filter when noise variance modification is applied.

[0054] FIGs. 41 and 42 are graphs of block error rate.

[0055] FIG. 43 is a block diagram of a receiver that can process signals in accordance

with this invention.



estimates (10 dB SNR) with 5-tap nedian filter when
noi se variance nodification is applied. [0054] FIGs. 4
wQa 2@ae50885 ar e graphs of bl ock error rate. [ 005B¢T/B$1804/037944
43 is a bl ock diagram of a receiver that can process
signals in accordance with this invention.- 7 - [0056]
44-1-S 4a :hl.0 [ | I .
U] 16T 42 8 e AT, OME P DD AR pBin echnique
used {nGB&Fdcefvefof HIBs. 48. a pl ot showing the effects of sw tch
‘k%psients on noi se estinateé%%[OOSS FIG 46 is . )
[90RA he FIG 62 15l $g Wikeethe retEsctssofsivishitianpicnts pRdjaiss estimates.
oi e s [ 7 o4 2t §0 : :
BT 3G e o Ve U elf s of MitehORsicnts on noise
estimete@annel reference signals. [0060] FIG 48 is a plot

i n he_resul ts. of transi ent. detection )
O et G G g ionel BetiahamamliSkiite B enaptionef coherent
chandeffifbbsclfigid r ansi ent detection al gorithm [0062]
FIG 50 i

is"a functional block diagramillustrating the
[8090d e c thlon4d s xpheshomingtha mesultsgiarfsanisient deseationi adgarithm.

trapsient. [.006 Fl G IS bl ock di agram. .
(5131 P30T AT Ry pok sevohedfe 1t &) €S BhR%on agoritom.
[6662] TetFG. 5006 4] fulitfenabBlotlk daplagl i1RRAWGNY tHeh€oredcties tof coherent

of swtch transients on noi se estimtes. DETAILED

chantok-gaiRy PTtHONICTRLYHE S ENTI ON [0065] FIG 1 is a |
B B 6 s £ Er EBUE HLORP Kb MR Alioh B ¥ #bls€ variance

estimagepl i ed. The waveform i ncl udes an anal og nodul at ed
{ gnal cated in the center of a broadcast channel
4l fﬁ?@fkf pYapat oy g theél%ﬂcys %fﬁéivé@g_t@iﬂﬁlﬁ’a@&%ql%‘? estimates.
frequency gpst&ir ¢ BREERPVEIGN GHAEA Mr¢ERTEON N an
upper sideband 58, and a second plfurality of evenly
[8015d ed F3Gt thdgersahdmpaticrrepressatytion i gieospentiiini gfl the dgfbrid FM IBOC

ubcarriers 60.in a |.ower gideband 6 The digita
waefigh St ROt AT BPLOBEER BrodRg: A0e VGG ghps an analog
modull 8¥E4ighd1 30 16kt PiMahO Cent@r G | AbRAJIEART Enhel 24, GETH d[yluMibhof evenly
requi red channel signal masks. The digitally nodul ated

spaced shdhiagenadly sreguenci divisean mplteplpead subcamiersadlliny a uppey sideband 58,
i .are.desi,gnat as_referenc reiers. A,
. §ABERT 0" B ASSAPTALE SRR Fe BRI B, eipenc

subcagitt 80 th Ago& dil@iband BD.CTN¢ Hegitalpndoduleed 8hiBd@ier€ are broadcast at a
subcarrier. [0066] The hlébri d waveform i nc| udes  an

lowerpesyes deverihpdiie apdas Sodriaied progier i ermplly| Withrirflyined ¢hannel signal

" g AR o i gt C . . _
s AR AR PSR ik, 100Ul R, s i
are dssigededhs tréfereanalsobcakiidrsi ghalrequenchepdniition ds wagmibproh 19 OFDM

The power .| evel of : .
subcarriers F:gontamlng 18 cliata subcarriers and one reference subcarrier.

[0066] The hybrid waveform includes an analog FM-modulated signal, plus digitally
modulated Primary Main subcarriers. The digital signal is transmitted in Primary Main (PM)
sidebands on both sides of the analog FM signal in the hybrid waveform. The power level of
each sideband is appreciably below the total power in the analog FM signal. The analog
signal may be monophonic or stereo, and may include Subéidiary Communications
Authorization (SCA) channels.

[0067] The subcarriers are located at evenly spaced frequency locations. The

subcarrier locations are numbered from -546 to +546. In the waveform of FIG. 1, the



each sideband is appreciably below the total power in

t he anal og FM signal. The anal og signal may be
wOorRwspsises ¢ or stereo, and may i nclude Subsi di BE€THUS2004/037944

Conmruni cat i ons Aut hori zati arng ( SCA) channel s. [0067]

The subcarriers are |ocated at evenly spaced frequency

subcangeéfgta el i%cilggl%] -\%ﬁ Q r -\E\f}aé\?/é(; rléfr) %gglftg r';?ﬁ)ar ’Tk,u'g %ﬁ%ﬁg‘g{ \ffv{lpﬁ%rmally be

used &uhigainrlhmﬁstr@fsﬁloﬁml pioada tpireveding IoHvérsion 54 Gleadllimg&SEW‘a\%form
-546. This waveformw || normally be used during a
(00684 i alEach apmary a1 silehand reowaiseg of deny éﬁegil%wym@ﬂﬂtrféls which
are aliadcgteg é)hg W&?@% tl[lr?gg@]ﬂ%a&h?:% 'tlﬁ@ﬁ '@Sn Subcarriers 546 and
conprised of ten frequency p rtitions,
-546, \whsiodhclades] ial the peitnatl araim gidsbenclay are exdditidhbl ﬁefﬁretu@l’suﬁd{ﬁriers. The

or -356 through -5 arrie 6 d 546, al so
amPhi“Wél‘%&%P JURCATFigr fpﬁndhmf}eﬁéyr?nméﬂaﬁﬁ aledaeBeqdi i onal
[6649F" €ng gr}eﬁ@%ﬁﬁr\idv@f(ﬁm Tllﬂ?d@ﬁ’ﬁ’ll éléﬂéﬂi‘?s t%ns?rﬁﬁgﬂ in Primary Main (PM)

subcarri an be scal éd by an anplitude scal e factor.
sidebfig36@] eithrertside bfy bhei shalag dNdraignal hellkk gowalt leszleg wélea¢ls sideband is

sopregii B oy i aftal 5 BRI Bhar AL OUER | SVEI TGO gERe may be

monoph&@P &R GtdiSo,aRRT ¥aﬁic}’udéektmédcﬁ£i§ &cﬁﬁ@hni@@ﬁi‘&fs hithbfgation (SCA)
anal og FM signal. The anal og signal may be monophonic

channgfs. st ereo, and may i ncl ude subsidiary comTunl cations
or izat i,0 007
[sch matFl%é r2 e%rsésegé%t pegﬂ&%bél lﬂg Og @%t ey ]% %hthe extended hybrid
wavebtinefodelich ythisi 1dv¢m1\/)ﬁf emnbé appifdds h T hihes ex tondst h i aaveform, the
lied, 1n the extended hybrid

be ap Rf or %S/z : )
bandidifiof te hybrid sidebangls Gon bei creBdRE Lo v tﬁ% ae'fﬁ]% gignal to increase
digita:l: gé%{ ¥t ITﬁ],'s tf;)géﬂ(}ge%{rg LndQudd'Q ﬁ@%l?neq 'eﬁ%daf each Perlmary Main

I ona spectrun1 al T ocat to
sidebamh mteﬂntgghhaPnﬁmcy}Eﬁrandad Wlhiidetmhdeband, is ter rred

(b0iarcde St B SO o Gy Shcaohgep iy Bxended

sidebrds&H %q’rﬁhﬁﬁ hand §1dEBaﬁJkeprg§e'nf7ﬁf the '}@bﬁd wa‘j@ﬂ%ﬁﬁd& shown in FIG. 2
present int hybrid waveform as Shown in FIG

Depem@pg i thg seymice eodse pwe clav ol doupfrequendl pagitions wen be added to the

gu, artifions .can .be added to the inner edge of
mner&%%%"f%aﬁ%gﬁ SRR [0072] FIG 2 is a
[667128 MRIFIG. e €S etHeahdtN réfreseitativheotiad bybnded hybdiBIBI IBOC
wavef orm 70. The extended hybrid waveformis created

wavelimadehi n§hprexieadsd dxbeddeavepaBbangsatyd, byy addigg prégmary extended
t

s T TUD R0 30R LSS okt DPYIBELE MRMRI epencing

on thé sexgice myde pare, th) ;andouafretpenay gaditions che be nddad edbe iroler edge of

each pri.mar n sideband. [0073] The extended hybrid
each R yg‘??ﬁ‘l H%P%giles the anal og FM signal plus digitally

m@]' atied dXEdndBd YiyBRd Ry SIRGH frlchides (BYBEALE P SighdPBlus digitall
[to 1546 and - 356 10 - 546) and sone. or & ighdbBlus digitally

modulated primary main subcatriers (subcarrlers +356 to +546 and -356 to -546) and some or

all primary extended subcarriers (subcarriers +280 to +355 and -280 to -355). This waveform
will normally be used during an initial transitional phase preceding conversion to the all-
digital waveform.

[0074] Each primary main sideband includes ten frequency partitions and an
additional reference subcarrier spanning subcarriers 356 through 546, or -356 through -546.

The upper primary extended sidebands include subcarriers 337 through 355 (one frequency



all primary extended subcarriers (subcarriers +280 to
+355 and -280 to -355). This waveformw ||l nornally be

wais@d/oshssd ng an initial transitional phase preP€HUSZP04/037944
conversion to the alldigitalg waveform [0074] Each
primary main sideband includes ten frequency

-pal titi.ons diti e e [
prt B3 45 BT 070 P SaLL T RSP S WRGRET b (o eauency
partitiob$6 . THO GovaPsim@s/i exaéndedsidbaads sidtedandgairieed WBY through -355
subcarriers 337 throu 355 (one frequenc

(one fgg}u@m}! prtitiord] $18 ﬁ}pr@gglﬁ -%@gt\ypvggp@pwuwééns%, or -280 through -355
(four gg{]éelin{t:? gﬁ@ iion%'e %\lNe é’ﬁtﬁ&@glf 3ah &(Jb%'%eg Esﬁlgg @EM%% by an amplitude

primary extended sideban
scale faskrude subcarriers -337 through -355 (one frequency
rtition), -318 through -355 (two f enc

(00551 i ¢ FlFs)3 iora sdwenatif, sRgIen n(?%ﬁﬁg fﬁpsé&aﬂcg}f the all-digital

wavefB@hth B\Hgghsahis ihREn R aintHéda%PQéd.e 260, 5%0E eHenBhicGBMefSitation of an
scal e y an anplitude scale factor. [0075] FIG 3 is
all-digitad v FROCcw aegbores 80t The el-dogitalnea e iswrnnsfru¢tbd by disabling the

i LT EICIE SSAAE o B BATTHEED AR 3 1. e
addin@ldwdt e kedoMiEBSHdhaN®RI T8 8B &R theldpRcbm~vdbgbd BY the analog signal.

wavef ormis constructed by disabling the anal og. _
The gli-gigatal Wanefgrnexipathsi ndustisiedp emehadimentofinaludespdigigly modulated

igital . si n 2 , d '
o S8 e S RO,
[0076] andh agdisiognalthe tEAemainl fradjigint alpamiioat oslinfour dxiended frequency

~illustrated enbodi nent includes di ital, lf’ rméiful at %d
partitions, &ty PIFERS s pach FBHY iieORSL aF fhsral -digitgl vavelaus, Fach secondary
. j i 1 . ] i
e D0 b SR M SHAS8Y, sl ENIFIS B AGDRSH Buency
partitionge qUatliky theaprimdry aitkbands, hprvesesnt therSeeandnrp Matarfyequency partitions

si deband of the all-digital wavefo Each secondar
ate mEpSEAFT 4P SHAHECCTER Bk DS HeqERY ARG PGy farher from the
centeecondary Extended (SX) frequency partitions. Unlike

the primary sidebands, however, the Secondary Main
[007&d)ue Fizyh saearideiyonislehans! plappauppadaraesmel S¢rendety Protected (SP)

o S it 17 RGBS AT W E 25 O 9. o

sideb&1RPEY feSerfedsork Fpoaastid MeyauSe ah&t iredodaB) infthglatsa FQpectrum least
92 including 12 OFDM subcarriers and reference

likelystatheagtfactadsbyyaglogmer digitel interkergnage hAR dddisioaal wfeaprcgpubcarrier is
; anREC@RYS ditdof B S Gion d
e 8 ELEGLE G0y Sy IBK B 053 ol U 9 ion dcs
not apgfil gsihed therfPaefien doeenotAonatdirtquenaly pasftenence
arrjer is placed at .the center of fhe channe 0).

[fi}%iuerﬁﬁﬁ PEFIdEToM gy Hdehang Sernt fecaerehity g 20 phit. through
-190. 2BR Yppet BE@NHAS FRedRaisRRbARERNRIs SiaRidds fl0 £ E#6IEY266, and the

partitions. [0078] Each Secondary Min sideband spans
uppersSipoadary dirstettet videbghd 180udos subcetiepudby throggh PAS, plus additional
refere%g grq?%%ﬁag ﬁqg.gé“he cthvggrt gor?da%g xqgndeﬁ%kdé%gﬁd RS Sittatiers -191
through -266, and the lower Secondary Protected sideband includes subcarriers -267 through
-278, plus additional reference subcarrier -279. The total frequency span of the entire all-
digital spectrum is 396,803 Hz. The amplitude of each subcarrier can be scaled by an
amplitude scale factor. The secondary sideband amplitude scale factors can be user

selectable. Any one of the four may be selected for application to the secondary sidebands.



upper Secondary Protected sideband includes

subcarriers 267 through 278, plus additional reference
wagawsaswsser 279. The | ower Secondary Extended BCTERzn037944

i ncl udes subcarriers -191 t{gyough -266, and the | ower

Secondary Protected sideband includes subcarriers -267
[dﬂgg}g g%l t%fe&v%zﬁ/le#‘os ddéstcI 8@%‘% {5 t{hgr ﬁﬁ&%}fﬁp&g&d’sﬁécnal emissions

mask.alTHé @igital sighMCk rﬂddﬁﬂﬁe@ ¥6in803rthBgonhh €regupidyt dicésiaf multlplexmg
each subcarrier can be scaled by an anpljtude sca

(OFDMac (QJfDMrip & pgedlehaadulatiqrasheme 18 r‘r‘dwlt ﬁ]&é‘aéac%ﬂ%mf Iale%l@ges a large
b S Ya f
numbG2 08 Ehal® SUERLAR, P unfeR PR Crlionkinfy SHUIERYUDE, OFDM s
inhereh€ly -flex@8)d, Headilyl alldwing thmmppmrrg dfypeicat ondrmeln toodiffhent groups of
currently allocated spectral em ssions mask. The
subcagiesi-t al signal is nmodul ated using orthogonal frequency
[(WSg] Si %e'@ﬂ‘]ﬁkpglﬁ))&h%rs( FeOMs e nfidM s FepRrrd b@lltltlons FIG. 4 a
ul ation schene 1n which the data strean1nndu ates a
schemagic gepreseniz¢ion @f acﬁnsthymfaﬂre@u@mrﬁ‘amm@—%cm aFK3. 5 a schematic

trapnsmtted s Ita ous i s.inhere
represePERPBIOL 5 et DY &1 FOHCREY: Rer e B | Bijclifasency pariton
consls%1 3 r@%ﬁteéno deliaf é‘u%&ﬁ‘ﬁ&rsgéﬁw Bée Ofcf&bR@aAkktcaffer, ROQBOWN in FIG. 4
he subcarriers are assenbled into frequenc

(orderfm £) e KT Soglering $)s dhe pasitionraghewéerentd %Wcamea(ordenng A or
firs f Fr G 5 a
5 v S s S ORI TR L
[00®1] i t iSpghat plﬁcé@fnlgﬁgperﬁﬁﬂfedﬁﬁqqtjﬁﬁﬁlylamﬁ tim tHetRansmitter of a digital

consi sts of eighteen_data subcarriers and one
audio r‘%@wéﬁ@@ ek Ear @?IEFO apd 1RREMALPH sigpals ade Passge thioyeinfhe various

layers the Irﬁotogol( 9(5 %&e@te af 18 PO &P Q)n tﬁ?@a&c%tesﬁg@c‘kecewers
car (orderi A or varies t he | ocati on
procem;fthe Mgnﬁlrmqmmpyncﬂmg prdtoaoh lagietrhi n t he spect r um [008 1]
%kg al r e n erforned |n rotocol fé rSil
9 rogam.Syige PATCRNeR BF RbRaEABt O adio-programming

forma%é/ﬁtm tl@ﬁa{dﬁl andNflg 1td1‘ftﬁﬁ§ﬁfs§%ss'lﬂ RaliSioAl @e M&%Q‘}ogram Service
through the vari ous | ayers of the protocol stack to

can inghwe dagiel datta B&D@r@ﬂgmrrebmt\ﬁéh ithreoudieeprogsdmiming.

5T, <X Pobady e Wi FIAPDe aheEib BRI i dfde e, from

layer @XdfSthé rﬂﬁngﬁﬁlsﬁﬁ 16 A6YeR TPHOGE AAEING i) rramumdanmm puligose of any
anal og and digital transm ssions. In addition, the

layer wif thePpstacahstay isite deléven BDVS peyidadght lyetmt hof fgrtransmitter to a

peer 1%\&/«{561%!1' én Q@%ge%lﬂ@%eﬁfs%tﬁgmp ?%%ﬂagggg 'bgg?b&] Qondi9 %g]layel n+1

ween peer
protodcﬂyeﬂﬁol(lefognatlcfrf @) anglahe nppefr o (ialyanls-F@)tPBUde to
I 0 he receive_ side) f undanment se
[(M%ﬁ aye IIU.lsﬁlslf ug éstﬂdo%sceqm%c%nﬁlge $it d@?‘i"\fgrlg o from a
layer P@PY(') d§8cPY drﬁfﬁ@ krafidhrit Ofde! Ryl 30$ 'FHUseﬁluEQb@pﬂﬁdﬁ%Lﬁl as specified
ayer n+l on the receiver syStem The |ayer n+l
by theptayeoadendesi Bias patkagajsesallnd 1a pmrmcoci@ta wghtarddDU. A layer n SDU

il B B o B e B L B P M aver
creatds g fay@w 9OU MQERMRL{ @Nafer @RHA the layer n service access point.

[0085] When layer n receives the SDU, it takes the layer n+1 PDU and its own
protocol control information (PCI), which may include information received in the SCI, and
creates a layer n PDU. The layer n PDU is then sent to the peer layer on the receiving

system, where the process is essentially reversed as information goes up the protocol layers.



| ayer ntl to a layer n on the transmt side. Layer n+l
PDUs must be packaged as specified by the |ayer n

W@ 2003i080865 That package is called a service datBCT/OE1004/037944
or SDU. A layer n SDU incluges the layer n+l PDU plus
the layer n SDU control information (SCl). Layer n+1

e 5 85t ok e TEI 309 5RO By Dapngo e n

1ayerfrﬁﬁ@fdfﬁ§ofta|ﬁ$]ﬁﬁ)u it takes the | ayer n+1 PDU and its
own protocol control infornation (PCl), which may
[00%6] udbayent bi ngpiceenty dbei Rivgiceh 1958 wagreing signalsedicepregared for
|.ay yer tq t
transr{ugéllgﬁ tﬂoﬁ%ﬁ an raggeélhgl ﬁga}%rSI%Jﬁ e vh[ﬁe]g]@e tQ ﬁ@gprl‘gceggr I@g&f' frequency
partiti®g s €afal altcyrrieey &l s gdowith IdIBOCMGyOmegMSPIDMst hehile the reference
protocol |ayers.- 11 - Hence, each |ayer ext rfgcts t he

subcafisgt CPRXSYahd DEICWaFEE T he SBRUTRT &S RWBPFAL G § e conter
ayer LI
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[Qusgpar edsitiey tHer ﬁdﬁérﬁh&s bobcaifieroughidam aithinaach E@yesncy 2partition,
S cougﬁed to | ag For each fr quenc)(1 garptl tion,
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the spMakh zft@%%&%ﬁ&r FliGerS UBCRT Lhed So CW %ﬁd'—é%syﬁ‘h@ rBverall effect is a
control. Subcarriers are hunbered fromO at the center
regulé:lr elqtmmtiyn taf Eeiﬁread:e siubbmriesnthrofighdue thhaspeetrum. For notational
uenc | | ocat i 0087 §5|des tae ref renc

convegBEa LT UE YOG (i HTESCA PHU UG RGP P between O

and 60€PENHAG sRRbARErFGENYdeCOIbERGRs bR shewh! iMeFTad @i t ADNper sideband
reference subcarriers are inserted into the spectrum

refereat:e suliveriery ere shomipeinsFIG546, Th@ﬁgure@) ingipate thadrelsignship between

ver.al | effect r buti on of
referepge %L]%g?]@gr QIHBI%%F F“? tr)gDN rsglﬁ% ourt m]tniiéeerés pectrum For
[00887t | PN@E. CONKeW BBGRbcaeh nuafter eng eehiteh CRsgutrty bs certam key
assigned a unique identification nunber between 0 a

OFDMgosubpprrietsowke sIibEpIeneY & ehsbcatitse d? crlepiateg By W%&mlymg the
subcalgirf%rﬁllue e? b}/ %eﬁ%ﬁﬂggubihldr?e?%ggmﬁ fA?r %rﬁgfﬁfa&fbcglrn%r 0 is located

n ure

at 0 MiglIatthionshicRt, Reitseadqueicrie @él@tlﬁdlbﬁﬂferl{z&ﬁo m«w@eﬁsy @R allocated
OFDM subcarri er nunbers 0088] FIGs. 1-3 show 't

channgl;b Eeir ¢5a@plen thebeppes Kamaspit ameﬂ%@@%y @mdge Pf/a?ﬂlhcawévs 356 and
t
546, @EE&" fglté@gﬁ%gés ag-e]hl:?) gﬁ%a a‘?ﬁzé T—Egcar s, ﬁ)ZSHQCI%Eﬁécg(rely The

'S C a ér nunber
frequérvgy sﬂFrDM thel Bﬂﬁiary Malrsspdelba‘mg 15369 OZFh &1z20868,402 6f129,361).

arr r0| located at. 0 Hz. .In this cantext,
RS, et ehplpck dagsmor Systen ?ﬂ%trfﬁ?&msmﬂpgqﬁilﬁéwm Control
Chanﬁé?F@SC@}![ Ol ggrt§ Repr&! and %Eatl%x AMIBHBatidnEsiHP FRNIPS A MR Reference
Mai h si deband 1s bounded @fy subcarriers 356 and 546,

Subcartiose e radditiopy eqvmfaicbes ¢hd @Ymredcmtrdz@t@@mu@can@mgna‘wd

“reseré%ﬁ'hgrgfgoﬂg?l}?dgs(g% g%i’ﬁ%? 3 é)vgyi v&i uengé I % do cfonErngata interface

and tHR2Scafthly rds@@8@Lomttdbdath irSerfade! Oite s@h&@i avded diSysé elnpermissible
Control Processing. The System Control Channel (SCCH)

configyrai@pof the legiselrabeneghd st atus i nformation using fields
[bﬁbﬂt] he tﬁﬁ% Pl Mifection of the upper layers, System Control Processing assembles

and differentially encodes a sequence of bits (system control data sequence) destined for each
reference subcarrier, as shown in FIG. 8. There are up to 61 reference subcarriers, numbered

0...60, distributed throughout the OFDM spectrum.



Subcarriers. In addition, several bits of the system
control data sequence designated "reserved" are
w@ovsosisbed from | ayers above LI via the pri naP@I/US2004/037944
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reserved control data interface. The service nodes
oG} at s copf r
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[0094]

column of the 32 x 61 matrix r, assembled by the System Control Data Sequence Assembler,

are differentially encoded in accordance with FIG. 10, and are output to the matrix R in the

same order.

For an individual differential encoder, the bits of a single column j of r are processed
sequentially, fromi=0 ...
encoder at a time. This input bit is modulo-2 added with the previously stored output bit R[i-

1][j] to form the latest output bit, R[i][j. The resulting output bit stream will reverse polarity

FIG. 10 is a block diagram of a Differential Encoder 106. The bits in each

Conceptually, this process can be viewed as 61 parallel differential encoders.

31. One system control data sequence bit is input to a differential

each time the input bit is a 1. The initial state of each differential encoder is O.




are differentially encoded in accordance with FIG 10,
and are output to the matrix Lin the sanme order.
w@ovsepse®l |y, this process can be viewed as GRCT/US2004/037944
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[0099] FIG. 12 is a detailed block diagram of the Coherent Reference/CSI function.

and t%“

Every OFDM symbol time, upper primary, lower primary, and secondary phase-equalized,



current channel state. The conpl ex wei ghted soft

decisions are then scaled, limted, and stored in the
wa@ppsopssat e dei nterl eaver matrices for out putP€DUSI964/037944

bit processing nodul e. [0098}_The nmagnitude of the

wei ght ed soft decisions is snoothed over tine to form
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subcal?lllél@ I‘tod&@QE WPET&@&SC@&EE&D%B% %r%@@s%f %ﬂ& WREkin8Ncontrol.  In
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syncpr %éfé?ﬁéeoﬂbg%’%ﬁ@l?@ﬂ%?b nodul e detects the

| ocation of a su ock) boundary. [0100] The
det ac.| adoild vaatanck eggim@ton 141 G 12 shows that the

coherent reference/ CSI nodu onpri sed of seven
mai ndf Feélﬁﬁh%% %?H%en‘tVEIgL i&@cer ence subcarrier

dat agr E%Jm%k& grerag%fqugnce subcarrier estimation
112 c. i se var ance estimation 114 d. Coherent phase

ref ef.erReferma¢egiubcargedit®@rgnlat®yni2Onei ght s generation 118
. Ref gﬁg‘%ﬁ subcarr i nterpol ation 120 g. Soft
deC| 8i fSF(lﬂCOfEQ 01] The operation and
[01T018T actHeOBp&htidep8 mibdsdiionnat tEREPARRALAA @oﬁpb&fnw is briefly
sumari zed It))e | ow. Using encoded system control data

summpsiged nedew r dasindecrcpdade sEfeoheaniol adaonsequsnesn from the frame
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onen rom each ase equal 1

stnpsrtﬁé é4te fioen Sathqﬁnﬁid-&]’ual'iibdtrbﬁrdrﬁé @mbbaﬂnéﬂ:lﬂwhé yorbisked OFDM symbol.
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phsd I RSBSOSy oot [0102] The

[0102% t iThe datd-stripped reference subcarriers are then filtered — in time and
frequency — by the reference subcarrier estimation cormponent. The magnitude of each
filtered reference subcarrier estimates its average signal power, while the angle provides the
coherent phase reference required for coherent detection of the demodulated OFDM data
subcarriers.

[0103] In order to optimize performance of the Viterbi decoder, the magnitude of
each demodulated OFDM subcarrier must be weighted by an estimate of its signal-to-noise
ratio. ‘This “CSI estimate” is calculated and applied by the coherent phase reference

weighting component. The signal power estimate is simply the magnitude of each filtered

reference subcarrier, while the noise power estimate of each reference subcarrier is provided



frequency - by the reference subcarrier estimtion
conponent. The magni tude of each filtered reference
wG@aimsasmsser estimtes its average signal powerPCTAE1084/037944
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deci sion contro onent scal es and uantlz s the
compfoneRis nghe dimis é@fthe debérsiio refereane/OSI ame@ule haren dqualiteel symbols

eco" SRR Sl R BT A5 oY) Bl utter

syncMBhﬁhlﬁ@@ﬁﬁ@%ﬁdbﬁtbrﬁ@@ﬁlﬁﬂ@ﬁia cal cul ates the nagnitude
of the CSI vveqéght ed coherent phase references, snooths

[DREHh ovidqualizadesymhiods presised to lenetets @ cabienigplasairefstence and CSI
We1g1f1t9rwh'1%ﬁ a?es%ﬁﬁ'l@& ttH gcg:? éﬁédagr?%x\% gp:tatc‘e o&tg&to%lft Ee&tlsoon Every OFDM

lmary anag-"secon ands are pr ocess

symbnfhtlmef BN appied Ipahlacyi) eqpeitieed SymBdieandp ldveertpRirhdi eqmilezreﬂnstymbol are
r ef rence/ Je are equal i zed synbol s, encoded

dth%fﬁét v o fhgatioy moidles. Irbéil‘ihPPF’oWed}l@ﬁf‘peq%Patlon module
also 8&la¥s P'éécfoﬁﬂar!y r!:gﬁahz%}ﬂns%ﬁ{b%!‘ 'atzg{ W%ﬁﬁm aad (}@%’(gh@.@l% Hz).

control data. Equal | ze [ s”are use
Each ggperatlewer pmhm/ emnbphawmpasei eh2€7 aomplES|sampleghtBach secondary
dat a subcarrlers to create output

symbdf i gDl By SRy BBl sy mool ¢ e, an upper

[P108TEr yrr@canabdemgstamrmkmpma Qe%&\ﬁﬁés 2 I8 36 fAPhd dAH from the
synbol are delivered fromthe ase equal i zati on

referepgel siecartiers am dhiet ¢analizecheymphbaise E@uﬁamz ayhdnonigetignésystem control
modug{:/ 3%095% a@fgﬁ%y ?@?zg%%g@/ F@%&é&i ?/gterry rcl;gr?tlrolahattahseque:r%\éls to the
coherent reference/CSI module. Four primary and four secondary sequences are delivered:
one for each reference subcarrier identification (RSID) value. Each sequence provides a
single value at the symbol rate.

[0109]  Although all sidebands are processed similarly by the functional components

in the coherent reference/CSI module, the subcarriers on which they operate can vary with



Each upper or lower primary synbol is conprised of 267
conpl ex sanpl es. Each secondary synbol is conprised of
wG2®s0m8pd ex sanpl es. [0108] The encoded syst ePCT/USL000037944
dat a sequences are used to_gtrip the data fromthe
reference subcarriers in the equalized synbols. The

e s P SRRSO DR BB SR popt

withir® QLS8 &§nibel. t e iagideeenhitiefRingie efxtnledogattiionsaud secondary
primary and four secondary sequences are delivered:

sidebande afeoivadlalelp fereproressing. shilsigle PO BINPF Yalng jofelivered from the

I ce provides a single value at

dmnoé §Og§(c ﬁ??g?%Pﬂiggﬁﬁp Al t hough all sidebands are

[(A10T es IRd CHI fielagrbuyfebyntb he siinphy theaiddiesc ofipha &ast slement of the 22-

t he coherent reference/CSlI_nodule, the subcarrjers ?n ) .
symb%ﬁl%wa%g}r@baérk&@@r c ﬁls\,@f@ar 1215 t'hg_ yoput teﬁ]élagéq.(iﬁy@ébo s with their
corresggﬁi(ﬁn £ag. vsRe Held &SHRrdH: EH gﬁfgnbéé efhel 61 HERY %%ﬁ‘éb’ mfo is used to

FTiEions t at are populated wthin a given synb

wrap ltie mm@hlarabwfﬁervp'dimhrspr Thereyare Xtvend8d dglay tbuﬁfernmfcanmputs one for

sec. ry sidebands are ava 0 rocess
primagy HgF G P P oSSBT ARG sl T FRgier e hele value
the sydfyoPehidd at or executive every synbol time. [0110] The

CSlI delay buffer infois sinply the address of the

[0161511 effdaﬁemchbntzh@om’éiats%/ PoBYisteIN e flags: r copcarfrom the frame

IS fer al Y, I

synor R chate Basbles BB Ak L IR SR i R from ihe

demol@h®F @REASIVe Thaickiblg dat aye bipuf equalintd simbatedato bygnapufficiently
the circular buffer pointers. There are two CS

delayesifof dlfow @rapes ﬁlﬂﬂﬁf@@m Svith thsr G- weighied coldrent §hasgrfa%66f‘rﬂ$es The
two s%x%[rl‘lrﬁl?fa?gﬁg{aﬁlssd %déehvg?g%iﬁc?@#lﬁb&rtﬁﬂédes a single

he"s rate e synchroni zati on
[Gllaﬂ us Thensjiseihs cofltrblv\/tdafal, alptivered ebyf rtiemftahee f syanironization/system
ync/system control nodule indicating a valid

|
contrQl etule, REIUG% BERER FTHrR ERESE A5 s yBehy 40 block count.
The SEIn e%dé@?]lé b btyh(ﬁe k&P HEClﬁGH btz @oﬁ}ﬁ%@ﬁtstohﬁye@mﬁ%eﬂﬂe location

ficiently delayed to allow proper alignment with
and numbexr ofOSltme@meed;mmh élﬂerhlommt m@iﬁ@tﬁ’é ntb@smdq?hef thgcpurrent L1

hron| at t.at.us val u &8s are d
blocks AHGBY RFH 5.0 0o 5 e By asoRloBe T b CRqil Sy Bty gpi gecisions
can b@ydﬂela&edf foaqlhe a%)ﬂﬂﬁa?ﬂ’a@tl&ﬂte)ﬂ@ﬁe‘ﬁ)&ﬁitﬁéﬁsc onhéodhrdm@gmt@n control data
includes a primary service node, secondary service

Vamﬁﬁ@@ékhﬁﬁédEWﬁERy ftme.The service nodes are used by

? SOf’Ithe q)%? u%é 8 thE %bé%h& &?&{%@@I (}é@dtﬂgtﬁé %@Eerfeﬁ@er matrices,
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and sg_%d'nﬁﬁﬁfegelﬁtgﬂ&f{@r ARRHORT | B EnGRbaH &Y {RRYELisTPAL 488 Beir destination

e three system control data values are delivered
deintexleaver reatribasl ar¢ derermined by the service mode. Every L1 block, all soft decisions
within the deinterleaver matrices are passed to the bit processing and BER modules by the
demodulator executive.
[0114] The reference subcarrier data removal component strips the modulation from
the input phase-equalized reference subcarriers using the encoded system control data

sequences from the frame synchronization/system control module. This allows accurate

phase estimation of the received signal for coherent detection.



[0113] The outputs of the coherent reference/ CSl
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segond dei nt er ) I elmatr f .
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sidebama%%hﬁﬁ}sk%f& Ce gm%%@i@{hr gt i ve. [0114] Th_e
reference subcarrier data reroval conponent strips the
[om6y! aThemdduturiohhie rannpaet] fpina e refprahcezabeneieer by cwltiplying the

subcarriers using the encoded system control dat
comples GRBHERE Of sl NP FHFRITLS H BhA £AMPITY & f’g‘ﬁf‘ from one of four
encodg? @%{%é;rh BRAY &ra & u§nc|%§.| THe f@l@&iﬁﬁgteﬁumﬁlﬁﬁrﬁﬂegﬁ_ﬁg @fération for

recel ved signal for coherent detection.-
each fetdfsE sTharnafvethen eeshddedy vyindoy are first extracted
fromthe input phase equalized _subcarriers. The | ower
pri mary si deband contal ng tdf'ebeRee subcarriers 0 to
14, the secondary sjdebands contain,reference. .
wheres i ¢ (GO R HPGL RO SHGRERb UibARIEr it P comples input
refereft I GRRAG F Qb AR, h 6 BERACSIAURSBHY ESHtD] Hatat 260HEB Hthber (0, 1,
[0116] The nodul ation is renoved fromthe reference
2, or Hubkparis Sresappyopmatet Syplewi avgtrohdatz v#PEex conj ugat e of
the reference subcarrier data by a conplex data val ue
fromone of four encodedpsystem control data
sequences. The followi ng equawRon illustrates the

operation for each reference subcarrier w thin eaip_ i
[ Sg“,li&gmquag,tlty (](-lf H- p)lrergr%ﬁg,setl}e i Ewe th@gﬁTpp%ggte ation points,
stripped reference subcarrier data value, x is the

unperiy N§¥put reference subcarrier data value, nis

[6N8] eneodstisyale GORtERh Haleth sefeNagtansttRehce( & rekeived each
2, or 3), and p is the appropriate system control data

OFDMagyuehol [tiddel 7[ThHeurermatéd yystem cpntrok gaieseguenceh seqeiisd from the

BPSK constel |l afi on poi nt unpert.u kSe. .
frame g Ra P A by My B iegieRE AL LRER oY PR popsiole reference
subcaB@GUEN (‘Z)RST_D) he@B6én e dR eR N cOINag e odlats ivaties Tdie rhaltiplied by the
encoded system control data sequences received from
systemigentolaiete wWivesrhymhaatheowmsy’&®n control nodul e are
I a | j r c [
Y ralEy s atol gl BRITRFULSELRICR, ARCREN (8 the upper
primagy & Fi@. t13p|Thedefeyerich euteysice damaanpwhl arraionalfoetbe oHer sidebands

share _ t he ,sa{ns RSID. [0119] The reference subcarrier
are pegtormed Ehd YRMIBFAEES on is illustrated for the upper

[P120T8F YheN rdtbience Jubddifer REGhENGE cﬁh‘ﬂ%ﬁkﬁi giltedat e data-stripped

rendval operations for the other sidebands _
reference subcarriers in both time and frequency. The magnitude of each filtered reference

subcarrier estimates its average signal power, while the angle estimates its coherent phase
reference.

[0121] The data-stripped reference subcarriers are first passed through an 11-tap time-
domain FIR filter. Since each reference subcarrier is individually filtered, there are
effectively 15 filters in parallel for both the upper and lower primary sidebands, and 31
parallel filters for the secondary sidebands. The resulting time-filtered reference subcarriers

are then filtered across frequency using a cascade of four 3-tap FIR filters. Each stage is



are performed in a simlar manner. [0120] The
reference subcarrier estimtion conponent filters the
wa@l2108/051863 pped reference subcarriers in both tPeEUSIVI4/037944
frequency. The magni tude of jegach filtered reference
subcarrier estimates its average signal power, while
angle estimtes its..co ent e reference. .

excousdof M @i SRRl ymR ARl R A BBl g mgoeeding to the
next stdges n BARS ROFill fHedUER nMoly f@Pphé bkt stakficesuBCchirleb € the end points

Since each reference_subcarrier is individually

(as detpinpispd @y paveiien gravpefmeshev@ynlicatsds | Petsiled ibjopigdingramps of the
0ot BRSO, P IR BTN SLUBNS a0 o i

FIGs.ridsmdtlisngspdcemelfyi | t ered reference subcarriers are then
filtered acraoss freguency using a,cascéaige of  fo

B2k IR £ i ér Bloc skagrise £ oOF dimery. Sidstack Batergee Subarrier
Estirn%{é{pn.r 16! §5G€ gsﬁipﬁﬁﬁfagﬁaéﬁ oWt S&cﬁd%iyrgfdgba%)weﬂml Subcarrier

ore proceeding to next stage. 'In order to fill

Estintatien.f The emedenminyfilteingt dperadion s as ellewes dorecashu lyef@rance sshearrier in
the end points (as determ ned by partition group) nust
OFDMQWH’E)BF?'CM ed. Detailed block diagrans of the
ref erence subcarrier estimation process for the
primary and secondar ylrdidebdmds]aklé] shown in FIGs. 14
and 15, respectively. [02] FIG 14 is a block

di r. 0 . [ j . i )
sy S5 LGB SHAFOBITELS OCTMEALRASH, < s
input Segped atferdice alnbararidefor r@ioR] Suhbalr i k] EsSthar®IR dilter coefficient

The tinme-domain filtering operation is as follo

i me-d f .
array HK 1oche ALACRTH RS Foh SeStF B SBRDN, aHGCliFreies subcarriers
e A B AEBHOPY) ol b LS KRGS sasc o

ref erence subcarrier forZOFDM synbol n, h[Kk] is the
FIRfilter coeffici®@m=at, 4+ andl @kls the filter

summation index. For eacdH OFDM synbol, all reference

subcarriers are filteredacr - fr ency by executing
the followi ng four bi’(ﬁlﬁléikzogﬁ"slgr?% iéuﬁg(gssi on: 2 a[m =
yfm+ k - h[k] k=0 2 b[n] = a[m+ k - h[k] 1c=Oc[n] =

b[m+ k - 11 h[K] omf=>" bim+k—1]- k]
k=0

d[m] =Zzlc[m+k—1]-h[k]

k=0
where y[m] is the input time-filtered reference subcarrier, h[k] is the FIR filter coefficient
array, and k is the filter summation index. In the above equations, m represents the reference
subcarrier index, whose range for a particular sideband is a function of partition group. In
addition, a[m], b[m], c[m], and d[m] are the outputs of the first, second, third, and final stages
of the FIR filter, respectively.

[0123] In the filtering across frequency operation, the first and last reference
subcarriers in a sideband are repeated at the start and end of each filter stage, respectively, in
order to fill the filter memory for filtering of the first and last subcarriers. For the upper
primary sideband, the following reference subcarriers are duplicated as a function of the
partition group: reference subcarrier 60 is duplicated and placed in an extra memory location

for all partition groups; reference subcarrier 50 is duplicated and placed in the position of



2d[m =c[m+ k - h[k] k=0 where y[n] is the input
time-filtered reference subcarrier, h[k] is the FIR

w0 pdosesosedef ficient array, and k is the filterPCT/US2004/037944
summation index. In the aboyg equations, mrepresents
the reference subcarrier index, whose range for a

refer gé tsI ﬁgel%rﬁ%rnﬁbd o%aﬂéjrgtlﬁ? groF%CIEXQ&gBﬁ[(E?MC ! 'n?cﬁiegf\/ﬁyﬁ reference

subcaﬁtﬁrmﬁ i8 blitded fid placedsipane @ositidn bﬁrefa&d:ef $1Ib@hrr&t agedr partition
of the FIRfilter, respectively 012%%

groupt Hxtendli gseavipoaode N&ﬁ%ewéve@fﬁéph@%@r 4 lﬁéluﬂ’th%IFd apdplaced in the

po&ﬂé@%& réf%fe%%g ag‘yeg Z@rfo %'éﬁlt{rg)ﬂ f%q?@ dm”afs%r\)'lgaoﬁﬂﬁg (MPC%) and

he star eac t'er stag
referehes pesdaive 46 isi duplicated ahad rfladetl ih @ éxltﬂatraemmeyrﬂxvqaubm rfor partition

filtering of the first a | e
groupy geendsy | (seivipesredasaid s Pk ke cﬂnﬁﬁ@’hf Aigqfiering or the other
mdeb%%?cr iR a%frﬁﬂé}l'iﬂéﬂn%@t ed as a function of the

partition group: reference subcarrier 60 is duplicated
[@X2d] pl dedndise wariapre estimaeiny gorprani ericdlgesal hoise power estimate

rti.tion oups; r.eference subcarrier. 50
for B R o B TS SRR 57 Ry he conerent phase
referdn€f QeRMERg %Uﬁﬁ@lﬁén't & wéihi @k sRPpbd,HilRRediefdHRncetibeREiels with CSI
(service node MPl); refterence subcarrier 49 is
6ﬁﬂnwﬁbllca;ed and placed in the p05|t|on of reference
[Cﬂ‘%iar . %r flﬁ?r]pfl %Efe?e%% ' til'bgeﬂ*nglrs OH%E tlﬁétrgfé‘ii%nce ?@%\é{‘r?e estlmatlon
erence subcarrirer I ca

compbhéft e@1gnal)t e oSt frah trheifrect‘oeﬁelﬁorﬁlu’(gc délayed ét?lpbedl reference
art|t|onlgroup 'Ext end2" (servjce node
subcayiagre (Haeal PRERQdse) |t‘éf0fEBCfPl§P18&6P§S%§§tgaatﬁ%€§1%1?aéé’i‘&ﬁ RQfseyp signal =

nmse?fi)trreﬁc}fr?éf@l% cd éﬁ%/g%hgmtﬂé ﬁgg{ah} b &c%&&suﬁ%ﬁﬁd@d H'he magnitude

service no he filtering
squartdof tlimecmhplex wisdelstndss aure tibonfiltdred & Sequérny ansintee, producing
012 4% The noi se va |a StlﬂHtIOﬂ conponent

average PRIsE ¥FADCE s MRS GITeach ref erence

[01ds3ar riRr madiitikie né?juﬁ&dp%zﬁloﬁsﬁ petRmes 590 R¥erbh&® subcarrier
cohérent phase reference weighting conponent to weight

noisetvialest pro@ypdni ndisd vaiance safipee nbhe mutscwrienes sampleh agShen filtered

acrosf PTG ok O The MG P E R e RISl varianc
estimbt®h @RAhEn Phed UPIRAMIREsfifmatb fitkds. ChkfeLEpANDiNI®f 15 separate IIR
del ayed, stripped reference subcarriers_ (signal

fﬂter&wfqrééath e pRem 208 HBVEK PHBREsidehan ARt 94 lsﬁﬁl??éﬁtedﬁ%sfﬂtefs for the
secon:a%tlytssﬁ%ébsﬁéllsg@m: fﬂ"te{jlfblr $oh Perreﬂ%gggb{)aﬁg% n%&%%ﬁﬁﬁ@@gagf&gé) The IIR

ry an second ary si he magni t
filterss qreamady{g‘alri, htevocmrip | lessyniitegratest ihahtaysrage ethieherput noise variance

samp 51 il‘ 23(2 g]ie: egﬁé}éeecgglﬁ %i;e:gg‘féllﬁ%ﬁabp ung):eg (E%Ve%tlm%ted average noise
variafddF6AEdch §Eferdn@d dfcartlie idBapidiikaie tRGHRESd Operation is

performed on all reference subcarrier

[0127] Detailed block diagrams of the noise variance estimation process for the
primary and secondary sidebands are shown in FIGs. 16 and 17, respectively. FIG. 16 is a
block diagram of the Primary Sideband Noise Variance Estimation. FIG. 17 is a block
diagram of the Secondary Sideband Noise Variance Estimation.

[0128] The subtraction and magnitude squared operations for each reference

subcarrier in OFDM symbol n are described by the following equation:

z[n] = |x[n -5]- y[n]l2



noi se val ues, produci ng noi se vari ance sanples. The
noi se variance sanples are then filtered across

w0 e@qusnsey, for reference subcarrier estinati oPCT/Ukm®04/037944
frequency-filtered noi se vajjance estimates are then
passed to PR noise estimation filters. There are a

total of 15 separate PR fi]ters.for .
wherq 318 ofs i JEBRGERTIS V%63 b Pt PBR fan-st i
the stﬁﬁ%edswf@ﬁﬂw subsingiebaiad fad bew ddlhjcdrbyf five egmbotsefeienast for the

subcarrier noise variance sanple). The IR filters a

delay ghiheyirgpriomainVRUIcE 1 B8 S5foTebR HIoRUBIE BN ORANBRRRCNL.
i i i . They . .
4138) DA ARG YAOKS BB RTPLSSy o Y i dhfo R85 Whaused in the

refereNed S cidier antieatiodrcoamohent e fTae IR &ltsiidycaparatem issasdallgws for each
fromthe filters. [0127] Detailed block diagranms of
referepgresubgrigist (PPHRNE fPmati on process for the primary
and secondary.si deban e.shown. in (54716 and 17,
SR R G i

respectively. IS a diragr t he

Prikary .S . NQJj I ' ' I ' .
T B QBRI -LOe B PR AL i e
frequeYRIfAReS FSikd PREdneS estlBke BITnEates WBéffidfehtsOfte &atkulated based on 2

magni t ude squared operations for each reference
two-psleosayrintegratay vVGEDM=slyfbol n are descri bed by the

foll owi ng equation: z[n]= ﬁén- 5]- y[i]\- 2 1 - where

z[n] is the noise ¢ar¥and®PBRPI%, y[n] is the

filtered referenceBsupqubbe{hg75nd X[ n-5] is the

stripped reference _subcarrier that ga been del ayed by

five synbols to aceaund —ar T HLS tReP %gof t he

ie-d in FIRfilter in the reference subgcarrier :
T e PG Rt St s oS Do RPN A G ind applies CST
weighitd ROGHRA FHtcPREFBdrbRB stiBcarGkaNtTHead CSO wellts, wafoh leBtikh@ the signal-
reference subcarrier estimation conponent. The IR _
to-noif¢ fratisr phepchpefeserice subagrries, fig| dvenaliy pprliedHoreach rdafa gubcarrier to

: subcarrier in OFPM s e 2 [e:z \ * .
lmpl‘O[Vﬁ t_% ]pefognarslcez oFrl}:l"ne_ X)JF; v%@?cgafl'i SSnil%e':‘thgu ET%%P“HE? Soz fhe filtered
refereyiéd isabeeri@s tiepRbentd eign OFPMvay the|CST weight iy [ca]culsted ed applied

. input_fnequenc¥;filtered noi se variance estimte. The ,
simply it dividigefopsly ifdited TaFeaencs| SRPATEN bY dSetPTEIPaNEiRg bt variance

e
the angheaisehe edherann phasaréfgienca glieomyberaerttatoanl aithiataesnzoment is described

applies CSI weights to each filtered reference

belowshcarrier. These CSI weights, which estimate the

[FlHpal 19 NRkSErefRdce scaf®GhafcllchiBN6$ 18WhaMoId ®raccount for the
are eventual ly applied to each data subcarrier to

delayjofphe R filter irethtoroirariasande estianaiipn sppipoatodee presiepedivision by
Zero, tah gma go%st ysd %rs?fadtder:](ia t£ itf]é %51%@ variance estimates. The delayed, filtered
reference subcarriers are then weighted by the reciprocal of their corresponding noise
variance estimates, producing CSI-weighted coherent phase references for each reference
subcarrier in the primary and secondary sidebands.

[0132] FIG. 18 is a block diagram of the CSI Weighting of Reference Subcarriers.
The CSI weighting operation is as follows for each reference subcarrier in OFDM symbol n:
x[n—16]

ML= e



reference subcarriers represents signal power, the CS|

wei ght is calculated and applied sinply by dividing
we@amh/05i8b3 er ed reference subcarrier by its PCT/US2004/037944

correspondi ng noi se vari ancg, esti mate. The nmagnitude

of the resulting conplex reference subcarrier is the

o Bl bR R S oA BRI et . 5%
the 1n§8gﬁ&§§ S%a*%%‘é géjﬁnait? ]g;l]dmlh?% Alélftrc?e?a eﬁfﬁ"lrtqu& 'Pefme?ce subcarrier,

carrirers are t'o account

and et-heptlek aye bibs bidedl thiprévent Eividish blieetdoi Be UST waigheng operation is
estimati on component. T o prevent division by zero, a
Kbnﬁsﬁdbtﬂbmdﬁmnésflrst added to the noi se variance
q .
ar 314 heS’%C %}ts gl' ﬁ&%ye ESIIt\X?erl ﬂjcs tﬁa(telia%? %%er? ldpé‘}géerd oVer a long

reC|p oCa

time ﬁél{d(fﬁ)pl@ﬁﬁ)lvél ghen eﬂfécfts vhgiganichdest Tiattasking rcodllﬂ@ll mgdule uses sync
CSl - wei ght ed coherent phase references for each
weightetodloan dacking aireatiops oy iis s¥mpe} thackinedRP-secondar v

[%‘ﬂgﬁt ?’ﬁg o‘&gé{e%% ]e'c}rglngne@ Cgér?[]r Iggér(hs %@%@a%ﬁl‘)% Pg &%ulatmg the

magnipéy af ¢éach GH-vasiglited,| filwsed sfereamhsubedreieemcibe pubmay snd@bands and

in OFDM synbo| n: n- 1 wnl=s[n - 22 - e
smoofihg g oGl GRPL wdPRiEh 2B PbAL T A FIErs (one for
each E&Ereﬁ%@%b%ﬂﬁﬁ?) The IM0IfilleSs hitCuhiRPEin NBFSHOI¥ 616és§rlﬁ% grators that

estimte, x[n-16] is the input délayed, filtered
average tler apueCSLIvsights ever amngeduration. 1 Thee arhexdsitied cageleper OFDM

b télgr event division by zero. The CSI weighting
sym 818 Stion is identical for all sidebands. [0133] Sync

[OE3INt AIBB@sEichRdiyhtCole MPhghdehetaial, et sbefR raydREs agkidh do not
over a long tlneggerlod to renove the effects

of
populgtegthapxwa@f*@ssldem % r Bk iepceRsablediecasg &lveecﬁls%lgévr{énd therefore

oo YN ARk GRAAAGHHA S PRSEENS LOLLS UL ot prsent
[e36) OFDE! $9rbalblbok diapaul af th&gszﬂmeWme Ganeratodn. eddte complex
ey Mg A TR RSB W (I ol s
calcufatdd BFollkere are a total of 30 separate PR filters
%’ gor each reference subcarrier). The HR filters

are unity-gain, two- pol‘gJﬁ sy JAtegrators that

average the input CSI weight's ofer a |ong duration.

where;N e%g%r € AEGR ta?lﬁcﬁia%ﬁ‘[a\g\\gé%o%% ncgo{he Hﬁ Cép?v%%]nted filtered

dync wei g S generate even
refereheé vitearrizpdad wisithdagociaet 3dpueigite t he ext ended
si debands._This is accep table ecayse the CSI i ghts .
PLF ¢ HbediR filiedns, epqxéﬁlahissas O ERPLHIZATY Telerehce subcarrier
in OFDMIGIbLES:S are automatically mnimzed if they are
not present.
yln]l=A-wnl+B-y[n—1]+C - y[n—-2]

where y[n] is the output sync weight associated with a particular reference subcarrier in
OFDM symbol n, and w[n] is the input CSI weight. The filter coefficients are calculated
based on a two-pole lossy integrator with o= 1/128:

A=c? =0.00006103515625

B=2-(1-0)=1.984375

C=-(1-a)* =-0.984436035



[0136] FIG 19 is a block diagramof the Sync Wi ghts
Ceneration. The conpl ex magni tude of each CSI-wei ght ed
w@eriosmsos6s ef er ence subcarrier in an OFDM synbpCT/US2004/037944
calcul ated as follows: = whese and x are the real and
I magi nary portions of the input CSI-weighted, filtered

G880 198 HETOLEE g RN k8 BSRORSALIDAT on e primar

sidebirmllsl ows for each primary reference subcarr| er in OFDM

nbol n ]=A W n+] B y[ n- where vy .S .
]out%tlegywevﬁiv@ﬁmaé%@%% A L FRPHPY ﬁf‘akSLWGlghted
f r
coherélﬁ ppana C%e?elé\eﬂ&gﬁ{) e'a% db%lslgtﬁgr%coe ]E&:olécf}grﬁt?@dag%@ﬂerénée i 8enerated
for ea:cehl dath au&dmhxasleﬂ imterpeldiing - poleenl ths spfarertcegnbtariemicolierent phase
refere%@sﬁﬁggﬁl&é da(_ta—(s)ulg)c%%%?ég 951%%6 gse:rﬁ rér{cF%irgéfgq-ﬂjélltiplied by the

cone@%ﬂ&nﬁﬁiaﬁi"i@be%@% & H1PBuQPESRENAY-deRcREr CSI-FRAINB, Yooiblex soft
the primary sidebands. [0139] The reference subcarrier

decisions.er pol atl on corrponent applies the CSI -wei ght ed

hase refe S, t ach ubcarrier
GERET ofer BREE S rERBHEE 1t SREr wi Bl T BHOER e soarricns e
passe8 WRERIRh | @rfre}@%elhdﬁft@ﬁﬂzﬁh afiltdrgthbehwean inkgpolation factor of 19. This
ref erence-subcarri er coherent phase references. The

interpokasion filieg isrd ZiapBlathat stlides sresellpEve roferaee pbsarriers. Since
it doe@lhgt hﬁ&”oJéP ep hqut g)é)lgtg H)ﬁér&lggl Qh@% 18k2 from a single OFDM
S e er ent

carriers ete
symb&iSI - wei ght ed, conplex sof t deC|S|ons [0140] For the

[6)@13&6%!3@' deba&gﬁélétrpggc&scglfggsg%ht eﬁﬁo%#glgx ezeros in the locations
betwé‘eﬁeegyf? ﬁﬁ&eqqgﬁkéﬁcé ' t&l&%ﬁ? teff@&tlﬂéaa?n ﬁférﬁt)é'lﬁt%rpﬁt:@r' g9, In addition,

factor of hi's interpolation Is a 37-tap
18 ze’f‘dsFard: hdded' ‘lmfordd@ fimt radssncl subem*ncwdraéfee therlegs reference subcarrier,
[ter, over, ti

to prouRIG, BBIRES 81 FIiT et pa L BE M PEHeRLRans pai-ahes data. s i
“shde%" RELSs el Sy, IRGE will Bé4 Tl mbbe. twotBfcp&lcaé (RzeIod6FHSE) within the

first inserts 18 conplex zeros in the |ocations
filter plea Wenen Wh@hthﬁlfﬂteé ieeenieedpe Aceleranpe by iverlycanerrgfesgnce within

the flg%fd E%KP Qc f\%?l% file ente%?ég)r &rp th‘rilg ga{s% {38 ’flllé? Eigﬁ%?gﬁlrer}s the input

ghe énce subcarr
refeldnb@sdbasfneiax‘/lﬁf:lersqemsdiseaﬂed er, to properly initialize

[élglre%f :c :F} 1%:3 40 ggg glczlllegggqlclt rtegrresgn?aetlrg)noo%ear I%tafgfc’engg Stulqgamer Interpolation
Tlustration for Primary Sidebands. The interpolation filtering for the secondary sidebands is
performed in a similar manner.

[0143] Once a symbol has been filtered, the reference subcarriers are discarded from
the output, leaving only CSI-weighted coherent phase references for each data subcarrier.
The interpolated phase references are then multiplied by their corresponding equalized data
subcarriers to create the output soft decisions. Prior to the complex multiplication, the phase-
equalized data subcarriers must be properly aligned with the interpolated phase references.
This is accomplished by delaying the phase equalized data subcarriers by 21 symbols. The

delay accounts for the total delay introduced by the reference subcarrier time-domain FIR

filter (5 symbols) and the noise-variance estimation IIR filter (16 symbols).



"slides" across frequency, there will be - at nost -
two references (nonzero inputs) within the filter at a
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[0148]  After acquisition of both frequency and symbol timing, synchronization to the

Block Sync pattern of the BPSK Timing Sequence is attempted by cross-correlating the
differentially detected BPSK sequence with the Block Sync pattern. The differential
detection is performed over all subcarriers assuming that the location of the training
subcarriers is initially unknown. A cross-correlation of the known Block Sync pattern with

the detected bits of each subcarrier is performed. A subcarrier correlation is declared when a
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(not including) the transi er11t ?Fom eel t hgﬁhgﬁl 8Rulks" The type of

hneaf(fﬂ%@f‘ﬁi &he time 2] obtee Hliersitbldepensichioon ﬂmrfadm.grsmtsnng and more
ol ves. identjfication

spemﬂcﬁﬁy %ﬁeeBth) Ji a?zitlgoﬁtfgﬁét{% [ ofI tlﬂ\é ﬁ)gTar[%elt%{n jinferest. AlAt ngﬁﬁtnp@l 11-tap
FIR flithoa{bmtohmapng Shlblaatdcbﬂel'aﬁ@l@ IflM))cub@ aCXiphival lshdeds was chosen in the

nicate the switching instant to the receiver
Ongm?c?u%ré%‘ % 3 1259 §P1R SOMBEOSE betivea Tedpeing shepestirnatian IeerOf 6\rar1ance)

and thehfilfD A Qstfrﬁiité QQ'téﬁcQ %‘ﬁ ﬁ%ra}n?%r T zl’:ﬂﬁ %n%&nﬂrﬂé Ek]]teﬁ was used to

coherent tracking algorit
estimagg Herndisensarianee biocarbioédriphdsd is rohen visaé miithythefnoisse Both of these

R T T
using bheffRyiRo ey sphe viHia BE&IMmOERLY e Lelellivd ?ad‘?@r%tenwronment

noting that the error in the noise variance esti
(frequeney qiyEocpgelaienler Flasse ifiiterhictdotrmdantulsHnrine A WENestansd, fading,

and assuming a reasonably slow automatic gain control (AGC) function which should be

slower than the fading dynamics. FIG. 26 is a block diagram of a coherent reference and

noise estimation.



[0163] The conplexity of the transient detection

al gorithm and the degradation due to fal se detection
w@Roos1050863 ent s has pronpted the devel opnent of PET/Ds2004/037944

simpl er al gorithm which resghbted in better

performance. [0164] In an average white Gaussian noi se

018N SR B&lomdbl1B§8EeiTdr! ERIIOY diferdifies e RRHCH ennas and faster

channel reference and nol se estimation yields near
AGCgpTheuoheras wfesncelingl rojeestmatiomélers faid teelongerchpphmpriate for these

.time span of the filter arge dependent he fadin
apP G < Tt e TR FrEaTS e MG 46T VO, and
has o 4d 'iﬂ%ul%_fvetlh@: PR ATEIEE, 96 dofeCi@SibverferitYMARHe ghed through
-tap FIR filter approximating this autocorrelation
appropantst nodifigatidrisghiny espmetien Widist d¢ebgignes. n Thisetransiegt defiection and

s B e b 8500 BT B SRR BB o e
noise@stimpBd ol ©1verthcksshbe paranmeter in fading. An Rfilter
was used to estimate the noi se vari ance since |inear

[(PHede il5isnwell-kpows e madian fiifrsingoinstead phiimeat (IR dIR) filtering,
o0 RRRLLR A0 L BptRD pERIEED S U UABL i e imarin
parangftéreG) laué alsoegderiny tispaffectd of hmpalsioamoikat eFhik haedian filtering can

sel ective fading environnent (frequency )
conVeRFYo FIPAC %sngﬁnsn%sffetqcppm@ Wc%mt JobacHEs ffipgment.  Some
impokthit AMUALERaREehs th@dhBBan 2 2SR ALY & SRS ABERIYd below to
sl ow automatic gain control (AGC) function which
demogkipaté duitdilgy davarse ithédwe redeevel aykiterg. dynamics. FIG 26 is

ock_ di agram of .a coher.ent. reference..and. ngi se )
et ST riElrthet B8 BRERT TR ciscRscffguction of the
estim@itH O¥orVaRnh&d b/ths bbh&BRdeRMRBAAS naReEl Tak! @iuANIRSs compared to
The coherent reference and noise estimation filters

the ogiginahdiliconged Taphar somipared foothet Reaseerdingl bewnd, owkich is the lowest
J=ur t her mor he interferen r first-adj.
poss TR b0 ANCRLETEG & RIDOAET S ChEF g o sampe
(filtercapg)adhe ebtrhation & or apPltesiofpy @VAWEIN noRy fdighgaased
t hr ough_appropri ate nodifications of the estinmation _ i
[0168]er Theditginpldd -tarFER filtgnased e csfnae thegphgrnt reference signal is
u i. t n . 5 .
o FAPERSI, SR e S BEAEE B (HE7BERTE i lcin o
gain eSonaraFi(I27tie aspbivel drhi tapsiEiRefilt§rdd6 6¢hdréntirsference estimation of a

. 1Wel | -known that nedian filtering, instead of |inear
singlq ¥ef9seRie SUPEYIEE | tering, is a method of reducing the

[6B69) MRITIRNFRA §RAWMI &Bodth &BE '¥HiMbteS 28R sE RN F&BehPe kitRarriers is
estimation paranmeters(s) and al so reducing the effects

descripedingpiu| Ehiy diltaphase) taphi(&ffagtive)awhich lreerdrmgligechsuch that their sum is

oy CRUFE O i SRR T B RNE B IBhSRH BB cxvmes o

uppeiChalo eligit iskBbaidstih @otredicaidué itd tieRr iraidatiamal Yzedltenspan at the
descri bed bel ow to denonstrate suitability for use in
endpeips. r Begifijier issgefineehin [P 2P AHE. i23pdewarn plot of a filter used across

ng,r ElrSti&. median filter is the reduction
frequo tcﬁ‘éﬁée{f%%%s%&caéﬁ%gr vari ance of the coherent

[0ET(dr erlie radettioaios the ektiinatereenbu ¢4 ¢ompaires] wop@he chtiowf the variance
of the filter output samples to the variance of the input samples, assuming a constant

parameter corrupted by AWGN, is equal to the sum of the squares of the normalized filter

coefficients, var_reduction = Elcoefn2 . The variance reduction of the 11-tap FIR filter is

n



the original filters and further conpared to the
Craner- Rao bound, which is the | owest possible
we@giosasssoN error for any filter (linear or noPCT/DEZTNY/037944
of a given nunber of sanplesi{filter taps). The
estimation error applies only to AWGN noise for this
0.127¢85 @bolt 066, Bigi181) HAldueddPof 1R d-tdd PIR BH aérgsds frequency is
estimate the coherent reference signal Is anal yze
0.196f br stout TheBf i Theesrrarapductios peoiorminiczed tbese Hiltehsatant fee¢ampared to
.sumis unjt I el di dc gain of one. FIG 27 is a
mediag er%?n‘gtheﬁ@%ﬁgkﬁ%%ﬁer for coherent reference

estimation of a single referencq subcarrier. [0169]

The filter used toOsppet ies across the
reference subcarriers is g ext. This filter
has 9 taps (effective) whi¢h aPe’’normal i zed such that

their sumis unity, yielding a dc gain of one. The
[91714 er iy sameples ohe consband fovee the wan of healilter exithy Nitegss) parameter o

the u r. l.ower digital sidebands is not exact due
Coml]?tsgpﬂ%R?bagél'é\etlpmﬁﬂ%ﬁh(%ﬁjﬁfl?tﬂnel span at the endpoints.

This filter is defiprdpim chl GN28. FLG 28 shows a

plot of a filter U';E'd_g'(ﬁ‘;l"()":"i: Béuedty of the

ref erence subcarriers. "[0170] %The reduction of the

[@B12] Watﬁﬁldeﬂfeolfesdllﬁn% aPfaaiceRabebdund Thoe o dbdnstan®fpatditeter in AWGN

variance of the filter output sanples to the variance
becorggs iMBLYi nput sanpl es, assuning a constant paraneter

corrupted by AWGN, is equal to _the sum of the squares

of the normalized fil tebégogfszci_ents, var _ reduction
The variance reduction“6f“th&/ 1 -tap FIRfilter is-

(G730 e 195¢ s Bepritmitnldlfhe flah e E N Bl Spimoty the

input &R@Atce divigdd bylAE n@berF off 1aF4I CTHiO ivadRT §upbsd fee tHf minh@8R variance
filters can be conpared to nmedian filters and the

estimate a¢aatd [RAcachisAd . With [egnal/ gymform) 1an wWeights; degyveysr, othisa would not
s r n i it N .

petoNURIL L S SRR Yo ofd, Ll B A DGH rduction o

estimiitivicdrio@for dhelreat ©fdrlicéXjgndhd t he resulting Craner-Rao

bound fqor a constant paranmeter jn AWGN becones si mgl¥
[Q478]>  Altheygis thermerian Halter as ras INCERSeiTh PRRInY FERPRIRE @bout 2 dB

relati\fa%) o 3hé i(lé)lraﬁfé Wb P MnbiaRs AWGN, nﬁ%}’a&t{ﬂﬁ ‘.)é(]péﬁa YRIBRNGRers offer
I vi ded by tfle nunber of taps. This wou suBgest t hat
perfotnancenclusentimtheamedian diltest fortitessaomuiuwhtee of tips.e Vednaise distributions

o B g PR B, BRSPS o B e
perfo@hdiRe tiscr@dsed Whilerthé MRGaORItEepEdrhRRcOts @StdaRt | P& example with

error for coherent reference signal. _ ' _
Laplacian noise, the median filter performance is 3 dB better in reducing the error variance

than a linear filter with equal taps. Of course the Cramer-Rao bound for this new case is no
longer met with a uniform-tap FIR filter.

[0175] The performance degradation in AWGN due to these filters can be
approximated by computing the additional noise (estimation error variance) over the actual
symbol noise variance during detection of each symbol. The 9-tap frequency spanning filter
is used independently of the 11-tap FIR of median filtering in time. The 9-tap frequency
filter does not affect the step response (in time) due to switching. The losses for the original

11-tap FIR filter and a 7-tap and 5-tap median filters are tabulated in Table 2.



[0174] Although the nedian filter has an increase in
error variance of about 2 dB relative to the

w@e@ses0skao bound in AWGN, the actual bell-shapedusioR/037944
filters offer performance cl3@ser to the nedian filters
for the same nunber of taps. For noise distributions

that are nore heavy-t ahubied. Biltet NRESI Ve- 11 ke t han
Gaussian noise the nedian filter performance

i ncr gddber tpg | e the | LhtsadIRi | t pf-tgeMediamantc@-tipsmedien

sane. =For—exanpte wth Laptactap-1oi-se—therpegi-an
fil tergrfioerrvf‘agf1 fnce i saéth bett sp'gi\f‘ﬁ reduci n%’i%e
error wahl aneg, t ey o.begear Ti[Hepr W Th equghsd aps.

O cqurse the Craner|-Rao bound for this new case is no
| ongqrfiliesing WP dA6a uniformtap FIR filter. [p175] The

per f grmance ¢ atat| o AWSN-tye—t-o—these{ it ters
can beLOaSE)br]’éW(ﬁgt ed b@lkg ut i ng&?ﬁ addi ti oQTéP dﬁm se
(estimation error variance) over the actual synbol

noi se variance during detection of each synbol. The
[0176]p fFlEyhisya speinaf mgcdmparisen jof listeg FiRdepemedian | fiitering on

-t FI i filter] in tinme. The )
conefhy kAT 301" b0 il bR PN Bl M cct wing
the nredpdilee, the tmpioved stipeeiponsoMor ahicAfla sWiehih@&SESvidiRIfrom the plot

the original 1-tap FIRfilter and a 7-tap and 5-tap
of Flpcioan NPIF d15 th Biep aBRoasot sianfiamtly pubrosm s e need for

: i ; 0 i | - - i . . .
e O 2 Do Ul Bt Y g S Bbn ey i ise estimation
procegsingips $hosan 9. KILE 30, @62reCthO44-tdp FIRefiitagis(1Bplh&h) with a$5-iap median
il AWGN 0.11 B 0.26 dB 0.19 dB [0176] FIG 30 is a plot
Mot a conparison of 11-tap FIR vs. nedian filtering on

[6DIAT ek brief BELABEOS bH AR fun&iérﬁ%ﬂrhlgmﬁﬂﬁg lof |f@§v§[ﬂ Are presented

AWGN perfornmance i s expected using the nedian filter,
next. t Hee gab obithedprecaspes)ehpwnderd isrto privédmestiswitasatiithgedhsrent channel

V] A t\h | ot,of .FIG . Notice that the_step .
comsRRsBNEa" D th g o005 0 ok Gub ey s Btimates
are 1dcal int tird8 $h& fileqA&icd Qhiarrien 16da064) @NRCoMhRARRNThO UyhdiSic selective

. new coherent reference and noise estimation procéessing
fading ghyslyexpaiiepeein 3 mokifreprvitonment sghRIsRe flgvirg ajtgmobile. These

. ced: . w - i N ] A brief .
cinfEOLASEEA o R AR ] BBl bl rom
the reacigepaabdam@thlaneksignale pgoadusbf ddsbiebadl 085S (Bt o8 MAWR50 as S, ,

ere.is tQ provide estinmates of the coherent channel

Compgéﬁfﬁl‘é%%- gHiendata gsed, g H’@g)?la%ﬂ Bes wmaeleist dlrpade &ngwn @pd removed
from PHRES §yrbolé MBIhEFiRR EBnjuEhe Sl iog&fa 8n HilGstrRERby hbitiplier 252
rOmti me@yandO f requtencly (srlljjggar ri e?ﬁpo at ?orﬁ;& tﬁ%t i)y tiplier 252)
to yieht dheninsataeequsecoymenrichansiel ggnivaes adinon dinar2ddl The subsequent

.experience Ln_.a nmohile environnent such as novi n
medlaguﬁ Tering ?26 in-fime erceguces {RC \otse While: math aming tﬁe step ch%nges due to

antenna switching to produce intermediate values al;, on line 258. These intermediate
values are further filtered (smoothed) over the reference subcarriers (in frequency) as shown
in block 260 to produce the final complex channel gain values a;,. These a., gain values are
later used outside this algorithm to process (equalize and provide branch metric information)
. the signal constellations for the data-bearing symbols in the conventional manner for QAM
symbol demodulation.

[0178]  The next step in this process is to estimate the noise associated with each of

these complex channel gain values. The instantaneous noise samples are estimated by



estimates are derived fromthe reference subcarrier

synbol s whi ch have been stripped fromthe received and
waelemwssises ed signal as previously described, aPCI/E8204/037944

i nput on line 250 as S conpkex val ues. The data used

to nDduIate t hese synbols is already known and renoved

subtracé%ng}eh S B2 ( Ya?fltuﬁ,s tron&thﬁgh Bay?ﬁ@hafeﬁ dé%@g %Bﬁ:\o/ m:arfe ]gdn)ﬂhn 19 input

sampldsn §2,§m a0 a0uSraePl estmohaione pogai 262val Aie Ssha\’&n om b]onk 264, the
254. The subsequent nedian filtering 256 Ln ti
magmfruéaﬂ@eaged Helues | 1§ ecoppues ARt theshi GTRIE NS ﬁeli@%é% Yleld the
n e
o 0 SR DLHED Oy g RS TR s e v
sampldsuiré pedr dstilates @f tHedomd(thee hndfrequenhy) maseeaneimequire processing and

subcarriers (i.n frequency) as sho i n.bl.oc
Fileing; lgcie @ T COHBT R el A AP RS Tie S frequency
flltenng\%ﬁﬁdqh Sy Rl e t@fr&iulc@ttl?é eMSEHF LS itteankdHeSus noise variance
n1to process (equalize and provide branch
est1mamst thnsctypel bb ﬁltanm@wy)ulﬂhl@t sifeptivelycasnemaladatei the shdnging ieése due to

earing.s t he conventi naI
fudine GG FHg0 SBLREBOTEREED AL [0 1767 R e STRRTbrs pedion filer
268 1SFHSQ& ?(?'ﬁltérsthé& i@ sthhtARdoRs R/Elﬁaﬂ&@ls&m RSSO @m&t t@tlbrwﬁdcb se@aples varflt,.
of these conpl ex channel gain vaFues

16, and pertvantiensé direan 8iRs er EBrfiltes Z?AQ)efﬂéﬂgtqgnAﬁtvéad g furthgr smooth across

requeﬁcgqp g gCt LA ghgrcogrﬁéreg@% gf;] ?%ﬁa{ﬁge %?tﬁggtgp G "3} fnya manner similar to

the cohi éxSéHaﬁﬁéngahyeﬁlmmtabOVe pahnidd2iaal ﬁ&sd ﬁmmmﬂ pzith 1817@ ¢kprovided
4, the magnitude-squared val ues i.s conpute

(0 caphe e 18 BHSPEIES oI BRSSP LOGTE NI (K BCHETAnFSiRE When
these ngu?se Ig%’ &ela@ E}?% £l 0 &8 s‘ﬁ@CanmOE‘lol:k 4% €8 cecliN@ Bmedian-filtered

aneous nol se varil ance sanp es are poor
estimas ttherathese lafget velubomalselettedgoranupitrte qlurefr@qp)ennb pmeothing filter by

the se]rrﬁegg gglg(\e,fggétg}%g %:%Tg ?cﬁﬁ{j ! i kﬁﬁjn t o o#‘j gfee@glﬁg}cng)htclj‘led over the
refereﬁnf1 SAYERGYrslds Sfl@\{/ﬁ Hgbll%%'iﬂ% i sitaged 1hﬁ)oﬁﬁntuﬁ @dbdequére tbteRtion of the

e error of these instantaneous noi se vari ance
branclesteirimatvdsch ¢xplsits tizpémowlefdge péthedereamaise implses.
ffective acc e,.ch t
(AP YRk 50 R o Eh R0 Db R, e coneren

referefitd EsQﬁ*rhefﬂﬁn jhtedeatied @pppBUioanoild dufficie@bB wedl fios elc tases analyzed
filter these instantaneous vari ance sa Ies in tinme

and sprolaisde Jhesn eascodnslnde a Hald 2B rigiRtYorating ) Fhir Vit Doppler
bandw1dthFéo%s Lt Wlthzlﬁgliw{})b eid B hSisd 58w As s REIR. SEBRERer other

re uen arriers) to produce the final
channEE(fdnﬁi’tﬁﬁs glsduildrbt esnsideiradl, audipasriswpulsive oage, poresidaal transmnt effects

o 0 Sap oL 50, SRLTPLSE 80V or A2 08 v s

coheréﬁlré'fefe‘ﬁ@é Val'u@é’ & AiRla V\Eﬁrobﬁﬁb” BSfevehahe @&%ﬁmﬁﬂ@e E@mﬁdwwould be
antenna sw t chi ng. hese val ues (scal ed by a

corruftadt dhe GoBedspslsownulidrbediigh Eom)sygyb@]é@dwhﬁé thé impulse occurred,

ed est,nate en.t l. a
oue 357 B0k Wb et U e g RS o SO R 20 spread
the ncﬁye B RG théBpulseebionse titdeus thalRCFiltet. rIt wokldza‘eq)referable in
hese val ues are then snoot hed over the referenc
this @aqa darfepdfervwasd showngh moseosples in Trallel sWithyihe (R path (with

appro Had ucpef'a%%gtgfnng?r PRt éﬂﬂbo@g whBR the noise pulse is sufficiently higher than
% P

the TIR filter output, this noise pulse should be used to determine the estimated noise variance

for those symbols. When the feed-forward path is used for these noise pulses, the energy into



branch netrics which exploits this know edge of the
| arge noi se inpulses. [0179] Anal yses and sinul ation
w@boosksosed gori t hm i nprovenents to the coher ent PCT/US2004/037944
reference estimtion just .dgscri bed appear to work
sufficiently well for the cases anal yzed and
I t h ' 1V
the T8¢ R A B, DS SRS SIS o8 e ABAL P EREAR ot sproad
over tiid gnneof thp@mEdsiland Inieicasy &s comsivdensse GeralBvaBMRonsHofvhie process for
ot her channel conditions shoul d be considered, such as
handlipgpeise Peaks fibthe @oisg VA gee AN, ansi ent ef f ect s not
[(ﬁg%]' refie ﬁHi@«? rv%ﬁa‘&@ Q¥inlahi8n HRYEL O RE LSdlfiddefoem@R6®e performance
processing. In this case the adjusted coherent _ o
with siétking neasieat ued tobcoonanedatppriegei AGE, Henweriginal ok estimation

SNETEITAC T A e
“a,” VATRYhSEHARCHE HifbeonMéx ERGNB EAih§)er TNOPE oF URPIBEEsd fesPonse of

noi se estimate val ue at the rnpul se instant, and
this fikkgreasdt kivelayoif Sesagpldsraymbelyls althershi thp dpeingdaih g gnuch longer

L f th filte |t u re a L. thi
making 88 §p (GG TIorielP s gl BB, oFiT 622 Fpbfs (A the new
modifRafiéd IcBAngsk tthe tIE Ricpapdrartivbet h=a[8pr aptherat@diflatigns to the noise

~ matching). For s¥rénbol s where the noise E&Jb&e .{s fter the TIR
estimage fdledeanoVipe he eavensy iltereg Hrem  hegore § filtgry o after the
filter. "Phe ARPHS s S8 Lﬂrgcegﬁd HZ %d7—tngg> BUigh IR ab ) rcRRIE BREREEss noise
noi se vari ance f'or those synbols. Wen the
feedfdr@edt faoli. WBoth fhetdinéve additidng ere ddsizped nobstter putaamodath gwitching

.energy. into- 34 - the IIRfilter for thes les .
transiGRGUHTBI oot S WA ACTHRIPORLNE g GeapoanF O gy the front-
end oS £A6hrOY ke fREivepan of the PR filter. It is easy to

consi der several variations of this process for )

[HSRHI | Tge Aohp eedmakididrns usesl tooirsprogessithhpeiseaquappg semples prior

. [0180].,. The noj varian est | -on_pr | .
o linggg Y FUEE P h TGV PEr G RBOE (i LA™ (T g [ this case the
mediah! @0E PHhRefAbidsed *s@anRsIahe variliaet @l 16¢he adiremetric probability
original noise estimtion enployed a 2-pole IR filtcfia,r
densityi frhctivar(adB trsppestyl 9 1iBe AISE-sABATBE SEBRICHS Thisignoane adjusted for
subscripted "a " . - ot |
s At 5 oS A8, SRR SO e x o e
medidntTilger id dsb@hed@scontisteofdid aym of a Pais deyhgiex)(of yiexojusies of zero-mean
al though the decaying, tail was nuch |onger making the
Gaussiareqpisbeiamplas| where % V16 18 ampieddayssipnipdisof nose ggmpos u and v are:

shows that the newmodifigation changes the |llIRfilter
par ametgr,y gzj((,)& M;f ?@g;)i_n t_?«l’ thia )A#?'QE%
esti mate 1 nél'ude nogiag thé fredquency fi2oéring from
before the IIRfilter, to after the IR filter. ,Tge Fi1

(04820 er The cainyatpiecdisibytion fanchlonagl Feeale fqunflewithfychange of

Vmaﬂgegs\fénﬁﬂﬁﬁ%gﬁﬂngé%%ggoi se feedforward path. Both these

Ions are signed to better accommopdate
swi t chi ng trq&ﬁjJ_Eng'fp@p,g).idgpg{,gilm%xb{_kﬁ/mi}se, whi | e
accommodating a faster AGC function in the frontend or
| F section of the receiver. [0181] The 7-tap median
[0183] er Thsn tsedover gensity dumgont (pdHnefi 5 s Sapndrfean ghiffpreaidation of
prior to linear Rfiltering and filtering over
P(x). f requency (Reference Subcarriers). In this case the

-x/20"
p(x):%i};

forx=0

[0184] The noise variance is defined as the mean of X.



medi an filter produces a biased estimte of the
variance due to the asymmetric probability density
wo eovssmsrs (pdf) property of the noi se-squared BERPEm®e4/037944
This bias can be adjusted fgy- subsequent operation in
the noise estimation process. Specifically each input
sanple x to the nedian.filter is assunmed to consist of
ﬁaﬁg

the sum of a paig < Ixeg))p{ogc/pgé}dﬁqwzes of
zer o- mean Gaussi an e sanmples, where x =v2 +w . The

Gaussi an pdfs of noise sanples u and v are: . exp{- v
[0183] 2} Téx pfedizn df-xvcap/brdayndigygolving fgnmedx in the M]Qwr)gequatlon:
, [0182] The cypul ative distribution function of x can

be found with Abl ¢ 1 t
be Tound with o %?ﬁ{”?z%f S e PO AR 509 3
[0183] Then the power Ee{g& ty f'unctl gn (pdf) of x is

found from di ff exgatd/ast pn @zfexB{%)/Z(E%%‘p{L x/'2 2} p(x)
=- - ; for x 0 [0184] The noise variance is defined as

the nean of,, {’”Q&/Qgg}ff“ §§%@wd%ﬁg§ - 2s2 2 [0185]

The nedi an o X can f oun sol vi for nmedx in

the ol owiongl-cueiy RoR— i o 4 medpl2o o I/ 2) f exp] -

x/2 s 2s2 I 0 - = [/ 2 2

ocr }- 1= i”‘l‘é‘n}e?rﬁgéd%“‘lrz 27 expl. Pl Y=l 2. or P

[omex! | ’Iffle‘estluﬁﬁtlior{ @ihs Factordf thetoddiah K188hd AHheastid BRiHeQRedian to

bias factor of the median is found as the ratlo of the
thempadi an to the mean. . 7ne<ix 2 2 In(2) _ = =
In(2) 0.693 . s 2s2 )
: medx 20°-In(2)
med _bias = ———= 5
lo} 20

X

=1n(2) = 0.693.

[01871 Therefore the median underestimates the Gaussian noise variance by a factor
of In(2). This bias should be accounted for when used to replace the mean estimate in the
noise variance estimation process.

[0188]  Scaling of the noise estimate due to the median bias factor would not generally
be an issue if all the noise estimates for all the symbols presented to the Viterbi decoder were
scaled by the same factor. However, the feedforward excess noise estimate path is just one
example where the scaling does matter. Furthermore, nonlinearities in forming the branch
metrics (e.g., fixed point quantization and overflow) may also have an effect.

[0189] The effects of reducing the time constant of the IIR filter in the variance
estimation process are discussed next. Each output sample y, of the 2-pole IIR filter is a
function of the new input sample x, and the 2 previous outputs.

y,=a’x,+2-(1-a)-y,,—(1—a)y,.,

[0190] The filter expression has a dc gain of one, and its impulse response (time)
depends upon the parameter a. The peak of the impulse response (mode) occurs in half the
time of the group delay, where the group delay is more indicative of the step response time.
The mean and mode delays can be computed as a function of parameter a. The impulse and
steps responses of the IIR filter for a=1/16 and a=1/8 are shown in FIGs. 32 and 33. FIG. 32
is a plot of impulse response of the IIR filter. FIG. 33 is a plot of the step response of the IIR
filter.
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1

e
variance _ reduction _ factor = J.
2.7 32—

ca+a*—=2-(1—a)-cos(®) a9

[0196] Then the variance reduction factor is found as a function of the IIR filter
parameter « after integration.
a-2-a=-2-a*)

(a—2)°

variance _ reduction __ factor =



z-transformof the IR filter is Hn) =1- 2 (1- a)

+ (1- a) (tm [0193] and its magnitude is a \H(n)\= 2
WO 2@5/0808682 - 2 (1- a) cos(2 nIN) ' [0194] TPET/US2004/037944
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is not easily computed. This compares to a degradation of roughly 0.16 dB in the original
modem using a=1/16. However the motivation for the new noise estimation is for non-
AWGN conditions.

[0199] In a purely AWGN channel an optimum receiver would not select the
feedforward excess noise path, and the optimum noise filter would be linear (e.g., IIR or
FIR), and span a long time period. The excess noise path is provided only to handle
impulsive-like noise, or coherent reference errors due to switching transients, etc. In these
cases the excess noise path mitigates the occasional effects of large noise bursts without
contaminating the longer term variance estimates provided by the IIR filter. The feedforward
excess noise path is scaled by G*In(2), and a fraction of the noise input samples would
exceed the mean and be selected by the “SELECT MAX INPUT” function in the noise
estimate path. If the scaling is small, then the excess noise path would be selected less
frequently and losses in the AWGN case would be minimized. The probability that the
excess path is selected is approximately equal to the probability that the excess samples

exceed the mean (assuming accurate mean filter).
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on the noise estlmates (10 dB SNR) with a 5-tap median filter when the noise variance

modification is applied.

[0203]  The various components of the modifications are introduced to obtain the plots
in FIGs. 37 through 40, where FIG. 40 is the final result of all the modifications. FIG. 36
shows the performance of the original modem in terms of coherent reference noise and noise
estimation errors. This figure shows the relatively high value of transient switching noise
which is not captured in the noise estimation. The noise peaks are underestimated and the

estimates in the vicinity of the peaks are overestimated due to IIR filter smoothing.
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lower sample rate in-phase and quadrature signals on lines 338 and 340. A digital signal
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The frequency and synbol tracking 1's acconplishe
match tof qligh! diits exfviiie i BloclofSynheafitrasie dhtédtdd. f Bdooks yyrehtonigtion (and

suve RO S TiRE o] FSAIERSY bt RSy Bes SE S s gomtatons
meetd bBxREedsIHOEREBBIFZHERN(L, 4 AbcBIRE KoRBGoRALL&IIh Rlultiple of 19
the BPSK Ti m ng Sequence is attenpted by

subcagiiefg @84 el ati ng t he
[0215]  After Block Sync is established the variable fields in the BPSK Timing

Sequence can be decoded. The differentially detected bits of these variable fields are decided
on a majority vote basis across the training subcarriers such that decoding is possible when
some of these subcarriers or bits are corrupted. The 16 Blocks within each Modem Frame are
numbered sequentially from O to 15. Then the most significant bit (MSB) of the Block Count
field is always set to zero since the Block Count never exceeds 15. Modem Frame
synchronization is established with knowledge of the Block Count field.

[0216]  The coherent detection of this signal requires a coherent phase reference. The
decoded information from the BPSK Timing Sequence is used to remove the modulation

from the training subcarriers leaving information about the local phase reference and noise.



differentially detected BPSK sequence wth the Bl ock
Sync pattern. The differential detection is perforned
W@@5/088b5 subcarri ers assum ng that the | ocatipCI/o82004€37944

training subcarriers is init42ally unknown. A

crosscorrel ation of the known Bl ock Sync pattern with
Refetrf@ tdetrer tadHeitisar f(ip)atglhir%u&qaéﬂcb @hodu$atiRRrik ¥riBEmoted from the

subcarrier correlation is declared when a match of all
receiyed Wrainingf subharriBisobk ®yhiplyagtéem b¥ et sswchwbniBiodkcoded, and

. roni zati d .subcarrier iguity resol uti .
aiteR 4RGN S Bhe RS R Sl o TR Blekyd S8 68 Me resuting
symboly 6 &inke) FReldTBE b So@pleRXORRGS et Retithite @5 e BcalrPHags 4l amplitude.

4 subcarrier correlations spaced a nmultiple of
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the  cQiEplef hBRIsH ety 1D pRPsPHmating ethe s siriptasalt Rully divide-by-zero
teeHRHArTH; € SEE 1kt 8 i j '
pro ewi (?%i n éadgﬁl %blg e n11ts l%r}tg@ a%&%g& elr e %E%réggr%e?‘gﬁ%f ¥7o ?nadJ acent
trainipgt gnbtdrriefhenTha ecsuitstg doaphi ESIc avvightts tard MBB) wbd tthemultiply the

Bl ock unt. field is ys set to zero since the
corre Owg%ﬁ%tda%ék’ﬁ@fm%ﬁw %@ 15. Mbdem Frane
[9YIhr OR &Rt drbdirsier Sthabw Tasdrinet 358kinavitedags of ﬂjf‘ﬂ@ FIR filter.

Bl ock Count field. [0216] The coherent detection o
The }htap HRgladr is wepdi toelynamizelg estimatp tlzsseomplbr celngrent dleeence gain o

R SR H LTS SRR s FRRLER e v
11-tap IR S Ifer €4 duBSaGuBie filtth Rk MeEds® BusthRiths fshRrfopad td’%’tﬁﬁ&te a local
e

~reference and noise.- 42 - Referring to FIG 44,
estimigienefrthe caherent mefiagnee grie wetor epctuQRSKaynibsl fdcagon peambethotime and

frequ%{llcglm téyhlea(gr?giﬁg\@%{%ﬁlk gjlﬂ)’rr] @ggﬁ@&? iregféfge the gs]flfnga{t olrlyeingg when the
signa?!sfﬁtﬁﬁ@bfeaktbﬁoﬂa?ﬁrﬁﬂ%g HaRSKidth W dld $RUHBN&GRall Ao FlaBk Doppler-

_ ilter is used to snooth the resulting synbols over
induaer iphanges én tersignal donpiiexnclishwepnsreddesTharefoee bf taphwith a tapered

. ' .. Thi I i s del d .
o5 BOTRELE0 AT T T Sy 3P et o

of an@R Sttey d61 ANtigear PhaseNBop@tYV AhicAIRE zb1D 1684 bifed R alecewise linear
subtracting the snoothed estimate of the |ocal phase

(apprgpignaiehy) chapme! fading ehagipnivic QYeifBe sPERPE dhe filter. This smoothed

coheRRERBRAR ol ARyl OATER by 30U LA At sl

to yiglé thepmsalan¢mistnoisdisemgkes bihzer i gr aimpddsi ava squakkd sndG8bcessed by
Lght_Jjs interpol ated oyer the 18 subcarriers, between

an 1[@’2411 & T QY st oAt Phies it Vtiades O ThENs didigr hang narrower

I i Lhe | 1 t -
oSBT L MBS At o, of e noe
variansee Zefidrapprapante shinglel deleypas satdhl thefilt&S@lays, e GymBdl weght or/c?
. an -tap FIRfilter. The -tap FIRfilter .is used to

is coppphich (oa19agh subqarifre Thise comtss ete sanetsdtandeinisrpglated across the
subc%?énxg oflgr t@%crhrg?le]b} eﬁ%ﬁo?@(??ﬁg}'g@g% 5%0?1?%4 %&i?x%dti@% e’i“l‘ﬁrs welilt is unique
for each OFDM symbol and each subcarrier providing a local (time and frequency) estimate

and weight for the symbols forming the branch metrics for a subsequent Viterbi decoder.
[0218] The system in FIG. 44 was designed to accommodate vehicles with fixed

antennas. The multiple roles of the Reference Subcarriers for acquisition, tracking,



-tap FIR filter, and subsequent filtering across
subcarriers is perfornmed to conpute a |ocal estimate
w@booshsosedher ent reference gain for each QPSK ByI81004/037944
| ocation over both tine and-43¥equency. A larger FIR
filter wwth nore taps would reduce the estinmation
estineationrofvdhannd] heats iigfoghatiinaldSTy bed cohiderftt el RRA Mave Wébn described.

t he bandwi dth woul d be too small to track
The pysieP e¥3sndrsiemgd dpmpgfisEent ppersEon jig ke FM breadeastirand (88-108 MHz)
L G | ered .

i SR BORENS, IS PR DBaLIRRERC The varios coneen
trackapp ropmicts . ad sytimmetd iusingl Ritbs wsédbhmitigad oft apprdRimate the
filter for:¢ts Iineargﬁﬁase property which has zero )
maxypug expechid lorpler hamdwisih Sieughlydartp)aplith rifined entenna, the pertinent

traclGilaftBdtich BLRG i et
aclghnaelict 86103, ph 808 LB GE RYS1el D SRR BULAE, vy oo re
no geghter HanFheRDbpplechandwidihibt ract ed from t he del ayed i nput

es yiel he instantanepus noi se. sanples.. . )
BREL B QC R ot B Ve o st B SembRytan with switch
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BT e DA Bty Pt e T
“cordplobif cGHAek it CRAMRIN GHbreBSd LiTRkEy,aNnd tﬁ@b&ﬁgosfi@rvatl&eof o over all the

synbol s form ng the branch netrics for subsequent
refergrice snlpriarttes overany (002 OBPDMbgmbyktimm i n FI G 44 was

jgn to.acco date yehicles with fixed antennas. .
BgEn o i PREUE OF o8, € st it du e ias Smpopt a diversity
switcAGfguhsdle @ on kheSiHENSE 10 ddcros@DhiBIHIRNNO ik &lwell time is on

state information (CSI) and coherent operation have
the ogdeppf Hemdllisesends. Thee switching tivas of && ingerestcouds tes meradible affect on

' I e} S nd (88-108 MHz) with .
e QREHAATULERN, B 95 SRR LA0 IRl R A iy susani
sinces figedl sfaddherev avoideds CHO®ERR! the r Seikdhiig BAAAER &IVersBlye affects the
es inat‘%gtcﬁs,i ng. filters with bandw dths that C

COhef&BéY-Hﬁ? gifa) signaki Mshosnpiadiled 2bopp pripnisamedile switching causes
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transienta ék apgyosinydely t dolsreat. e HRs fittedng aicroas thatsted trafistendQlistorts the

. ater than the | er bandw dth, [0219] EBOC HD

estimfsfl ot pupdl e lbRe b (Soshaain FICh il aHaeigna ipiof samples

cori S0 EPTEI I Yo, ST o VBT oo

the magnitide cbther evise samplks fignothet fibtdetor of tiss gefatencamiioah the input
used herein

samp eg.g Eﬁtglge;ﬁ%]d@g intgglﬁé' %ﬁ{e%%@gﬁg%gggéé%ﬁ tf?estaranstﬁnt, éh‘digﬁilter spreads

out tHHY ASI péataRen tiepaR Bf tHeBR fIRA IrAfsdiab A &2¢ 6f bhddr&timating the

. dynamc) is defined as . It is a conplex term
noisej Yiglapes Hy theelinmeadigtei viaiiittiaefy the ompwivaht whild oa¢restimating the noise

variaficePSver Bl fmb @Saﬁ? af @heaﬁﬂ 1rt]earsn%t ?rfl tltlehlemr% cﬂgtgl vicinity of the transient.

Both the distorted coherent channel reference and the noise variance errors contribute to the



associated with it. This value is estimated by the
processing and filtering described. The "conposite
W@ oGve080865 channel reference signal x " is the PONPAX0L/E37944
val ue of over all the referefice subca iers over any
one OFDM synbol tinme. [0221] For this exanple it can
degrixeatids S ARAdichal sighe. IWist i6Rdntion thr&dBIES a BotrMR rtﬁabkiy% method which
swi tching nodul e is on the order of 10 m croseconds,
accopgmnqdates e sikahaeniraeans initheeswitchahivarsiey enterana systemo

bbhi se ds<z :ITh i i.n i f m.cr gseconds .
ook SeER1C3s TP 2tk bR M, R, 20 sTMELRBRRAFon o ot
estintuids ROEBBR Bl Link NB 8lisABE abisy sdnifle @RireNthe TEROfiREr and line 440 is the

... Ssubstantial since signal fades are avoi ded., However _
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reference (as shown in FIG 44) affecting a span
perfosmaptees equal to the FIR length (11 taps). This

| rty Lh .t he herent chanpel reference increases .
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estinfitd3t (adBi SR Pivithhé coteh@it edteRnéd RVt dBedn R 18 ABRr&sce with the
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Inventjogn g 42 iside ippttp (theelR Jilice and line 144 ks erfbicses gupw. FIG. 46
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are cqmBinied wiHekpovs ecfetgnes eequenpgtconiigaised JRnfiixesy 43 g60 and 462 to
i [ i 0 ut . e..1.n npi se .
remoggﬁgﬁaé%bq? g%eu%?egﬁéeasbggagg%lns%gmiﬁsn cglgaa laterlg %%? ’ngébsand 468 filter each
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fltery. o fllpeln ) alievs d1at oo sulcapsior iR 1Rl aremORhashovaeiheReference

subcRHERYS L ARPPNAR. ?’18135 e AUk $HaRE A reg@?ssiﬁ oBﬁélétZt aftnel reference
suppressed locally to the transient, but spread over
gain fdreaclusutichuier oh linee 472 RIHi dndet76. THese celisrentchamnel beference gains
| ocal, noi se vari ance & timation contrihute to degr aded
are ST SENPHTom AR 4782930008 3 4ePeSils ghstont RBoTvY Teference
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transient from either time direction. The time location of the signal transient must be

identified. Although it should be possible (in theory) to explicitly communicate the switching

instant to the receiver modem, this is not generally practical. It is preferable for the modem



shows the sanme scenario as FIG 45. However, the
coherent channel reference is corrected in accordance
WORE/050863 | nvention. Nothing was altered in tPEr/US3R04/037944

filtering or noise varianced4ssti mation. [0224]

Coherent tracking can be achieved on either side (in
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(g2 dul BiE d 6 RS MR YIRS Bn JP %e%ﬁéreﬁpttradﬁ‘{éawﬁhﬁﬁ%t symbols of the

knomﬁedge of the switching tinme initiated at th
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DM synbol ‘rate (i.e., “approx.
detected. In other words, if a transient is to be detected at symbol location n, then we observe

samples x,.; and x,,;. This hypothesis testing continues for each successive symbol location
and it is further assumed that observations of past and future samples of x are available

through an appropriate delay in the signal processing algorithms which are adjusted later. It



344.5 OFDM synbol s/ sec in one exanple). The conpl ex
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WO 208886 subcarriers to produce one conposi t BCURPLEH37944
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soluti%ﬁqgl@(f‘i?ghoﬁf theaiRle8 Bf ¥ close to the transient that include the symbol where the

transient is detected. These values are replaced by the closest value of o which is unaffected

by the FIR filter (4 samples from the transient for a 7-tap FIR filter). This yields the result of



diffsq =\x - 171 ; if (diffsq diffsgq* )L (diffsq
diffsq ) det peak,, = 0 ; otherwise diffsg" 1 ;if >
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expressions. A typical value for the thres is 0.05. _An
transgSud i [PESSERted Hi ?aﬁh& erablaidtshews die swpupvelues of lsowed ithe corrected
A nd 49. FIG 48 sh the results of _ ]
outpf, s St i Rl Solere Rt oyl £y s s
Ehded A Eheuf ertdrc Rl Jui sk Gt Qlusted to minimi
SequaI gorit hm%ct) he \l/li clni tyCaboutpeugyn@%ﬁC Zg%). Elshée%glése © munimize
the disteptioe slus hothetHiR fileaks g8dioasig desmidpedar y 482 val ues of
the filtered. channel coherent reference o and the o
Tabl Ear?fé’r"f@ﬁilora%ﬁ ORI Ch8e) E1SSh #R5hrRIAns@ 8ubggwica) in the vicinity
the detected t[)iazp&ét@a&@traﬂ:she%a rﬂ&gmcgﬂicﬁf‘ the range
00. Notice that t

about synbol 2 e transi en?' was hot

Symbiet ect #d @t-4symifol | 1600| silnden t he t hrlesi1o| 8+2 § AL | n+4 | n+3
. sensitive to snmall| differences across the transi ent
UMeyhi ch| havie mi hi mal| i npact gn perfornance| Holever the

Dete¥@liUe| @ [fdi s [phr ol dpWwor[is wel T dgywT g atgpt 0 0

SNR. [ 0230] Now that the trjansi ent dan bg relliably
transipat ecf ed,| t he| next| step is |to adjust| the| coherent
(fron} §f €7 ENce sanples |a infthe|imediatg vicjnity of fhe
"t ansj ent|. A fel atli vel y sinple solutlion Js to ignpre

(4]

Smodthed vial,Lues . of oge_tof the|transi ent] L haf | nc¢l ude[ the
synbol b‘uwﬁe?"e-ﬂ %}é*t r & gﬁm icg’ det ect|et TRese Srat ulom

inputzke riepl aced by tHe cl psest val ue of| which is

n+5

traffHeeted—bv-thetFIR filter (4 -samgles fromlthe
Ulladl TICC T QU Uy 71T\ LI LA LN =~ LEA =2 T it

' M

Comqq%nSi ens| #or | &,%4- t%pd’ Fathf i &Let En+41 W,§4 VW%JA dyntf-éhea’,n+4 A s

resulf §suljt of|- 47 - the dashed|plotg shawn in FIG 24, An
exanpl e gf the sequence inithe vicinity jpof aldetected
transientl is bresentedlin Table 3. Tablel 3 shows It he

i nput val ues of and the corrected output values of a

a hr e I .8C . l_l.ocatiaon.n. .The

10281, 2 A 3091 Bl ot 8756l EATRE b OEERP o 4 o ot »

sampéasraae bt edediot phitevs eltprendes dfdrables3. atthespestidnois ik BoIMBvEEfor a 7-tap
he distortion due to the FIRfilter as previ ouslél

FIR ﬁg%fclﬁe dar oTalhen 4 transieng és desertest WelbinpP exmbplsrabiend of the present

' C e yubcarrije in.the
L e R UL A RE T S —
transiSfTiiBlead-d&f Wkl fre3pseht FatieoMdl Sitidlaly3if e tiddsdent was detected
within 3 past symbols (e.g., n+1 through n+3), then use the value of o (ot ,.4) Which is 4

symbols after the transient instead of using the present value of o.. If the present symbol is

the location of a detected transient (e.g., n), then use the average of o o samples which are +4
\

M. Otherwise, use the present input values

2
of o (e.g., n-5 through n-4, and n+4 through n+5). Of course the details of this algorithm can

symbols on either side of the transient

be adjusted to accommodate a different FIR filter span. A functional diagram showing the
correction of the coherent channel gain values o in the vicinity of a detected transient is
presented in FIG. 50. In FIG. 50, the uncorrected coherent channel gain for each subcarrier is

input on lines 500, 502 and 504. These inputs are summed in summation point 506 to



time Detected 0 0000 1000O0OTtransient (from)
Snoothed " - 2 "- input a Corrected n- 4 n A n*A

WO e®@als0s8es 2 [ 0231] A sinple algorithmw th appPOpUSRD€037944
logic and a buffer for the sgfan of x sanpl es can be
used to achieve the results of Table 3. The operation

prodiice @8orhpodit@\WBhdreiit charndl #Fefehbe bih lib@508/SRArdnGiknt deW&?d} 50 detects
transi ent is detected within 3 synbols ahead of th

transiﬁné% Enhth escgma@ﬂgsn? éo]gerentnc}@nﬁﬁrr@t@gwcp 1hhe wiporreciséd cph@ent channel
gaing %ﬂg%ﬁerpgcgwhtg Imnﬁqed\h&%ﬂ? %k %hea@e% edo{raqtls;]e%t %% ?ﬁcfc’vlgf r}{/blp?k 512. This

ead sent ue 0

produdrae coraasil eaﬁer&!&&hd@ie&! (gthfoii\bzidhlrBfeEenl@éSﬁb@}ﬁﬁ@iQJnShnes 514, 516 and
(e.g., n+l through n+3), then use the value of a ( "
518.whichis 4 synbol s after the transient instead of using

[{0532 reaqy siga%;léﬂte gﬂlflulétlérf of NGie PY 15&?[% ‘T’I%H%?)Qfle?qﬁﬁts %)g)ear to work

oca ion o cted transi ent
sufficibetlyaweslla de ﬁ:ria @asés aaartpte&is amhlsmlmlamé 4Thes%y¢ﬂséd snchide a flat and
2+ . O herw se, use the

selecgliytgg%(ﬁ{lg cﬂ ngj% aw déh éonsuﬁerg Wigh Bu%éwaﬁ speeds and noise
as loRnd a8 S‘NT{ OHGWe%'T@therghaﬁféy E@rﬁhﬁ&ﬁ sﬁ@ﬁlﬁ'ﬂescgﬁ%g&@ﬂ SFor example,

al gorithm can be adjusted to acconmpdate a
impugsi ve- f1k¢ merse gpadh cause faufrdsel datedtiodi ca“gar aangbiowi gthishease the adjusted

e BLEAEHL D, ALt ol st Ehapeel oan el o the
be ccﬁfhptd:dl mh@noﬁﬁ intpidse Wit b@@b@dhlgﬂ ff@f el s g? hwheR fhe impulse

or each subcarrier is input on [ines 50
OCCU@% butiibe MR Hier QO‘alﬁeS%’BWﬁ%émi Roise AFFEDAtE rvab@u zﬁtthesnapulse instant,

nd g8 B LIS SISO v 1w

prefedbie ot shit casestb ¢t idrmatcdhthedngp asist earﬁplée e IptaraﬂhlaWﬂthe IIR path
ref erence. The uncor.rect ed oherent channel _gai ns

(withy PO delay matching. \Fog sy s grheg theqioisechse 1s suff1c§ent1y higher
than tHeANRI GKdr Lﬁhﬂl‘{\!‘nbl@e ?'ugg khodid-b mlﬁ t® rdggﬁﬁfﬁ% the estimated noise

corrected co erent cha galn or each reference
variageghioarthosersyopolsi n&hes 1k, feﬁd@Olavmid HaB.is uSABRr tl@assalnxbﬁsles;mlses the

e U GRB e TRARLSTB S ABPER n. e i
not spreatll Bepthe BT thAIBS fIRE! WOR s k@toRAdhr several variations of this
process for handling noise peaks in the noise variance estimate. One such modification of the
noise variance estimate to accommodate impulsive-like noise is presented in FIG. 51. In
FIG. 51, inputs for each reference sample are supplied on line 520 and added to a reference
sample O, in adder 522. The noise variance samples are filtered across the reference
subcarriers to reduce estimate errors as shown in block 524. The filtered variance samples
are then used to compute the noise variance as shown in block 526. This results in variance
varQ, on line 528 (where var0, = min (2*varlIR,; + €, var,)), and varl, on line 530 (where
varl, = max (0.0.5%vary,-varlIR,1)). The variance of varQ, is then filtered in block 532 and
varly is delayed as illustrated by block 534. The filtered varQ , and the delayed varl, are
‘summed in adder 536 to produce a noise variance estimate output on line 538. The output
varlIR,, of filter 532 is fed back to block 524 on line 540.

[0233]  The transient detection method described for antenna switching also works for

impulsive noise. Unlike the transient switching case where the transient noise value happens



sel ective fading channel wi th Doppler bandw dth
consi stent with highway speeds and noise as low as 0
waelBoshiRseiHowever ot her channel conditions shouPdI/b82004/037944
consi dered. For exanple, inpuPdsive-Ilike noise may
cause a false detection of a transient. In this case
to behenadljthstiegusDhed@nt caebenaaee ANed WemeRineX tl Switch transient goes
appropriate. However, the noise variance estinmate

undgecird vhach erusepthedvalupnel ¢ide e in ppot Géthoegh sid twesrcguses increased
. hi. for. th nmbal where the ippul se occurred, but

noisfif e @iyt S thel aatgree € et sTRio8 BBt hratpise. I these cases

of indphIsife MketldRe! MR WbRE vhAstRktimaish SRS %o%tjﬂ?ggﬁxi@%sive noise value

estimate over the inpul se response tine o
over mapgsymbelsvieg @4beuchribhtethaloseian thehingpudsise itstant is underestimated,

feed-forward t [ noi se. sanples.in parallel wth )
whilep e |“|°#§ep‘éﬂtﬂm(%e% ﬁ%ﬁﬁg rSéSB’i%PEtlé_TgsieéWﬁtﬁg rig)smeggpe of the noise
samPTOrHis RS _@ie%ﬂaﬁatmi’l' $&hPUbR &ynBoRYLd k& PfénWt anl P%Q%r. Therefore

~than the R filter output, thi5 noise pulse should be

this gdjgtntent det be pdded to ithe mysd vatapce entinsie toainipaoneepdformance for these
. 2symbol s, Wien the feed-forward path is used. for
imppRREIIRIAE Stieeatnd AE diErgysi ik ceRBLE Rpi, o hpgwm of the
longehese Ganplagdikehoiedalgndeafd ¢Rdshoe- bR mpiSivE Mk hoise variance.

noi se peak is not spread over the span of the IIR

1933 . Referrigg da &G54, thenar@uplue isvthe aprmalmoite] wnienesf sample input

s j ' : i.h_the noise
o U5 EREORESB L AAG, 10 BERE DR g i e
sortedatd eapeeserts homm ezalissiasciksrepodddendisp vhigpee-(Varbg Qi isHulsive-like

[ ) ted i | 5 n FIG 51, i Uts f h
squap BRiSh SBB ahpriear e UBof e sBmesibe Suenin ! seioarmob Gaussian
noisé \'fvﬁi}cl@ 'ﬂ?enﬁﬁfil%lg@ el fpati fRdd ?(?]rv&é?@ Fhe-rilprﬁ)uﬁ‘s%es ol$@VhAIHEE samples.

sanples are filtered across the reference subcarriers
Whenghe adise eamples neait @re evithon 8 ressostbbemanpaobihe pkess2AIR Fiier output, the

filtered vari ance  sanpl.e re then used.to conpute. the
valub of YE0G8 s 3h R 580 Ao THAGT e Mok §R0eif Sniegaiy bigh (Gpmpared to
the MREdrAITaeer VETtHULYNthkh NBis 54 8mbMhBEQy ! 1t dlike nb Rk REmp i

g e, varé&, g%% var | gn l'i ne 530y(mheﬁglvarf = max le which
shouidn pemes, e long fepmnfiltgr)  InTthis oase tharvebieoft wagd is mitbdwhile some of

i i L ac d rl, is.del.ayed as.
the PSR s R OB el el THRR kit Br £ Sl BPrptglvdrlaved to match
the IiiR fAteedelgr ITheaesulisiy @ dhé tmpudstesioi S3@nipleP4rd @Eﬁﬁ)pﬁately estimated

noi se variance estimate output on |line 538. The output
at thg propsr dpstanty apg thigpoise i pef spErar Vet BHRBY: RaBples ep dppiged in Fig 52,
; . . . o

and RfifloyCilént Dol Mt ShANSING, 48 Fhkiefl FbAGNCIBRE Bflurcd around
symlgdl60Qe t he transient switching case where the

(RRET <7 Plonarel {aNObeaRgate 4lfsissbivabTBarimisnts on the noise

estinfatést @0 dB SNH)ORherDRRS VASRLE %&H‘flé’é(ﬂbﬁlli‘sl ?ﬂﬂéﬂs 14iR€ 550 is the noise

value of to be in error (although sma but causes

varignge plethe symbelss whilp ling 85% iscthe filtgred o8tpay n¥otier) thatthe intigsed transient

L0 | f .as_inmpul sive.noise.,|l.n these cases of. )
o BB B AL R Fip B AR R o in
immédibteetiEniByrodind1€00.mpul si ve noi se val ue over many

ﬁ%ngols ﬁe”g. 64) such that the noise at the inpulsive
0aselant This ifvméiea slsonprowides amateod: pfeestiziating wiet idise BRiance of the

syml:nggs.i[)g@géﬁ{ AROhSisd SarP HRIKR TR ﬁﬂ)u(fléij\?e-ﬁlge g‘aﬁ]ﬁ%é 5}901%; n%ogﬁy Gaussian-
like noise samples. A nonlinear filtering of the squares of the error samples, where the

nonlinear filtering technique comprises the steps of: computing the squares of the error



sanpl e. This causes degradation in the soft synbols
fed to the Viterbi decoder. Therefore this adjustnent
we2ms5s08exided to the noi se variance estinate tRCT/DRI00VE37944

performance for these inpul sfve-1ike noi se cases. The

new noi se vari ance estimte consists of the sumof the
sampled Befveb it GAHEShARTtlel® PALEEaNRIhaARS® FMbol RElues; and using a

short-terminpul sive-1ike noise variance. [ 0234]
nonlnspietili¢ring teehEa@ wheretneanyldpwssiandidkeinsisesemples fsduared) are passed

[ [ e | . h £l f . .
L e TN R ——

impulfiee-Yide roivEps@spley esqaaetedret ddedPagse appopfiaBldelay to match filter
%au55|an-llke squar ed noi se sanples (varO), and

delay) g thesfilfer ytre tQ prduesia ReY JO1ss ARpipRes 1eRigsanfing theesum ff the longer-
i iy . ] : ! _

b AL k115 10 s M 00 B U3 e
K02387] npUhs imethodicse fualidr sincleds alwp k@sing \WieGauskiantide Sguared noise

anpl es var. are within a reasonabl e range of the )
samples b Fmpdlehecihe it D IE GRS if GBS TR noise (squared)
sampl@fis iR Hsivallike by MEshrinBehd94rs ﬁ\‘célsHﬁle'rﬁulﬁ?géSWJﬁxE ﬁ)resent average
hi gh ( I , the

‘ h (‘conpared to the present filter outpu
noisq wareance estonate|qukmit wf ghe filtas(pkis wesonsteat ecicsemsmipib @tep transients);

ot YL E R R BB o Sl PARATE B i gt s

valueoaBs Silteadot issd b atigshtd the @ oMeYidGaussitelivahsiSe Pdriands.|
IS appropriately delayed to match the IIR filter
(9283, . "T“Elé yeRfian providestimprevemepts ke theopeherens tpicking algorithms
..ar ' L -t he r.inst
i e 268 Skt S TH A, 81 DR G0 P some
improverkérys 62y aRodnitigpteodegrmiationndes té hapiileiss lnossei 6t fon@3aussian noise
46, where the jnpul sive noise is captured around
such a5 figg) arb%fb?ce[nﬁ)gg%n EENeEfSTSrs g pl ot showi ng t he
t SwaH; ' - [ j ' o
e Rk A e e RS R0 kol RS ERbep [ Bafles i will be
appaggppltd gbiosel sliled 50 the arhéhanoiaseuy @hareges ecanfbe mde to the disclosed
symbol s,. whil.e |jine 552 is the filtered output. Notic .
embQHmEts UYL SERAr G FOFEHE ScAPaR TG IMVEBIR Fiofr 60 fsihe Tollowing
claingppropriately adjusted with the increased noise
variance in the immediate vicinity of synbol 600.
[0236] This invention also provides a nethod of
estimating the noise variance of the synbols when the
noi se can include sone inpul sive-like sanples anong
nost |y Gaussi anli ke noi se sanples. A nonlinear
filtering of the squares of the error sanples, where
the nonlinear filtering technique conprises the steps
of : conputing the squares of the error- 50 - sanples
bet ween t he coherent reference val ues and the new
synbol val ues; and using a nonlinear filtering
techni que where normal CGaussi an-1i ke noi se sanpl es
(squared) are passed through a filter (e.g. FIRor IIR
filter) to estimate the Gaussi an-1i ke noi se vari ance,
while the inpulsive-like noise sanples (squared) are
added (after appropriate delay to match filter del ay)
to the filter output to produce a new noi se variance
representing the sumof the |ongerterm



aver aged Gaussi an-1like noise variance, and the
short-termi npl usi ve noi se variance. [0237] The nethod
w@avsosnssher i nclude the sorting of Gaussi an- | P&EUS2004/037944

squared noi se sanpl es and i apulsive-1ike noise
sanpl es; determning if each new i nput noi se (squared)

Wha ad®henddSisi mpul si ve-1i ke by conparing the sanple to
some multiple of the present average noi se vari ance
esti mat d- out phmeghod fiee celicransly tasking aaradivrsignahinclugling a plurality of

. transi.ents); and. if the I se squared
g5 BRI ET SR AITES, B it i 6o
i nput ti receivihg syrabole trasrbifted bh kieSlefdrende@ub@atkrt;0
estimate the | ong-term Gaussi an-1i ke noi se vari ance.
[0238] TRMPINIpG dist ietniense sybesden sypraoleithadmpyntrpigrence sequence
. . 0g: ' whi ch are used
Comg%$§Egﬁ%ﬁé%igé#?%ngbggﬁﬁgggaﬁtch di versity antenna
syst em nidiesefiBaing thepamplesrepredwIfiladrabsanipldsgaide
degradati on due to inPuIsive nQi se or non- Gaussi an

noi se sBEIRCHYNS FSRER adPREXHOIERF EHeteag f‘%‘i’?@ﬂf@?%’ﬁ? the plurality
of r%f??e%% s%!l:z{rﬁeltsht% hroMEE h\?\%rblhlgégt k?@i‘éféngg%%n'apgg'r%zge U6 Whch of the

~several exanples, it e apparent to t e
subcgkidrs.ed in the art that various changes can be made to

t he di | nbadi t i t t d ti f th
Seope of tne THRBREPTR S8t by uRbn ERRSigd SFF B ng
cl ai ms. usfagla pluliay of Snehad BRthehs: tolrecAvdrBieh@diofl 9nal, wherein an

. coherently tracking a radio signal including a
impypiye Apise jrapgicrfiigraused hy atichiag among therantrnaa clements.

subcarrizers, rd.si . st eps Do
e S, IR O T AN ISR SHE B o
subcar r iusing; the phdralityng sahldsedndr e cehauhc@eré@ice SygHabksimate for

with a known reference sequence conjugate to produce a
emmﬁﬁd&%ﬂ#?ﬁ"ﬁ*s§ﬁﬁﬁ@§§FQﬂ§ﬁWﬂﬁmqq$%W$MQ the sanmples to

pr oduce giickiheRath A kSS:e ARl L ngr o
for each 8% ?he ré%érené? S Cg???g?%ﬁ%gggg?ﬁ@gpbﬁﬁmcemgnm,
pl ur al i s¢lecting bétereemclee suise ararinsres signalparaidthe efilgered noise variance

. herent . reference signal estimate for each of the
signd] [B S5 Erpiied: sShelofnons BB SR Pth 1, fur t her
conpri Sisp@ofhiey IhSReREbicdURbBY rihed Rldnal 8 8 &Ne reference
el ements to receive the radio signal, wherein an

subcpisisiy oVvete theoplyeality af sefernce subearsen toyproviitec hisigpahmoisg variance
eﬂﬂ%%§F%Q58@Qﬁﬁﬁkgﬂﬁgﬁiﬁ-3' The nmethod of claim1

er conprisi e steps of: using the plurality

of sanphes amthetmetho@hdrQaiin Befvaicedia ahsisgpadt eshy AR lurality of
for each of the subcarriers to produce a noise
sampley puch e hgreat refeseneq pigpg esHmalkeofos eaghy pf Hiscabeargers|to produce a

noisd Parin@6 ¥GRateokidrsel 6 sBpk 8¢ variance signal ;

subtracting the coherent reference signal estimate from the plurality of
samples to produce a noise sample; and

squaring the magnitude of the noise sample to produce the noise variance
signal.

5. The method of claim 3, wherein the step of filtering the noise variance
signal to produce a filtered noise variance signal comprises the step of:

sequentially passing the noise variance signal through a median filter and an

additional filter to smooth the noise variance signal over frequency.



sel ecting between the noi se variance signal and the
filtered noise variance signal to determ ne a sel ected
WmR10S05086F | ance si gnal; and snoot hi ng the sel eRCEUS2004/037944
noi se vari ance signal for eagh of the reference
subcarriers over the plurality of reference
subcarrgers Qe ReAHIGT cfaisl G WMerdhP R Qd¥RIh ANERT comprises:
estimate for each of the subcarriers. 4. The nmethod of
cl ai m 3an ifimiteimptise respegsedilten of afnithiengilserigsponye Giter.
sanpl esand e _cqgher en ,rg% rence si | .estinmate for
each of 7t he ?E%E%?ﬁ}%%e‘?%s&%‘ ?‘8@1?& 80131’%%1?% gje if‘rpro’;f%ce
signal sMREitBe holsb&yaStaf@s sighal sittbaké istg bheelecting between the
~coherent reference signal estimate fromthe pluralit% _
noiseovaganep| egnal gngribelddiered Aeise eaganeg| ignah el dstpu@ieny seleeted noise
. i tude of the noise sanple to produce the noise
vana\gg%ﬁgncé signal. 5. The nethod of claim3, wherein the
step of 8fi |t @ricogvéhier BOhaentwatihckitpea sidgnsibnildngludidy @eleast one
..a filtered noise varjance signal conprises the step
digitg}fy medulgtsdiplerange SHESTAe el VHoiERPTPHI% ance si gnal
t hrough, a; edka HiLEF goannaddidgional filter to
smooth f gﬁﬁo¥sgm%%bﬁggggﬂsfgg%?’over frequency.- 52 -
6. The ngirhaddsaf forl @haredily viteekipigna tridio axighiad iineladling a plurality of
. filter conprises: an infinjte inpulse response filter
digite}}y Iop ekt S PGS L IE (T POl RO R dje reference
subcftr@tsNc3mbithg WY rFEREd Subdrch %g/ﬁlb@l@ With aSERmEeféBice sequence
‘noi se variance signal prior to the step of selecting )
COHJWG/\@BWO%@ nplusdity of isamples.shedian {iedng the spmplasrte groduce filtered
ol se,variance. si

samples, Iag(li,] (%Iél()gtl bnrgatlhg Is%ﬂf?lks ?o% eggﬁ &F 1%1 e eeiu%%%ﬁgrstnoﬁvgg g}e ripéurality of

celver or coneren

referandea@iftagii@nab pidahediangolddredt eRSdreeesighgli tdihate for each of the
nodul ated reference carrier, the receiver conprising:
subcaiiefsaput for receiving the radio signal; and a

processgr fo“rp&?&%fv%%% a%ﬁﬁgﬁﬁgtﬁ%yc%rx}{ggﬁin . si gnal

including a plurality o ted reference
subcar r aeglasaliby of eemnua refemsantd bbrsreceiaimgnihiet mdicosighéle wherein an
ref erence subcarri e?rlqs, comQi.ni n refere

[37

. th ce
impulgipeRPIST HANKISATBLTASGH Phswt PR Péﬂfeanas%alalswée

conj ugayg, t oTRE OEGee oP! ki 18 YwireifalR! BfocedBBfli BRher uses the
filtering the sanples to produce filtered sanples, and
pluradity of kamples hed swngwherenf mferenesisigifal ebiematefier eash of the subcarriers to
ubcarriers. over f.referen

prodfii APiF PR TRUAES BoRebeRtriter SIEAED wogheg o fiterd noise
varia@6é isiibE deictseBatveed thd@osebanhideeiSnal and the filtered noise variance
signal to determine a selected noise variance signal; and smoothes the selected noise variance
signal for each of the reference subcarriers over the plurality of reference subcarriers to
produce a signal noise variance estimate for each of the subcarriers.

11.  The receiver of claim 10, wherein the processor further subtracts the
coherent reference signal estimate from the plurality of samples to produce a noise sample;
and squares the magnitude of the noise sample to produce the noise variance signal.

12.  The receiver of claim 10, wherein the processor sequentially passes the
noise variance signal through a median filter and an additional filter.

13.  The receiver of claim 10, wherein the additional filter comprises:

an infinite impulse response filter or a finite impulse response filter.



9. The receiver of claim@8, further conprising: a
plurality of antenna elenents for receiving the radio
WG e@aakosesvher ei n an i npul si ve noi se transi ent PGT/US208€037944
by swi tching anong the antensta el enents. 10. The
recei ver of claim8, wherein the processor further
uses the4pl uTae ireyei®dr SRRTLAS I@NWhERM GRNPF&REsor scales the noise
_reference signal estimate for each of the subcarriers
variapep E@B%E’éo%t%éql%m\%abqt‘éﬁ%t@i M vartance sranal bed thei Slered noise

B S BB R L g 202

rirfance signal and

the fil1%red Anoethed \far caremtlyitgikingtOoradiRt @5MA1NEcl@ding at least one
. é@l ec@lgld noi se vari ance signal; and snopothes the
digitally apdlgter spigEenge FiaRb dhesmgihar comprigag thegttensing:
ref er engg, SHRGH, {h%r rfle Eg}ﬁflp k! !i)%du'i:é( D rﬁl&! COEGS reference
subcarriers to produce a signal noi'se variarice
gainsgsti mate for each of the subcarriers. 11. The receiver

of claim1 wherei n the processor further subtracts,
t he coh@%l%%@graetfaé]rslé’% a%ﬁlf‘g%% tﬁgg?rin éog?%‘?ﬁ refegence gains; and

pl ur al i {3judfngSBOBH8SIck RoRERIUC R YasR iﬁqgcplvf%'iniﬁrlﬁ the transient
squares the magnitude of the noise sanple to produce

to predise adjusied wamip heieghisferenk2. galflse recei ver of claim

10, whejein e QGessnr entially.passes th

noi se vgbﬁi anigge %}%ghﬁ);dl()%f: %F%ﬁéﬂhﬁ&%%%‘if%%sﬁ?a I?I&Steﬁr? F an

addi t i omahg hiplirelity dfntehhe oty & rebdive il MdiPsignal, wherein the

wherein the additional filter conprises: an infinite
transieRii§ Icaeserl by iching ameng the agfernaflersentipul se response

filter.py 53 i1¢e . ' . .o .

the. pr oneasor S el RS 18Ehndrnhel iy WRGHRE noise

to sel el i ngThemsttend thelainilSe whardidteestsp @ialdjifle thecomplex

filtered noise variance signal to determne a selected
coherp 1PNt EaSdn SIgHEINITY phtheArangienprimsisct dietad y
tracki %b@titﬁﬁ% Q %v%'lﬁlor'f%k@%nggeféoﬂe?@ﬁ}efgféﬁ e gain value for the
tp ce car {he nethod

digitally nodufated referen rier,
compdexngabersinheienencesgadp i e vicdempofithatrmgertthe r ef er ence

carrier.fo oduc onpl.ex herent reference gains;

det ect ilr% apf?eaﬁlgﬁ@ (ﬁ)ﬂﬁltm ;Sf E’i‘f’é?“} H? @Bﬁﬁ'&% é’)@%‘sung the complex
coherephefeedticer@iRrif Meevitiaith of tRMEhnSehUtDigrged e sfeﬁg'ﬁf:ex

coherent reference gains in the vicinity of the

t ransi difering the semplexaadherene teferongs ggingtshpodnee smoothed complex

coherb 8 SFEORE HRNSq 16- The nethod of claim15, further
conprisin é sdtep of: using a plurality of antenna

el enentgodtessing tigd ssodthal caanplox Sol@nalt reféRate biing REignore values of
transient is %aused by sw t ching am)n% t he ant enna
the cqilRg fPRCTeRG el HTGO%H 1OI1af HAmBenl e epIRcinAge values of the

compldx@BH Bt feferbiBRULSHY %%d%@%_sﬁr th%strariggb%t MR WosEdi & dile of the
15, wherein the step of adjusting the conplex
complex coherent reference gains that are unaffected by a filter.

20. The method of claim 15, wherein the radio signal comprises a plurality
of reference subcarriers, and wherein the complex coherent reference gains in the vicinity of
the transient are adjusted for each of the reference subcarriers.

21. The method of claim 15, wherein the step of detecting a transient that
affects the complex coherent reference gains comprises the steps of:

processing the complex coherent reference gains for a plurality of reference

subcarriers; and



coherent reference gains in the vicinity of the
transient conprises the step of: substituting a
w@e@siomsss or future conpl ex coherent referencePQEUS2004/037944
val ue for the conpl ex coherest-reference gain in the
vicinity of the transient. 19. The method of claim 15,
wher ei n kbR odaP 1l cafipist coigerétierFQaRICXaONSEEM the reference
reference gains in the V|C|n|ty of the transient
subcagfy? ite epsoéJ Use ercepempdsitef gaherent ghanriek referepbe gignehéaresach OFDM
ference gains to produce snoothed conpl ex coherent

Sym@@ference gai ns; and processing the snoot hed conpl ex

coher ent2r ef enenaehg@ionslain 150 NAERIY BleWwes o ddidtBing a transient that
npl ex coherent reference gains closest to the
affe‘ftﬁ ﬁwoamle@mer@ﬁ refeiengr gaies SRAMRIESS B stape oBonpl ex
coheren I
oaCt okebFOERISE PR OETAL SOGLRE bFALSGIb! Rompori
cohagaitrhainehicfarcacasigidlgct ed by a filter. 20. The nethod
of claim 15, wherein the radio signal conprises a

pIuraI|@9eHP“?%&@F@%E@g@HE@é??#Eﬁ eakmdaher ei n t he

conpl ex

Che tr an e haghinl i ChIACE ppa, Mo by KBl & dlenitude by the
sumaiifeamagretusle of the differemet.hod of cl ai m 15, wherein the

e, o LR TR S O Bhen o

affecm BeQBHipkk édﬁﬁr&@?ﬁi’é&ﬁc&gﬁ”‘ﬂ&ﬂﬁ 1584 %%&@@ oﬂal ns for a
plurality of reference subcarrlers and- -

aggr egacPmguting acesapense elosrsrring xr doar éhﬁcéOIgQ]leh sobergnt reference
Il the reference subcarriers to produce one conposite

doherent channel reference signal for each OFDM

symbol . cé@puiliea spiafoof b differbnte (Gif sy BeBican tsﬁtﬁpl&i £ and x,,.1;

of detecting a transient that affects the conple

coher ensetfiog arpeak éle@ailws V%“éﬂ‘?ﬁﬁ‘ {detpeatkp equaldp oneff (dlff 5qn 2 diffsqn.1)

| at t\h Ly i ff
or it 5y PP O SEBER B B ek effeciod Pare e
si gnal sjndi@ltRicthdIpReerct of Reafi@entiif ude is a |ocal peak;
and if the magnitude is a |ocal peak, then inversely

scal i ng t heliffiggni tys glrﬁa%rtﬁn%oéye@? e%rlntg)% t}}% nvéwé?cie of

the diffier
t he steA§ ﬁ 3ite tlng a transient that affects the

conpl ex 2gohergRtmERbE R NEEmIPS n\%h&‘elrﬁpt'hb Ss?% éﬂ §dj§§tn‘%5the complex
of . conputing a sequence of sanp es Xt the“co

cohegwth eeference gdins antbe vigamitysof the transient comprises the steps of:

ignoring values (o) of the complex coherent reference gains close to the
transient that include a symbol where the transient is detected; and

replacing the ignored values of o by the closest value of o which is unaffected
by a filter used to estimate 0.

25.  The method of claim 15, wherein the step of adjusting the complex
coherent reference gains in the vicinity of the transient comprises the steps of:

if a corrupted value (o) of the complex coherent reference gain is detected
within 3 symbols ahead of a present symbol, then using a value of o (o ,.4), which is 4

symbols ahead of the transient instead of using a present value of «;



conputing a square of the difference (diffsq ) between
sanples x and x . , setting a peak detection variable

W@ despsmks ) equal to one if (diffsq,, diffsqg .BQT/082004/037944
(diffsg diffsq i), otherwi sé&setting the peak
detection variable to O; and indicating the presence

of a tr amﬁxb%huﬁfedddaﬂﬁesa)!) ofitBe 86:881® rcohél%ﬂt ﬁference gain is detected
predeterm ned threshold value. Xn+ + The

withipe? pedt symbolsathen 1Bingwhedled of tl{e nSzI)SWhmfl mdjsymbol@ aftehee transient

. . C nPIe oherent reference gains in the vicinity of
mStefiﬁ P?‘Bﬁgl?eéﬁ?se@& PP 8B t he steps of : |gnor| ng val ues

a) of eC t refer eng
t(hze tr a#;ﬁlen J%P%%H i nc?u@@ o tg‘yn‘;oog?p %gale FIETet Crefitéack gain is at a
locatidroosd pRberts ddctsd abANHed ﬁﬁh@ﬁie%efa%@ of &r&rsﬁﬁilples which are +4
val ues of by the cl osest val ue of whi

y | ter used&Q,est rrate : 25 The
Symﬁm?éﬁ g%eferq;l Of%gi ansvﬁ%r erm tqﬁ §?‘i§p of adjusting the
conpl ex coherent reference gains in the vicinity of
the tr arfsth@morctm’mi |Ve]e1$ foheofsthepsorplex i dohereapreferehed gain is not

the co ex coherent reference gain is
detec:ﬁ%cl 31% %ﬁ {hﬁ PRessnIgy oﬂagleéﬁ d of a present synbol,
then usbfg aAvl%Eé‘i@exofor %ol(erent§l) t*rac}ﬁﬂlﬁgy rdd$o 4 Aﬁéﬁé’iqpalﬁmg at least one

ahead of the transient iInste
digitady medwipted refgfence nﬁnteneh&:mcclummptﬂ;inge () of the

I h f. etected within 3
pa?t) 2;%‘%‘31 §{quﬁ%%%ﬂ§$ fgdlggigﬁé‘l'a? ( n+4 , whichis 4

symbol sa afroedsséhgott rRADUERENS A S@Er&fccUsimg: 1 eproﬁuce complex
present value of ; if the corrupted value ( )
cohereghinfarnesogiine her destaingndeanggnhihabaffictsathe complearvobérent reference

gain)RH3 % oo % us‘??\%‘?ﬁ%% gi’égt%%h%%ﬁhrgiq%%&'gp ik Ir}% R icTHS, (ﬁéhe transient
to plmmmaadﬁ]stedcompmoboaetefm ieﬂ&eﬁ‘dérg'aﬁ@t ed value () of the
conmpl ex_coherent reference gain is not detected, then

using the pr EBeFCCivEHOkclyia e durgier gompgsing r ecei ver
for cohg Eﬁgﬁl ! c}freﬁ?éngg %lq?nén?sdécﬂlgfédgﬁ%e LOgk uv%ergmtathg transient is

| east on I gital ted reference carri er
causadé:t}eiwdmhlrrg)amomgnhagmteana elapihtsf or receiving the radio

Si nal; nd rocess for dul ating the reference
C 13? ri er? pf%fg{ff‘é‘v@b %63 ngtg@ﬁli* ﬂ}eéfaé‘ﬁléﬁfclé igpylpige noise.
for det ﬂt | Moh&rdcbABS bﬁaﬁmﬁ hel whEERChS phd8ssP TMsiiites a previous

coherent reference o
or future complex coherent reference gain value for the complex coherent reference gain in

the vicinity of the transient.

30. The receiver of claim 26, wherein the processor filters the complex
coherent reference gains to produce smoothed complex coherent reference gains, and
processes the smoothed complex coherent reference gains to ignore values of the complex
coherent reference gains closest to the transient and replace the values of the complex
coherent reference gains closest to the transient with the closest value of the complex
coherent reference gains that are unaffected by a filter.

31.  The receiver of claim 26, wherein the radio signal comprises a plurality
of reference subcarriers, and wherein the complex coherent reference gains in the vicinity of

the transient are adjusted for each of the reference subcarriers.



gains, and for adjusting the conpl ex coherent
reference gains in the vicinity of the transient to
wee@dossendj ust ed conpl ex coherent reference geCTES2084037944

The receiver of claim26, fuggher conprising: a

plurality of antenna el ements coupled to the input,

wher ei n34 he

Ant enna el e oBg: ohFiaRaRCnctinafl piekd BeRded € complex
cohewdne referentdrgaine disa phitrality of npfigtesice submairtses aldaggrbgtes the complex

recelver of claim erein the proces
coheggnp Lpieneegaigs BY%\?E‘&B% V\‘%Flef“if‘t ﬂ%ﬁjéalPS’fﬁptPé’{ocg‘Sﬁ 8p@fgmposite coherent
chanh&f8fc8Hee s@RhNfoY BAdHOFPM §ibdionpl ex coher ent

reference gain in the vicinity of the transient. 30.

The r ecéB ver Tb& tclcauvm 28, claher 86,n whiseipribe egroogssor calculates the

rent. refer.
mag i g AR o Bl ER GO BRE T el ﬁ@%e}q iefergpge signals;
deteiREEHSBR fnhEnifIHe Ofs e to P BAIE XarioTethe Nhagifu@é @9 @Elocal peak, then
gains to ignore values of the conpl ex coherent
inverselyseelat thegagaritude by g suppof the magitdectftthapidcragt-ace
the val 4%S Offhg Iﬁ?etl?ooc{@ﬂ (ﬁ%a(m? ?ﬁ e\f/lﬁ&ém tﬁé Efo%@s%g 1%@&10? equence of
cl osest "to the transien |'osest 106 oF TRe

sampledpt exmpowen eqlare of &reeﬁffaegtﬁi (raliﬁ%t]h)aiet\ae@ san@iefseo;;il add x,l 1, sets a
by a filter. 31. The receiver of cla

peakdgfcton weﬁ%hle sk oesual te1one af ﬁdfﬁ(}f%? %%nb?{dé (dlﬁ‘sqn £ diffsguen),
Othel%HPé: Qertﬁfé%{h% é)egﬁ %ﬁ@gﬁﬁf kf&hatbﬁ'eetoc(? %};1‘%@88??&%@5%«3{@ of a transient if

evicinity o

ffsyst ed, for each of the referen carriers. - 56 -
is gEAtSFdharpd P’E?Fi‘étiemu%g ﬂW’F@‘PQS YfH‘t‘% e processor
PM+E%BP es the conpl ex coherent reference gains for a

pl urali of .reference_subc lers.and a at es

Compl ex Foher BT FERER b gt OB PoRg enores VBlues (c) of
the croﬁ{]ﬁéﬁ@&%réfﬂ Q@i@feﬁb@ fink QIRE @6 ﬂiéetr%fen@ﬂ{ﬂ@%lﬁ& a symbol where the

coherent channel ?erence signal for each

transsantripodete@8d; a'ﬁkiereplemlthe ignofedcyaian 6Y byther «elosw:sit yedue of o which is
ocessor. cal cul ates the magnitude of the difference

unaf%FtedeI%ﬁ‘ lgriusgd BrestiBidiodi t e coherent channel reference
si gnal szgdet e is a |local peak;
and if tﬁe ng%gkgﬁggkﬁg&gﬁ?gggﬁk%ggk then inversely
scal es tfhe comgped vabiebie)t dfeths womplext behermgnefeteties ghin is detected
the difference. 34. The nethod of claim 26, wherein
withinhd symbetss ahned raf cie prasentasygdghether Uémgs%walluéso 0 (O ng), Which is 4

symigiitad B T GHRI: Poiepd S bR PR B el W abi e
(det pealg the %gﬂﬁbteﬂ Q/aﬁfée(oé) for el f:cﬁrﬁ?lex @bﬁér%ﬁk refe%ncb foain is detected
(diffsg diffsq i), otherw se setting the

withiohe? pedtispmbuoky thab Iuslmgca Bluaodoi(adidaveshtihé spmbsle afier the transient
a transient if diffsqn -is greater than a
instegd gfuying Heduesenhydesel & val ue.

if the corrupted value (o) of the complex coherent reference gain is at a
location of a presently detected symbol, then using the average of o of samples which are +4

+a

symbols on either side of the transient Gus T Prs s ang

2

if the corrupted value (o) of the complex coherent reference gain is not

detected, then using the present input values of .



Xn+ + Xn - 35. The receiver of claim 26, wherein the
processor ignores values ( ) of the conpl ex coherent
WO 208886 gai ns cl ose to the transient that iPCI/US®0E037944
synbol where the transient isydetected; and repl aces
the ignored val ues of by the closest value of which is
unaf fected b | i ‘< : ;
recei vetfﬁ'of C %ﬁ%ﬁw!ﬁ%&\;\:ﬁg&g}?ﬂ :tr?cgdﬂagr?gar%rl% E)l?ggcl} I\I/II{’UI]IIﬁ(alcle1 g(at least one
digitjllyomotihlatedaafer@ane calrer.ah¢ raceifver emgeisgeg: n i s det ect ed
within 3 ﬁynb | s ahead of present . synbol, then using
a val uedfput 'Ormeé‘ﬂng@eia@‘)?r?%lag Mfead of the
transi eﬁ{eahgl%re@éinmula&ﬁigﬂaleafeﬁ&aﬁs Mar¥@! tdepr@fiuce EdmpIBR coherent
corrupted value ( ) of the conplex coherent reference
refergadengdiss, det deteeithgnh titansied thaisaffesimihiel complé¢re pohesdnt gefgrence gains,

Y35l e oy e AT el B g 0 st
prod6& Adfiielcoraplee chiretfrefehfic€ 8iTRs.€X coherent reference
gainis at a |ocation of a presently detected synbol,
t hen ushg t Abe smestvayel dpingp7 SHIMTCOMPRISEE: are 4
synbol s i ' Lent - [ S
the. cor PUBRELIS bR Aty EBAELE N i3p8yirRh e fransions i
caus¢ b EehcieEngamdng shenoftendletebtiedd, t hen using the present
i nput values of .- 57 - 37. A receiver for coher e{]t ly .
tracki ng’a rddp&EERA clpie P hdViEeaING Gapstenp g mpulsivenolse.
di gi tal Ly modulaled 5§E§fn§zﬁﬁ1 el { fancd B sURGEI ViR a radio signal
conprising: an input for recéiving the radi o signal; .
whemameiseeeans irfcbrdedianmdsivedike gatiptes r aherge Mepsstar-likenoise samples, the
roduce.cogglex coherent reference gains, for
methodcomprisgednt SERS%ent that affects the conpl ex

coher enhddigh empiC QaBPlelS andARBhéBht askertptd NEAmpN® to produce error
conpl ex coherent reference gains in the vicinity of

samplgss transient to produce adj usted conpl ex coherent
ref erence Lns. 38 . Th Iver of claim37, further
conprisF%@@SEP%ﬁhSFg???%&%ﬁggﬁgghngﬁgrenents coupled to
t he i npeéparamner Qiubredn@adskiandike moise sagdles ethdyquared impulsive noise
switching anong the antenna el ements. 39. The receiver
samples; @@j m 37, wherein the transient is inpulsive noise.

40. A methadap ffilﬁﬁ&lg t ﬂ.h@.gsqggriez? QEVRE | ealg)g esaﬁi‘ple%yfi‘ibﬂlloﬁuce a noise

in a radi o signa en noi se can i ncl
varianop ebtinete -repieeensiapphe surandrigngsenssivaragkd KnusdarsBke noise variance,
iﬁgplesh t he. met hod conprising the steps of:
and short-term impulsive noise variance.
41.  The method of claim 40, including the step of:
determining if each squared noise sample is impulsive-like by comparing the
sample to a multiple of a present average noise variance estimate; and
if the squared noise sample is not determined to be impulsive-like, then
inputting the squared noise sample to a filter to be used to estimate the long-term-averaged
Gaussian-like noise variance; and
if the noise sample is determined to be impulsive-like, then reducing the
squared noise sample into the filter to prevent overestimation of the long-term Gaussian-like

noise variance estimate.

42.  The method of claim 40, including the step of:



addi ng i nput sanples and coherent reference sanples to
produce error sanples; conputing the squares of the
WwWe@ensnssehpl es; separating squared Gaussi an- | i RET/NB1086037944

sanpl es and squared i npul si ve8-hoi se sanpl es; and

nonlinear filtering of the squares of the error

sanpl es cteatiig afl&eesdnbRE SAINANLIRAME IS HEMEE of the reduced squared

. representing the sum of |ong-term averaged

noiseATRE MY | ke noi se variance, and short-terminpul sive

noi se vagi: . T t hod.,of .cl ai m.40, including .

the st egﬁdg?‘g ?%e?XLe&F iy %clg%g\qﬁ?e goagﬁ QPR R grse Véﬂﬁﬁ‘ﬂegesumate to
prodise iampuhposie- lnolse batiamosD@piedehtinde 1RARRIE of Gh@ long-term-averaged

mul tiple of a present average noi se variance estinmate;
Gausijag-lie foige @gignte anchiie sho4ernl ianplusivioroiseyasientaed t o

be inpul sive-like, then inputting the squared noise

sanple to a filter to be used to estimte the

| ong-term aver aged Gaussi an-|i ke noi se variance; and

if the noise sanple is determned to be

i mpul sive-1like, then reducing the squared noi se sanple

into the filter to prevent overestinmation of the

| ong-term Gaussi an-1i ke noi se variance estimte. 42.

The nethod of claim40, including the step of:- 58 -

creating an excess-noi se val ue including of a portion

of the reduced squared noi se sanple; and addi ng the

excess noi se value to the Gaussian-Iike noise variance

estimate to produce a conposite noi se variance

representing the sumof the |ong-termaveraged

Gaussi an-1i ke noise variance, and the short-term

i mpl usi ve noi se vari ance.



